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Abstract
[bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK31]Forty-four different animal biles obtained both from invertebrates and vertebrates (including human bile) have been used for centuries for a host of maladies in traditional Chinese medicine (TCM) beginning with dog, ox and common carp biles approximately in the Zhou Dynasty (c. 1046-256 BCE). Overall, different animal biles were prescribed principally for the treatment of liver, biliary, skin (including burns), gynecological and heart diseases, as well as diseases of the eyes, ears, nose, mouth and throat. To present an informed opinion of the clinical efficacy of the medicinal uses of the different animal biles based on their presently known principal chemical components which are mostly steroidal detergent-like molecules and the membrane lipids such as unesterified cholesterol and mixed phosphatidylcholines and sometimes sphingomyelin, as well as containing lipopigments derived from heme principally bilirubin glucuronides. All of the available information on the ethnopharmacological uses of biles in TCM were collated from the rich collection of ancient Chinese books on materia medica held in libraries in China and United States and the composition of various animal biles was based on rigorous separatory and advanced chemical identification techniques published since the mid-20th century collected via library (Harvard’s Countway Library) and electronic searches (PubMed and Google Scholar). Our analysis of ethnomedical data and information on biliary chemistry shows that specific bile salts, as well as the common bile pigment bilirubin and its glucuronides plus the minor components of bile such as vitamins A, D, E, K, as well as melatonin (N-acetyl-5-methoxytryptamine) are salutary in improving liver function dissolving gallstones, inhibiting bacterial and viral multiplication, promoting cardiac chronotropsim, as well as exhibiting anti-inflammatory, anti-pyretic, anti-oxidant, sedative, anti-convulsive, anti-allergic, anti-congestive, anti-diabetic and anti-spasmodic effects. Pig, wild boar and human biles diluted with alcohol were shown to form an artificial skin for burns and wounds one thousand years ago in the Tang Dynasty (618-907 CE). Although various animal biles exhibit several generic effects in common, a number of biles appear to be advantageous for specific therapeutic indications. We attempt to understand these effects based on the pharmacology of individual components of bile as well as attempting to identify a variety of future research needs. 
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[bookmark: OLE_LINK107][bookmark: OLE_LINK118][bookmark: OLE_LINK269][bookmark: OLE_LINK285]Core tip: We investigated during what periods of Chinese history were each of the animal biles introduced as therapeutic agents. What categories of diseases were subjected to “bile therapy” and why was a wide assortment of animal biles required for effective medicinal use? We catalogued the principal bile acids and bilirubin species in each animal bile based upon high-quality chemical analyses. We provided insights on the pharmacological mechanisms whereby different animal biles have been effective in treating a variety of acute and chronic diseases. We believe that this is the first time that this subject has been systematically collated and critically addressed.
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INTRODUCTION
The exhibition of animal biles in China for the treatment of a wide number of disorders in human beings enjoys a three millennial history[1-4]. Documentation has been extensive as evidenced by the lineage of tomes on traditional Chinese medicine (TCM) and Chinese materia medica[5-12]. Moreover, the so-called “precious” pigment gallstone, a solid artifact found occasionally in the gallbladders of oxen, was extensively employed for multiple medicinal purposes in TCM[8].
	Here, we explore critically the extensive literature on TCM and Chinese materia medica, some extending back over two millennia. We investigate the old and the latest archaeological and paleozoological evidence from China, with particular focus on the medicinal uses of animal biles and their components. We attempt to answer the following questions: (1) during what periods of Chinese history were each of the animal biles introduced as therapeutic agents? (2) which animal biles were used first for their therapeutic purposes, and which of these were most extensively employed? (3) what categories of diseases were subjected to “bile therapy” and why was a wide assortment of animal biles required for effective medicinal use? (4) how effective were diseases treated with individual biles? and (5) on the basis of published analyses of bile components, can we determine why certain animal biles were used for specific diseases and why others were not? We have also catalogued the principal bile acids and bilirubin species in each animal bile based upon high-quality rigorous chemical analyses. Finally, relying upon careful experimental studies, we provide tentative insights on the possible pharmacological mechanisms whereby different animal biles may have been effective in treating such a variety of acute and chronic diseases. We believe that this is the first time that this subject has been systematically collated and critically addressed. However, it is obvious that our understanding of these heuristic discoveries is very limited indeed and herein we will attempt to indicate future research needs.

CHEMICAL COMPOSITIONS OF ANIMAL BILES
Bile is a yellow, orange, or slightly green aqueous fluid that is the “exocrine” secretion of the liver. It forms first in bile canaliculi enclosed between parenchymal cells of the liver and flows continuously into ever enlarging ducts to exit the liver via two hepatic ducts. The network of conduits that carry bile into the duodenum is via an arborization of continually enlarging cholangiocyte-lined biliary tracts where bile is modified chemically. Animals with gallbladders, which are situated below the right lobe of the liver and are adherent to it, utilize this organ to concentrate, acidify, and store bile interdigestively. Bile is composed principally of a mixture of four dissimilar molecular lipid species: (1) in the majority of animals, bile acids are generally amidated with an amino acid, usually glycine or taurine, to form Na+ and K+ salts. This renders bile salts soluble detergent-like molecules resistant to forming insoluble salts with Ca2+. They are the principal catabolic products of cholesterol, a sterol found in the biles of all vertebrates and invertebrates; (2) bile pigments (bilirubin, biliverdin or both) the final products of heme catabolism are secreted into bile as mono-or hetero-conjugates with glucuronic acid, sometimes glucose and xylose or taurine); (3) unesterified cholesterol with traces of plant (phyto) and shellfish (choncho) sterols; and (4) phospholipids, mostly (> 96%) phosphatidylcholines in mammals but are generally absent from the bile of cartilaginous fish and reptiles. Phospholipids (and cholesterol) lower the detergent-like properties of bile salts. In addition, bile contains small amounts of proteins, especially mucin glycoproteins and a wide variety of mineral salts[13]. Bile also contains a wide variety of antioxidants, the most powerful ones being bilirubin, glutathione, vitamin E, and melatonin (N-acetyl-5-methoxytryptamine)[14].
	With respect to the major biliary lipids in vertebrates including cartilaginous and bony fish, reptiles, birds and mammals, all contain conjugated steroidal bile acids as soluble salts[15]. These can be C27 bile alcohol sulfates and/or N-acyl amidates of C27 and/or C24 bile acids (Figure 1). Bile acids in bile exist invariably as a molecular mixture of congeners formed directly from cholesterol in the liver (“primary”) or bacterially modified (“secondary”). As detergent-like molecules, they solubilize as mixed micelles the insoluble lipid components of bile, namely the phospholipids and cholesterol molecules. The known naturally-occurring bile acid species run into many hundreds[16-19] and are typified by the most evolutionary advanced species in humans[20]. Whether occurring as taurine and glycine N-acyl amidates of C24 bile acids in humans, or C27 bile alcohol sulfates in reptiles, for example, all have shown historically to have similar physical-chemical and detergent-like functions[13]. Bile acids are synthesized from cholesterol only in the liver and the primary bile acids of humans are cholic acid, with three (3α,7α,12α) hydroxyl groups, and chenodeoxycholic acid (CDCA), with two hydroxyl (3α,7α) groups. Following cleavage of the amidated side chain by bacterially secreting cholylglycine or cholyltaurine amidases, secondary bile acids are produced intracellularly from primary bile acids by removal of the 7-OH function by a small group of specific anaerobic intestinal bacteria (Clostridia sp.). Deoxycholic acid, with two (3α,12α) hydroxyl groups, and lithocholic acid, with a single (3α) hydroxyl group, are formed from cholic acid and chenodeoxycholic acid, respectively. “Tertiary” bile acids are the result of modification of secondary bile acids by intestinal flora or hepatocytes. These are the sulfate ester at the 3-OH group of lithocholic acids (not shown in Figure 1) and ursodeoxycholic acid (UDCA), the 7β-epimer of CDCA.
	Phospholipids are generally absent from the bile of cartilaginous fish and reptiles and present in low amounts in bony fish and most birds[15]. The phospholipid to bile acid ratio varies widely in most mammalian species and sometimes within a species. Bile with low biliary phospholipid to bile acid ratios frequently contains a high proportion of sphingomyelin. In species with a high phospholipid to bile acid ratio, the predominant biliary phospholipids are mostly phosphatidycholines and usually composed of the most hydrophilic classes in the liver[15]. Cholesterol is present in highly variable proportions in all biles including arthropods. The latter are incapable of cholesterol synthesis, but biotransform other sterols into cholesterol. The levels of cholesterol incorporated into mixed micelles depend predominantly on the amount of phospholipids present[21]. 
	The bile of all members of the subphylum Crustacea (Phylum Arthropoda) invertebrate animals consisting of some 45000 species worldwide, contains straight chain acyl bile acids of 8-14 carbons in length amidated to a head group composed of a dipeptide. For example, in Cancer Borealis, the head group is sarcosyl (N-methyglycine)-taurine covalently linked principally to a medium chain fatty acid such as N-dodecanoyl[22].
In addition, all biles contain an acidic β-glucuronidase, an enzyme derived from hepatocellular lysosomes[23]. Human bile also contains a 92 kD alkaline sphingomyelinase[24]. 

BRIEF HISTORY OF THE DISCOVERY AND MEDICINAL USES OF ANIMAL BILES IN CHINA.
In 1899, Chinese peasants in Henan Province of China discovered “dragon bones” inscribed with very ancient Chinese characters and apparently sold them to local pharmacists. During 1929-1933, scholars from the Historical Institute of Academia Sinica discovered tens of thousands of inscribed turtle shells, oracle bones, and other bones bearing archaic Chinese characters at Xiaotun in the Anyang district of Henan Province. Chinese archaeologists and paleo-linguists as well as European sinologists, identified that these inscriptions were most likely written during the years c. 1766 to 1154 BCE in the Shang Dynasty, the first recorded Chinese dynasty for which there is both documentary and archeological evidence. This first significant corpus of recorded Chinese characters became known as the “Jia Gu Wen”[25]. They provided information on the politics, culture, religion, geography, art and medicine of the period. With their help, incomplete and vague historical data accumulated representing in writing the first critical insights on early Chinese civilization. Disease terms, mostly generic, were revealed on 36 oracle bones, such as “diseased skin”, “diseased nose”, “diseased body”, “diseased foot”, “blindness”, “childhood disease”, “diseased head”, “diseased eye”, “diseased ear”, “diseased tooth”, “diseased tongue”, “diseased complaint” and “disease termination”. These inscriptions did not mention the specific names of any drugs[12, 25-28]. The information from the “Jia Gu Wen” teaches us[26] that Emperor Wu Ding suffered from eye disease; his son, cranial disease; and one of his concubines, foot disease; Emperor Zhen suffered from both tooth and stomach diseases; and many royal concubines, gynecological diseases. Of interest is that Emperor Wu Ding was the 23rd Emperor of the Shang dynasty, so most of the oracle bones date from his reign, more than 3,250 years ago. These simple recordings also inform us that the diseases in the time of the Shang Dynasty were mainly treated with prayers, incantations and witchcraft and above all patience – “Dr. Nature” was left to cure herself.
	Names of drugs and therapeutic formulae first appeared on bamboo slabs and other wood cuttings (“slips”) dated to more than 2000 years ago. These inscribed artifacts were discovered in the desert, north-west of Dunhuang of Gansu Province in 1906-1908[25], and were named “Notes Scattered in the Slippery Sand”. Before the invention of paper, ancient Chinese scholars preserved their observations and records on wooden shavings linked together with double cords of silk thread and rolled into bundles[25, 29, 30]. Among the hundreds of inscribed cuttings found[26], eleven contained descriptive names not only of diseases but of herbal prescriptions for their cure. In 1930, archaeologists of the Chinese Scholars Association carried out further exploration in northwest China, and obtained over 5000 kg of wooden slivers from excavations in Juyan of Gansu Province[25]. One of the cuttings bears the name “Four Kinds of Herbs for Febrile Diseases”, and another “Formulae for Horse Injury” which contained an elaborate concoction of ginger root (Zingiber officinale; Jiang), cinnamon or cassia twig (Cinnamomum japonicum; Gui Pi), asarum herb or Chinese wild ginger root (Asarum sieboldii; Xi Xin), Chinese honey locust (Gleditsia sinensis; Zao Jia), prepared aconite root (Aconitum; Fu Zi), polygala root (Polygala; Yuan Zhi), rhubarb (Rheum officinale; Da Huang), and lepidium or descurainia seed (Lepidium apetalum; Ting Li)[26]. These valuable medical records were written at a time frame ranging from the Warring States Period to the Han Dynasty[25], and encompassing Emperor Qin Shi Huang’s unification of China in 221 BCE, establishing his capital city at Xi’an.
	In 1972, 92 similar cuttings inscribed with medical prescriptions and acupuncture techniques were unearthed from an ancient tomb at Wuwei County of Gansu Province and dated to c. 30 to 70 CE. In these cuttings about 100 herbs, animal and mineral products to treat different diseases were recorded[12, 25, 31-33]. However, the use of animal biles in therapy were not documented in any of these discoveries.
	Extending from the Zhou Dynasty (c. 1046-256 BCE) into the Warring States Period (c. 403-221 BCE), the names of over two hundred different plants and animals were recorded in the Book of Odes (Shi Jing) (Anon, c. the 9th century to the 5th century BCE). This work summarized husbandry methods on the planting of crops and described experience with domestication of animals in China. Furthermore, in another well-known work, the Mountain and River Classic (Shan Hai Jing)[34] more than one hundred specimens of plants, animals and minerals and parts thereof were summarized and documented for prevention and treatment of over fifty human diseases[35]. Again, we find no evidence that animal biles were used as drugs in this important work at the beginning of the Qin Dynasty (c. 221 BCE).
	In the Winter of 1973, medical writings were unearthed from an ancient tomb at Mawangdui in Hunan Province. In this excavation most of the medical inscriptions were written on silk fragments, and a minority on bamboo cuttings[1, 2, 12, 25, 36-40]. In some cases, the Chinese script resembles Qin bronze inscriptions rather than those of the Han Dynasty, so the manuscripts may well date to as early as 300 BCE, although certain linguistic considerations suggest an even earlier date, perhaps in the Warring States period (c. 400 BCE)[12, 41]. The texts of the manuscripts contain no titles, but the transcribing paleographers[1] accorded them the following names: (1) Moxa manual of the eleven tracts on the upper and lower limbs; (2) Moxa manual of the eleven tracts according to the Yin and Yang; (3) Method of taking the pulse; (4) Fatal prognoses determined by the Yin and Yang; and (5) Prescriptions for fifty-two types of diseases (Wu Shi Er Bing Fang). The latter probably represented the earliest extant writings of Chinese medical prescriptions (c. 475 to 221 BCE) and included 291 prescriptions for the treatment of the 52 categories of disease. Short illustrated works on dietetics and calisthenics were also included. 
	Most notable is that in the Prescriptions for Fifty-two Types of Diseases, dog and ox biles were recorded for the first time as being efficacious in treating health disorders[1, 3, 40]. Not only is this the earliest time that animal biles (Figure 2) were recorded in an ancient Chinese text, but it is also significant that they were mentioned as being useful as drugs for therapeutic purposes! Additionally, the earliest recorded monograph on materia medica in China, Shen Nong’s Herbal Classic, which appeared in the years c. 475 to 206 BCE, recorded the use of common carp bile as a drug in addition to dog and ox biles. Therefore, these paleo-archaeological discoveries provide irrefutable evidence that animal biles have been employed therapeutically for more than 2,500 years in China, with dog and ox biles being the first to be used, followed closely by common carp bile (Figure 2).
	The Chinese historical record[8] mentions an anecdotal report of Hua Tuo (c. 110 to 207 CE), an outstanding surgeon who treated a patient with dog bile. The Annals of the Wei Kingdom (Wei Guo Zhi)[26] recorded that during the Eastern Han period (25 to 220 CE), the daughter of Mayor Liu Xun of Henei City suffered from an abscess on her left knee. Hua Tuo was summoned to take care of her, and having examined the patient, he incised and drained the abscess. After evacuating the pus, he filled the empty space with fresh gallbladder bile of a domestic dog. This apparently caused the inflammation to abate, the girl’s pain disappeared and healing was induced. This medical record (c. 290 CE) was the first to document the use of an animal bile to heal a drained abscess cavity[8], and it is also the first example of the antiseptic and anti-inflammatory properties of gallbladder bile.

CONTINUING DISCOVERY AND MEDICINAL USES OF A TOTAL OF FORTY-FOUR DIFFERENT ANIMAL BILES (INCLUDING HUMAN BILE)
Table 1 provides a chronological listing of the animal biles used therapeutically in China from the earliest times together with their origins as documented in Chinese materia medica (Figure 3). We also provide the principal chemical (i.e., bile salt/alcohol and bile pigment) compositions. These will now be discussed individually with particular attention to their chronological introduction into therapy, their apparent clinical usefulness (Table 2) and we make a reasonable conjecture as to why they might have been beneficial for certain diseases. Table 3 lists animal biles according to groups of organisms that were therapeutically used in China.

Dog bile
Dog bile[1, 3, 5, 40] was believed to be effective for external use principally, to treat infectious skin diseases including carbuncle, furuncle, multiple abscesses, ulcerated scrofula, excess granulation tissue, and “malignant boil” (most likely, “rodent ulcer,” i.e., basal cell carcinoma). Other applications included skin lacerations from trauma of all kinds, including knife stab, spear, and arrow wounds. Domestic dog bile was also used as nasal drops to treat a “stuffy” nose caused by chronic rhinitis or nasal polyps, and epistaxis; it was employed as eye drops for conjunctival congestion, itchy dry eyes, and suppurative opthalmopathy; and it was prescribed as ear drops for acute suppurative and chronic otitis media. Dog bile was also ingested orally to treat heartburn from gastric regurgitation and diarrhea especially with visible blood (hematochezia) and mucus (probably dysentery or chronic inflammatory bowel disease). It was also believed applicable for patients with symptoms of distention and a full sensation in both chest and upper abdomen, or “blood stasis” (Xue Yu). Blood stasis was considered to be eliminated after half the volume of a dog’s gallbladder bile was ingested with hot wine. Dog bile was also believed effective in reversing traumatic injury to abdominal viscera. Because the more hydrophobic bile acids of bile (Table 1) increase intestinal peristalsis, dog bile was frequently used to expel intestinal worms. Hence it had a central role in treating infantile malnutrition with digestive disturbances secondary to intestinal nematodes and trematodes. Based on paleopathological evidence, these infestations were most likely due to roundworms (nematodes). Dog bile was also prescribed for patients with polydypsia, polyphagia and polyuria, mostly likely symptomatic of diabetes mellitus.

Ox bile
Ox bile[1, 3, 5, 8, 40] was introduced to treat jaundice and also to expel intestinal parasites. Ox bile was always available in plentiful supply and was also compounded into pills with flavescent sophora root (Sophora flavescens; Ku Shen), rough gentian root (Gentiana scabra; Long Dan Cao), and honey. These pills were prescribed for patients, with or without malnutrition, who had contracted jaundice (Gu Dan) believed to be due to immoderate eating and drinking. Gu Dan is one of the five types of jaundice in TCM. The yellow discoloration of the skin was believed to be caused by improper diet, and was manifested in dizziness, anxiety, gastric discomfort, abdominal fullness, diarrhea, and oliguria. It is likely that it represents one of several infectious hepatitides, such as the acute stages of viral hepatitis A, B or C. It was believed that ox bile was effective topically for healing hemorrhoids especially those that had become infected. We know now that bile acids possess strong astringent properties. For eternal use, ox bile was also used in treating furuncle, carbuncle, and all kinds of scabs from trauma and sores of the skin. Furthermore, ox bile was believed to improve visual acuity when taken internally mixed with sophora fruit (Styphnolobium japonicum; Huai Zi). The prescriptions provide for two to seven grains of ox bile following 100 day fermentation with black beans to be taken every evening. In addition, a fermented mixture of ox bile with powdered arisaema tuber (Arisaema; Nan Xing Mo) was thought to be highly effective in treating febrile infantile convulsions. To cure male impotence and increase libido, a mixture of the fruit of ailanthus-like prickly ash (Zanthoxylum ailanthoides; Shi Zhu Yu) fermented with ox bile for 100 d was prescribed. 

Ox gallstones
Ox gallstones[5, 8, 9] also known as ox bezoars or “calculus bovis” in the literature, were first recorded in Shen Nong’s Herbal Classic[5], during the Qin (221-206 BCE) and the Western Han Dynasties (206 BCE-25 CE). These gallstones were considered a superior (i.e., top grade) therapeutic drug, and have been employed for over two thousand years in TCM, mainly as a tranquilizer and sedative. Ox gallstones were believed to be successful in curing a number of childhood diseases. This was especially the case with febrile infantile convulsions, which in the ancient literature were characterized quite accurately by sudden onset, upward gazing of the eyes, lockjaw, rigidity of the neck, limb convulsions, frothy salivation, “rattling” of pharyngeal phlegm and eventually coma. Ox gallstones were also prescribed for children as a remedy for polydipsia, diarrhea, and vomiting “caused by fright”, and nocturnal crying “induced by fear” (most-likely febrile nightmares). Furthermore, in TCM, ox gallstones were documented extensively to treat (1) Re Ji Sheng Feng, a morbid condition caused epidemic febrile diseases, characterized by high fever with convulsions, muscular rigidity and even opisthotonos followed by coma; (2) Re Ru Xin Bao, a morbid condition occurring in the Ying-Xue system caused by epidemic febrile diseases in which patients have high fever, delirium, cold limbs or convulsions ending in coma; (3) Re Ru Xue Fen, an epidemic febrile disease with invasion of the Xue system by “pathogenic heat”, characterized by high nocturnal fever, impairment of consciousness, restlessness or convulsions, eruptions, hemorrhage with a red raw tongue; (4) Re Sheng Fa Jing, a convulsive seizure caused by impaired nourishment of the “channels” owing to accumulation of “pathogenic heat” or intense heat impairment of the Yin fluid, usually associated with high fever, stiff neck, trismus, rigidity or spasms, abdominal distension, constipation, and even opisthotonos and loss of consciousness; and (5) Re Ru Xue Shi, in which the uterus during menstruation or after childbirth is affected by “exopathic” heat. This is characterized by recurrent fever and chills, tenderness and fullness in the lower abdomen, and nocturnal delirium, most likely puerperal sepsis. 
Ox gallstones were also used to treat apoplexy, with aphasia, and coma. In addition, ox gallstones were mixed and prescribed together with other herbal remedies. For example, “Bezoar Bolus for Resurrection” (An Gong Niu Huang Wan) was, and still is used as a common drug in China. It contains powdered ox gallstones, curcuma root (Curcuma zedoaria; Yu Jin), rhinoceros horn (Rhinocerotidae; Xi Jiao), baikal skullcap root (Scutellaria baicalensis; Huang Qin), coptis root (Coptis chinensis; Huang Lian), realgar (Arsenic sulfide; Xiong Huang), cape jasmine fruit (Gardenia jasminoides; Zhi Zi), cinnabar (Mercury sulfide; Zhu Sha), musk (Moschus berezovskii; She Xiang) and pearl. According to the therapeutic theories of TCM, the preparation could eliminate “evil” heat and toxic materials from the body, and arouse patients from unconsciousness apparently by eliminating “phlegm”. Therefore, it was considered effective in the treatment of all febrile diseases, with “evil” heat involving the pericardium and the “evil” heat of phlegm stagnating the heart. This condition was characterized by high fever, irritability, coma, delirium and a yellow-coated tongue. Besides Bezoar Bolus for Resurrection for mild cases of each of these syndromes, Bezoar Bolus for Purging the Heart-Fire (Niu Huang Qing Xin Wan) most likely angina pectoris was also recommended. It contained powdered ox gallstones, cinnabar (Mercury sulfide; Zhu Sha), coptis root (Coptis chinensis; Huang Lian), baikal skullcap root (Scutellaria baicalensis; Huang Qin), cape jasmine fruit (Gardenia jasminoides; Zhi Zi), and curcuma root (Curcuma zedoaria; Yu Jin).

Common carp bile
Common carp bile[5, 8, 9] was prescribed as drops to treat eye diseases such as acute conjunctivitis, phlyctenular and lagophthalmic keratitis (probably trachoma), suppurative blepharitis, and vesicular dermatitis of the eyelids. Common carp bile was also promoted as a remedy for improving visual acuity and for treating optic atrophy and night blindness (nyctalopia). It was also believed to be effective in treating inflammation of the throat and infectious skin diseases such as chancre (possibly impetigo) in children.

Mouse bile
Mouse bile[6, 8, 9] was used topically to improve visual acuity as well as to ameliorate impaired hearing. As eye drops it was considered effective in treating optic atrophy and night blindness; as ear drops for suppurative otitis media; and as a dressing for external skin trauma such as incisional wounds. When mixed together with bear bile, aconitus root (Aconitum Carmichaeli; Chuan Wu Tou), asarum herb or Chinese wild ginger root (Asarum sieboldii; Xi Xin), chalcanthite (Copper sulfate pentahydrate; Dan Fan) and musk (Moschus berezovskii; She Xiang), it was believed to be salutary for chronic use in older individuals who were “hard of hearing.”

Python bile
Python bile[6, 8, 9] was prescribed mainly for patients with intermittent colicly abdominal pain apparently due to intestinal parasites, which based on the paleopathological evidence most likely were ascaris lumbricoides and schistosomes. It was also employed for patients with hemorrhoids and bloody dysentery. To treat high fever in children, python bile was diluted with water and dropped into the nose; it was also given as an enema to treat infantile dysentery complicated by malnutrition. Python bile was employed externally to treat ulcers (chancres) of the external female genitalia (most likely venereal) since some secondary bile acids are potent topical microbicidal agents [42], and chancre complicated by fistulae in children, as well as leprosy. Together with musk, python bile was considered effective in the treatment of gingival atrophy, gingivitis, and dental caries. Python bile was also advocated as a remedy to improve visual acuity, remove nebulae, diminish eye swelling, and abate ophthalmalgia.

Goat and sheep biles
Goat and sheep biles[6, 8, 9]. In TCM, goat and sheep biles were considered to have similar therapeutic effects and therefore are not distinguished by nomenclature; so accordingly they are combined in this document. They were believed to be effective in treating optic atrophy, including acute hemorrhagic conjunctivitis, marginal suppurative blepharitis, and epiphora (non-emotional tearing). Goat bile was also used to treat temporary blindness following a life-threatening illness (which was most likely smallpox), and eye injury from foreign bodies. These biles were believed effective in ameliorating various infectious skin diseases, chancre in children (most likely impetigo), and constipation. When compounded with pig pancreas and asarum herb, these biles were also prescribed as a facial lotion for minimizing chloasma in pregnant women and to dermabrase freckles. Also, when goat bile was decocted thrice with ox bile and wine the resulting liquor was believed effective in reversing any olive discoloration of the skin from itchy dermatitis, which was most likely secondary to tinea versicolor. 

Pig bile
Pig bile[7-9] was one of the most common domestic animal biles used medicinally in ancient China; moreover it was deployed often as an inexpensive substitute for rarer animal biles such as that of black bears, as it is to this day[43, 44]. The Longmen Grottoes in Luoyang of Henan Province, which were built in 386 to 534 CE, were found to contain 110 prescriptions for Chinese medical herbs, and 19 acupuncture modalities for 41 disease categories, hereafter called the Longmen Prescriptions (Long Men Chu Fang)[10]. They embodied 122 types of the most commonly used medical “herbs”, including domestic pig bile. To publicize these prescriptions, they were initially carved on stones and therefore preceded wood block printing which, though invented earlier (c. 220 CE), only became practiced widely from the time of the Eastern Jin Dynasty (317-420 CE).
	Domestic pig bile was used to treat (1) febrile diseases and thirst caused by high fever or “pathogenic” heat, as well as in patients suffering from (2) Shao Yin diseases complicated by dysentery; (3) dysentery due to “damp-heat” pathogens; (4) intermittent diarrhea, and dysentery with bloody, mucoid stools; (5) five types of infantile malnutrition as well as their cold equivalents complicated by cough; (6) diabetes mellitus characterized by polydipsia, polyphagia and polyuria; and (7) puerperal fever and bed sores in “lying-in” women. Furthermore, pig bile following dilution with wine was painted on skin to treat burns caused by boiling water and fire, as well as a shampoo to clean greasy hair. It was also believed that pig bile was effective in curing various infectious infantile skin diseases, nasal eczema, allergies and favus of the scalp. 
In the contemporary medical literature[45, 46], it has been documented that pig bile possesses anti-allergic properties against delayed-type hypersensitivity, a feature shared with bear bile but not with ox or chicken biles. Pig bile was also believed to improve eyesight so that it was used to treat acute conjunctivitis, cloudy vision, and to remove opacities in the cornea (nebulae) – most likely from trachoma. In addition, pig bile was used to treat tonsilitis and acute sore throat (Hou Feng). In TCM, Hou Feng is a general term for a serious condition such as sudden swelling and pain in the throat, difficult breathing, discomfort upon swallowing, and excessive salivation (most likely a peri-tonsillar abscess or “quinsy”). It could also promote peristalsis and hence bowel movement, thereby a cathartic effect relieving constipation (especially due to “pathogenic heat”). In this case, the bile was administered by enema, dripped into the large bowel employing a reed as a guide. Pig bile was also used effectively to treat whitlow or paronychial inflammation with accumulation of pus. In this regard it is known today, and verified by experiment, that pig bile (as well as bear bile) share anti-inflammatory as well as analgesic properties[47].

Bile of Pallas’s pit viper
Bile of Pallas’s pit viper[7-9] was used to treat ulcers of the female external genitals (most likely venereal, see python bile above), and various fistulae and sinuses such as those occurring in the perianal region, most likely secondary to chronic inflammatory diseases of the colon and rectum. It was also indicated for perforated dacryocystitis and scrofula (i.e., tuberculosis) of the neck. This viper bile could also destroy and eliminate intestinal worms and as well as cure continuous uterine hemorrhage (metrorrhagia).

Chicken bile
Chicken bile[7-9] was believed to be efficacious in treating various infectious skin diseases, including eczema and intertrigo on the pinna of the ear. As eye drops, it was used in newborns to treat acute conjunctivitis, epiphora, xerophthalmia, and sensation of a foreign body in the eye. When chicken bile was diluted with water, the solution was used topically for hemorrhoids and for the treatment of strangury (slow and painful discharge of urine). For an infected urinary tract, it was employed to induce a diuresis thereby ameliorating “secondary” urolithiasis and as well as cystitis.

Elephant bile
Elephant bile [8, 9, 48] was introduced to improve visual acuity. Upon drying, it was compounded into pills with gallbladder biles of the common carp, bear, ox and musk, plus abalone shell (Haliotis asinina; Shi Jue Ming). These pills were ingested with green tea to treat eye diseases including blindness from optic atrophy, mature cataract, and mild nebulae (corneal opacities), as well as glaucoma. Elephant bile was believed efficacious in treating a large number of infectious skin diseases. Furthermore, when diluted with water, it was employed as a gargle to alleviate halitosis!

Murrel bile
Murrel bile[8, 9, 49]. Upon dilution with water, murrel bile was employed to treat inflammatory diseases of the throat, and hence it was believed especially effective in healing acute pharyngitis. As a liniment, it was employed for the treatment of tinea capitis and for clarifying corneas with nebulae which were most likely secondary to trachoma.

Bear bile
Bear bile[8, 9, 50] is considered the “king” of animal biles both in ancient times and currently in the Orient and it has a highly respected history being used widely in therapy throughout ancient China. In Asia generally and TCM in particular, top-grade bear bile has been valued “more than gold” principally for its preventative as well as therapeutic efficacy. Bear bile was widely employed in treating patients who suffered from (1) jaundice caused by summer heat; (2) summer diarrhea (Shu Xie) caused by summer heat, which is marked by passage of watery or sticky stools and dark-colored urine, restlessness, thirst, and sweating; (3) abdominal pain due to hepatobiliary diseases and gastric malfunction; (4) epigastric colic due most likely to biliary ascariasis; (5) five types of infantile malnutrition; (6) infantile convulsions; (7) blood retention syndrome (Xu Xue Zheng), which in TCM shows that stagnated blood accumulated in a channel or an organ, e.g., in the uterus, manifested by distension and pain in the lower abdomen, chills and fever, delirium or other nocturnal mental disorders; or in the middle-Jiao, marked by pain, tenderness and guarding over the epigastrium; (8) strangury complicated by hematuria (Xue Lin) that is one of the five types of strangury in TCM, manifested by dribbling of bloody urine, accompanied by urethral pain, distension and pain/discomfort in the lower abdomen; (9) chancre, pyogenic nasal infection and nasal eczema, as well as various kinds of infectious skin diseases; and (10) hemorrhoids and anal fistulae. Bear’s bile was believed to be highly effective in treating rhinorrhea with purulent nasal discharge as in (11) above. Bear bile apparently could be used to destroy intestinal worms such as ascariasis and oxyuriasis in children, and together with the fruit of Rangoon creeper, it was beneficial in treating emaciation in children due to these intestinal parasites. It was also believed effective in treating inflammation of the throat. Lastly, bear’s bile was believed to improve visual acuity by “dissolving” nebulae.

Wild boar bile
Wild boar bile[8, 9, 51] upon dilution with wine was advocated for treating various infectious skin diseases including paronychia (whitlow) as well as burns caused by boiling water and/or fire. It was decocted with jujube juice and ingested to treat the various kinds of infantile malnutrition, as well as epilepsy.

Shark bile
Shark bile[8, 9, 51] obtained from their fresh gallbladders was made into pills with alum powder and physically placed in the throat to terminate acute tonsillitis and pharyngitis.

Black carp bile
Black carp bile [8, 9, 51] was employed to treat acute conjunctivitis and ophthalmalgia. Pills of Fish Biles were compounded with biles of black carp, common carp, goat, ox and bear, musk (Moschus berezovskii; She Xiang), and abalone shell (Haliotis asinina; Shi Jue Ming). The pills were swallowed with tea to treat various kinds of ophthalmopathies such as optic atrophy, cataract, nebulae, and glaucoma. Black carp bile was believed to be effective in treating herpetic ulcers (cold-sores), malignant boil (“rodent ulcers”), tonsillitis, pharyngitis, as well as fishbones struck in the throat.

Antelope bile
Antelope bile[8, 9, 52] was used as a lotion for the face after being decocted (concentrated, or boiled down) thrice with ox bile and vinegar. Furthermore, this decoction was used as a tincture to lighten the dark complexion of chloasma and freckles during pregnancy.

Grass carp bile
Grass carp bile[8, 9, 53]. Following dilution with water, grass carp bile was used to treat diseases of the pharynx, especially acute pharyngitis. In a clinical emergency, grass carp bile was mixed with wine and gargled by patients with a fishbone or other foreign body stuck in the throat or esophagus. The bile diluted with wine apparently softened bones rapidly and allowed them to slip down into the stomach or alternatively they were regurgitated sometimes with induction of vomiting.

Tiger bile
Tiger bile[8, 9, 53] was used to treat infantile dysentery complicated by malnutrition, and febrile convulsions accompanied by restlessness in infants.

Human bile
Human bile[8, 53]. When diluted with wine, human bile (obtained from fresh cadavers, often after battles) was used by soldiers to paint-on sword wounds in northern battlefields of ancient China. It was also believed to be highly effective in treating patients with malarial­type diseases characterized by intermittent high fevers, rigors and sweating, as well as languor and dysphagia. To compound a preparation, human gallbladder bile (obtained at necropsy) was placed in a bowl that was filled with polished glutinous rice and a little musk. The bowl was then placed in a shady place to dry in air. To treat chronic ‘malarial’ disease, half of the polished glutinous rice (Oryza sativa; Nuo Mi) and bile, that had now become green in color (from oxidation of bilirubin to biliverdin), was ingested with a decoction of dried tangerine or orange peel (Citrus reticulata or Citrus sinensis; Chen Pi). To treat dysphagia, the other half that had become black in color with passage of time, was ingested with a decoction of the pith stem of the rich-paper plant (Tetrapanax papyriferus; Tong Cao). After drying, human bile was ground into powder with cinnabar (mercury sulfide; Zhu Sha), realgar (Arsenic sulfide; Xiong Huang) and musk (Moschus berezovskii; She Xiang), and pills were made the size of broad beans. These were believed effective in treating patients with intermittent rigor, high fever and severe chills, most likely from malaria.

Otter bile
Otter bile[8, 9, 54] was believed effective in treating patients with opthalmopathy such as vertigo, motes, blurred vision, and hypopsia (impaired vision). Pills of Otter Bile were made from otter plus dog gallbladder bile, sal ammoniac (Ammonium chloride; Nao Sha), Chinese prickly ash (Zanthoxylum bungeanum; Chuan Jiao), and fried leech (Hirudinea; Shui Zhi). When the pills were ingested three times a day with liquor of Chinese angelica root (Angelica sinensis; Dang Gui), they restored normal menstrual function in patients with irregular or scanty menstruation, as well as amenorrhea.

Fox bile
Fox bile[8, 9, 54]. When diluted with warm water, fox bile was used to resuscitate patients who became unconscious suddenly, most likely from a syncopal attack or epilepsy. This bile was also believed to be potent in reversing acute alcoholism, and treating alcoholic liver disease (Jiu Zheng). Jiu Zheng is a chronic disease with formation of a firm “mass” in the hepatic region of the upper abdomen due to long-term habitual drinking. Most likely this was micronodular or Laennec’s (alcoholic) cirrhosis possibly complicated by a hepatoma. Pills were made from fox bile, cinnabar (Mercury sulfide; Zhu Sha), white arsenic (Arsenic trioxide; Pi Shuang), asafetida (Ferula assafoetida; A Wei), musk (Moschus berezovskii; She Xiang), and mung beans (Vigna radiata; Lu Dou). The pills were also ingested with cold vinegar to treat malarial symptoms, and were believed effective in treating epigastric pain and stomach aches most likely secondary to peptic ulcer disease. 

Hedgehog bile
Hedgehog bile[8, 9, 55] was employed as astringent eye drops to cure epiphora most likely from ectropion. After diluted with water, the bile was used also as a liniment for hemorrhoids. It was apparently effective in treating acute conjunctivitis and conjunctival congestion from smallpox.

Goose bile
Goose bile[8, 9, 56] was used solely for treating hemorrhoids. A mixture of goose (and sometimes bear) biles mixed together with honey was believed effective in treating internal and external hemorrhoids with or without bleeding, infection or prolapse.

Duck bile
Duck bile[8, 9] was used primarily as eye drops in the treatment of acute conjunctivitis, as well as a liniment for treating hemorrhoids.

Deer bile
Deer bile[8, 9] was utilized chronically to remove “toxic” substances from the body and promote subsidence of inflammatory swelling; therefore, it was employed topically to treat various infectious skin diseases and apparently through “trans-dermal absorption” some internal diseases.

Horseshoe crab bile
Horseshoe crab bile [8, 9] was used to treat tongue swelling with numbness (most likely from leprosy) and to expel intestinal parasites. In the treatment of leprosy, horseshoe crab bile was mixed together with alum (hydrated aluminium potassium sulfate; Bai Fan), green vitriol (Iron sulfate; Lu Fan), mercury and musk (Moschus berezovskii; She Xiang), and was ingested daily with spring water.

Crucian carp bile
Crucian carp bile[8, 9] was employed externally to treat chancres, vulval erosions, and pruritus vulvae. Because bile of the crucian carp could also expel intestinal worms, it was effective in the treatment of abdominal pain caused by intestinal parasites, especially in children. In addition, bile of crucian carp was capable of softening fishbones and pieces of wood including bamboo, stuck in the throat or esophagus, thereby allowing then to slide into the stomach. Crucian carp bile was also used in treating carbuncles of the head in malnourished infants. Together with pumice stone (Volcanic rocks that are composed of 65%-75% Silicon dioxide and 9%-20% Aluminium oxide; Fu Shi), ground geicko or red-spotted house lizard (Gekko gecko; Ge Jie) and cicada slough (Cicadidae;Chan tui), crucian carp bile was employed to treat diabetes mellitus at least as inferred by the combined complaints of polydipsia, polyphagia and polyuria. Furthermore, in the treatment of deafness, crucian carp bile was placed in the cavity of a scallion (large green onion) together with black donkey fat (Equus asinus; Wu Lu Zhi) and sesame oil (Sesamum indicum; Ma You) for seven days, and then used as ear drops.

Turtle bile
Turtle bile[8, 9] was prescribed to treat hemorrhoids complicated by perianal fistulae.

[bookmark: _GoBack]Mandarin fish bile
Mandarin fish bile[8, 9] was applicable to cases where a fishbone or other bone, or foreign-body including wood or bamboo was stuck in the throat. The bile salts acted as a calcium “chelator”[57] when gargled with powder of Chinese honey locust seed (Gleditsia sinensis; Zao Jia Zi) and wine which performed possibly as an organic solvent.

Crow bile
Crow bile[8, 9] was believed effective in treating acute conjunctivits, blepharitis, vesiculo-dermatitis of the eyelids, and keratitis.

Soft-shelled turtle bile
Soft-shelled turtle bile[8, 9] also appeared to have a unique role in therapy, in that it was believed to be effective in treating acute and chronic pharyngitis when ingested with ginger juice and peppermint.

Chinese forest frog bile
Chinese forest frog bile[8, 9] was used to treat hoarseness and aphonia most likely secondary to laryngitis in infants and young children.

Black snake bile
Black snake bile[8, 9] was employed to treat leprosy, as inferred from the association with paralysis, numbness, and swelling of the tongue. Long Dan Extract for Leprosy was prepared as follows: after its seeds were removed, a wax gourd was placed in a hole dug in the ground one meter deep. After both black snake bile and a pear were added to the gourd, the hole was covered with earth. The wax gourd was checked every three days for about 50 d until the black snake bile, plus the other ingredients were intimately co-dissolved. To treat leprosy, the juice was ingested daily with wine.

Tortoise bile
Tortoise bile[8, 9] was widely used for treating patients with persistent eye swelling following an attack of smallpox.

Bat bile
Bat bile[8, 9] was believed to improve visual acuity since bats fly at night and hence was used in treating night blindness (nyctalopia). Most likely its beneficial effect was because of this bile’s high vitamin A content. 

Raven bile
Raven bile[9, 58] was prescribed to improve visual acuity and in treating optic atrophy and night-blindness. The extraordinary visual acuity of this raptor must also have played a role in this heuristic discovery! Raven bile was also believed effective in removing toxic substances from the intestine with gamboge (a yellow pigment extracted from specific evergreen trees) (Clusiaceae; Teng Huang).

Yak bile
Yak bile[59] was used only to treat epigastric colic in both infants, children and adults, caused by various digestive diseases. 

Gaur bile
Gaur bile[59] was used to treat epigastric pain. 

Skink bile
Skink bile[59], the bile of this family of lizards was believed effective in treating several eye diseases such as acute conjunctivitis, blepharitis, and keratitis.

Parrot bile
Parrot bile[59] was used solely to treat food poisoning when ingested immediately following the onset of the acute symptoms.

Horse bile
Horse bile[59]. Despite being without a gallbladder, equine hepatic bile was aspirated by fistulation of the bile ducts and used in treating infectious skin diseases.

Vulture bile
Vulture bile[59], again as a raptor with particularly good visual acuity, it was believed to improve vision and hence was used to treat opthalmopathy. It was also effective in treating various kinds of infectious skin diseases such as carbuncle, furuncle, multiple abscesses, scrofula (tuberculosis of lymph glands in the neck), and rodent ulcers (basal cell carcinomata).

Kite bile
Kite bile[9], the bile of this raptor, was believed effective in treating epigastric pain most likely caused by hepatobiliary, gastric or esophagus diseases.

Toad bile
Toad bile[9], when ingested orally, was considered highly effective in treating acute and chronic bronchitis. This was the only bile in addition to that of the pig used for treating pulmonary diseases.
	In summary, forty-four different animal biles, including human bile, were used as drugs in TCM to treat patients with a great variety of different diseases (Table 2) and recorded in books of Chinese materia medica for over 2500 years.

CRITERIA FOR COLLECTING ANIMAL BILES AND OX GALLSTONES
The most prized of all animal biles in treating disease was that of the Chinese black bear introduced after the Han Dynasty and prior to that of the Sui Dynasty (Figure 2). In addition, ox gallstones were used therapeutically during the Han Dynasty[5]. Therefore, it is not surprising that Chinese patients and physicians generally considered that both bear bile, which contains high UDCA levels in conjugated form[60-62], and ox gallstones largely consisting of non-polymerized calcium bilirubinates were “more precious than gold” with respect to safe­guarding their health and well-being and reversing health disorders[4, 63]. Also, ancient Chinese physicians and pharmacists had established a series of novel methods for collecting biles from animals and gallstones from oxen.
	For example, Su Song (c. 1019 to 1101 CE) in his Illustrated Pharmacopoeia (c. 1061 CE) described a detailed method for collecting gallbladder bile from the python. In the southern part of China, the python was often raised purposefully for collecting gallbladder bile, and usually bile was harvested from the python in the early summer. An adult python was immobilized in a wooden “sandwich” cage and its abdomen was exposed. During a mini-laparotomy, liver and gallbladder were carefully examined. If the python’s gallbladder was as large as a duck’s head in size, a careful surgical cholecystectomy was performed. After the liver was returned to the abdominal cavity, the abdominal incision was closed with silk sutures. Postoperatively, this python continued to be raised because its muscle meat, subcutaneous fat and skin could be used to treat other diseases. The fresh gallbladder bile was often dried usually in a shadow place away from direct sunlight. If the gallbladder contained dark green colored bile with a very thin wall and possessed a pleasant sweet and bitter taste, it was categorized as “high grade.”
	Collecting gallbladder biles from fish such as common carp, grass carp, black carp, murrel, crucian carp and shark was often carried out in wintertime[8]. These fresh gallbladder biles were dried in a cool place, and stored for later medicinal use. In addition, human bile was obtained from fresh cadavers, often in the ‘field’ after battles. When diluted with wine, a phase transition to multilayered phospholipid-cholesterol vesicles took place (“artificial membranes”)[64], human bile was used as an artificial “skin” by soldiers to paint-on sword wounds in northern battlefields of ancient China [8].
	Ancient Chinese medical works also described how to differentiate authentic bear bile (treasured above all others) from other animal biles[8]. When a gallbladder bile sample was dropped upon the surface of water, “high quality” bear biles spread on the surface quickly, whereas “low quality” bile spread slowly. Additionally, when a sample of high quality bear’s bile sank to the bottom of a vessel containing pure water, it drew out a “yellow tail”. When a layer of dust was placed on the surface of the water it could be dispelled by placing a drop of high quality bear’s bile on the water surface[8]. This was a serendipitous example of the differential surface activity of the bile acids in bile, especially between the major hydrophilic (e.g., UDCA conjugates) and hydrophobic (e.g., CDCA conjugates) species [65] that occur in variable proportions in bear bile[66], as well as the high specific gravity (d=1.3) of bilirubin [67]. Obviously, bilirubin does not undergo oxidation to biliverdin when a bile contains a high proportion of UDCA conjugates because of the latter’s potent anti-oxidant effects [68].
	In bear’s bile, the notable component is the high level of the taurine conjugate of ursodeoxycholic acid (TUDCA) (Figure 1). In bears, UDCA is a primary bile acid that is synthesized directly from cholesterol in the liver[66]. Clearly gallbladder bile from bears is highly valued in TCM. Since UDCA in bears is a primary bile acid[66], this allows hepatic bile, highly enriched in TUDCA, to be harvested indefinitely from bears with chronic biliary fistulae. Frequently such bears were confined individually to iron cages or were kept free-living on bear farms (now illegal in China). After a successful cholecystostomy or choledocotomy under anesthesia, a bear was placed in a specific, custom-fabricated “iron-cage” filled together with a sterile drainage tube, one end of which was sutured into the common bile duct and the other leading to a glass-receptacle firmly holstered externally to the abdominal wall. Usually with the aid of a stop-cock, 20-100 mL of bear bile (approximately one third of the daily bile secretion) was collected daily, and dried at 65C for 3-4 d. By this means up to more than 36 kg of dilute fistula bile or 1.5 kg of dried bear bile could be harvested each year from one “free-living” bear[69]. By contrast, only 50 g or so of the fresh bile could be obtained from the gallbladder of a sacrificed bear. Studies by the same authors[69] showed that bears secreted the highest amount of bile between July and September, followed by decreasing flows from October to December, from April to June, and then from January to March[69]. Also, chemical compositions and pharmacological effects of the drained bear’s bile were believed identical to fresh bear bile in terms of the quality and quantity of bile acids (including increased TUDCA levels) and bilirubin conjugates, biliflavin and bilifulvin. Moreover, the minor components of bile such as, amino acids and trace elements, displayed no change in bile of bears who were drained for two years[70-73]. Of note is that pig bile is often substituted for bear bile in therapy in today’s China because the Asiatic black bear is an endangered species. This bear is listed in the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) Appendix I (viz. http://www.cites.org/eng/app/appendices.shtml).
	Tao Hong-Jing (c. 452 to 536 CE) in his Records of Famous Physicians (c. 510 CE) wrote a fanciful description of the pathobiology of ox gallstones (i.e., principally calcium bilirubinate): “Ox gallstones are mainly obtained from oxen raised in the central regions of China, and are one of the most valued of drugs. An ox suffering from gallstones roars constantly and its body is ‘luminous’ at night. If a basin of water is placed before the ox, a frightening noise will cause the animal to vomit the gallstones into the basin. These gallstones are called Sheng Huang and are the most costly.” Based on stone size and texture, ox gallstones were divided into three kinds. The San Huang was composed of small granules like green beans. The Man Huang was described as being soft “like the yolk of an hen’s egg”, and was always found in the intrahepatic bile ducts. The Tuan Huang was an agglomeration of small stones that varied in size. According to the methods of collecting stones, gallstones were divided into four kinds. The Sheng Huang has been described above. The Zhong Huang was obtained in abattoirs during victualling an ox. The Xin Huang was obtained at necropsy after a sick ox had died. This stone which was as soft as an egg yolk at first, became hard once it was placed in water. The stones obtained from the intrahepatic bile ducts were called Gan Huang. Li Shi-Zhen (1518 to 1593 CE) in his Compendium of Materia Medica (1596 CE) wrote: “For the ox to form gallstones, it must be diseased. Only a sick ox suffers from the formation of gallstones and dies easily of their complications. Based on one of the therapeutic theories of TCM, i.e., combating poison with poison (Yi Du Gong Du), ox gallstones were also advocated for treating hepatobiliary diseases associated with jaundice in humans.”
	Although ancient Chinese scholars did not understand how gallstones formed in gallbladder and intrahepatic ducts of oxen, they knew how to identify “true” from “false” ox gallstones. After a fresh ox gallstone was smeared on a finger nail, if the yellow color could not be easily washed off with water, it was considered a “true” ox gallstone [7]. Furthermore, if the yellow color spread and painted the entire finger nail and remained there for a long time, it was also a “true” ox gallstone[54]. Kou Zong-Shi in his Amplified Materia Medica (c. 1116 CE) stated that ox gallstones were light in weight and soft, as well as sweet-smelling, most likely the pure bile pigment salt, i.e., calcium bilirubinate stones. On the other hand, yak gallstones obtained from the western part of China were very hard, and without a sweet smell; we believe that these were most likely cholesterol or even calcium carbonate stones. Moreover, it was very easy to pass off gallstones obtained from camels as “ox” gallstones, and these could be obtained easily. This medical scholar went on to state that more attention should be paid to this because the effects of “false” ox gallstones were completely different medicinally from those of “true” ox gallstones[54].
	As in ancient times, ox gallstones are still a very popular drug in China. There are more than 154 traditional Chinese herbal preparations containing this form of calcium bilirubinate as an ingredient[4]. However, it is very difficult to obtain natural ox gallstones in sufficient quantities by collecting them from abattoirs. Since 1955, Chinese scientists introduced a method for making artificial ox gallstones ex vivo employing fresh ox gallbladder bile. Moreover, since 1980, Chinese scientists developed a facile technique to produce “natural” ox gallstones in situ, akin to the culturing of pearls[4]. A mini-laparotomy is performed on a restrained cow and a tiny hole is made in the fundus of the gallbladder, which is grasped with a forceps. A pinhead-sized natural ox gallstone is then implanted in the gallbladder. The fundus of the gallbladder is then sutured and the abdominal incision is closed. This natural ox gallstone performs as a nucleus and develops into a large pigment gallstone within 1-3 years. During this period, 98% of oxen so “implanted” form gallstones and on average, a 4 g pigment gallstone can be obtained at slaughter[4]. A number of pharmacological and clinical studies have confirmed that the chemical compositions and therapeutic effects of both the artificial ox gallstones and the “man-made” natural ox gallstones are identical to those of spontaneously forming ox gallstones[4, 63]. Furthermore, artificial ox gallstones or the prepared synthetic calcium bilirubinate salt have been used to treat many thousands of patients with high fever, pneumonia, pyogenic tonsillitis, and bronchitis in China[4]. 

ANIMAL BILES USED THERAPEUTICALLY IN JAPAN
Chronologically, as might be anticipated the first country to be influenced by the Asiatic spread of TCM was Japan. Traditional Chinese medicine entered Japan during the Qin (221-206 BCE) and the Han (206 BCE to 25 CE) Dynasties[74-76]. Chinese herbs were readily collected, transplanted and cultivated. Many herbaria were constructed in Japan, and books based on TCM were translated into Japanese and published in Japan. An impetus to further progress was made by the dispersion of Buddhism in Japan during the Sui (581-618 CE) and the Tang (618-907 CE) dynasties. These Chinese dynasties saw long uninterrupted periods of peace with marked economical, political and cultural advancements. For example, Jian Zhen (688 to 763 CE) an illustrious Buddhist monk and physician, was officially invited at age 55 at the request of Japanese Monks to visit Japan to preach Buddhism. In 753 CE, he brought hundreds of Chinese medical books with him[77], established a charity clinic in Kobe, a large city on the southern side of the main island of Honshú, and taught TCM to Japanese physicians. After his death, he was subsequently venerated as a “saint” and worshiped in Japanese temples. He was the author of the Eminent Monk Jian Zhen’s Secret Remedies, which was treasured in Japan as a highly innovative medical, especially therapeutic, work. Seventy-three years after the Newly-revised Materia Medica[78] was published in China, this book was also introduced into Japan[74, 76, 79], and became an important reference book for Japanese scholars researching Chinese materia medica. In fact, the Japanese Government proclaimed that every scholar wishing to take the governmental examination to become a practicing physician needed to study this book.
	For example, the most detailed lore we have from Japan concerning an animal bile was that of the Asiatic black bear (Ursus Thibetanus) also known as the moonbear or white-chested bear. Its range is wide in Asia, including in the Honshú and Shikoku islands of Japan. The species can be very aggressive towards humans and Rudyard Kipling described it as “the most bizarre of the Ursine species.” In Japan, black bear’s bile, Fel Ursi[80], was classified into two groups, bile from summer-bears and bile from winter-bears, according to the season of capturing the bear (Figure 4). Summer-bear bile was described as “high grade” being obtained from a gallbladder with a thick wall that could be either transparent or opaque. The amount of gallbladder bile obtained during the summer from bears was not that plentiful, but was invariably clear and always yellow-orange in color. It was also called “amber” gall and its quality was believed superior to that of winter-bear bile, since it was scarce. The bile from winter-bears obtained after August was found in a gallbladders that contained a thin wall. The amount of this bile was plentiful presumably because the animals were either hibernating or in a pre-hibernating stage, hence there was minimal hormonal stimulus to gallbladder contraction. Its color was brown-black with a glossy sheen. Additionally, bear bile was further divided into two groups according to the place of collection, bile from “hillock-bears” and bile from “island-bears.” Hillock-bear bile was generally from the Ishikawa district in northern Japan. It possessed a pleasant sweet smell, and was labeled “high grade.” Island-bear bile from Matumeezo district in the east of Japan was “low-grade,” had a pronounced smell of raw fish, mostly salmon, and therefore unpleasant to drink. 

MODERN CHEMICAL RESEARCH ON THE PRINCIPAL COMPONENTS OF ANIMAL BILES WITH POTENTIAL MECHANISMS UNDERLYING THEIR MEDICINAL ACTIONS	
Since 1900, modern medical research on animal biles entered a new era. In 1900-1901, Danish and Swedish explorers led by Amdrup and Kolthoff respectively set out to explore Greenland[81]. During the expeditions, teams obtained gallbladders from polar bears (Thalarctos maritimus) and brought them back to Hammarsten’s laboratory in Uppsala, Sweden. Hammarsten isolated an unknown bile acid from polar bear bile, and named it ursocholeinic acid (Ursocholeinsäure)[82, 83]. Twenty-five years later, Shoda in Japan crystallized a “new” dihydroxy bile acid from bile of presumably an Asian black bear (origin and species unspecified)[84], and renamed it ursodeoxycholic acid (UDCA). In 1954, Kanazawa and colleagues succeeded in synthesizing UDCA from cholic acid [85]. Shortly thereafter, UDCA was introduced into the Japanese pharmacopoeia for the therapy of a variety of hepatobiliary diseases. Over subsequent years, the compositions of bile acids in vertebrates were investigated extensively[60, 61, 66, 86-107]. In 1972, American investigators at the Mayo Clinic reported that long-term ingestion of chenodeoxycholic acid (CDCA) by humans could desaturate bile with cholesterol and lead to the dissolution of cholesterol gallstones[108]. Somewhat later, Japanese investigators also published similar findings in gallstone patients receiving daily doses of UDCA[109, 110]. As a result, two purified bile acids, CDCA and UDCA (Figure 1), originally isolated as extracts of bird (goose) and mammalian (bear) biles, respectively[111], were approved for treatment of cholesterol gallstones, and in the case of UDCA for the early stages of several chronic hepatic diseases[108-110, 112-118]. These bile acids are now prepared semi-synthetically from cholic acid by removal of the 12α OH group (CDCA) and epimerization of the 7-OH group (UDCA)
	Specifically, long-term administration of UDCA to humans may or may not reduce biliary cholesterol secretion, but it induces a phase transition in gallbladder bile[119], and promotes physical-chemical (liquid-crystalline) dissolution of small cholesterol gallstones[109]. It was then discovered that UDCA might be efficacious in treating primary biliary cirrhosis[120] and a number of other chronic cholestatic liver diseases[118]. Since these earlier studies, well-controlled clinical studies have confirmed the modest beneficial effects of UDCA in a broad variety of cholestatic liver diseases, provided therapy is initiated in their early stages, including primary biliary cirrhosis, primary sclerosing cholangitis, pediatric cholestatic disorders, perhaps cystic fibrosis and drug-induced cholestasis[118, 121-126]. It is believed that UDCA reduces biliary “cytotoxicity” by replacing the more detergent and potent endogenous dihydroxy bile acids such as deoxycholate (DC) and chenodeoxycholate (CDC) conjugates within the bile acid pool, principally by inhibiting their active sodium­coupled absorption from the distal small intestine. UDCA therapy also promotes membrane insertion of biliary lipid transporters at the level of the hepatocyte canaliculus[127, 128]. 
	Furthermore, black bear bile per se has been advocated for centuries to improve liver function and when compounded together with Chinese herbs, it was believed highly effective in treating acute and chronic hepatitis, toxic hepatitis, hepatic coma, acute and chronic gastritis, and peptic ulcer, as well as in relieving the pain of gastric and duodenal ulcers. In addition, there was experience of its use for treating patients with coronary heart disease, angina pectoris, glaucoma, hemorrhoids, and epilepsy[129]. Over the past twenty-five years, clinical, pharmacological, toxicological, and metabolic studies on both CDCA and UDCA have appeared in increasing numbers[13, 101, 115, 117, 130, 131]. Although today CDCA (Chenodiol) has fallen into disuse because of its hepatotoxicity in therapeutic doses, UDCA (Ursodiol) has enjoyed increasing applications for a number of chronic liver diseases especially in their early stages and is considered safe in pregnancy[118, 121-126].
	In addition, a unique property of all biles with high phospholipid to bile acid ratios is that when diluted below the critical micellar concentrations of the bile acids, biliary mixed micelles undergo a phase transition into multilamellar liquid-crystals[132, 133] composed principally of biliary phospholipids and cholesterol with bilirubin conjugates attached via π-orbital OH interactions[21]. These can serve as an “artificial skin” with antioxidant properties[64, 133, 134] for burns and wounds, a discovery made in China during the Tang dynasty (618-907 CE). For example, human, wild boar and domestic pig biles were used topically to treat burn patients for more than one thousand years in China. Recent clinical observations[135] showed that human hepatic bile displays even better effects than pig bile, and dilute hepatic bile better than concentrated gallbladder bile. Presumably, the reason for this is when bile is diluted with an alcohol-H2O mixtures, the dilute bile phase separates as lamellar liquid crystals, in other words multilayered artificial membranes[133] composed principally of bile phospholipid/cholesterol and bilirubin. When these are painted on burns and wounds, it provides an “artificial skin” with antioxidant properties. This occurs only when the bile salts present in the bile are diluted below their critical micellar concentrations, forming liquid crystals, e.g., lamellar liposomes or artificial lipid membranes composed of biliary phospholipid and cholesterol that phase separate from the dilute bile (Figure 5). Concomitantly, the minor components of bile, including melatonin, bilirubin, vitamin E, zinc and selenium, together with alcohol, for external use, have anti-inflammatory, anti-immune and antioxidant effects, all salutary in the control of bacterial infection with respect to burned skin surfaces[136-139].
	Furthermore, calcium, a small hydrated divalent cation, moves freely from blood to bile via osmotic, solvent drag and Gibbs­Donnan forces[140, 141]. Bile acids are the major calcium binding agents in bile and calcium binding is augmented by biliary phosphatidylcholine[57], with consequent decreases in unbound calcium concentrations. This diminishes the thermodynamic driving force for precipitation of several calcium-sensitive anions especially those of CO32+, PO43+ and unconjugated bilirubin as insoluble salts in bile[142-146]. Possibly for this reason, it is notable that animal biles were a first line of “attack” in TCM to dislodge fishbones stuck in the throat and esophagus. This salutary effect was most likely by calcium chelation and detergent softening of bones since the prescribed therapy was prolonged and frequently successful[8]. Other beneficial roles of biliary lipids in general and whole bile in particular, include inhibition of bacterial and microbial growth and by exhibiting anti-inflammatory[42], antipyretic, sedative, hypnotic, anticonvulsant, antispasmodic, analgesic, inotropic and antiallergic effects[16, 46, 47, 69, 73, 129, 131, 135]. 
	Gallbladder bile with concentrated levels of hydrophobic bile acids have powerful detergent-like actions and can kill pathogenic organisms via cell membrane and cell wall disruption[42]. Furthermore, gallbladder biles with concentrated levels of hydrophilic bile acids such as mouse and hibernating bear biles act as emollients with softening, soothing, cleansing and mild antiseptic actions. All biles have high levels of fat-soluble vitamins A, D, E and K[147-149], whose dietary deficiencies in ancient times lead to night blindness (nystalopia), infertility, childhood rickets, hemorrhagic diathesis and osteopenia in adults. As highlighted throughout our work, all biles that were used in TCM possess small but potent levels of bilirubin and infrequently biliverdin or varying combinations of each. These agents are now known to have antipyretic, antioxidant, anti-inflammatory, anti-immune, anti-atherogenic[134], and anti-oncogenic properties[150]. We have discussed in this article that when diluted below the critical micellar concentration, the phospholipid (mostly phosphatidycholines and to a lesser extent sphingomyelins) plus cholesterol of bile phase separate forming artificial biomembranes[132, 133] applicable for multiple purposes, such as covering wounds, burns, and ulcers. 
	In addition, bile is an excretory conduit for multiple rare metals which act as prosthetic groups or cofactors for a host of metabolic processes[151]. They include magnesium, zinc, copper, selenium, calcium, and iron. And finally, bile is the principle excretory route for pineal and extrapineal melatonin (N-acetyl-5-methoxytryptamine), a potent free-radical scavenger, sedative and hypnotic[152]. Hence, not only did Chinese physicians know that the best natural hypnotic was animal bile, but because of the multifaceted free radical scavenging and antioxidant properties of melatonin[153], bile is capable of detoxifying a wide variety of free radicals and reactive oxygen intermediates. Melatonin also protects membrane lipids, lipid-derived intermediates, nuclear DNA and many other molecules from oxidative damage in metabolism and hence abates organ dysfunction[153]. Bile acids are now known to have multiple effects on the activation of nuclear receptors and multiple signaling pathways in cells of the liver and gastrointestinal tract. So whether expression levels of numerous genes controlling fatty acid, glucose, lipoprotein and energy metabolism are behind many of their heuristic actions is indeed possible. In like manner linear tetrapyrroles in bile, besides their potent effect in scavenging reactant oxygen species, may also generate reactive oxygen species through the action of NADPH oxidase which is critical in signal transduction and defense against pathogenic attack.
	Besides bile acids and phospholipids, other components of bile were also employed as drugs in TCM. For example, bilirubin (the principal lipopigment in bile) was isolated in rural areas by adding lime (CaCO3) to ox bile to induce its precipitation. The calcium salt was employed in treatment of many diseases, particularly hyperpyrexia-induced infantile convulsions[8, 9, 12, 70, 112, 154-156]. Even though the concentration of bilirubins in bile is low, the gallstones that form in ox gallbladders are pigment stones composed of very pure calcium bilirubinate. When acidified and extracted into an organic solvent, these provided pure unconjugated bilirubin. Accordingly, ox gallstones have been employed for more than 2500 years in China for procuring pure unconjugated bilirubin for multiple therapeutic purposes[5]. Clinical studies and animal experiments have confirmed that the pharmacological effects of bilirubin from natural or artificially produced ox gallstones[4] are similar and include antipyretic, anticonvulsive, antihypertensive, bacterial growth inhibition, and expectorant, as well as inotropic effects on cardiac muscle[4, 63]. As first introduced over 100 years ago in the West, ox bile components, principally bile acids precipitated with iron sulfate to form ferrous salts of bile acids knows as “Bilron” have also been shown to be effective in treating patients with steatorrhea due to bile acid deficiency especially following ileectomy for Crohn’s disease[157, 158].

CONCLUSION 
Even though forty-four animal biles (including human bile) have been used as highly popular drugs for more than 2500 years in TCM, only pig, ox and bear biles are extensively employed in China today. Modern physiological, physical-chemical, molecular biological and nuclear receptor regulation, as well as homeostatic research on bile acid and bilirubin metabolism in animal and model biles have provided important insights on the possible pharmacological mechanisms involved the mode of action of various animal biles. These underscore the success of the heuristic methods used for millennia in TCM[134, 159-161]. Furthermore, over the past two decades it has been discovered that bile acids are potent regulatory molecules and do so via activation of specific nuclear receptors, a G-coupled protein receptor and several cell signaling pathways within the gastrointestinal tract and liver[20, 161-164]. The activation and repression of genes encoding enzymes, other proteins and transporters by bile acids all show that they are involved in the regulation of bile acid, glucose, fatty acid and cholesterol synthesis, transport and metabolism, as well as triglyceride homeostasis and nutrient signaling that controls the utilization of energy[161]. Therefore, this review may stimulate systematic chemical and medicinal investigations with respect to the common and uncommon components of animal biles. It is our hope that the physiological functions and therapeutic mechanisms discovered in China heuristically over thousands of years may be further extended by modern chemical and pharmacological insights and methodologies.
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Figure 1 Perspective structures of major bile acids in selected animal biles according to groups of organisms: (1) mammals (humans, bears, pigs and mice); (2) birds; (3) reptiles (snakes and turtles); (4) amphibians (toads and frogs); and (5) fish. The C24 common bile acids of higher vertebrates possess a steroid nucleus of four fused hydrocarbon rings with a cis A/B ring junction, but the biles of amphibians and fish contain C24 or C27 bile acids with trans A/B ring junctions. The polar hydroxyl functions generally are α-axial or equatorial and an aliphatic side chain is conjugated with glycine or taurine in C24 bile acids or sulfated in C27 bile acids. Because the ionized carboxylate, sulfonate or sulfate groups on the side chain render bile salts highly soluble in water, they are classified as soluble amphiphiles. The common bile acids differ in the number and orientation of the hydroxyl groups on the steroid nucleus. In humans, ursodeoxycholic acid (UDCA) is a secondary bile acid; whereas in a number of animals especially hystricomorpha and all ursidae, it is a primary bile acid i.e., made directly from cholesterol in the liver. Reproduced with modifications and with permission from[165].

Figure 2 Chronology for the introduction of different animal biles used therapeutically in traditional Chinese medicine. The main Chinese dynasties are listed to the left of year in 500-year increments to indicate the approximate beginning of the dynasty. BCE, before the common era. CE, the common era which corresponds to the common Gregorian calendar.

Figure 3 Four pages from Li Shi-Zhen’s Compendium of Materia Medica (Ben Cao Gang Mu) published in 1596 CE in the Ming Dynasty. A: goat (top left), pig (top right), Procapra przewalskii (Przewalskii’s gazelle) (bottom left) and dog (bottom right); B: crow (top left) and raven (bottom right); C: python (top right) and black snake (bottom left); D: common carp (top right). The biles of these animals were introduced into traditional Chinese medicine as important drugs to treat various diseases as discussed in the text.

Figure 4 Three woodcuts from Pictures of the Famous Products of Mountain and Sea (Sankai Meizan Zue) illustrated by Shitomi Kangetsu (1747 to 1797 CE) and published in 1799 CE, showing how to catch a bear and harvest bear bile. Capturing a bear in a cave (top panel). Seizing a bear by killing with a heavy crossbow (middle panel). Killing a bear with an axe (bottom panel).

Figure 5 When human, domestic pig, or wild boar gallbladder biles, all with high phospholipid to bile acid ratios, are diluted progressively with low concentrations of alcohol such as with wine, the bile acid concentration decreases below its critical micellar concentration in the bile, and the specimen becomes cloudy from phase separation of previously micellar solubilized phospholipids plus cholesterol. This occurs because liquid crystals (lamellar liposomes) composed of phospholipids and cholesterol form spontaneously in the dilute non-micellar bile and also have potent antioxidant properties from bound bilirubin conjugate molecules. Such preparations were employed as an artificial skin and were used widely in China to dress and cover burns and battle wounds. See text for details.
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Table 1 A chronological list of animal biles used therapeutically in China from the earliest times

	Chinese 
Name (Pin Yin)
	English name
	Latin nomenclature
	Earliest recorded book, year and author
	Bile salt and alcohol composition1
	Bile pigment composition1

	Gou Dan
	Dog
	Canis familiaris
	Prescriptions for Fifty-two Types of Diseases (c. 475 to 221 BCE); Author(s) unknown
	TC, TCDC, TDC [87, 102, 166]
	BDG, BDGC, BMX [167, 168]

	Niu Dan
	Ox
	Bos taurus domesticus; Bubalus bulalis
	
	TC, TDC, TCDC, TLC, GC, GDC, GCDC, GLC, AC [91, 100, 107, 166]
	BMG, BMGC, BDG, UCB, BV [167, 169, 170]

	Li Yu Dan
	Common Carp
	Cyprinus carpio
	Shen Nong’s Herbal Classic (c. 475 to 206 BCE); Author(s) unknown
	TCDC, TC, TDC, AC, -cyprinol-26 SO4, -latimerol-SO4 [87, 91, 107]
	BV, BMG, PB, UCB [169, 170, 171]

	Shu Dan
	Mouse
	Mus musculus
	Variorum of Shen Nong’s Herbal Classic (c. 492 CE); Tao Hong-Jing (c. 452 to 536 CE)
	TC, TCDC, TDC, T--MC, T--MC, TUDC[172]
	BMG, BDG, UCB [173]

	Ran She Dan
	Python
	Python molurus bivittatus
	
	TPC, TC, TDC [87, 106, 107]
	BV, BMG, UCB[174]

	Yang Dan
	Goat and sheep
	Capra hircus
	
	TC, TCDC, TDC, GC, GDC [87, 100, 107, 166]
	BMG [167, 168]

	Zhu Dan
	Pig
	Sus scrofa domestica
	Records of Famous Physicians (c. 510 CE); Tao Hong-Jing (c. 452 to 536 CE)
	GHC, GHDC, GHOC, GC, GCDC, GDC, THC, THDC, TC, TCDC, TDC [89, 94, 166] 
	BMG, BV [167, 168, 170]

	Fu She Dan
	Pallas Pit Viper
	Agkistrodon halys
	
	TC, TAC, TCDC, TDC [107]
	BV, BMG, UCB [174]

	Ji Dan
	Chicken
	Gallus gallus domesticus
	
	TAC, TC, TCDC [89, 166]
	BV, BMG, BMGC, BDG, BDGC, UCB [167, 175]

	Xiang Dan
	Elephant
	Elephas maximus
	Lei’s Treatise on Preparation of Drugs (c. the 5th century); Lei Xiao (c. the 5th century)
	3,7,25,26-tetrahydroxy-5-cholestane SO4 [107]
	ND

	Li Yu Dan
	Murrel
	Ophicephalus argus
	Ri Hua-Zi’s Collected Materia Medica (c. the 6th century); Ri Hua-Zi (c. the 6th century)
	TCDC, TC, TDC [107]
	BV, BMG, PB, UCB [168, 170, 171]

	Xiong Dan
	Bear
	Selenarctos thibetanus; Ursus arctos
	Treatise on Properties of Drugs (c. 643 CE or earlier); Zhen Quan (c. 540 to 643 CE)
	TUDC, TC, TCDC, TDC [66]
	BR, BFL, BFU [70]

	Ye Zhu Dan
	Wild Boar
	Sus scrofa
	A Dietetic Materia Medica (c. 710 CE); Meng Xian (c. 621 to 714 CE)
	GHC [87]
	BMG, BV [167, 168, 170]

	Jiao Yu Dan
	Shark
	Mustelus manazo
	
	5-scymnol SO4 [107]
	BV, BMG, PB, UCB [168, 170, 171]

	Qing Yu Dan
	Black Carp
	Mylopharyngodon piceus
	
	5-cyprinol-26 SO4 [107]
	BV, BMG, PB, UCB [168, 170, 171]

	Ling Yang Dan
	Antelope
	Saiga tatarica
	Medical Secrets of an Official (c. 752 CE); Wang Tao (c. 702 to 772 CE)
	TC, TCDC, TDC [87, 107]
	ND

	Huan Yu Dan
	Grass Carp
	Ctenopharyngodon idellus
	A Supplement to Materia Medica (c. 758 CE); Chen Zang-Qi (c. the 8th century)
	TCDC, TC, TDC, 5-cyprinol-26 SO4 [107]
	BV, BMG, PB, UCB [168, 170, 171]

	Hu Dan
	Tiger
	Panthera tigris
	
	TC, TCDC, TDC [107]
	ND

	Ren Dan
	Human
	Homo sapiens
	
	GC, GCDC, GDC, GUDC, GLC, TC, TCDC, TDC, TUDC, TLC, SGLC, STLC [13, 176]
	BDG, BMG, BMGG1, BDGC, BMGC, BMX, UCB [173]

	Ta Dan
	Otter
	Lutra lutra
	Illustrated Pharmacopoeia (c. 1061 CE); Su Song (c. 1019 to 1101 CE)
	TC, TCDC, TDC, GC, GDC [87, 107]
	ND

	Hu Dan
	Fox
	Vulpes vulpes
	
	TC, TCDC, TDC [87, 107]
	ND

	Wei Dan
	Hedgehog
	Erinaceus europaeus; Hemiechinus dauuricus
	Amplified Materia Medica (c. 1116 CE); Kou Zong-Shi (c. the 12th century)
	TCDC, TC, TDC [107]
	ND

	E Dan
	Goose
	Anser domestica
	Phermacopoeia in Southwestern China (c. in the middle of the 15th century); Lan Mao (c. 1397 to 1496 CE)
	TCDC, TACDC, TPHC, TBC [107]
	BV, BMG, BMGC, UCB [168]

	Ya Dan
	Duck
	Anas domestica
	Compendium of Materia Medica (1596 CE); Li Shi-Zhen (1518 to 1593 CE)
	TCDC, TACDC, TPHC, TBC, 3711-trihydroxy-5-cholan-24-oic acid[107]
	BV, BDG, BDGC [176]

	Lu Dan
	Deer
	Cervus nippon; Cervus elaphus
	
	GC, GCDC, GDC [107]
	ND

	Hou Dan
	Horseshoe Crab
	Tachypleus tridentatus
	
	Medium-chain fatty acids conjugated with sarcosy taurine [22, 107]
	ND

	Ji Yu Dan
	Crucian Carp
	Carassius auratus
	
	-cyprinol-26 SO4 [107]
	BV, BMG, PB, UCB [168, 170, 171]

	Bie Dan
	Turtle
	Amyda sinensis
	
	3722-trihydroxy-5-cholan-27-oic acid, sterocholanic acid, 31222-trihydroxy-5-cholan-27-oic acid [107]
	BV, BMG, UCB [168, 174]

	Gui Yu Dan
	Mandarin Fish
	Siniperca chuatsi
	
	TCDC, TC, TDC [107]
	BV, BMG, PB, UCB [168, 170, 171]

	Wu Ya Dan
	Crow
	Corvus macrorhynchus
	
	TCDC, TC, TDC [107]
	BV [168]

	Yuan Dan
	Soft-shelled Turtle
	Pelochelys bibroni
	
	TsteroC, TsteroCDC, TsteroDC [107]
	BV, BMG, UCB [168, 174]

	Ha Ma Dan
	Chinese Forest Frog
	Rana limnocharis
	
	Pentahydroxy C27 and C26 bile alcohol SO4, taurine conjugated C27 trihydroxy acids [107]
	BV, UCB [168, 170, 178, 179]

	Wu She Dan
	Black Snake
	Zaocys dhumnades
	
	TC, TAC, TCDC, TDC [107]
	BV, BMG, UCB [174]

	Gui Dan
	Tortoise
	Chinemys reevesii
	
	TsteroC, TsteroCDC, TsteroDC [107]
	ND

	Bian Fu Dan
	Bat
	Vespertilio superans; Pipistrellus abramus; Plecotus auritus; Rhinolophus ferrum-equnum
	
	TC [107]
	ND

	Ci Wu Dan
	Raven
	Corvus monedula dauuricus
	A Supplement to the Compendium of Materia Medica (c. 1765 CE); Zhao Xue-Min (1719 to 1805 CE)
	TCDC, TC [107]
	BV [168]

	Mao Niu Dan
	Yak
	Bos grunniens
	Jing Zhu Materia Medica (c. 1840 CE); Dan-Zeng Peng-Cuo (c. the 19th century)
	TC, TCDC, TDC, GC, GCDC, GDC [107]
	BMG, BMGC, BDG, UCB, BV [167, 169, 170] 

	Ye Niu Dan
	Gaur
	Bos gaurus
	
	TC, TCDC, TDC, GC, GCDC, GUDC [107]
	BMG, BMGC, BDG, UCB, BV [167, 169, 170]

	 Shi Long Zi Dan
	Skink
	Eumeces chinensis Gray; Eumeces elegans; Sphenomorphus indicus
	
	TC, TCDC, GHDC, Tvaranic acid, T3,7,12-trihydroxy-5-cholestan-27-oic acid [90, 107]
	BV, BMG, UCB [170]

	Ying Wu Dan
	Parrot
	Psittacula alexandri fasciata
	
	TC, TCDC [107]
	BV [168]

	Ma Dan
	Horse
	Equus caballus
	
	TC [87, 107]
	BDG, BDGC, BMG, BMGC [175]

	Tu Jiu Dan
	Vulture
	Gypaetus barbatus aureus
	
	TC, TCDC, TalloC [107]
	ND

	Yuan Dan
	Kite
	Milvus korschun lineatus
	Great Dictionary of Chinese Materia Medica (1977 CE); Jiangsu New Medical College
	TC, TCDC, TalloC [107]
	ND

	Chan Chu Dan
	Toad
	Bufo bufo gargarizans; Bufo melanostictus
	
	Bufol SO4, Ranol SO4, hexahydroxy-27-nor-C26-bile alcohol SO4 [107]
	BV [168, 170, 178, 179]



1Bile salt and bilirubin compositions are shown according to the rank order of species from high to low, respectively. AC: Allocholate; C: Cholate; DC: Deoxycholate; GC: Glycocholate; GCDC: Glycochenodeoxycholate; GDC: Glycodeoxycholate; GHC: Glycohyocholate; GHDC: Glycohyodeoxycholate; GHOC: Glyco-3-hydroxy-6-oxo-5-cholate; GLC: Glycolithocholate; GUDC: Glycoursodeoxycholate; TAC: Tauroallocholate; TBC: Taurobitocholate; TC: Taurocholate; TCDC: Taurochenodeoxycholate; TDC: Taurodeoxycholate; THC: Taurohyocholate; THDC: Taurohyodeoxycholate; TLC: Taurolithocholate; T--MC: Tauro--muricholate; T--MC: Tauro--muricholate; TPC: Tauropythocholate; TPHC: Taurophocacholate; TsteroC: Taurosterocholate; TsteroCDC: Taurosterochenodeoxycholate; TsteroDC: Taurosterodeoxycholate; TUDC: tauroursodeoxycholate; SGLC: sulfoglycolithocholate; STLC: Sulfotaurolithocholate; BDG: Bilirubin diglucuronide; BDGC: Bilirubin diglucoside; BFL: Biliflavin; BFU: Bilifulvin; BMG: Bilirubin monoglucuronide; BMGC: Bilirubin monoglucoside; BMGG1: Bilirubin monoglucuronide monoglucoside; BMX: Bilirubin monoxyloside; BR: Bilirubin; BV: Biliverdin; PB: Phycobilin; UCB: Unconjugated bilirubin. dND: Not determined.


Table 2 A list of diseases treated by animal biles in traditional Chinese medicine
	Disease
	Animal bile or gallstones

	1 Digestive system

	
	a. jaundice
	Bear, Ox

	
	b. biliary colic
	Bear, Python, Yak

	
	c. epigastric pain
	Fox, Gaur, Kite

	
	d. gastric regurgitation
	Bear, Dog, Pig 

	
	e. infantile malnutrition
	Bear, Dog, Pig, Python, Tiger, Wild boar

	
	f. hemorrhoids
	Bear, Duck, Goose, Hedgehog, Ox, Python, Turtle

	
	g. anal fistula
	Bear, Turtle

	
	h. dysentery
	Bear, Dog, Python, Tiger

	
	i. diarrhea
	Bear, Dog, Pig

	
	j. constipation
	Pig

	
	k. intestinal parasites
	Bear, Ox, Dog, Pallas pit viper, Crucian carp, Horseshoe crab

	
	l. stuck fishbone
	Black carp, Crucian carp, Grass carp, Mandarin fish

	
	m. acute alcoholism
	Fox

	
	n. alcoholic cirrhosis
	Fox

	
	o. food poisoning
	Parrot

	2 Skin

	
	a. infectious skin diseases
	Bear, Chicken, Common carp, Crucian carp, Dog, Elephant, Goat and sheep, Horse, Ox, Pallas pit viper, Pig, Python, Vulture, Wild boar 

	
	b. burns
	Pig, Human, Wild boar 

	
	c. traumatic injury
	Deer, Dog, Human, Mouse 

	
	d. darkish complexion
	Antelope, Goat and sheep 

	
	e. tinea versicolor
	Antelope, Goat and sheep

	
	f. chloasma, freckle, ephelis
	Antelope, Goat and sheep

	
	g. shampoo for hair
	Pig

	
	h. leprosy
	Black snack, Horseshoe crab 

	3 Eyes

	
	a. infectious eye diseases
	Black carp, Chicken, Common carp, Crow, Dog, Duck, Goat and sheep, Hedgehog, Otter, Pig, Python, Skink, Tortoise

	
	b. improving visual acuity
	Bat, Bear, Common carp, Crow, Mouse, Ox, Pig, Python, Skink, Tortoise

	
	c. optic atrophy
	Common carp, Elephant, Goat and sheep, Mouse, Python, Raven

	
	d. night blindness
	Bat, Common carp, Mouse, Pig, Raven

	
	e. glaucoma and cataract
	Black carp, Elephant 

	
	f. eye injury
	Chicken, Goat and sheep 

	4 Ears

	
	a. suppurative otitis media
	Dog, Mouse

	
	b. deafness
	Crucian carp

	5 Nose

	
	a. rhinitis
	Dog

	
	b. nasal sinusitis
	Bear

	
	c. rhinorrhea
	Bear

	
	d. nasal polyp
	Dog

	6 Mouth

	
	a. tonsillitis
	Black carp, Ox gallstones, Shark

	
	b. gingivitis
	Python

	
	c. gingival atrophy
	Python

	
	d. dental caries
	Python

	
	e. halitosis
	Elephant

	7 Throat

	
	a. laryngitis
	Bear, Black carp, Common, Grass carp, Pig, Murrel

	
	b. pharyngitis
	Shark, Soft-shelled turtle

	
	c. infantile hoarseness and aphonia
	Chinese forest frog

	8 Respiratory system

	
	a. bronchitis
	Ox gallstones, Toad

	
	b. pneumonia
	Ox gallstones

	
	c. cough
	Ox gallstones, Pig

	9 High fever in children

	
	a. infantile convulsions
	Bear, Ox (bile), Ox gallstones, Tiger

	
	b. high fever in children
	Human, Ox gallstones, Pig, Python 

	10 Cardiovascular system

	
	a. apoplexy
	Ox gallstones

	
	b. angina pectoris
	Bear

	11 Neuropsychiatric disorders

	
	a. epilepsy
	Fox, Ox gallstones, Wild boar 

	
	b. coma
	Ox gallstones, Fox

	12 Gynecological disorders

	
	a. irregular or scanty menstruation
	Otter

	
	b. amenorrhea or amenia menostasis
	Otter

	
	c. chancre
	Mouse

	13 Endocrine system

	
	a. diabetes mellitus
	Crucian carp, Pig

	14 Urinary system

	
	a. diuresis
	Chicken

	
	b. cystitis
	Chicken

	
	c. hematuria
	Bear

	
	d. strangury
	Bear, Chicken 





Table 3 A list of animal biles according to organism groupings used therapeutically in China 

	Class
	Animal bile

	Mammals
	Antelope, Bat, Bear, Deer, Dog, Elephant, Fox, Gaur, Goat and Sheep, Hedgehog, Horse, Human, Mouse, Otter, Ox, Pig, Tiger, Wild boar, Yak

	Birds
	Chicken, Crow, Duck, Goose, Kite, Parrot, Raven, Vulture

	Reptiles
	Blacksnake, Pallas pit viper, Python, Skink, Soft-shelled turtle, tortoise, Turtle

	Amphibians
	Chinese forest frog, Toad

	Fish
	Black carp, Common carp, Crucian carp, Grass carp, Mandarin fish, Murrel, Shark

	Arthropods
	Horseshoe crab



