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INTRODUCTION 

The importance of fat metabolism in the body economy has 

been r�cognized since before the advent of Modern Medicine. The 

relationship of fat metabolism to carbohydrate and protein metab­

olism has long been studied and little understood until during 

recent times animal experimental work has greatly accelerated the 

study of the absorption, assimilation and functions of fats within 

the animal body. Since the middle of the last century the action 

of cholesterol in altering the constituency of tissue fat comp­

onents in the body has been recognized but not understood until 

animal experimentation opened the field to research work_ Qn the 

mysteries of fat metabolism. 

The ·disease Diabetes Mellitus was the inciting factor to this 

energetic search for the understanding of the function lipid con­

taining substances within the body. Dogs were depancreatized to 

study the cause of diabetes. The discovery of insulin and its 

use in the studies of depancreatized dogs demo�strated that there 

were functions of the pancreas in addition to the production of 

insulin. Raw pancreas was required in the diet to maintain the 

life of depancreatized dogs. 

This experimental evidence showed that fat metabolism is 

dependent upon some substance other than insulin or in addition 

to insulin produced by the pancreas. Since 1924 animal experi­

mental work has been carried continuously in·attempt to find a 
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substitute for the pancreatic product which is essential to fat 

metabolism. 

In 1936 Dragstedt fo'Wld a pancreatic extract called lipocaic 

which appeared to fill the breacn in the absence of the pancreas 

in keeping depancreatized dogs alive when maintained with insulin. 

This finding stimulated the research work to wider considerations 

of biological substances an processes ·involved in lipi-d meta­

bolism. The entire solution is not yet provided but great prog­

ress has been made which shows evidence of possibl-e clinical 

application in the treatment of human pathologic conditions re-

sulta.nt from the failure of physiological metabolism of fats in

the body economy. 

2.



HISTORICAL 

In his report on the relationship of choline and other 

methylated compounds du Vigneaud noted that in 1849 Staecker 

isolated choline from bile lecithin . (62) Hershey and Soskin 

report that Mehring and Minkowski produced experimental diabetes 

in dogs in 1889 and raw pancreas was shown by Sandmeyer in 1895 

to be an effective aid to digestion in the depancreatized dog. 

(91) In 1916 Mc Means studied fat deposition in relation to 

vital organs . (i21) Also in 1916 Bailey studied fat metabolism 

feeding cholesterol to rabbits . (6) 

The discovery of insulin as a pancreatic hormone by Best and 

Banting in 1921 opened up new avenues for conjecture and was follow­

ed by new approaches to the problem of substituting substances in 

the diet to replace the function of the pancreas in ~he body econ­

omy. In 1924, Fisher, reporting on results of experimental work 

with a depancreatized dogs maintained with insulin , stated that 

insulin probably does not represent the entire pancreatic hormone 

since administration of insulin alone in these dogs does not main­

tain life, nor control all the diabetic symptoms such as fatty 

liver, atheromatous changes and weight loss . (73) In the same 

year independent from Fisher's work, Allan, Bowie, Macleod and 

Robinson, using depancreatized dogs adequately maintained ~~th in­

sulin, found that insulin could not prevent the ultimate breakdo>'m 

of hepatic function nor maintain life for long periods . (1) 

3. 

/. 



Hershey in 1930 considering the theory advanced by Leathes 

and Raper in 1925 that phospholipids were involved in fat trans­

portation from the liver tried to substitute lecithin for raw 

pancreas in the diets of depancreatized dogs adequately maintain­

ed with insulin . He found that the dogs survived longer than 

with insulin alone but lived only a few months . At autopsy the 

livers showed fat content up to t hirty- five per cent and a low 

' 
iodine number of about sixty- five showing increased saturation of 

the fats . (96 ) Expanding on this wor~ Hersh~y and Soskin in 1931 

feedi ng a diet of glucose and lean beef muscle found that the 

dogs survived for longer peri ods Yrithout pancreatic juice when 

adequate lecithin was included in the diet . Hershey ' s idea that 

p2.ncreatic juices were involved only in absorption of fats from 

the intestine and not involved in the metabolism of fat led him 

to try substituting lecithin for raw pancreas . (97) 

This work pointed the way and other investigators began the 

search for the substitute that would perform the function of the 

pancreas other than that which could be accounted for in pancre­

atic juice and insulin . Inositol was found to be active in the 

metabolism of some lipid fractions. 

In 1936 Dragstedt reported that he had discovered a second 

pancreatic hormone , which he calls lipocaic that is essential to 

fat met~bolism. Phospholipid involvement in fat metabolism has 

been proven . 
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EXPEH.WENTAL 

:iershey in 1930 demonstrated that substituting lecithin for 

yaw pancreas in the diet of depancreatized does 1naintained with 

insulin would not keep the dogs alive but would extend their lives 

longer than if administered insulin alone . At autopsy the livers 

contained 2.s high as 35% fat which had an iodine number of ·about 

65 , indicating increased saturation of the liver fats . (96) This 

•vork stimulated an interest in the study of lipotropic substances 

in othc!' laboratories . The term "lipotropic" is defined as a sub­

stance which prevents or removes an accumlation of excess fat 

from t he liver. Expanding on Hershey ' s work, Bershey and Soskin 

in 1931 found that the do 0·s could surviYe for long periods with­

out pancreatic juice when fed a diet of glucose and lean beef 

muscle if sufficient lecithin was ~iven . (97) 

Using normal rats instead of tr..e dogs, Best , Hershey and 

Huntsmar- in 1932 demonstrated t hat choline could be used effect­

ively in place of lecithin with a high fat, low protein diet and 

prevent the development of fatty livers , requiring only 10 mg . of 

choline rer uay to accomplish this . (19) During the same year 

Best et al . studied the lipotropic effect s of lecithin and found 

sodium oleate, sodium gl ycerophosphate and ethanolamine to be non­

effective, but choline vas definit ely lipotropic though it had no 

effect upon the excretion of fat, (20) and (21) . Best, Fer guson 

and Hershey (17 ) found that choline 11\ias effective in preventing 
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development of fatty liver in the diabetic dog conc.luding that 

choline was the active principle of raw pancreas . In 1933 Best 

and Ridout reported that the deposition of fat in the rats' livers 

produced by feeding cholesterol could be prevented by feeding 

either choline or betaine (2h) but choline is not so effective 

when cholesterol is fed _as .-,hen it is eliminated from the high 

fat diet . (29) Also in 1933 Blatherwick et al . (32) producing 

dietary fatty livers in rats found that feeding whole liver caused 

the development of fatty livers with large amounts of fat and 

cholesterol esters . Chanutin and Ludewig (h7) found that choles­

terol feeding when continued as long as three weeks increased the 

free cholesterol content of the rats ' livers . 

Various proteins have been shown to effect lipotropic func­

tions in varying amounts . Channon in 1935 reported experimental 

proof that protein exerts on inhibitory action against the pro­

duction of fatty liver . (h6) During 1936 several labor atories 

worked on the problem of determining the constituent in protein 

which gave pro'tein its lipotropic potency. Best (27) found that 

when rats are fed cholesterol the lipotropic effect of protein is 

on theglyceride fractions of the liver fats . Best et al . (18) 

found also that deposition of liver fat wa.s affected by the amount 

of casein in the diet . Baernstein (5) in studying the Jipotropic 

action of variou_s proteins reported that the lipotropic potency of 

protein is proportional to its methionine content . Beeston (11) 
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found that only 5 to 8 mgm . of choline supplied as much prevent­

ative action as one gram of casein against production of fatty 

liver in rats on high fat , low protein diet . Contin11ing his in­

vestigation on sulphur containing proteins Beeston (10) found 

that though methionine prevents fatty liver, cystine augments 

fatty infiltrati on . 

Tucker (J.L.2) in 1937 collaborated Beeston's report by sub­

stituting methionine and cystine in the diet of rats . Further work 

in 1938 by Tucker et al . found by feeding high fat diets c gliadin 

that adding lysine to this diet made no difference in relation to 

development of fatty liver; adding cystine demonstrated that the 

lipogenic action of cystine is nullified by gliadin; adding meth­

ione showed that gliadin enhanced the lipotropic action of meth­

ione . These same authors demonstrated that the lipotropic effect 

of casein is more than that of edestin and gliadin is less potent 

than edestin. (143 and 144) 

Singal and Eckstein (135) in 1939 presented evidence proving 

that adding cysteine and homocystine as well as cystine produce an 

increase in the deposition of liver fat in rats . Further confirm­

ation of the opposing actions of the t wo sulfur containing amino 

acids is contained in the report by Channon et al . in 1940 that 

cystine augments the deposition of liver fat and that methionine 

inhibits this process in rats when fed a high fat , low protein diet . 

(42 ) Earle and Victor in their reports (64 and 65) showed that it 
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is the proportional amount of cystine in. the diet rather than the 

total amount th~t influences the severity of the liver lesions in 

rats . They further show that continued excess cf cystine causes 

liver hemorrhage and necrosis . Again in 1942 Treadwell et al . 

(l'L.l) reported that cystine incorporated in the rats' diet increas­

ed the liver lipid content; methionine decreased the liver lipid 

content, and that casein produced a less potent lipotropic action 

than methionine . They also found that free methione was more ef­

fective than an equal amount of methionine contained in protein 

complexes . Best (28) in 1940 reported free methionine to be a potent 

lipotropic substance. 

In 1945 after continued experimental work vrith methionine 

Treadwell et al. (140) found evidence of preferential utilization 

of methionine for growth of the animals . Methionine in excess of 

that used for growth is available for lipotropic function when 

other essential amino acids are provided in the diet . Taurog, 

Enterunan and Chaikoff (139) in 1944 and Handler (93) in 1943 found 

similar results in their work. Draft , Sebrell and Ridout in 1942 

reported that neither hi gh fat diet nor cystine are essential to 

the production of liver cirrhosis in rats . They show that choline 

and methionine exert a preventative action against liver cirrhosis, 

while cystine and methionine exert preventative action a gainst hep­

atic hemorrhage and necrosis . (54~ ifork by Horning and Eckstein 

in 1944 reaffirms the evidence that methionine inhibits and cystine 

augments the deposition of liver fats in rats fed a high fat, low 
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protein diet . (98 ) 

Channon et al . (40) reported in 1938 that the marked lipo­

tropic action of certain proteins was correlated with the meth­

ionine content of the protein . Beveridge (31) in 1944 confirmed 

this work of Channon 1s croup. Channon (40) suggested the possi­

bility that lipocaic may awe its lipotropic function to methion­

ine . These authors further reported (43) the lipotropic potency 

of methionine is only about one-twelfth that of choline; later 

work revised this percentage to about one- fifth . They also report 

that large doses of methionine prevent "fat 11 fatty livers in rats 

but is less active on the 11 choleEterol" fatty livers . 

Singal and Eckstein confirm the report of Channon •s group 

,'Ii. th the statement that proteins with low methionine content lack 

lipotropic action . (135) 

At t his point it is appropriate to explain the nature of 

choline, its derivation and its part in the efficacy of protein 

substances which demonstrate lipotropic properties. 

Stetton proposed in 1941 that choline was svnthesized in vivo. 

·1;, orking with rats he found that betaine is demethylatec. to glycine 

and enthanolamine with l ittle or none going directly into choline 

synthesis. The lipotropic effect of betaine is mainly attributable 

to its function as a donor of methyl groups in the synthesis of 

choline . (137) 

du Vigneaud using white rats to do research on methionine 
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to determine the interrelationship between choline and other meth­

ylated co:r.1pounds within the animal body. He found metabolic inter­

relationships between methionine and sulfur metabolism with choline 

and fat metabolism on the one hand; and between mthionine and choline 

metabolism with creatine metabolism on the other . The body is in­

capable of generating the methyl group for the purpose of certain 

methylations . The methyl groups for these methylations must be pre­

sent in the diet in a certain utilizable or labile form; and in 

these particular methylations the methyl group has been found to be 

transferred as a unit . (62) In another report the same year using 

methionine with deuterium labeled methyl groups in the diets of 

white rats, du Vigneaud et al. tr2.ced the niethyl groups through 

the methylation processes in vivo . During a period of fourteen 

weeks feeding the deuteromethionine it was found that 85% of the 

deuterium was contained in the methyl groups of choline and creatine 

in the body tissues and creatinine in the urine . The choline, 

creatine and creatinine each contained about the same psrcentage 

of the deuteromethyl groups at equal lengths of time of feeding 

the deuteromethionine and progressed the same as the time length­

ened. By feeding deuterocholine and homocystine the transfer of 

methyl groups from choline to creatine v:as demonstrated by isolation 

of the deuterocreatinine from the urine . The ability of the white 

rat to transfer methyl groups to synthesize choline and creatine 

of the body tissues is experimentally demonstrated . (63) 
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The lipotropic action of methionine is de~anstrated to be 

due to trans:er of its l"leth:rl groups in the synthesis of choline . 

Qualitatively methionine and choline have the same lipotropic 

2.ction . They differ quantitatively because of the part played by 

methionine in the syntr.esis of choline . (63) 

YcKi"bbin et al. state that methionine is the precursor of 

methyl groups in the synthesis of choline. This was demonstr ated 

by the f eeding of methionine to prove its lipotropic effect in 

weanling puppies . (120) 

There are various typAs of fatty livers developed in experi­

mental animals when the feeding of the animals is not standard­

ized . The efficacy of some lipotropic substances is altered by 

the type of fatty liver . tlcBenry in 1937 described the 11 thiamin 11 

fat t y liver as being characterized by containing la~ge amounts of 

glycerj_des and small amounts of cholesterai, 0ither free or es­

t erified . This type of liver includes tt.e "fat" fatt:,r liver and 

"dietary" fatty liirer and is produced in rats by including 

t hiamin in a high carbohydrate diet, either vri th or with out fat, 

and in the absence of choline . Feeding a diet of over 40% fat 

in the absence of thiamin also produces this type of fa.tty liver. 

The "thiamin" fatty liver can be prevented by small amounts of 

choline in the diet . (115) 

In his review in 1945 }fol-:len!"J fou...'1d that many conflic.ting 
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reports have occurred as a result of the autho:rs not being 

cop;nizant of +,Le variation in the fat constituents in the livers 

of the Pxperimental animals . Tbe other major type is the "biotin." 

fatty liver which is characterized by a high content of free cho­

lesteral or its esters. The "biotip.11 fatty liver is produced by 

feediEg rats a liver fraction or by feeding biotin wit!l. riboflavin, 

pantothenic acid, pyridoxine and choline . This type of f atty 

liver is similar to the liver produced in the depancreatized dog 

and both ar resistant to large doses of chob_ne 'but are prevented 

or cured by lipocaic . (116) Confirmed by Dragstedt i!'l 1945 . (L.8) 

One of the earliest reports on the effect of high cholesterol 

c.iets is th2. t of 'McMeans in 1916 in which he reports the increase 

in lipid content of the liver and other organs in experimental 

animals caused by feeding hic;h cholesterol diet . (121) In 193h 

Channon and V,ilKinson (hS) :reported that choline was not effect­

ive on w1'.at they called "cholesterol" fa ,ty liver . Best in 1934 

reported that rat experiments derr,onstrated that choline prevents 

ne11.tral fatty liirers , but is not effective on cholesterol fatty 

livers ~nd exerts little effect on the cholesterol esters of 

fatty livers . (16) and (26) In 1935 Best et al . confirmed the 

above report ( 25), adding tr2t choline is effective on the gly­

ceride fraction in cholesterol fatty livers and up to 60% of 

cholesterol esters when cholesterol i~ included in the diet . (15) 
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T:bc~' founc1, th::!.t a high carbohydrate diet fed without choline 

causes fatt;v· liver in rats . (22) Best et a.l. reported that fa tty 

liver resulting from phosphorus and carbon tetrachloride poisoning 

Y,as not prevented by choline but choline did increase the dis­

appearance of the fat during the recovery period.(18),(19) ,(23).,(7). 

Aylr.ard ' s(J) report in the same year confirms :Sest 1 s reports . 

Becston reported that including large amounts of casein in the 

diet would inhibit production of fatty livers .(12) He also found 

that feeding liver to rats caused an increase of cholesterol esters 

in the liver lipids . (13) Loizides in 1916 reported that in the 

"choleste:rol11 fatty liver in rats there is also present a larger 

amount of glyceride fraction lipids in the livers than there i s 

when "thiami:r:11 li,rer is }1roduced in the absence of cholesterol. 

Choline inhibits the produc t ion of cholesterol esters if eiven 

in large doses and prevents the accumulation of glycerides.(106) 

Char.non and Smith (~1) fo1L:r:td choline related compounds to 

possess lipotropic action . Jn studyin6 the vitamin B-1-sparing 

action of fats McHenry (llh) found that the effects of choline, 

vitamin B- 1 and fat are interrelated in the body weight gain in 

young rats . The effect of fat is augmented by choline and the 

body weight is maintained on a diet deficient in vitamin B-1 by 

incr easing dietary fat to 40%. Thiamin in the Rbsence of choline 

will maintain the bod;,' vrni6ht on a diet containing only 10 to 

26~: fat . (114) . Further ,,ark disclosed that vi tamin B-1 is 

con:plj_111entary to choline as :ust described, but ; s antagonistic 
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to the lipotropic action of choline . (115) 

In 1939 PerL1:an and Chaikofi' using radioc1ctiYe phosphorus 

as an indicator found that jngestion of cholesterol depressed 

the phospholipid metabolism by decreesing the liver content of 

newly formed phospholipids even before the liver beca..~e fatty . 

Betaine ,,as effective in stimulating phospholipid tlU'nover in the 

liver, but less active than choline . (127) and (128) 

St1.1dy of dietary liver fat deposition in the rat was c&rried 

o'..1t by several investigators se:::iarately; Blumberg and :r.:cCollum(33) , 

-·; ebster(l47), Lillie et al. (10.5), Conn'Jr(49) and Gyorgy and Gold­

blatt(91); all makine similar reports to the effect that choline acts 

lipotropice.lly on glyceride fr· ctions of fat; t:ti..at fatty infiltration 

of tl:e liver is prerequisite to cirrhosis and that conditions 

ce.using fatty infiltration early will, if continued, resclt in 

hepe.tic cirrhosis . Ela therwick et al. conpucted a series of 

experimerts in 1931- 33 feeding liver extracts to rats demon-

strating that beef liver contains a factor causin6 fatty liver 

fa rats . (32) McEenr;sr and Javir.. (117) and (118) confirmed this 

report in 1940 by feeding rats an alcoholic extract of beef liver 

in small amounts with a fat- free diet and the vitamin B complex 

which caused acutely fatty livers within seven days . The body 

fat also inc~eased and the authors concluded the increased 
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amount of fat ,\as due to fat Sy:"lthesis . The basal di et and 

supplements were free of cholesterol but the fatty l ivers con­

tained large amounts oi cholesterol esters . Large doses of 

choline had ro beneficial effect but administration of lipocaic 

proved effective . 

Further work using rats was carried out by several groups 

producing fatty livers using various diets . Ealliday(92) feeding 

liver extracts reported that pyridoxine deficiency caused fatty 

liver . Forbes (75) fed nicotinic acid and reported increased 

liver cholesterol level. McHenry and Gavin(77) fed pure py­

ridoxine but fo,md no evider..ce of lipotropic action . They 

substituted biotin for the liver extract in the diet used in 

previous experiments . (117) and 0-18) Fatty li,·er devel oped which 

was resistant to choline as hefore but prevented by lipocaic or 

inosital . (79) Their further diet experimental work demonstrated 

that adrlinistration of pantothfnic acid and pyridoxine altered 

tr..e liver lipids to the extent that choline vvas ineffective . (80) 

Handler(93) and (9L1-) found that thiamin deficiency does not 

retarrl. liver regeneration and that thiamin ::md other B vitamins 

t en to prevent developnent of fatty liver with choline deficiency. 

He reported th2t administration of nicatinomide during choline 

deficiency caused marked loss in body weight , but no increase in 

liver lipid content . Gyorgy and Goldblatt fe eding rats a diet of 
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18% casein, 68% sucrose, 10% fat and 4% salt mixture supplemented 

wi t1) thiar.,in, riboflavin and pyridoxine developed acute , diffuse 

I'-ecrosis of the liver,·which developed into hepatic cirrhosi s 

when the casein in the diet ·was cut to 18% . (90) . Draft (53) 

concluded that diet composition is the essential factor in 

dietery liver cirrhosis in rats . 

Longenecker presents experimental evidence disproving the 

formerl~r accepted theory that fatty reserve tissue is laid down 

only when the body caloric intake surpasses its caloric require­

ment . Ee shows that there is a constant state of flux of depot 

fat with deposition , withdrawal and replacement of cons tituent 

fatty acids . There is a continual source availabe either from 

food or by syntheis in vivo . The liver is the probable s ite of 

fat synthesis from carbohydrate which req1 ires thiamine and is 

augmented b:'.,r the presence of riboflavin and other B vitamins . (lc.8') 

Choline is essential in fat metabolism in addition to its 

lipotropic action in preventing fatty infiltration of the liver . 

Cox (50) in 1929 found that dietary increase of cystive ,,as related 

to production of necrotic kidney lesions . In the light of present 

knowled~e there probably coexis~ed a choline deficiency . Cyorgy 

and Goldblatt (91) deTionstrated that choline deficiency causes 

lesions of the kidneJr tubules . Choline dosaf_;e of e.bout one- fifth 

that required to benefit fatty liver will benefit kidney lesions 
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of this nature . Griffith, 11ade and Eulford in research work 

from 1939 to 1941 report that methionine is the source of methyl 

groups for in vivo synthesis of choline which is essential in rats 

for nomal metabolic maintenance of tissue structure and survival. 

Renal he~orrhagic degeneration is one of the principle effects of 

choline deficie:!:lcy i1: young rats . Increase of c;)'stine, fat or 

cholesterol in the absence of choline augments the condition , and 

the adwinistration of choline inhibits the renal damage . The 

relative proportio:!1s in the diet of cystine, choline and methonine 

rather than total amounts is the determining factor in renal lesions 

rats . (Bh) , (55 ),(86),(87) , (88 ) and (~9) ~ and (125) . 

Chaikoff and Kaplan in 193.h verified the reports of other 

groups that t~e~e is a definite increase in the liver lipid 

content and a decrease in the blood lipids in depancreatized dogs 

maintained wi th insulin and fed a diet containing no lecithin, 

choline or raw panr:reas . (39) Fletcher, ½est and Solondt in 1935 

cornpared the effects of ravr pancreas with the effects of choline 

added to the dogs' diets and reported that 2 g~ams of choline in 

addition to that in the basal diet to exert the benefit of 100 

grams of raw pancreas which contains only about 250mgm. of cho­

line . (74) Ralli et al . (130) found raw pancreas to be more ef­

fective in preventing the deposition of low unsaturation lipids 

in the dog liYer than could be accounted for on its lecithin 

J 
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content. Chaikoff and Kaplan (38) observed the decrease in the 

plasma phospholipid levels coircident with the increase in the 

liver lipids and found that feeding raw pancrease caused an 

increase in the blood lipid levels not observed ,,hen feeding 

choline. 

Dragstedt et al. presented evidence in 1936 indicating that 

the effect of feeding raw pancreas to depancreatized dogs could 

not be accounted for on the basis of its content of insulin and 

pancreatic enzymes alone . They reported the isolation of a 

specific substance in the alcoholic extraction of beef pancreas, 

which when r;iven orally permits survival of the dogs and relieves 

fatty infiltration and degener2.tion of the liver . This substance 

extracted in alcohol and purified with ether to remove all lipid 

materi3.ls i ncluding lecithin, was named lipocaic . The authors 

believe lipocaic is a pancreatic hormone , defendin.g this belief 

by presenting evidence that is is fifteen times as effective as 

the choline contB;ined in an eq11al amount of ra"v pancreas . Brain 

and liver fed in the diet proved ineffective &s lipotropic agents 

though each coritains as much choline as raw pancreas . (59), (lh5) . 

In 1937 Kaplan and Chaikoff in a series of experiments 

found that there are two ph3.ses of fatty liver appearing ·in de­

pancreatized dogs. The first phase appears soon after pancrea­

tectomy and is relieved b_y administration of insulin . The sec­

ond phase follm rs even with continuous control of the blood liver 
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levels with insulic1 . The;t showed that raw pancreas prevents 

botr phases of the fatty liYer, but autoclaved pancreas and 

choline contro.1 only the l'irst phase . Raw pancreas raises the 

blood lipids back to normal but choline and autoclaved pancreas 

do not . This evidence is e.~ainst the theory that the effect of 

rav, pancreas is enzymatic . (102), (103) and (104) . 

Ayh.ard and Eolt(!.i.)report that raw pancreas prevents fatty 

infiltration of the liver in rats on a high fat,low protein diet 

but disputed the claim of ltacKay(l09) that raw pancreas is more 

effective than choline . Best and Ridout claimed that MacKay 1 s 

results were due to the ctoline and vrotein content in raw pan­

creas . (30) Best et al . reported in 1938 that fatty liver in rats 

produced by the anterior pituitary 11 ketogenic 11 fraction causes a 

marked increase in liver fat at t.te expense of body fat . (8) and 

(14) MacKay and Barnes (110) and (111) reported that anterior 

pituitary fatty liver i n rat s is not prevented by choline , al­

though the ketonuria is reduced . Channon et al . reported that 

pancreatic extract is of greater lipotropic potency than the amount 

of choline contained in the same amount of pancreas and this effect 

is not accounted for by the protein ancl choline content of the pan­

creas . They concluded that pancreatic extract contains some lip­

otropic substance other than choline . (41) 

In 1938 Goodpasture et al . reported that the Bromsulphalein 
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liver function test proved the effectiveness of lipocaic i n 

reducing liver damage by doing biopsies of the damaged livers 

before and after lipocaic therapy and comparing the liver tissue 

changes with the successive bromsulpr..alein tests results . In 

depancreatized dogs the liver function returned to normal in 10 

to 16 days . (81) Dragstedt et al . demonstrated that lipocaic 

caused the blood lipid levels to raise to normal after the drop 

accompanying fatty infiltration of the liver . (58) In 1939 

Dragstedt et al . defended their claim that lipocaic is a hor­

'Tlone by paintirig out the expe.,..imental results which slimiirl tr.at 

tte depancreatized dog is not restored to health by administra­

tion of i~sulin and pancreatic juice, or by the addition of 

choline nor other organs contai11ing as much lecit.t.in as equal 

amount s of poncreas . The deficiency is corrected by the auniin­

istration of insulin plus either raw pancreas or lipocaic . 

Tr..ey refer to +.he two types of fatty liver mentioned above . 

Beth types appear in diabetes mellitus and the panc,..eatic dia­

cctes in depancreatized dogs . The first phase of the fatty liver 

is due to poor dietary control of the diabetes and inadequate 

insulin therapy . This is characterized by normal er high blood 

lipid levels and is relieved by insulin alone . The second phase 

is due to lipocaic deficiency and is characterized by low blood 

lipid levels, i mpaired liver function, decreased dextrose 
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excretion and insulin sensitivity. T:tis phase of the liver path­

ology is not improved by giving insulin and pancreatic juice but 

responds readily to insulin ari.d lipocaic. ( 6Q) 

En :.,;el (67) in 1942 fed rats large amount s of vitami n B com­

plex with 10 mgrn . of choline per day which just failed to control 

deposition of liver fat . To this regime 3 mgrn . of i :- ositol per 

day was added, which r esulted in the control of the liver fat . 

This work confirmed the earlier claim by Gavin and McHenry (78) 

that inositol acted like lipocaic in control cholesterol dep­

osition in biotin type fatty liver • .Julian et 2-1.(101) defi­

ni tely demonstrated in 19h6 that lipocaic prevents the fatty liv­

er in rats produced by the administration of anterior pituitary 

extract . 

In 1943 Allen at al.(2) reported that the elimination of 

pancreatic juice, from an otherwise normal dog by resecting the 

portion of duodenum which received the external pancreatic se­

cretion and attaching it to the outside body surface , did pro­

duce permanent fatty livers . Enternnan et al. ( 72) did not believe 

this procedure satisfactorily eliminated all the pancreatic juice 

and conti nue with their contention that pancreatic juice with 

i nsulin does prevent the development of fatty livers in depancrea­

tized dogs. 

Ralli et al. (131) are in accord with the views expressed 
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by ChaiKoff and associates based on results of their experi­

mental work with depancreatized dogs carried on thr ough 1938 to 

1944. They claim that the absence of pancreatic juice does con­

tribute to development of fatty liver . The external pancreatic 

secretion may supply lipocaic directly or may cause the libera­

tion and consequent absorption of a lipotropic from injested 

foods . They agree that lipocaic possesses lipotropic effective­

ness which can not be attributed to its content of choline or 

other protein . They do not believe the experi..--nental evidence 

has demonstrated lipocaic to be a hormone . (70),(71) , (72),(122) , 

(123),(126) and (128) . Reaffirmed by same group in 1945 . (37) 

C2,ncodo in his arttcle on lipocaic i n the Br'azil-medico 

makes r et erence to the two types of granulc::r cells in the Isles 

of Lan;::erhons in t:i.e pancreas. The beta ce1Ll s have no specific 

function identified with them. Concodo r e:marKs that the hypo­

thesis that the pancreas furnishes more than one hormone was 

off erred ,:i th the discovery of ti.vo types of island cells . ( 3.5) 

Dragstedt i..n 1940 recounts the sequence of developments 

in the depancreatized dog: 1 . - Irr1nediate hyperglycemia and gly­

cosur:.a develops . 2.- The anirlal becomes rapidly e711acia ted and 

dies from pancreatic dia l-;etes in from 1 to 4 weeks . 3 .- A 

marked fatty infiltration immediately occurs . 4.- If the dog i s 

given a diet of protein , carbohydrate and fat plus active pan-
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creatic juice and adequate insulin, either protamine zinc or 

regular, life is prolonged and the lipocaic deficiency becomes 

manifest . The early fatty liver disappears , acidosis is re­

lieved and the blood lipid levels approach normal . S.- The passe 

age of time bri.~gs a gradual decrease in dextrose excretion 

which the decrease in insulin dosage does not reverse . In 6 to 

8 v,eeks the daily insulin requirement is down to 2 or 3 uni ts , 

and the bromsulphalein test shows impaired liver function . 6.­

The tlood. lipid levels decrease . 7-- Progressive weakness , 

anorexia and emaciation are followed by death . 8. - At autopsy 

the liver is three to four times normal architecture is obscured 

by fat deposition . 9.- The administration of lipocaic at the 

time of lm,est ~ugar excretion and the insulin requirements 

below five units per day brings about a striking c!:lenge in the 

animal . Im.mediately dextrose excretion increases and the ins­

ulin requirement. goes 'tack up to 2LJ to 25 uni ts a day . The 

blood lipid level rises within a short time and the brornsul­

prc.alein test show marked improvement of liver function . Liver 

biopsies show rapid return to normal morphology. (SS) 

The function of the phospholipids is not a completely settled 

problem at this time . Sinclair (134) states that the relatively 

small volu.me of plasma phospholipid would probably make it 
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insuffici.ent fer transportation of all the plasma fatty acids . 

Chai.koff et al . states that in the depancreatized dog main­

tained with insulin the blood lipid level , especially choles­

terol, drops materially,(37), but one gram per day of pan­

creatic extract prevents the decrease in plasma choline . (68) 

These a1.1thors demonstrated tr...at most cf plasma choline con­

tained in the plasma phospholipids . (69) 'I'he same authors dem­

onstrated that the administration of pancreas fraction increased 

plasma chcl::i.ne level in dogs fed on a low choline diet . (36) 

::foHenry and Patterson attribu.te the lipotropic action of cho­

line to its action in the for:nc1.tion of phospholipids. (119) 

Dragstedt , basing his idea on experimental evidence , sug­

gests that the large excretion of dextrose follo11'ring the ad.min­

istration of lipocaic to the depancreatized dog with proven fatty 

infiltration of the liver may be due to conversion of fat in the 

liver to dextrose (55) . Drury (61) concluded from evidence 

obtained with dey,e.ncrea ti zed dogs and mice that in diabetic ani­

~als the large amounts of carbohydrate stored can only partially 

be accounted for in glycogen , therefore it must. be chang·ed to 

fats . Crandall, Ivy and Clini (51) found the wgm. of energy 

output of glucose plus acetone bodies available from their 

oxidation equal to the energy outp~t of Elucose alone before the 

onset of ketosis in tM fasting dog . Longenecker (107) believes 
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the liver is the probable site of syntllesis of fat from car­

bohydrate . Stetton (138) states that in rats about 3% of the 

gl·1cose ingested is cor:verted to glycogen and 30% is consumed 

in t he proc.uct ion of fatty acids . Greene found in human patients 

with controlled diabetes r:ellitus that an increased carbohydrate 

. i ntake did not produce an increase in calories co~responding with 

the increase in oxidation of dextrose . (83 ) bosKin and Levine 

(136) point out that it is now well recognized th3.t ketosis 

occurs ur..dor conditions in which large amounts of carbohydrate 

are cei;1r; oxidized. It h.:lS been impossible to deJT1.onstrate any 

relationship between the degree of ketosis and the rate of car­

bohydrate oxidation . The relatively recent advances in know­

ledge acq .ired from animal experimentation explains a great 

deal about fat and carbohydrate metabolism and their interlocking 

relationships . Further work with the fatty acids may bring the 

solution of IPan~, metaholic problems i n diabetes and other diseases 

affectinb the metabolic phenomer..a of the body , 
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'CLINICAL 

The great advancement in the knowledge of lipotropic sub­

stances acquired through animal experimental ~rork appears to ex­

tend some promise of benef:i_ t to human beings . Presenting a few 

case histories illustrating the clinical application of this new 

knowledge seems to be indicated here . 

Grayzel and ·Ra.dwin used lipocoic in three juvenile diabetics 

with hepotomegaly. (82) The complete report is presented. 

"Hepatic enla.rgement is r..ot a common complication 
of diabetes mellitus. Its incidence is much higher dur­
ing the first two decades of like than later . Excluding 
cirrhosis of the liver , the most frequent pathologic change 
in cases of this type consists of fatty infiltration and 
degeneration of the liver . 

As a rule, the condition is associated with severe 
and uncontolled diabetic involvement . In most cases, ad­
equate management of the diabetes with diet and control 
and administration of insulin and, more recently, of pro­
tamine since insulin results in hepatic recess ion . How­
ever, there are instances in which careful dietary manage­
ment coupled with adequate insulin therapy fai ls to accom­
plish a return of the liver to its normal size . 11 The 
writers have in their own clinic four patients in whom the 
liver has enlarged progressively in spitBof such treatment. 

"In animal experimentation, similar experiences have 
been noted. 11 Various authors have observed that completely 
depancreatized dogs, even though they were treated with 
insulin , showed extensive fatty infiltration and degener­
ation of the liver . The changes did not occur , hoviever , if 
the diatetic and insulin therapy v.as supplemented by the 
feeding of raw whole pancreas ." 

On the basis of results in animals, the writers under­
'took a determination of the efficacy of a pancreatic ex­
tract in three of their diabetic patients vd th hepa tomegaly . 
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"Method. -- The three children had suffered for 
a number of years from extensive enlargement of the 
liver. Previous efforts to cause a reduction in the 
size of the liver had been unsuccessful . All three 
patients had been under fairly good control and under 
close supervision . 

The pancreatic extract was prepared according 
to the method of Dragstedt and others . This solution 
was then divided into 21 equal portions, each consti­
tuting the equivalent of approximately 100 Gm. of raw 
beef pancreas . One portion was given daily in two 
equal doses . 

This type of preparation proved highly unpalatable, 
however, and in addition it frequently caused gastro­
intestinal disturbances, so that after several months of 
treatment the patients rebelled at further therapy. As 
a result, no extract was administered for varying periods, 
during which retrogressive changes in the liver were carefully 
watched for. Eventually the extract, prepared as before, 
was evaporated in a large flat dish to a dry bro~n paste 
by means of a fan and was put up in gelatin capsules 
coated with shenyl salicylate . Each capsule contained 
the equivalent of So Gm . of the raw beef pancreas. Two 
capsules were given daily. Tr.is medicament was well toler­
ated. In this manner were provided t wo separate periods 
of treatment, with an effective control period whereby 
the efficacy of the tested material could be better 
studied. 

The management of each patient 's diabetic condition 
was not changed as regards insulin dosage or diet during 
the treatment ·with pancreatic extract . In one case pro­
tamine zinc insulin v,as given; during this therapy no 
pancreatic extract was administered. No apparent effect on 
the hepatomegaly was noted . 

During the course of the investigation blood lipid 
studies were performed at intervals, ••• in order that 
one might note any changes in t he blood occas ioned by 
administration of the extract . 

Case 1 . -- S. C. first came to the outpatient depart­
ment ••• On June 19, 1926, at the age of 6 years. Diabetes 
mellitus had developed when he was 4 years of age, and he 
had been treated elsewhere for two years with strict 
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dietary regulation and insulin. His diabetic condition 
was kept well under control during the 11 years that he 
was under care in the pediatric diabetic clinic . His 
urinary excretion of dextrose, although occasionally 
excessive when he exceeded his diet, usually averaged 
approximately 13 Gm. in 24 hours. His average insulin 
requirement during the past four years had been 20 
units twice a day. 

From the onset of diabetes , there was noted a 
significant retardation in growth. The average annual 
increment in height had been 1 9/16 inches (4 cm. ) . 
Although he had recently made a greater fain in height 
than at any previous time, he was only 611/2 inches 
(156.2 cm.) tall on entry. Ee weighed 105 pounds . 
(47.6 Kg . ). 

In January 1933 the patient was admitted to the 
hospital because of intermittent abdominal pain local­
ized about the umbilicus. A thorough investigation 
failed to disclose a satisfactory cause for the pain. 
About one year later acute, low grade catarrhal jaundice 
set in, but it cleared within two or three weeks . On 
Dec . 9, 1935, after a period of three weeks du.ring 
which there had been an infection of the upper respiatory 
tract, with chills and fever, the patient complained of 
similar abdominal pain accompanied by nausea but no 
vomiting . Jaundice appeared the next day, with tender­
ness and enlargement of the liver, the edge extending 
3 inches (7.6 cm.) below the right costal margin in the 
midclavicular line. All the symptoms except hepatomegaly 
disappeared within two or three weeks. The liver receded 
to a level 1 inch (2.5cm, ) below the right costal border . 
However, shortly thereafter a slow but progressive enlarge.­
ment of the liver recurred in spite of the fact that 
the patient's urinary excretion of dextrose was only 3 
to 10 Gm. He was given a diet vhich was rich in lecithin 
and choline as well as a commercial pancreatic extract 
daily. The liver remained large in spite of treatment. 
On May 16, 1936, the lower margin of the liver was 3 3/4 
inches -( 9 . 5 cm •. ) below the right cost.al margin in the midclavi­
cular line. Liver function tests all gave normal results . 

At this time the saline solution of the pancreatic 
extract was administered. This was continued until 
October 28, when the patient protested against taking 
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the medicament . Since the liver had receded so that 
it was just palpable while the patient \'las under this 
medication , the extract was discontinued in order 
that one might determine the effect of the cessation 
of treatment. By December 26 , after two months with­
out t.Derapy, the liver was again enlarged, · the border 
being 2 1/4 inches (5 . 7 cm. ) below the costal margin. 
On that date, pancreatic extract was again given in 
capsules coated Yd. th phenyl salicylate , which were well 
tolerated. By April 17 , 1937 , about four months later, 
the liver v;as no longer palpable . 

Case 2. -- A.E. was first admitted ••• on Sept . 
23, 1925, in diabetic coma . He was then 8 years old . 
Diabetes had developed at the age of 3 1/2 years . Dur-
ing the first year of his illness the child had not re­
ceived insulin . He was subsequently given dietar y and 
insulin therapy. On 15 different occasions he was ad­
mitted to the hospital because of acidosis or for regu­
lation of his diabetic condition. His diabetes had always 
been severe, and he required as much as 100 units of in­
sulin d aily. His average urinary excretion of sugar, aside 
from occasions of dietary indiscretion, had been 18 Gm . 
in 24 hours, vhile his average insulin requirement had 
been 42 units twice a day. 

He had always been short , his average yearly growth 
being only 1 5/16 inches (3 .4 cm.). He ,\as 61 1/4 inches 
(155 . 6 cm .• ) in height at the beginning of the present 
study. 

Aside from occasional episodes of acidosis, his 
progress was uneventful until Feb . 16, 193S, when there 
were noted progressive enlargement of the abdomen and 
enlargement of the liver , which soon reached the level 
of the unbilicus . There was tenderness in the right 
upper quadrant, and soleral evidence of jaundice was ob­
served. On February 19 the boy %as admitted to the hospi­
tal , where he stayed until Farch 8. The diagnosis was 
hepatomegaly resulting from fatty infiltration secondary 
to diabetes mellitus . The jaundice cleared spontaneously, 
but the liver remained enlarged. All tests for liver 
function gave normal results during the patient ' s stay in 
the hospital . 

In spite of the adequate control of the diabetes and 
administration of a diet rich in lecithin and choline to-

29. 

g 



gether with a commercial pancreatic extract, the hepatic 
enlargement continued. " On July 11, 1936, the pancreatic 
extract prepared by the writers vms given in saline solu­
tior. . "The liver at the time was 3 1/2 inches (8 . 9cm. ) 
below the right costal margin in the midclavicular line . 
Because of the unpleasant taste and other unfavorable 
effects of the preparation, the patient did not take it 
regularly, and the liver failed to decrease in size . On 
December 19 the therapy was discontinued . The boy was 
then given protamine zinc insulin (100 units daily) , that 
one ifight determine whether a reduction in the size of 
the liver could be effected. with this substance alone . 
Hov,ever , by Jan . 30 , 1937, his liver was 3 9/16 inches 
(9 .1 cm. ) belo,1 the costal margin , in spit of tl1e favor­
able effect of this new insulin preparation on his diabetic 
status . 

11 0n this date the patient ·was given the pancreatic 
extract in capsules coated 1,,ith phenyl salic:·late . He 
took: these regularly, with the result that in two vreeks 
the edge of the liver was only from 3/4 inch (1 .9 to 2.5 
cm. ) below the costal margin and by April 24 was barely 
palpable . It could not be felt on June 1. 11 

Case 3. -- ., . S . was admitted • • • for the first 
time on December 8, 1926, at the age of 3 years , several 
days after the discovery of sugar in his urine . At the 
age of 8 years a benign tJ~e of pulmonary tuberculosis 
developed . There was a histor:r of exposure to tuberculosis 
at home . The pulmonary condition cleared spontaneously 
and never recurred . The diabetes v,as of moderate severity 
and 1'IB.s controlled fairly easily, except occasionally when 
he exceeded his diet . He required an average of 18 units 
of insulin t wice a day . Because he never rigidly adher ed 
to his diet , there had been glycosuria , an average of 75 
Gm. of sugar being excreted in 24 hours . He was readmitted 
to the hospital three times for acidosis , which was usually 
secondarJ to an infection or a disease of childhood. I-Ie 
r.ad had no attacks since 1928 . Be wa~ short , measuring 
only 55 3/4 inches (141 .6 cm. ) . For the past 10 years his 
average annual increase in height had been 1 9/16 inches 
(4 . 2 cm . ) . 

On April 2, 1932, it was noted that his liver was 2 
inches (5 .1 cw . ) below the right costal margin in the mid­
clavicular l ine , but no symptoms werecbserved . On Sept. 6, 
1935, jaundice developed and the liver 1',as found to extend 
2 1/2 inches (6 .3 cm. ) below the costal margin . 
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Two y.,eeks later the liver had receded spontaneously to a 
level 1 1/2 inches (3 ., 8 cm. ) below the costal margin, and 
the jaundice had cleared . However , shortly thereafter 
the liver again increased in size, by July 25 , 1936, it 
extended S inches (12 . 7 cm. ) below the costal margin . 

On August 19 the saline solution of the pancreatic 
extract v:as given for the first time . The liver slowly 
receded; by NQvember 28 it was only 11/2 inches below 
the costal margin . As disagreeable gastric symptoms had 
again been caused by the medication , on this date the 
use of the pancreatic extract was discontinued . On Jan . 
2, 1937, the liver had enlarged again to a level 2 1/2 
inches below the costal margin . At this time., ad.minis­
tration of the partially desiccated extract in capsules 
coated with phenyl salicylate was started. Under this 
therapy the liver decreased in size; by May 1 it was no 
longer palpable . 

The studies of the blood lipid reveal ed certain 
findings common to all three cases . The initially high 
level of total lipid tended to become much lower vd th 
ad.ministration of the extrc1.ct . A similar tendency was 
observed int he concentrations of the lactic acid and 
lipid phosphorus of the blood. These low val ues were 
noted even durin 6 the second period (the period of no 
medication), al tr·ough the liver in each instance again 
became enlarged. The values of total free and unbound 
cholesterol, which throughout the studies were within 
normal range, remained materially unchanged with or with­
out pancreatic therapy." 

Concluding , the dramatic recession of hepatomeg­
aly and the marked lowering of the level of the blood 
lipids f ollov.ing administration of the extract justify 
the tent2tive assumption that the enla.rgement of tne 
liver in these cases was due to fatty infiltration and 
th::i.t the therapeutic' agent is a lipotropic substance . 

Dragstedt , who discovered lipocaic commented in his paper in 

1940 on the results obtained by Grayzel and Hadwin in their clinic­

al trial of lipocaic, stating that these children suffered from 

the second type of fatty infiltration of the liver associated ~ith 
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diabetes mellitus ~nd characterized by impaired liver function and 

low blood lipid levels and does not respond to insulin and dietary 

therapy . He remarked that the fatty infiltration of the livers 

described by Marble, et al . in the following report were of the 

first type which result f rom inadequate insulin and dietary manage­

ment, and are characterized by normal or high blood lipid levels 

and acidosis and is corrected by adequate· insulin therapy. (55) 

The follo,;ing abstract of the r,eport of Marble, ;hi te, Bogan 

and 6mith (112) does not reveal any benefit derived from the use 

of lipocaic. They had 60 children in their study averaging ·14. 9 

years of age , with an average duration of diabetes mellitus of 

11 . 9 years . From the onset of the dise2se until onset of hepatome­

galy was an averaf:.::e of 5.7 years for the gr oup and after develop­

ment of the hepatomegaly the group ~~sunder observation for an aver­

age of 3.6 years . The directors of the study found considerable 

resistance on the part of the patients against taking the solution 

containing the pancreatic extract because of its nature making it 

very unpalatable . For this reason, very few _of the patients re-

ceived what would probably be considered adequate dosage over a 

sufficient length of time . The directors of the study concluded 

that the primary hepc.tomegaly was due to fat deposition . They state 

that hepatomegaly seems to go along vi th complications of diabetes 

mellitus , such as arterisclerosis, abdominal pain , dwarfism and skin 

and urinary diseases . 
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Further study of the same group of children, (113) holding 

them under better dietary and insulin control, brought out the 

conclusion of Marble , et al . that hepatomegaly in diabetic child­

ren is due to poor control of the diabetes, rather than to the lack 

of choline or some other agent derived from raw pancreas . 

Dr . Joslin (100) has recognized for many years the pronicity 

of diabetics to atheromatous vasculc1.r ch.s.n1;es, greater sensitivity 

to infection, hepatic and renal degenerative changes and gan-

grene . 

• Six pa.tie::1ts were treated with methion:ine for toxic.hepatitis 

after exposure to high concentration of carbon tetrachloride gas. 

mo other people received the same exposure and died within two 

weeks without medical care. Post-mortem examination of the livers 

of these patients revealed marked hepatomegaly arid nearly total 

necrosis of the l:i_·1:er cells with no evidence of regeneration in 

the first patient . The second one showed less degree of hep­

atomegaly but identical microscopic finding only less widespread 

throughout the liver • 

The six survivors v;ent under the care of Dr. J . H. Eddy, Jr . 

after the deaths of the two. On ad.lT!ission to the hospj_tal all the 

patients had ve!.7l high icteric index and marked hepatomegaly with 

tenderness . Lach patient was tube- fed with a high protein, low 

fat diet and given 2 grams of methionine per day . The course of 
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treatment extended up t o a month . All the .six patients sur­

vived. 

~ethionine has been used successfully for toinitrotoluene 

toxic hepatitis also . (66) 

Drs . 1ratson and Castle tre2_ted a patiert , who was sixty 

years of a:;e, suffering from ctronic hepatitis with evidence of 

r..cp:c. tic insui'ficienc:r . The pn. tient :received one gram of choline 

chloride per day for seventy days . During this time the patients 

hemoglobin increased and a preexistin~ conditio:'.:: of macrocytic 

anemia ii11proved v•i th the general improvement of the patient . ( 146) 

Dr . A. J . Bear!1s had a group of 2U i:mtients with cirrhosis 

o.f the liver a::id ascites. T:hese patients received high protein , 

low tat diet supplemented with yeast and a combination of cho­

line and cystine . 

'i'welve of ttese people did not have hepatomegaly and s how­

ed no benefit from the treatment . Of the eight with hepatomegaly 

seven patients made good. recove~r from liver decompensation . 

The record of these seven patients was compared with that 

of fifteen similar patients who had received the same t reat­

ment except they r-eceived no choline 2.nd cysti::-ie . The res,J.l ts 

indicate tlJat the combination of cystine and choline is effect­

ive in trPating hepatic cirrhosis . (9 ) 

..Jrs . 13rmme a::1d Thomas treated a patient s1J.ffering from 
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fatty hepatornegaly and panc::"eatic fibrosis . The natient -,,:as a 

white woman complaininp, of uppPr abdominal rain , nausea and 

vor:ii tin~, night sweats, nocturia , frequency , i nsomnia, nervous­

~ess, thirst, anorexia and weight loss . Until three years pre­

vio11sly the patient had been in good heal th. The first symptoms 

·were a feeling of tiredness v1hich continuously got worse , and the 

Abdominal pain which became acu+,e about a week before admissi.on 

to the hospital. :Sxamination revealed marked emaciation, blood 

pressure of 98/70, pal:;able , terider liver, non- functioning gall 

bladder . 

Laporatomy disclosed large liver lobes with pink:i_sh yellow 

n,ottled color and rourd margins . The pancreas was very small 

and hard . hecovery v1as uneventful . A week post- operative the 

blood cholesterol ,vas 280 mgm. '.£ and the Hanger liver function 

test showed evident irr..proveme1~t of function . 

During thP next two and a half months the patient received 

2 grams of lipoc2~.c a day . She z.ained .eight, lost +,he hepa­

tomegaly . The p2tient discontinued using lipocaic and dropped 

lier diet . The E7mptoms soon recurred and the patient returned 

to the hospital in less than a year with all the former symptoms . 

Lipocaic was again 2;iven and the result .....-as successfnl a second 

ti.me . 

The a11t.hors believe the small fibrosed pa.ncrcas caused a 
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defictericy which lipocaic replaced. (Jh) 

:Jr . fo senberg had a patj_e'1t who recovered from f atty meta­

rnorpha s is of the liver . The 59 :rear old female patj e:iJ.t entered 

the hospit2.l ,,-j_th the liver margin 10 cm . below tl1 e cost.al mar ­

r:, i::: . The s"l.:!'gace · as sw:)oth , the edse sharp , incr eased consis­

tency and moderate tenderr>ess to pressure . ~he blood cholesterol 

level vas 176 rrigm . and the blood pressure lf5/95 . 

Treatment V'8S began v,ith complete bed rest , 800 cal. diet 

and digit alis . In t v--o and a half weeks the blood pressure wa s 

150/80 , but no improvement in the hepatomegaly occurr ed . At the 

end of two months the Bromsulphale::i.!1 test shovied 20% reterition 

after JG minutes, and the blood su1:ar v1as 1 73 mgm % • 

A 18.parotomy re1realed A :riathologic ovary v,hich Has rer.1oved , 

the gall bladder was gros sl~r enlarged . E;opsy of the liver was 

takc:1 and revealed liver architect,1re barely r ecogl" izabel , the 

cells -. ere badl~r sv-rollen but the cords were more norJ1.al , and the 

central veins riorr:ial . 

'T'he patient left the hospital vr: .. th the diabetes controlled , 

bat rio improve!'lent of the liver . Five months c> .. fter t he operation 

admi'1istrati.on of lipocaic, 76 gr . (5 srams) a day orally. W-eek­

ly check- ups s howed steady r;eneral i.oprove:'.'.:lent of the pat5 .. ent . 

The li vP.r shm,ed no noticeable cl:anJe t~ll after 6 wee!~s . At 

ten i.,eeks the liver ·was down oriJ.y h cm. , not tender and of 

normal consistency. 
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Dnrinr, the twelfth wPek the ratiecit suffered a gall bladder 

2.ttack. Operat,_on revealed tl,e liver as normal in color, con­

sistenc;,,r a::1.d size. The e;all bladder was removed . Liver biopsy 

shov,ed recognizabel archi tee tu.re and very marked i :r1provement 

of the orga:1 riorphologic_ally . The post- operative course was 

1.1.11eventful and the fasting blood sugar level remained within nor­

mal limits. 

Lipocaic 11as responsible for the improvement of the fatty 

metamorphosis of the liver and the final return to normal size 

and consisteDcy. The blood sugar level w~s easy to control also . 

(133) 

Since the continued success of lipocaic treatment in experi­

PJental dia1Jetes in dogs 2.nd the favorable- reports from clinical 

1_1se . Dr . Dragste1&t believes the:. t total pancreecto:ny is now a 

fe2..sible surgical procedu"'e . Between insulin c::nd lipocaic the 

pancre&tic functions can be substituted for and maintain phy­

siological metabolism of the carbohydra tes and fats . (~?) 

Drs . Priestley, Comfort ard Radcliffe perfom-ed a total p~m­

creetectomy for hyperinsulinism due to islet cell adenoma . The 

patient , a 49 year old Jewish woman had suffered hypogl ycemic 

reactions for about three years . 

The post- pperatiYe course was uneventful and the patient's 
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diabetes mellitus 2s co:r..trolled with moder~te ins1J.lin therapy . 

The I)atient ate a high protein diet ricr1 in choline and 1,as 

still in good health sixteen months after the operation . The 

authors state that the 9atient never showed any evidence of 

lir ocaic deficiency . (129) 

Dr . :R.osenak treated a. case xanthomia tuberosum with 30 grains 

a day ·o: lipocaic for a period of two months , then disco~tinued 

for or.e month and then ave ~5 v,rains a day for two mo:r..ths . Ther e 

,~as no chcinp;e during the course of treatment in either the serum 

cholesterol level or t~e skin lesions . (132) 

Dracstedt has shovm that lipocaic influences the blood lipid 

levels in dogs and has s-;iggested that lipocaic I'lay play a part 

in the conversi.on of fats to sugar in the metabolic processes . 

In exrerin1en+,al ani.rn2.ls the blood c1-,olesterol level in inf'l1.1.enced 

by lipoce.ic . ( S6) 

Lipocaic has been used clinically with benefit in reg~lating 

fat deposition in the li.ver and influencing the blood cholesterol 

level.(3li) 

rueper (99) speaking on t:-ie relation between etiology and 

rorphologJ' in degenerative and sclerosing vascular diseases 

stated that b;v-percholesterolemia is the rrairi factor in producing 

experimental atheromatosis in animals • . ell developed a thero­

sclerotic lesions are noted in cfrteries of s!'.la.11 childre:r.. and 
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young adults suffering from lipoid nephrosis, a disease charac­

terized by h;vuercholesteremia 2.nd lipemia. Freq,.1ent and precocious 

appearanc·e c±.' severe atherosclerosis in diabetes mellitus in which 

appreciable hynercholestennia is often present is a well established 

fact . Atheromatous lesions are found exclus ively in colloidal 

disturbances of the lipoids and carbohydrates in the plasma . Ji ech­

anical and o ~her factors also play an appreciable part, especLally 

as to the locations of the atherornatous lesions . ( ;;19) 

Page (124) restates the fact that many elderly people have 

inelastic vessels b11t no atherosclerosis and in young people ather­

osclerosis way be present Y,ithout an~r significant loss of vessel 

elasticity • .wVidence is against the view that the blood lipid 

level is controlled by dietary int2.ke except under special cir­

cumstances . The post-absorption blood lipid concentration is 

almost independent of lipid content of the diet . The blood lipid 

leve:s are regulated b;v the lipot ropic factors, independent from 

the diet . 

Dock is in agreement thE.J.t one of trie important factors in 

the et ·•. ology of a t her9sclerosis is the blood cholesterol level . 

Al tered cholesterol metabolism and 2.rterial hypertension are 

i!!lportant factors in the pathogenesis of coronary occlusiori . (52) 

In comparing results obt2.ined in animal experiments ,. ork 

to those found in. hl.lfP.filfCf[seases Eansen and Burr note the low 
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iodine numbers of plasma lipids present in rats suffering from 

fat deficiency and find the same condition in two infants and 

one adult o'l. low fat diet . In animals and man the greatest 

drop in iodine number is in the cholesterol ester fatty acids . 

1-Jor mally the cholesterol ester fatty acids are the most higr.J.y 

unsaturated of the fatty A.cids in the blood serum. 

In both animals and m.an on low fat diets the total fatty 

acid concentration in the v:=i.rious fract::.ons has been within 

nor.nal limits . This finding indicates that the organism can 

synthesize sufficient fat to maintain a normal blood lipid 

level, but is unable to synthesize certain highly unsaturated 

fatty acicls . ( 95) This idea was quoted from du Vigneaud in the 

secti on on experimental results . 

The jT'lrortance of lipids and lipotropic substances cannot 

be overeMphasized in the physiological functioninr, of the body 

economy. 
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