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ABSTRACT

Choline is considered mandatory to the animal organand is utilized both as a building unit and essential
component in regulation of certain metabolic pr@sss Choline is tentatively classified as one ef Bicomplex
vitamins even though it doesn't entirely satisfy strict definition of a vitamin. Choline, unlikevBamins, can be
synthesized in the liver, is required in thedy in greater amounts, and apparently fuoredi as a structural
constituent rather than as a coenzyme. Althoegistence of choline in essential body constituesats recognized
long before the first vitamin was discovered. Retgms of classification, choline is an essentiatrieat for all
livestock and a required dietary supplement for empecies (poultry, swine). Choline is likewise emsential
nutrient for humans, and studies have investigatedbenefits of choline treatment for certain dsges such as
cancer and Alzheimer’s disease.
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INTRODUCTION

Vitamins are defined as group of complex organimgounds live in slight quantities in natural fodtist are
mandatory to normal metabolism and lack of whichhia ration causes deficiency diseases. Vitamimsisbof a
blend group of chemical compounds and aren't tleieeach other as are proteins, carbohydratesfaasidT heir
classification together depends not on chemicalattaristics but on function. Vitamins are diffetiated from the
trace elements, although present in the ratiomiallsamounts, whit their organic nature.

Vitamins are required in trace amounts in the rafar health, bounce, and reproduction. Classicaltamins have
been divided into 2 groups based on their solytsliin fat solvents or in water. Thus, fat-solubiamins include
A, D, E, and K, while vitamins of the B-complex a@dare classified water soluble. Fat-soluble vitasrare found
in foodstuffs in related by lipids. The fat-solubl@é@amins are absorbed along by dietary fats, aypbr with
mechanisms similar to those include in fat absorptConditions favorable to fat absorption, sucla@esquate bile
flow and good micelle formation, favor absorptidrttte fat-soluble vitamins [24].

Water-soluble vitamins aren't related by fats, alterations in fat absorption don't affect theisaidption. 3 of the 4
fat-soluble vitamins are well stored in appreciaflantities in the animal body. Except for vitanig, water-

soluble vitamins aren't well stored, and excessesrapidly excreted. A continual dietary supplytbé water-
soluble vitamins and vitamin K is needed to shuficamcies. Fat-soluble vitamins are excreted prilyjan the

feces via the bile; therefore water-soluble vitasname excreted mainly in the urine. Water-solubtarvins are
relatively nontoxic, but excesses of fat-solublawiin A and D can cause serious problems. Fat-Eokitamins

consist only of carbon, hydrogen, and oxygen, samse of the water-soluble vitamins contain nitrqgaunfur, or

cobalt.
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M etabolism

Choline is present in the ration mainly in the fooh lecithin, by less than 10% as either the fresebor
sphingomyelin. Choline is associated from lecithimd sphingomyelin by digestive enzymes of the gasgstinal
tract, therefore 50% of ingested lecithin enteesttioracic duct intact [5].

Choline is associated from lecithin with hydrolysishe intestinal lumen. Both pancreatic secretiand intestinal
mucosal cells contain enzymes capable of hydrofylgnithin in the ration. Phospholipaseg ia found in pancreatic
juice and in the intestinal brush border. WitHie gut mucosal cell, phospholipasedeaves the:-fatty acid, and
phospholipase B cleaves both fatty acids. Quaiviitiyt digestion with pancreatic lipase is the moaportant
process [31]. The net result is that most ingekgeithin is absorbed lysophosphatidylcholine. Witthie cells of the
gut wall, lysophosphatidylcholine can be deacylatedform glycerophosphocholine, or it can be a®dato
reconstitute lecithin. Choline is absorbed from jggenum and ileum mainly by an energy and sodiwepehdent
carrier mechanism. In the guinea pig, choline ve&em up with ileal cells about three times fastantby jejunal
cells [13]. Preferential location of the transpsystem in ileal cells supports earlier findingghe rat and hamster
[23]. These results are expected since cholimelé&ased from lecithin in the proximal and middbeadl intestine.
Only one-third of ingested choline appears to bgodied intact. The remaining two-thirds is metateai with
intestinal microorganisms to trimethylamine, theaekcreted in the urine between 6 and 12 hours eftgsumption
[9]. In contrast, when an equivalent amount of oielis consumed as lecithin, less urinary tri mktimne is
excreted, by most of the metabolite appearing ineutl2-24 hours after consumption. Dietary cholisehe
principal factor governing excretion, by presencalosence of other sources of protein and of fainigarelatively
little effect. Absorbed choline is transported ithe lymphatic circulation primarily in the form tecithin bound to
chylomicra, it's transported to the tissues predamily as phospholipids associated by the plasp@pioteins.
Choline is present in all tissues as mandatory aomapt of phospholipids in membranes of all typel.tisues
accumulate choline, but uptake by liver, kidney,ymzary gland, placenta, and brain are of especipbrtance.
Uptake of choline with mammary cells enables tlisue to concentrate choline almost 70-fold versasernal
blood [6]. Most species can synthesize choline,leagthin, with the sequential methylation of phoaftiyl
ethanolamine by phosphatidyl ethanolamifkemethyltransferase. This activity is actually deeenzymes which
use S-adenosylmethionine (SAM) as the methyl donor. @leokynthesis activity is low in male rats and abse
from chicks until about the thirteenth week of agke activity is greatest in liver, but is also fiouin many other
tissues.

Choline is associated in free form in the tissudth whe actions of phospholipase C, that cleavescilculating

form (lecithin) to yield a diglyceride and phospylocholine. Free choline can be oxidized with thitgochondrial

enzyme choline dehydrogenase to yield betaine gttigtthat is then converted with the cytosolic eneybetaine
aldehyde dehydrogenase to betaine. Betaine isctbalasource of methyl groups. Only a small fractid choline is
acetylated, but which quantity provides the impatrtaeurotransmitter acetylcholine. This step ineslthe reaction
of choline by acetyl CoA and is catalyzed with ¢helacetyltrans-ferase localized in cholinergicvederminals, as
well as in certain other non-nervous tissues.

Function

Choline functions in four broad categories in tinmeal body: 1. Choline is a metabolic essentiallfoilding and
maintaining cell structure. As a phospholipid i#sstructural part of lecithin (phosphatidyl-cholineertain
plasmalogens, and the sphingomyelins. Cholinedsrporated into phospholipid by being converteghiosphoryl
choline, then to cytidine diphosphate choline, dnthlly reacting by phosphatidic acid to lecithihe
phospholipids and total fatty acids present arecadid with nutritional state and the type of fattyds present in the
ration. Lecithin is a part of animal cell membraresd lipid transport moieties in cell plasma membga
Phospholipids exist in the cell membrane bilayarg] it's thought that one of the primary roles lodgpholipids is
to regulate cell membrane porosity with changingitimic characteristics of the membrane. Lecithian essential
component of very-low-density lipoprotein, the kdotransport molecule for hepatic triacylglyceroB]1lIn the
prevention of perosis, choline is required as astitient of the phospholipids needed for normalurzion of the
cartilage matrix of the bone.

2. Choline plays an essential role in fat metaboiis the liver. The first discovered function ogtliry choline dealt
by prevention of fatty liver in depancreatized dogsd later in rats, chicks, and other species.nQwo the basic
function of choline in membrane structure, the laékcholine is manifested in a variety of phosppiolirelated
functions, such as fatty liver and lesions of tienky and impairment of lipoprotein metabolism. @@ prevents
abnormal accumulation of fat with promoting itsnisport as lecithin or with increasing the utilinatiof fatty acids
in the liver itself. Choline is therefore referrém as a lipotropic factor because of its functidnaoting on fat
metabolism with hastening removal or decreasingsiéipn of fat in liver.
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3. Choline is essential for the formation of acghgline, the agent released at the termination taf t
parasympathetic nerves [32]. It makes possibldrdmesmission of nerve impulses from presynaptipdstsynaptic
fibers of the sympathetic and parasympathetic nerveystems. For example, acetylcholine releasel thie
stimulated vagus nerve causes a slowing of hedrthed oviduct contraction results from action oétglcholine.
Acetylcholine is the most common neurotransmittethie nervous system. Apparently, brain tissueddbk ability
to synthesize sufficient choline [1] for neural €étion. However, apparently circulating choline lig tmajor source
of choline for acetylcholine synthesis.

4. A fourth function of choline is as a sourceafile methyl groups for formation of methioninerfrihomocystine
and of creatine from guanidoacetic acid. Howeveractical significance of the choline-homocystine
interrelationship is of no real importance to fegganimals since natural proteins contain verlelif the metabolic
intermediate homocystine [22]. Methyl groups fiumatin the synthesis of purine and pyrimidine the¢ used in
the production of DNA. Methionine is convertedSadenosylmethionine in a reaction catalyzed withhiogine
adenosyl transferas&-adenosylmethionine is the active methylating agentmany enzymatic methylations. A
disturbance in folacin or methionine metabolismuhssin changes in choline metabolism and visaa/§Bd]. The
involvement of folacin, vitamin B, and methionine in methyl group metabolism, andnethionine in de novo
choline synthesis, may allow these substanceshstitute in part for choline. Severe folacin defiity has been
shown to cause secondary liver choline deficienapts [14].

Deficiency

The most common signs of choline deficiency inclugeor growth, fatty liver, hemorrhagic tissue, and
hypertension. In general, severity of clinical sign animal species is influenced by other diefacyors, including
methionine, vitamin B, folacin, and dietary fat. When feed intake—andssmuently growth—are depressed with
choline deficiency, severity of choline deficienisythen reduced.

Poultry

Growth retardation and perosis result from chotieficiency in young poultry. Perosis is the primaliyical sign
of choline deficiency in chicks and turkey poultsereas bob white quail develop enlarged hocksheneed legs
[20]. Perosis is characterized first by pinpointmoerhages about the hock joint, followed with ampaent
flattening of the tibiometatarsal joint [24]. Pregsively, the Achilles tendon slips from its coredyl therefore
rendering the bird relatively immobile. Some stgdigdicated which in prevention of perosis, cholgseequired for
the phospholipids needed for normal maturatiorhefdartilage matrix of bone. Adult chickens prolyadynthesize
sufficient choline to meet requirements for eggdmation. Minimal dietary choline doesn't affect dtability by
either chickens or turkeys, but Japanese quail taed developing embryos readily express genemhssiof
deficiency [17; 20]. Supplementary choline may keassary for maintenance of egg size in quail [20htrary to
some reports, 500ppm supplemental choline to Leghens increased egg weight while reducing spegifwity
[28]. Although, the choline growth requirement fguail is apparently higher than which for chicks pmults.
Choline requirement of growing chicks decreasesdpy, and it's generally not possible to producefetidncy at
an age over 8 weeks. It was observed which methylaf amino ethanol to methyl amino ethanol seéorbe the
rate limiting step in choline biosynthesis for ygusirds. High levels of dietary methionine or othesthyl donors,
thus, cannot completely spare the chick’s requirgnfer dietary choline that is in contrast to thauation by
growing mammals such as the rat. Apparently, ckealdguirement of laying hens can be influencedhwnfice level
in the diet of the growing pullet [24]. Hens thatceived choline-free diets after 8 weeks of ageevadle to
synthesize all the choline required for good eggdpction. Those that received choline supplementse growing
ration required supplemental choline in the layiligt for maximum egg production. The deficiencynsignoted in
these hens were a reduction in egg production andaease in fat content of liver. Even by chelateficiency,
however, choline content of the egg was not affebig low dietary choline. Despite lack of evidendeich laying
chickens require a dietary source of choline foximam egg production, addition of choline to praatiration
markedly reduces the amount of fat in the liver][2@owever, a number of reports by chicks and tyrgeults
didn't find fatty livers in chicks deficient in chioe [22]. A choline response in laying chickendikely to occur
only if inadequate daily sulfur amino acid is praeal. Addition of 0.1% of supplemental methioninsuleed in no
response in laying hens to supplemental cholinel{8ppears which benefits from supplemental ct®lin layer
diets occur mainly when supplemental methioningusd adequate to meet methionine requirements. siiled
Harms [18] demonstrated which the addition of 0.1tBwline plus 0.1% sulfate could essentially spalte
supplemental methionine in broiler ration. Howevierturkey poult ration [12], responses to sulfated choline
addition weren't equivalent to the addition of depgental methionine. Pesti et al. [21], using yourtgcks, found
which supplementation by methyl donors from eitl@®e23% choline or 0.23% betaine was equivalent to
supplementation by 0.23% methionine in 21day chéperiments, using basal rations containing 0.31%
methionine and 0.43% cystine. Spires et al. [2dhtbthat supplemental choline could replace upvtnthirds of
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the supplemental methionine required in broileioret from0-47 days in rations containing 0.30% rigetime and
0.43% cysteine in the starter phase, and 0.25 &2%®methionine and cystine, respectively, in theslier phase.

Horses
No studies of choline requirements or deficientiage been under-taken in the horse.

Humans

In humans, as in experimental animals, dietary inkotan arrest cirrhosis of the liver and revetse fatty
infiltration. However, these conclusions aren'tftusand some reports show no benefit of cholinthatreatment of
cirrhosis [15]. It remains uncertain whether aldahairrhosis in humans and animals is caused by @nmore
nutritional deficiencies, but accepted dietary megis for treatment involve a high-calorie, hightpio, low-fat
ration supplemented by choline and perhaps oipetrbpic factors, such as methionine and inds@boline is an
essential nutrient for humans when excess methgoaimd folacin aren't available in the ration. Healtale
subjects fed a choline-deficient ration for 3 webksl depleted stores of choline in tissues andldped signs of
incipient liver dysfunction [29]. People receivibgtal parenteral nutrition have developed fattyltirsttion of the
liver and hepatocellular damage. One study in hunied parenterally showed which supplemental clkotiould
reverse fatty livers [3]. The relationship of cim&ito atherosclerosis has been under study fomsbauof years.
Choline-deficient rations can result in arteriahdage, by a high percentage of young rats maintaoredow-
choline rations developing pathological changeghie most arterial trunks and in the coronary aeteriThese
changes are similar to those observed in earlyestagjatherosclerosis of the aorta and large agénihumans. In a
3-year study of coronary thrombosis patients, theas a significant reduction in death rates andeted blood
cholesterol in athero- matous patients administehadine [11]. During acute myocardial is chemiasmalogen (a
choline phospholipid found in the cell membranesedirt muscle) was broken down [4]. Further obs@ma have
included increases in high-density lipoprotein aedreases in low-density lipoprotein following tban treatment
in hypercholesterolemic humans [7]. Deficiency bbkne enhances the initiating potency of sevesaatioogens
[19] and exerts a strong promoting effect by ligarcinogens. Choline deficiency alone can leadctirdo liver
tumor formation [19]. A number of possible mechamshave been proposed to account for the develdapaien
cancer as a result of choline deficiency, includingreased cell death followed with increased peddtion and
regeneration, deceased DNA methylation and refraireased lipid peroxidation and free radical daenaand
decreased methylation and detoxification of camgans [4]. Reports indicate which lecithin or chelsupplements
may be benefit in preventing age-related memoricidefand certain neurological diseases [15]. Envidesuggests
which dietary choline and lecithin produce cliniégalprovement with supplying precursors for formatiof the
neurotransmitter acetylcholine. Notable but somesinimited success has been achieved by cholifecithin
therapy for tardive dyskinesia syndrome, Huntinigatisease, and Friedreich’s ataxia disease. &tudi both
Alzheimer’s disease and senile dementia patienengtholine or lecithin have shown mixed resuly[3

Smith et al. [25], in a controlled experiment, mb&me improvement in 40% of the cases by advaAtattimer’s
syndrome. In general, studies have found whicheptdiby less severe symptoms show greater respors®line
supplementation. Therefore, the use of cholineeivere cases of Alzheimer's disease does not appdze very
helpful, but may be of value in early stages of mmgmoss disorders [11].

Toxicity

Experimental animal toxicity data on clinical sympis of choline over-dosage include salivation, tykmg,
jerking, cyanosis, convulsions, and respiratoryafyais. Estimates of the oral LD50 of choline chderin rats
varied from 3.4-6.7g/kg [5]. Bell [2] reported thahen rats were exposed perinatally to 22mg of Isaithin
preparation daily, sensorimotor development anthlmell maturation were altered. Choline levels sarhat above
the requirement (868-2,000ppm) were shown to redaieeand efficiency of gain in swine [26]. Derdad Balnave
[10] reported reduced gain and efficiency in yolbngiler chicks fed a level of choline only slightly excess of the
requirement. Studies by chickens suggest whictagieholine double the requirement is safe, witine having a
higher tolerance for choline [20]. Work with Southest al. [26] showed which excess choline, up ,@0@mg/kg
above the recommended level, had no adverse effestine performance. In humans, high intakes @thi or
choline produced acute gastrointestinal distregsating, salivation, and anorexia [30]. Howeveer#peutic doses
of choline chloride and of choline dihydrogen digr@administered in amounts ranging from 3-12 g/daye been
used in the treatment of alcoholic cirrhosis fortaptmonths by no toxic effects reported. In ezt of tardive,
up to 16g/day of choline has been used; in otheesialecithin at doses greater than 100g/day fare nttwan
4months has been used by no evidence of ill effé&ls
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