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Foreword 

T h e Nutr i t ion Founda t ion M o n o g r a p h Series provides systematic 
coverage of new, impor t an t areas of nutr i t ional knowledge . T h e conten t 
of each m o n o g r a p h is p l a n n e d to consolidate subject mater ial of funda­
menta l impor t ance a n d b road significance. T h e texts no t only review 
recent advances , bu t p rov ide a perspect ive der ived f rom historical a n d 
multidisciplinary viewpoints. T h e in ternat ional au tho r s identify areas in 
which addi t ional useful research should be p u r s u e d a n d address the 
applicat ion of research f indings for the benefi t of m a n . 

T h e n u m e r o u s in terre la t ionships be tween nut r i t ion a n d the 
metabolism a n d effects of d r u g s a r e u n d e r s c o r e d by the e x p a n d i n g 
n u m b e r of the rapeu t i c agents that now a re regular ly a n d repeatedly 
used over long per iods of t ime. Cer ta in of these in terre la t ionships a re 
beneficial; o thers have potent ial ill effects. Several established beneficial 
actions a r e utilized not only in h u m a n medic ine , bu t in animal husban­
dry a n d veter inary medic ine as well. T h e s e aspects a re b r o u g h t toge the r 
in the p resen t vo lume. 

T h e Nutr i t ion Founda t ion is indeb ted to the au tho r s of this work for 
thei r par t ic ipat ion in its p r epa ra t i on a n d to the edi tors , Dr. J o h n N. 
Hathcock a n d Dr. Ju l ius Coon , whose skill has p rov ided the uni ­
formity of coverage desirable for a maximally useful m o n o g r a p h . We 
are fu r ther indeb ted to the Iowa State University Nutr i t ional Sciences 
Council , t he p l ann ing commit tee of which selected the conten t a n d au­
thors of the chapters . 

William J. Darby 
President 
The Nutrition Foundation, Inc. 
New York and Washington, D.C. 

xv i i 
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Preface 

T h e interrela t ions between nut r i t ion a n d d r u g s h a v e historical a n d 
c u r r e n t impor tance . While some d r u g s were first discovered in foods, 
m o d e r n increases in diversity a n d use of d r u g s have led to n u m e r o u s 
interact ions with nu t r ien t s a n d diet. T h e s e in terre la t ions a r e i m p o r t a n t 
in research , medic ine , dietetics, a n d animal p roduc t ion . T h e title "Nut r i ­
tion a n d D r u g In te r re la t ions" was chosen for this m o n o g r a p h a n d the 
co r r e spond ing sympos ium because it deno tes a wider, m o r e extensive 
affiliation than the m o r e usual t e r m of " d r u g - n u t r i e n t interact ions." 
T h e wider scope was i n t ended and , we believe, suitably accomplished. 

T h e chap te r titles r ep re sen t only a fraction of the total subjects which 
could have been inc luded appropr ia te ly u n d e r the sympos ium title. 
T h e y a r e organized into four major sections. T h e section titled D r u g 
Effects on Nu t r i en t In take , Funct ion , a n d R e q u i r e m e n t gives some im­
por t an t examples of the impacts of d r u g s on the processes of nut r i t ion . 
Many of these influences a r e harmless u n d e r opt imal nutr i t ional c i rcum­
stances bu t may be dele ter ious w h e n nutr i t ional in take o r function is 
inadequa te . T h e section on Nutr i t ional Effects on D r u g Metabolism a n d 
Action illustrates several of the n u m e r o u s influences nutr i t ional condi­
tion has on biochemical compe tence to cope with xenobiotics, inc luding 
d rugs . With ever- increasing use of d r u g s , food addit ives, a n d o the r sub­
stances, increased u n d e r s t a n d i n g of the effects of nu t r i t ion on thei r 
metabolism a n d elimination is imperat ive .The section on t h e U s e of Drugs in 
Animal Feeds gives some examples of the i m p o r t a n t uses pharmacological 
agents have in food p roduc t ion , a n d expresses conce rn about sub­
sequent effects in the food chain. T h e last section, Use of Nut r ien t s a n d 
Foods as Drugs , demons t r a t e s tha t the b o u n d a r y be tween dietetic a n d 
pharmacological t r e a tmen t is by n o m e a n s sha rp . Th i s over lap is clearly 
i l lustrated by the pharmacological (nutri t ional?) use of vi tamin D deriva­
tives to effectively t rea t cer tain familial diseases, a n d by the widespread 
use of megavi tamin t r ea tmen t s of doubt fu l benefit . T h e s e sections r e p ­
resent a functional re la t ionship categorizat ion. It is difficult to imagine a 

x i x 



XX Preface 

nutr i t ion a n d d r u g in terre la t ion which would no t fit aptly in to o n e of 
these sections. Some chapte rs a r e wide e n o u g h in coverage to fit possibly 
into m o r e than o n e section. A l though the perspect ive a n d focus of the 
chapters differ f rom one section to a n o t h e r a n d be tween chapte rs within 
sections, we believe the section titles give a subject ma t t e r organiza t ion 
that is bo th informative a n d useful. 

T h e specific topics a n d au tho r s were chosen to p rov ide expe r t infor­
mat ion selection a n d perspect ive in what we believe a r e timely subjects in 
t e rms of state of knowledge , research activity, a n d professional interest . 
Each a u t h o r was asked to provide the best combinat ion of "state-of-the-
a r t " comprehens ive review a n d "front iers-of-research" detai led new in­
format ion in their subject. T h e ways they in t e rp re t ed this ass ignment 
varies considerably according to thei r individual viewpoints a n d the state 
of knowledge in the par t icular subject. 

T h e in t roduc tory chapter , " T h e Agile Role of Food: Some Historical 
Reflections" by J a m e s Harvey Young , was inc luded to p rov ide historical 
a n d sociological sett ing a n d perspect ive for t he ext remely variable role 
of food in h u m a n existence a n d endeavor . In addi t ion to n o u r i s h m e n t , 
the various roles cited include uses of food a n d d r ink as d r u g s o r as 
sources of d rugs , as well as fanciful uses for n u m e r o u s purposes . 

N o effort was m a d e to cover the diverse field of d r u g s which occur 
natural ly in foods. Knowledge of this subject is no t chang ing very rapidly 
a n d good reviews have been publ i shed e lsewhere . 

It is h o p e d that this m o n g r a p h , which is based on pape r s p re sen t ed at 
the In te rna t iona l Sympos ium on Nut r i t ion a n d D r u g In te r re la t ions he ld 
at Iowa State University, Augus t 4 - 6 , 1976, will become a m u c h n e e d e d 
b e n c h m a r k publicat ion in the subject. N o previous sympos ium or publi­
cation has incorpora ted such a wide r a n g e of topics in this subject with 
this intensity. We h o p e that this publicat ion will p rove useful to nu t r i ­
tionists, pharmacologis ts , dieti t ians, a n d physicians, a n d also st imulate 
fu r ther research. 

We wish to express o u r thanks to t he Iowa State University Nutr i t ional 
Sciences Council , especially M. Allison, W. Brewer , R. Ewan, N . J acob-
son, W. Runyan , A. T r e n k l e , a n d J . Young , for he lp in p lann ing , or­
ganizing, a n d hos t ing the sympos ium. Also, we gladly acknowledge the 
financial a n d organizat ion s u p p o r t f rom the Nut r i t ion Founda t ion , a n d 
the advice a n d e n c o u r a g e m e n t given by Dr. William J . Darby, wi thout 
which the symposium a n d this m o n o g r a p h would no t have been possi­
ble. 

John N. Hathcock 
Julius Coon 
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I . F O O D A S P A T R I O T I S M 

Father and I went down to camp, 
Along with Captain Gooding, 

And there we see the men and boys 
As thick as hasty pudding.* 

(Sonneck, 1972; Evans, 1903-1959) 

In these bicentennial days it seems a p p r o p r i a t e to begin some reflec­
tions on the agile role of food in history by po in t ing to a vivid food simile 
a p p e a r i n g in "Yankee Doodle ," a p o p u l a r song of the Amer ican Revolu­
tion. Food a n d the Revolut ion, moreover , a re b o u n d toge the r by ties 
m o r e substantial than similes. "I know not why," J o h n A d a m s wrote after 
the new nat ion h a d become established, "we should blush to confess that 
molasses was an essential ingred ien t in Amer ican i n d e p e n d e n c e " 

*Sonneck dates a broadside containing this verse to 1775 or 1776, although other au­
thorities believe the first published version appeared as late as 1793. 

1 
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(Schlesinger, 1949, p . 239). British tax measures involving molasses, 
sugar, a n d tea had m u c h to d o with p rovok ing the e x p a n d i n g discontent 
tha t eventually led to war. 

I n d e e d , the psychohistor ian Lloyd DeMause has recently t e r m e d the 
Boston T e a Party the "real t u r n i n g po in t" in a " g r o u p fantasy" (Sea-
brook, 1976). Pur i t an mo the r s , accord ing to his in te rpre ta t ion , gave the i r 
ch i ldren the ha r sh discipline t radi t ional in Eng land , bu t m o d e r a t e d it 
with a m u c h grea te r measu re of love, thus r e a r i n g ch i ldren w h o pos­
sessed the psychic s t reng th to be rebellious e n o u g h to chal lenge the 
m o t h e r country 's ru le . "Eng land was j a m m i n g food d o w n America 's 
throat , " DeMause asserts, "just as m o t h e r s used to j a m p a p d o w n thei r 
babies' th roa ts unti l they th rew u p . " In the Boston T e a Party, " the col­
onists d idn ' t take it lying down." 

An historian of an ear l ier genera t ion , A r t h u r M. Schlesinger, Sr., saw 
economic r a the r t han chi ld- rear ing reasons unde r ly ing Amer ican confi­
dence in chal lenging Grea t Britain, bu t these reasons also re la ted to 
food. T h e colonies possessed a food supply tha t was no t only self-
sufficient, encourag ing self-reliance, bu t tha t was also ample e n o u g h for 
expor t . In his famous p a m p h l e t Common Sense, T h o m a s Paine wryly 
noted that a free Amer ican nat ion would "always have a m a r k e t while 
ea t ing is the cus tom of E u r o p e " (Schlesinger, 1949, p p . 238-240) . 

Despite America 's potent ial food a b u n d a n c e , the tu rmoi l of the Revo­
lut ionary W a r led to shor tages a n d d r a b diets, even in the armies . J o h n 
A d a m s compla ined that " O u r frying-pans a n d gr id i rons slay m o r e t han 
the sword" (Greene , 1943). At Valley Forge the t roops came close to 
mut iny because of poo r ra t ions. George Wash ing ton besought his chief 
cook to devise a meal tha t migh t e n h a n c e mora le . Combin ing t r ipe , 
vegetables, and p e p p e r c o r n s , the cook invented Phi ladelphia P e p p e r 
Pot, which boosted the spirit of the t roops considerably (Hoag, 1976). 

A b r o a d e r and m o r e significant impact came f rom the F rench alliance. 
F rench military chefs began to in t roduce new vegetables, the practice of 
serving vegetables in separa te dishes, a n d new m o d e s of cooking food. 
Moment s of con t r e t emps did occur . In Cambr idge , Massachusetts , 
Nathanie l Tracy , revealing that a little knowledge of a n o t h e r count ry ' s 
cuisine can be a d a n g e r o u s th ing, en te r t a ined the admira l a n d officers of 
the F rench fleet for d i n n e r a n d served t h e m a soup conta in ing whole 
frogs (Cummings , 1941, p p . 30-31) . 

Food a n d Uncle Sam, the major figure symbolizing the nat ion, bear a 
re la t ionship. I n 1774 when Paul Revere copied for an Amer i can 
magazine a British ca r toon showing the British p r i m e minis ter forcing a 
d r a u g h t of tea down the th roa t of a re luctant America , the symbol for 
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Amer ica was a half-naked Ind i an m a i d e n . t After i n d e p e n d e n c e , a de ­
scendant of Yankee Doodle n a m e d B r o t h e r J o n a t h a n supp lan ted the 
ma iden . In t u r n B r o t h e r J o n a t h a n was p u s h e d aside in the 1850's by 
Uncle Sam, who h a d first m a d e his a p p e a r a n c e in the W a r of 1812, 
pa t t e rned after a real m a n who suppl ied mea t to the armies (Murrel l , 
1933). W h e n Uncle Sam took over as a symbol, he looked jus t like the 
typical Amer ican male descr ibed by a procession of E u r o p e a n aristocrats 
who wrote travel books abou t the Un i t ed States. Amer icans ate heavy, 
starchy, salty, fat-fried food a n d suffered f rom a lack of milk, fresh 
fruits, a n d leafy vegetables. T h e y also bolted the i r meals; the nat ional 
mot to , o n e traveler said, should be "gobble, gu lp , a n d go." T h e result , in 
the words of a n o t h e r t raveler , was "a nat ion of m o o d y dyspept ics" 
(Cummings , 1941, p p . 4 a n d 2 3 - 2 4 ; Schlesinger, 1949, p p . 240-242) . An 
Amer ican observer , wri t ing for Harper's in 1856, concu r r ed in the gr im 
j u d g m e n t s of the travelers f rom abroad (Anonymous , 1856). "We a re 
fast b e c o m i n g . . . a na t ion of invalids," he cha rged . "Fore igners a l ready 
effect to see in us a d e g e n e r a t e offspr ing of a nobler race, a n d with t h e m 
a skeleton f rame, a yellow-died bilious face, an uncomfor tab le dyspept ic 
express ion, an uneasy spasmodic mot ion , a n d a genera l ghost-like 
charne l -house aspect, serve to make u p a type of the species Yankee ." 
Th i s descr ipt ion would serve for countless ca r toon r ende r ings of Uncle 
Sam (Schlesinger, 1949, p p . 241-242) . 

T h u s food a n d patr iot ism endlessly interact a n d in ter twine. N o r 
should this be at all surpr is ing. For , like the air we b rea the , bu t in a m o r e 
complex a n d varied way, food is an indispensable ingred ien t of life. 
Playing for us so crucial a role, food inevitably mingles with o t h e r impor ­
tant ingred ien ts in life's vast pot . Schlesinger a r g u e d that , of countless 
clues to the past, food is " the most basic of all" (Schlesinger, 1949, p . 
234). "Men must have food if they a re to th ink a n d act. H e r e is a want 
which p recedes a n d condi t ions o t h e r hopes , aims and achievements ." If 
monistic in te rpre ta t ions of history would serve, a dietary in te rpre ta t ion 
of history would make the most persuasive sense. 

I I . T H E V A S T V A R I E T Y O F F O O D I M A G E A N D R O L E 

O n the individual level, the Gestalt psychologist Fritz Perls has 
suggested the act of ea t ing as a revelation of the en t i re personali ty. 

t T h e cartoon, in the American Antiquarian Society, was entitled "The Able Doctor, or 
America Swallowing the British Draught," and appeared in the J u n e 1774 issue o f the 
Royal American Magazine. 
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"How . . . do you eat?" quer ies a popula r ize r of this poin t of view. "How 
do you take the world into yourself? Do you choose food carefully for its 
aesthetic a n d nutr i t ional value? Do you pay a t tent ion to taste a n d tex­
ture? Chew carefully? Read w h e n eating? As you incorpora te nour i sh ­
ment , so you will take in a n d digest the world which s u r r o u n d s you" 
(Keen, 1970). 

"If you doub t this," suggests the popular izer , "give full a t tent ion to 
your style of ea t ing for o n e week a n d try d r awing parallels to the way in 
which you read , listen, think, u n d e r s t a n d , a n d relate to persons . " 

T h r o u g h the ages the centra l impor t ance of food to m a n has led h im 
to use food as a m i r r o r held u p to reveal n a t u r e — a n d indeed the cosmic 
realms beyond. A recent issue of Speculum conta ins an article by Patrick 
Gallacher enti t led "Food, Laxatives, and Catharsis in Chaucer ' s N u n ' s 
Priest's Ta l e " (Gallacher, 1976). Gallacher makes manifest how, not only 
for Chaucer , bu t for n u m e r o u s impor t an t theorists f rom Plato o n into 
the four teen th century , ea t ing a n d el iminat ion, a n d efforts to accom­
plish bo th so as to keep the h u m o r s balanced a n d thus retain o r rega in 
heal th , form a fundamen ta l analogy for the most sweeping "me taphor i ­
cal, moral , and theological meanings . " Man's knottiest p rob lems a re con­
fronted, such as the relat ion between "free will a n d divine foreknow­
ledge." Star t ing with food, these augus t th inkers construct "a mode l of 
total con t inuous intelligibility in the universe ." 

T h e relation of food to the mind of God t ranscends the relat ion of 
food to patr iot ism, the t h e m e with which I began . Countless o t h e r lesser 
l inkages have existed between food a n d the diverse concerns of h u m a n ­
kind. T h e way in which m a n perceived food unti l less t han a cen tury ago 
has t e n d e d to foster such linkages. 

F r o m the earliest t imes m a n has employed the same botanicals as bo th 
food a n d d rugs . Th i s was certainly t rue at bo th ends of the Fertile 
Crescent , in ancient Egypt a n d in Mesopotamia . " T h e border l ine be­
tween dietetic and pharmacological t r ea tment , " H e n r y Sigerist wrote , 
"was by no means s h a r p " (Sigerist, 1951, p . 486). In the Weste rn t radi ­
tion, this fusion became especially s t rong because of the key role given by 
the Hippocra t ic corpus to diet in the physician's effort to he lp his pa t ien t 
(Sigerist, 1951, p p . 335 -336 ; 1961, p p . 240-241) . D u r i n g the medieval 
and Renaissance per iods , spices doub led as food cond imen t s a n d as 
d rugs . O n e scholar points ou t that " the t e rms spices, d rugs , and a roma-
tics were generic and in terchangeable t h r o u g h all these years" (Guerra , 
1966). T h e late s ixteenth cen tury English herbalist , J o h n Gera rd , sum­
m e d u p the double role: " In the first ages of the w o r l d , . . . [plants] were 
the o rd ina ry meate of men , a n d have con t inued ever since of necessary 
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use bo th for meates to main ta ine life, a n d for medicine to recover 
heal th ." (Gerard , 1636).* 

T h e str iking historical c i rcumstance , in the considera t ion of the same 
p roduc t s of n a t u r e in the i r dua l role as bo th food and d rugs , is that , 
when r e g a r d e d as a d r u g , each p r o d u c t migh t fulfill a mul t i tude of 
the rapeu t ic functions, whereas when used as food, all p roduc t s were 
believed to serve the same single p u r p o s e . Within a decade after the 
appea rance of Gera rd ' s herbal , Francis Bacon wrote : " In the body the re 
are th ree deg rees of tha t we receive into it, a l iment, medic ine and 
po i son ." ! His use of the word "al iment" revealed the con t inu ing potency 
of the Hippocra t ic assumpt ion that all foods conta ined a single pr inciple 
m a d e available to the body by digestion to r epa i r its tissues and provide it 
with energy . N o r d id this received doc t r ine suffer major chal lenge a n d 
revision unti l the n ine t een th century . In 1837 Ralph Waldo E m e r s o n 
could still express the genera l view: " T h e h u m a n body can be nour i shed 
on any food" (Emerson, 1903). 

T h e perspect ive that nutr i t ionally, so to speak, all foods served the 
same p u r p o s e had impor t an t intellectual consequences .** First, it p u t a 
d a m p e r on the deve lopmen t of heal thy suspicion tha t some disease con­
dit ions might be related to the absence f rom the diet of some type of food. 
T o be sure , h e r e a n d the re some people acted empirically as if vaguely 
ha rbo r ing such a suspicion, as in the ea t ing of fish livers by the early 
fishing folk of n o r t h e r n E u r o p e . T h e single a l iment not ion had a second 
impor t an t result : if all foods were equally valuable for nou r i shmen t , 
then a whole host of secondary and somet imes specious reasons could 
develop for choosing and for rejecting individual foods. Food has served 
also, a m o n g o t h e r roles, as taboo, as poison, as po ten t marvel , as status 
symbol, a n d as h a n d m a i d e n to beauty. 

All major religions have h a d to concern themselves with someth ing as 
impor t an t as food, and many ancient taboos still exercise powerful influ­
ence. T h e Mosaic injunction to the Jews against po rk is an example . T h e 
explana t ion that this taboo res ted on an empir ical base, a sensing that 
ea t ing po rk might h a r m the heal th , does not seem persuasive, because 
the link between infected po rk a n d trichinosis is too remote for such 
observational detect ion. A m o r e likely reason for the taboo, Magnus 
Pyke a rgues , lies in the c i rcumstance that the Jews were a nomadic 
people a n d pigs did not h e r d easily over long distances (Pyke, 1968, p . 

*First edition appeared in 1597. 
fBacon is cited under "Aliment" in the "Oxford English Dictionary." 
**I First explored this effort to pattern ideas in food history in Blix (1970). 
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12). Jea lous of m o r e settled g roups w h o could raise pigs and eat pork , 
the Jews p u t tha t mea t beyond the pale . T h e power of religious food 
beliefs may be suggested by a n o t h e r example , a quota t ion f rom a West­
e r n physician who recently pract iced in Ind i a a m o n g the vegetar ian 
H i n d u s (Simeons, 1968). "I know from persona l exper ience ," h e writes, 
" tha t it is no t u n c o m m o n for an o r t h o d o x H i n d u to p re fe r dy ing of 
pernic ious anemia to taking liver extract ." 

Foods have been d e e m e d poisonous in settings solely secular. In his 
herba l G e r a r d m e n t i o n e d tha t recen t impor t , t he pota to , b r o u g h t f rom 
America by Sir Wal ter Raleigh, a n d cited a B u r g u n d i a n belief tha t its 
tubers caused leprosy (Gerard , 1636). E u r o p e a n fa rmers generally came 
to share this fear. T h e flesh-colored nodu les e x t e n d i n g the i r finger-like 
growths m a d e m e n th ink of the d e f o r m e d h a n d s a n d pale skin of lep­
rosy. Despite many efforts to dispel this g roundless suspicion, nearly 2 
centur ies elapsed before the po ta to became an accepted English field 
c r o p (Pyke, 1968, p p . 25-27) . A n d British Amer ica f rom whence the 
pota to h a d gone to England , b r o u g h t back f rom the m o t h e r coun t ry 
traces of the fear which the po ta to h a d genera ted . Even after ea t ing 
potatoes became acceptable, a p o p u l a r Amer ican superst i t ion he ld tha t if 
one ate t h e m every day h e could no t live ou t 7 years (Weigley, 1967). In 
E u r o p e , tu rn ips , beets, a n d tomatoes in the i r day, all faced initial hostil­
ity (Renner , 1944, p p . 166-70, a n d 204). Only after livestock h a d de ­
voured t h e m safely for a long t ime d id people generally take t h e m u p . 

Contrar iwise, o the r novel and exotic foods a n d d r inks g rabbed the 
imaginat ion of regions into which they were newly in t roduced as mar ­
velous wonders , panaceas , foods for o r f rom the gods. So it was with 
maple sugar a n d p ineapple , a sparagus a n d celery (Young, 1961). A n d so 
it was with coffee. T h e Arabs d r a n k coffee as early as the year 1000, 
according to one chronicler , p e r h a p s m o r e as a medicine than as a d r i n k 
(Renner , 1944, p . 215). W h e n coffee first a p p e a r e d in Wes te rn E u r o p e , 
a somewhat the rapeu t ic mant le ga rbed it. " I t is said to be heal thy w h e n 
d r u n k h o t . . . ," wrote Sir Τ . H . H e r b e r t in 1626. "I t destroys melan­
choly, dr ies the tears , softens a n g e r a n d p roduces joyful feelings. Never­
theless, the Persians would no t est imate it so highly, if t he r e were no t the 
t radi t ion: Inven ted a n d p r o d u c e d by Gabriel for res tor ing the s inking 
M o h a m m e d . " In Eng land a n d on the cont inen t coffee d r ink ing became 
a s u d d e n vogue (Renner , 1944). 

T e a , the d r ink des t ined to ous t coffee as England ' s nat ional d r ink , 
illustrates food as status symbol. In the early e igh teen th century , t he 
u r b a n wealthy cons idered tea an occasional luxury . As the years passed, 
each lower economic level began to desi re what those above in t he 
h ierarchy increasingly d r a n k , a n d by 1850 tea h a d become the nat ional 
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beverage . D u r i n g the same per iod a similar t r e n d occur red with respect 
to b read . For centur ies t he h ighe r the social r ank ing , the whi ter the 
b read . In the early n ine t een th cen tury , u r b a n workers aspired to the 
whi ter b r ead of thei r bet ters and , as with tea, increasingly b o u g h t it. 
White b read a n d tea e n t e r e d the diets of the p o o r no t wi thout great 
social cost. "Wha t had been m e r e adjuncts at the tables of the wealthy," a 
recent scholar states, "now const i tu ted virtually the total diet of those 
who could afford no m o r e " (Burnet t , 1966, p p . 2-3) . 

S t anda rds of beauty also inf luenced at t i tudes toward food. I n the 
romant ic age of the n ine t een th cen tury , a par t icular vision of beauty 
prevailed. For bo th m e n a n d w o m e n , paleness, frailness, s lenderness 
became the vogue. O n e migh t achieve such an a p p e a r a n c e by falling 
victim to tuberculosis a n d gradual ly wan ing away, becoming m o r e 
e therea l the closer dea th a p p r o a c h e d . * R e m e m b e r the hero ines of all 
those romant ic operas . If a pe r son were no t des t ined to contract con­
sumpt ion , the same ideal of beauty could be achieved by diet ing. In 1824 
a British magazine publ ished advice on "Beauty T r a i n i n g for Ladies" 
which forbade t h e m to c o n s u m e milk, c ream, bu t te r , cheese, fish, o r any 
vegetable except pota toes (Burnet t , 1966, p p . 56-57) . Similar dietary 
counsel for the same esthetic pu rposes enjoyed a vogue in the Uni ted 
States (Cummings , 1941, p . 34). 

T h e s e examples illustrate the n u m e r o u s secondary roles which food 
could play in the minds of m e n w h e n food as n o u r i s h m e n t was restr icted 
to the single al imental role. N o r would such a vast a n d complex body of 
food folklore wither away when , d u r i n g the second half of the 
n ine t een th century , food scientists split that one universal a l iment into a 
nutr i t ional trinity of pro te in , ca rbohydra tes , a n d fats. 

Food in its role as medic ine also con t r ibu ted mightily to the massive 
folk t radi t ion. I n d e e d , the rapeu t i c uses for foods t r easu red a n d em­
ployed in ancient Egypt a n d Mesopotamia persist into o u r own day 
(Sigerist, 1951, p . 248; 1961, p . 244). Garlic, for example , served as bo th 
food a n d medicine for the Egypt ians , the Greeks , the Romans , for me­
dieval man , a n d for m a n ever since (Raspadori , 1966). O n e of Dios-
corides ' (1959) "herbs with a sha rpe quali t ie," garlic cleared ou t the 
ar ter ies , the Greek medical wri ter asser ted. In the 1950's garlic could still 
p e r f o r m this indispensable hea l ing function, if o n e believed the spiel of a 
taxi dr iver t u r n e d food lec turer who traveled widely in these Uni ted 
States (Young, 1967, p p . 333-357) . Within the last year o r so, an air l ine 
magazine has r u n an article hai l ing garlic's mystic hea l ing potency. 

•Perceptive attention to the social image o f tuberculosis is paid in Dubos (1952). 
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I I I . T H E A M E R I C A N V E R S I O N O F F O O D F O L K L O R E 

Before the day of scientific nut r i t ion , the Amer ican version of food 
folklore acquired its own special h u e of a colorat ion t in t ing food folklore 
t h r o u g h o u t the Wes te rn world. " T h e a t m o s p h e r e of the [Romantic] 
age," Gre te d e Francesco has wri t ten, "was favourable to all sorts of 
n a t u r e cures , and to the deve lopmen t of a new kind of impos tu re : a 
falsification of N a t u r e t h r o u g h overemphas i s on the na tu ra l " (Fran­
cesco, 1939). All over E u r o p e a n d America , lay healers in rustic settings 
employed all sort of "na tu ra l " remedies , wate r be ing especially p r o m i ­
nen t . A m o n g those b e m o a n i n g the increasing artificiality of life, t h e r e 
began a grea t p reoccupat ion with the "na tu ra l " diet. 

Amer ican cul tural soil pe rmi t t ed such ideas to grow with u n u s u a l 
vigor. T h e romant ic m o v e m e n t furn ished o n e impetus , a n d the re were 
many o thers , for a major mult ifaceted r e fo rm m o v e m e n t f lourished in 
the Uni ted States d u r i n g the second q u a r t e r of the n ine teen th cen tury . 
F reedom's f e rmen t e x p a n d e d political democracy d u r i n g the age of An­
drew Jackson a n d addressed the r ights of w o m e n a n d of slaves (Tyler, 
1944). Hea l th practices, f rom the heroic b leeding a n d p u r g i n g p r e ­
scribed by o r t h o d o x pract i t ioners to the tightly laced corsets dec reed by 
fashion, me t chal lenge f rom re fo rmers (Walker, 1955). 

N o r were the nat ion 's ea t ing habits e x e m p t f rom criticism. T h a t "back 
to n a t u r e " should const i tute the major message in appeals for food re­
form confo rmed with the basic way by which citizens of the Uni ted States 
sought to explain themselves. T h e centra l deve lop ing myth envisioned 
the nat ion as a ga rden , i ndeed a new oppor tun i ty for m a n k i n d almost as 
significant as the original G a r d e n of E d e n (Smith, 1950; Lewis, 1955; 
Marx , 1964). T h e new A d a m was the Amer ican yeoman fa rmer . In t ime, 
the historian Freder ick Jackson T u r n e r , a native of Wisconsin, con­
ver ted the g a r d e n myth into respectable h is tor iography. His f ront ier 
hypothesis , enunc ia ted at the Chicago Columbian Exposit ion in 1893 
( T u r n e r , 1920), r ema ined the virtually uncha l l enged explanat ion of 
Amer ican uniqueness for 40 years. T h e hypothesis a t t r ibuted every th ing 
good about the nat ion to the front ier . T h e converse of this idealization 
of n a t u r e was suspicion of too m u c h civilization, especially that site of 
noisy machinery , ep idemic ai lments , and processed foods, the city. In­
tellectuals a n d c o m m o n citizens alike shared this distrust of u r b a n life 
(White a n d White , 1962). 

In the first great urbaniz ing- indus t r ia l iz ing per iod , coinciding with 
those years of f reedom's fe rment , Sylvester G r a h a m became the nat ion 's 
first great champion of na tu ra l foods (Shryock, 1966). A c lergyman, 
G r a h a m found his ideal s t anda rd of diet in the G a r d e n of Eden . "Frui ts , 
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nuts , far inaceous seeds, a n d roots ," he wrote in 1839, "with p e r h a p s 
some milk, a n d it may be h o n e y . . . const i tu ted the food of the first 
family a n d the first genera t ion of m a n k i n d " (Graham, 1883, p . 316).* 
D u r i n g this Golden Age, G r a h a m said, no "artificial p r e p a r a t i o n " was 
necessary except for shelling the nu t s . 

T h e way Amer icans ate in G r a h a m ' s day deserved rebuke , as I have 
already suggested. So G r a h a m m a d e m u c h sense. But some of his ideas 
went far astray. H e m a d e a panacea of b r e a d baked from a kind of f lour 
that still bears his n a m e . H e t e r m e d all mea t taboo. A n d he came close to 
suggest ing that his dietary r eg imen might b r ing back the G a r d e n of 
Eden . " T h e simpler, pla iner , a n d m o r e na tu ra l the food of m a n is," 
G r a h a m wrote , " . . . the m o r e heal thy, vigorous, a n d long-lived will be 
the body, the m o r e perfect will be all the senses, and the m o r e active a n d 
powerful may the intellectual a n d mora l faculties be r e n d e r e d by suit­
able cultivation" (Graham, 1883, p . 309). 

Graham ' s doct r ines h a d m u c h influence on the dietary practice of new 
religious sects ar is ing in the na t ion a n d shortly u p o n commerce as well. 
Ronald N u m b e r s has recently publ i shed a b iography of Ellen G. Whi te , 
the f o u n d e r of o n e of those new sects, t he Seventh Day Adventists 
(Numbers , 1976). T h e d ry cereal indus t ry that arose in Battle Creek, 
Michigan, a cen te r of Adventis t s t rength , initially p r o m o t e d itself with 
food re fo rm ideas. T h a t fo rm of co rn flakes later known as Post Toast ies 
first bore the n a m e of Elijah's M a n n a (Carson, 1957). 

Packaged cereals fo rmed o n e sector of an increasingly i m p o r t a n t 
processed food indust ry , m a d e possible by advances in science and 
technology and m a d e necessary by b u r g e o n i n g u r b a n popula t ion , re­
mote f rom the ga rdens a n d o r cha rds of ru ra l America . T h e technology 
often revealed inadequacies , a n d the processors somet imes exhibi ted 
ethical shor tcomings which they sha red with o the r types of en t r e ­
p r e n e u r s d u r i n g the Gilded Age. A vigorous cri t ique arose , a t tacking 
food adul te ra t ion tha t migh t go so far as to fabricate so-called "s t rawberry 
j a m " f rom apple scraps a n d hayseeds, a n d c o n d e m n i n g the use of a host 
of new a n d p e r h a p s d a n g e r o u s preservatives. Food, in this e x t r e m e of 
agility, could equal f raud (Cummings , 1941 , p p . 9 6 - 1 0 3 ; Keuchel , 1972, 
1973; A n d e r s o n , 1958). 

Some critics, recognizing the necessity for processed foods in an in­
creasingly urban ized society, sough t to res t ra in abuses t h r o u g h the 
enac tmen t of p u r e food a n d d r u g laws. A small bu t vocal minori ty, 
however , echoed Sylvester G r a h a m ' s plea of half a cen tury earl ier to 
r e t u r n to na tu r e . 

•Graham's lectures were originally published in 1839. 
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Pr ime p r o p h e t of this doc t r ine d u r i n g the early twentieth cen tury 
was a Missouri farm boy who p r e a c h e d how to go back to n a t u r e in 
t he city (Macfadden a n d Gauvreau , 1953; Young , 1977). B e r n a r r Mac-
fadden lea rned bet ter t han h a d G r a h a m the technique of sel f -promotion. 
H e set u p a magazine called Physical Culture to p ropagand ize his ver­
sion of na ture ' s way, a n d on the streets of New York City h e exhibi ted 
his own muscled body as his most po t en t adver t i sement . His r e g i m e n , 
long on exercise, shor t on clothing, c o n d e m n e d "the baneful habi t 
of over-eat ing" (Macfadden, 1903). Like G r a h a m , Macfadden t h o u g h t ill 
of mea t a n d well of raw vegetables. T h e car ro t became for h im a sort of 
t r ademark . 

I V . T H E N E W E R N U T R I T I O N A N D I T S M A N I P U L A T I O N 

Macfadden, who h a d a t t ended g r a d e school only briefly, d rew his 
ideas about food from the vast body of p o p u l a r lore that had deve loped 
t h r o u g h the centur ies when nut r i t ional concepts were simple. H e p r o p ­
agated his gospel d u r i n g the very years that nu t r i t ion was becoming 
established as a t r ue science. " In 1900," E lmer McCollum has said, "we 
were [still] almost blind to the relat ion of food to hea l th" (McCollum, 
1957). T h e single universal a l iment h a d become a trinity, bu t as of 1900 
observat ions and research were j u s t bu i ld ing toward an awareness of the 
infinitely grea te r complexity that existed in the nexus be tween food a n d 
heal th . Char les Rosenberg (1976) has recently he lped clarify how dif­
ficult a research front ier the nut r i t ional b o r d e r l a n d s were to en t e r u p o n . 
Professional specialization had a l ready reached the point at which the 
clinical physician a n d the organic chemist d id no t know e n o u g h abou t 
what the o t h e r was doing , about what techniques the o the r was using. 
America 's initial contr ibut ions to the newer nut r i t ion , the discovery of 
vitamin A, for example , came not f rom medical m e n conce rned about 
deficiency diseases, bu t f rom organic chemists at agr icul tural exper i ­
m e n t stations conce rned about the feeding of cattle. Even after early 
successes by the organic chemists, physicians assimilated only slowly the 
concept of dietary deficiency diseases. T h e g e r m theory a t t r ibuted illness 
to the presence of u n w a n t e d invaders f rom outs ide the body, a n d re­
search concen t ra ted on t racking d o w n all such in t rude r s . T o think of 
diseases as caused by an absence in the body of elusive substances tha t 
should be the re r equ i red a cont ras t ing mind-set only gradual ly acqui red . 
Before this audience the re is no need to t race the nut r i t ional revolut ion 
to its major p la teau about 1940, by which t ime m o r e t han forty vi tamins 
and o the r nu t r i en t s had been p roved necessary for an adequa te diet in 
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man . For the nutr i t ional scientist, food had assumed the role of mul t iple 
nut r ien t . 

Wha t of the layman, be he o rd ina ry morta l , cultist, or wily en t re ­
p r e n e u r ? For h im also the nut r i t ion revolut ion u s h e r e d in the dawn of a 
new day. T o the great mythic s torehouse der iv ing from ancient al imen-
tal days, a second vast vision re la t ing food to heal th became added , 
bear ing the i m p r i m a t u r of science. T o o complex for easy grasping , the 
new doct r ine , like the o lder s impler one , could be easily twisted and 
dis tor ted. Its basic p remise readily p rovoked a larm. Even while ea t ing 
e n o u g h of what you usually ate, you might get sick. T o stay heal thy some 
mysterious ext ras might be n e e d e d . You couldn ' t see t h e m a n d you 
couldn ' t taste them, bu t wi thout t h e m you might acquire h o r r e n d o u s 
symptoms o r else jus t wi ther away. 

Gran t that G r a h a m and Macfadden believed fervently in the i r own 
food gospels, both the old lore a n d the new science offered boundless 
oppor tun i t i e s for shady commercia l exploi tat ion. Before the first World 
War , a form of d r ied cot tage cheese, p a r a d i n g u n d e r the n a m e of 
Sanatogen, was marke t ed claiming to be " T h e Re-Crea tor of Lost 
Heal th ," "a nerve and tissue food for which the brain , spinal cord a n d 
the nerves have a special predi lect ion" (American Medical Association, 
1912). D u r i n g the 1920's the word vitamin a p p e a r e d with increasing 
frequency in food advert is ing, even for chocolate bars (Young, 1967, p . 
335). Multivitamin panaceas began to receive widespread p romot ion , 
one of t h e m called Catalyn, m a d e of wheat b ran , milk sugar , and 
e p i n e p h r i n e , its label boast ing potency in all vi tamins f rom A t h r o u g h G 
and claiming to cu re h igh a n d low blood pressure , Bright 's disease, 
dropsy , a n d goiter (U.S. v. Lee, 1939). 

After Wor ld W a r II a new wave of quest ionable p romot ions got u n d e r 
way. T h e war t ime e n r i c h m e n t p r o g r a m dec reed by the Food a n d Nut r i ­
tion Board of the National Academy of Sciences had fu r the r publicized 
vitamins, e x p a n d i n g public interest . T h e Food a n d D r u g Adminis t ra­
tion, us ing new powers acqui red in the New Deal revision of its basic law, 
began a vigorous campa ign against t radi t ional forms of quackery . Some 
hard-pressed p r o m o t e r s moved in to the g r e e n e r pas tures of "nut r i t ion ." 

T o succeed most effectively, these vitamin vendor s n e e d e d to u n d e r ­
mine faith in the regu la r food supply. T h e y sought to d o this t h r o u g h 
books, pamphle t s , mai l -order catalogs, rad io a n d television broadcasts , 
lectures, door - to -door pi tches, a n d conversat ions in heal th food stores 
(Young, 1967, p p . 333-359) . An in tegra ted myth e m e r g e d of considera­
ble persuasiveness: i m p r o p e r diet caused all disease; food wasn't what it 
used to be because of worn-ou t soil; chemical fertilizers poisoned the 
land and hence the food grown on it; pesticides h e a p e d on m o r e poison; 
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food processing des t royed nut r ien ts ; you migh t not realize you were 
sick, bu t you really were , suffering f rom subclinical deficiencies (Bell, 
1958). But a way lay o p e n to coun t e r all these hazards : take w o n d e r 
mixes of ingred ien ts a n d stay ou t of " the marb le o rcha rd . " T h e s e mix­
tu res often w e d d e d the ancient lore a n d the new science. Garlic con­
t inued to possess its marvelous curat ive p roper t i es known to the Egyp­
tians. Vitamins soared beyond the value a t t r ibuted to t h e m by nut r i t ional 
scientists a n d offered laymen a magical rou te to super -hea l th a n d 
super -happiness . P romote r s were clever too at t u r n i n g an occasional 
t rue p rob lem of the regu la r food supply to thei r account : an instance of 
excessive pesticide res idue , some prob lems with a food addit ive, the 
discovery of mercu ry in fish. 

Events of the 1960's e x p a n d e d the nat ion 's receptivity to food faddism 
and char la tanism. For t hen we saw, especially a m o n g the young , an 
u p s u r g e of neoromant ic i sm, a wave of disillusion with civilization a n d its 
discontents , a skepticism of big gove rnmen t , big business, big science, 
and , indeed , of the intellectual a p p r o a c h under ly ing science, ra t ional 
t hough t . Th i s t e m p e r d rew s t reng th from the fact that big science h a d 
invented the atomic b o m b a n d env i ronmen t - t h r ea t en ing chemicals, al­
t h o u g h the m o o d h a d been coming o n for a long t ime. W h e n reason is 
dis t rusted, un rea son becomes glamorized. Romantics , d e p e n d i n g on in­
tuitions, always worry abou t the i r heal th , a n d a re ready to intuit a variety 
of u n o r t h o d o x cures . Romant ic ism, as we have seen f rom ear l ier e ras , 
leads back to na tu re—in o u r day, somet imes all the way back to a r e m o t e 
ru ra l c o m m u n e , somet imes only so far as so-called organic foods for sale 
at a heal th food store. In such a climate, billions have been m a d e by 
p r o m o t e r s p rey ing on the susceptible. 

O n a case-by-case basis, the Food a n d D r u g Adminis t ra t ion at tacked 
the largest a n d most ou t r ageous pseudonut r i t iona l p romot ions r ight 
from the start (Young, 1967, p p . 2 0 6 - 2 0 8 a n d 338-359) . Since Wor ld 
W a r II the regula tory task has p roved especially difficult, because such a 
h igh p ropo r t i on of the exaggera t ion has consisted of the spoken word . A 
p r in ted label, pr imly circumspect , acquires over tones of magic w h e n 
in te rp re ted by a spieler o r a clerk in a hea l th food store. I have a bottle of 
mult ivi tamin tablets given m e by a s tuden t to whose uncle it was sold. 
Recover ing f rom a b roken leg, the uncle had hobbled to his f ront d o o r to 
confront an i t inerant salesman who took o n e look a n d t h e n insisted tha t 
the vitamins he vended would speed the m e n d i n g of the fracture . For a 
t ime after tape recorders came on the marke t , the cour ts pe rmi t t ed the 
FDA to p resen t as evidence record ings of false a n d misleading claims 
m a d e orally by p r o m o t e r s a n d r eco rded wi thout the i r knowledge. In d u e 
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course such record ings came to be cons idered u n w a r r a n t e d invasions of 
privacy. T h u s e n o r m o u s difficulties con t inue to p lague regula tors . 

V . T H E V I T A M I N A M E N D M E N T S O F 1 9 7 6 

Indeed , the most recent chap t e r of the story seems to me to possess 
e lements of t ragedy. Powerful p o p u l a r cu r ren t s , shrewdly exploi ted by 
special interest g roups , have led to a significant weaken ing of protec t ion 
against p r o m o t e r s of nut r i t ional nonsense . T h e neo roman t i c t ide with its 
back- to-nature c u r r e n t s has been men t ioned . Suspicion of bureaucracy 
has also m o u n t e d mightily in the last few years , certainly for some 
legitimate reasons, with the impact of suspicion, however , falling on the 
heads of bo th the unjust a n d the jus t . T h e ecological movemen t , while 
sorely n e e d e d , at t imes has magnif ied individual incidents a n d p r o d u c e d 
exaggera ted a larm. In such an a t m o s p h e r e purveyors of the food myth 
have found an increasing n u m b e r of c o m m o n citizens ready to be per­
suaded that o u r o rd ina ry food supply is dangerous ly ta inted a n d that 
only magical mix tures of twent ie th cen tury vitamins a n d dawn-age bo­
tanicals can save the na t ion (National Analysts, Inc. , 1972).* T h u s food 
with agility assumes a J anus - image as poison a n d perfector . 

Striving to combat the g rowing m a r k e t which d e p e n d s on decept ions 
a n d distort ions re la t ing to food, the Food a n d D r u g Adminis t ra t ion has 
itself fallen victim to the power of the heal th food indus t ry a n d the vast 
n u m b e r of Amer ican citizens w h o have been p e r s u a d e d to swallow whole 
the nut r i t ion myth . In 1962 the FDA sought to bolster the case-by-case 
m e t h o d by revising its regula t ions , 2 decades old a n d seriously out­
m o d e d , so as to in t roduce scientific rationality into t he marke t i ng of 
vitamins, minerals , and o t h e r die tary supp lemen t s . Some 54,000 pieces 
of mail f looded the FDA oppos ing its proposals , inc luding 40,000 p r o ­
test ing postcards gene ra t ed by the major t r a d e association in the hea l th 
food industry , the National H e a t h Federa t ion (Public Hea l th and Envi­
r o n m e n t Subcommit tee , 1973, p p . 1-5). A new version of the p roposed 
regulat ions issued in 1966 was the subject of m a r a t h o n hear ings be tween 
1968 and 1970, amassing 32,000 pages of test imony. In 1973 the FDA 
publ ished final regula t ions , a n d e lements of the heal th food indus t ry 
took the FDA to cour t . In d u e course a Circuit C o u r t of Appeals re-

* According to a survey sponsored by federal agencies, three out o f four adult Americans 
were persuaded that, no matter how nutritionally adequate their diets, extra vitamins 
would provide them with increased energy. 
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qui red some modification of the regulat ions a n d ru led tha t one issue be 
given renewed hear ings , held this year (National Nutr i t ional Foods As­
sociation v. Food and D r u g Adminis t ra t ion , 1974; Davidson, 1976). But 
in the main the cour t s u p p o r t e d both the FDA's author i ty a n d its ap ­
proach to regula t ing special dietary supp lement s . I n d e e d , the C o u r t 
asserted tha t some of the most effective evidence showing the need for 
new regulat ions came from the 50,000 letters the FDA had received 
protes t ing the regulat ions . 

T h e battle, however , h a d shifted to a n o t h e r front. No d o u b t anticipat­
ing that the cour ts might let the FDA set s t anda rds which, if no t met , 
automatically b r o u g h t p roduc t s in to violation of the law, the heal th 
food indust ry t u r n e d its a t tent ion to the Congress . A new law was 
needed , the indus t ry asserted, because bureauc ra t s i n t ended to t r amp le 
the consumer ' s f reedom of choice, depr iv ing h im of the r ight to buy 
vitamins wi thout a prescr ipt ion f rom a doctor (Public Hea l th a n d Envi­
r o n m e n t Subcommit tee , 1973, p p . 5-7) . Such charges were u n t r u e , ex­
cept for potentially toxic levels of vitamins A a n d D. U n d e r the new 
regulat ions, consumers would retain f reedom to buy individual vitamins 
o the r than A a n d D a n d to purchase o the r single food supp lement s at 
any level of s t rength (Public Hea l th and E n v i r o n m e n t Subcommit tee , 
1973, p p . 11-18; Anonymous , 1974). For mul t i - ingredient p roduc t s , to 
be sure , s t andards of identity would provide for m o r e rat ional combina­
tions than those on the marke t , the yardstick of rationality der ived from 
the R e c o m m e n d e d Daily Allowances as d e t e r m i n e d by the Food and 
Nutr i t ion Board of the Nat ional Academy of Sciences. T h e regula t ions 
also would decree m o r e informative labeling to he lp consumers buy 
m o r e wisely. 

Why did the Congress r e spond so favorably to the heal th food indus­
try's attack u p o n the FDA? For o n e thing, Congres smen were bur i ed 
u n d e r an avalance of mail. T h e indus t ry gene ra t ed over two million 
let ters—the issue was said to have s p u r r e d m o r e mail t han Wate rga t e— 
protes t ing the FDA regulat ions a n d d e m a n d i n g a law to stay the agency's 
h a n d (Kline and Davis, 1975; A n o n y m o u s , 1973). Moreover , we may 
assume, like some of the i r const i tuents , key m e m b e r s of the Congress 
had been beguiled in to pu t t ing personal trust in facets of the nut r i t ion 
myth. Also, skepticism of bureaucra t ic agencies was rising in the legisla­
tive b ranch . So d u r i n g 1973 various bills were in t roduced , one of t h e m 
co-sponsored by over 150 m e m b e r s of the H o u s e of Representat ives 
(Congressional Record, 1973; Young , 1974). T h e bill would no t only 
negate the FDA's p roposed regulat ions , bu t would also curtail seriously 
the agency's legislative author i ty to regula te food supp lements , given it 
by the Congress in the law of 1938. O n e such bill received Senate ap -
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proval d u r i n g the 93 rd Congress (Congressional Record , 1974). T h e size 
of the vote indicated the way the wind was blowing: the bill passed 81 to 
10. 

In the 94 th Congress , a somewhat revised Senate version of the 
vitamin bill was a t tached as a r ide r to a "mus t" bill which had almost no 
opposi t ion, the National H e a r t a n d L u n g Act. T h e H o u s e hea r t and 
l ung bill passed wi thout the vitamin r ider , bu t the conference commit tee 
accepted it, as d id , in Apri l 1976, bo th Houses of the Congress . T h e 
Pres ident quickly signed the m e a s u r e into law (U.S. Senate , 1975; Con­
gressional Record, 1975, 1976).* 

T h e Congress can not be said to have given the issue the considerat ion 
it deserved. T h e devious pa r l i amenta ry strategy indicates this. More­
over, the 94 th Congress d id no t even hold public hear ings on the bill, 
despi te opposi t ion to the food s u p p l e m e n t m e a s u r e f rom such a wide 
spec t rum of g roups as the Amer ican Society of Clinical Nutr i t ion , the 
Commi t t ee on Nutr i t ion of the Amer ican Academy of Pediatrics, the 
Amer ican Association of Ret i red Persons , C o n s u m e r s Union , a n d Ralph 
Nader ' s associates (Public Hea l th a n d E n v i r o n m e n t Subcommit tee 1973, 
p p . 5 2 - 5 6 ; Hea l th Subcommit tee , 1974; Holliday, 1975; Bu t t e rwor th , 
1975). A t r ade newslet ter d e e m e d the course of events "one of the 'legis­
lative miracles ' in a lifetime" (F-D-C Reports, 1975). 

T h e 1976 a m e n d m e n t s to the 1938 act r ep resen t the first retrogressive 
step in federal legislation respect ing self- t reatment wares since the initial 
Pure Food a n d Drugs Act became law in 1906. T h e a m e n d m e n t s will 
p reven t the Food and D r u g Adminis t ra t ion f rom: "Limit ing the potency 
of vitamins a n d minerals in die tary supp lemen t s to nutr i t ional ly useful 
levels; classifying a vitamin o r minera l p r epa ra t i on as a " d r u g " because it 
exceeds a nutri t ionally rat ional o r useful potency; r equ i r ing the pres­
ence in dietary supp lemen t s of nutr i t ional ly essential vitamins a n d min­
erals; [and] prohib i t ing the inclusion in die tary supp lemen t s of useless 
ingredients with no nutr i t ional value" (Food a n d D r u g Adminis t ra t ion , 
1976; Hopk ins , 1976). 

D u r i n g the course of this legislative adven tu re , Food a n d D r u g Com­
missioner A lexande r M. Schmidt spoke of the then p e n d i n g bill as "a 
char la tan 's d r e a m " (Food a n d D r u g Adminis t ra t ion , 1976). 

T h e biochemical in terre la t ions in the h u m a n body of what we t e rm 
foods a n d what we d e e m d rugs , the t h e m e of o u r symposium, consti tutes 
o n e front of the ongoing , complex , careful, scientific inquiry r e g a r d i n g 
nut r i t ion . T h a t inquiry, it has been the b u r d e n of my r emarks to illus­
t ra te , takes place in a b igger real world, one in which food has been and 

*The enacted bill became Public Law 94-278 . 
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will be a kaleidoscopic concept , the facets of which possess great power to 
spu r the actions of men , often in bizarre ways i nha rmon ious with the 
tenets prevail ing in a nut r i t ion laboratory. 
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I . I N T R O D U C T I O N 

Feed ing is so crucial to the survival of the species tha t we should no t be 
surpr ised at the mul t i tude of regula tory tactics involved in the control of 
appet i te . Feed ing behavior certainly reflects a multiplicity of inputs a n d 
the control of appet i te is u n d o u b t e d l y regula ted by a succession of oral , 
gastric, intestinal, pa ren te ra l , a n d ult imately centra l processes. 
Per iphera l (outside the brain) factors inf luence feeding a n d include 
taste, smell, s tomach dis tent ion, osmorecep t ion , gastrointest inal a n d 

2 1 
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hepat ic chemorecep t ion , metaboli tes, ions, h o r m o n e s , a n d t e m p e r a t u r e . 
Metabolic processes influence, coord ina te , a n d in tegra te pe r iphe ra l fac­
tors with neu ra l e lements a n d the animal starts, cont inues , o r stops eat­
ing. Regulat ion of food in take is believed to encompass bo th a shor t - te rm 
a n d a long- term c o m p o n e n t . T h e f o r m e r consists of "factors" which 
influence a n d modify individual meals, i.e., shor t - t e rm satiety, a n d the 
latter includes "factors" which reflect the state of body nu t r i en t stores a n d 
a r e concerned with the long- te rm regula t ion of feeding. N o r m a l feeding 
behavior is intimately l inked to energy balance, a n d animals main ta in a n 
opt imal level of body weight t h r o u g h a p p r o p r i a t e al terat ions in caloric 
intake. Hype rphag ic obesity a n d anorex ia nervosa r ep re sen t the two 
major types of feeding d isorders , involving significant overea t ing a n d 
u n d e r e a t i n g in relat ion to energy r equ i r emen t s , respectively. Anorect ic 
agents decrease food in take a n d a re employed in the t r ea tmen t of hyper ­
phagic obesity; orectic agents s t imulate appet i te a n d a re frequently used 
in a therapeut ic r eg imen for anorexia nervosa. T h e majority of d r u g s tha t 
have been demons t r a t ed to influence food intake apparen t ly act centrally 
by inf luencing various c o m p o n e n t s involved in t he neura l regula t ion of 
appet i te . However , o the r agents might r e d u c e appet i te by act ing p re ­
dominant ly at pe r iphe ra l sites believed to be involved in feeding control . 

T h e following review presents c u r r e n t concepts of the neura l a n d 
pe r iphera l c o m p o n e n t s of appet i te regula t ion as well as metabolic ele­
men t s which might in tegra te and influence these areas. Disorders of 
appet i te regula t ion will be discussed, and anorect ic a n d orectic d r u g s 
affecting appet i te will be descr ibed with emphas is o n thei r mechanism(s) 
and site(s) of action. 

I I . R E G U L A T I O N O F F O O D I N T A K E 

A. Neural Regulation of Food Intake 

T h e vast majority of investigations on the regula t ion of food intake 
have cen te red a r o u n d two major syndromes of abno rma l feeding: ven­
t romedia l hypothalamic h y p e r p h a g i a (Brobeck et al, 1943) a n d lateral 
hypothalamic aphag ia (Anand a n d Brobeck, 1951). F r o m these studies 
the concept of a bilateral "satiety cen te r" localized in the ven t romedia l 
hypo tha lamus , a n d a bilateral " feeding cen te r" located in the lateral 
hypo tha lamus e m e r g e d (Stellar, 1954). Th is mode l p roposed that the 
motivation to eat was p ropor t iona l to the activity of the "feeding cen te r" 
in the lateral hypo tha lamus , a n d tha t the "satiety cen te r" in the ven­
t romedia l hypo tha lamus inf luenced feeding by exer t ing inhibitory ef-
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fects on the "feeding center" . T h e s e centers a re believed to collect neura l 
and chemical informat ion r e g a r d i n g the nut r i t ional state of the animal , 
and to receive i npu t f rom pe r iphe ra l sources as well as o t h e r regions of 
the bra in (Grossman, 1975). 

T h e involvement of neu ro t r ansmi t t e r s in these two abno rma l syn­
d romes , a n d in no rma l appet i te regula t ion in general , has e m e r g e d from 
the deve lopmen t of several i m p o r t a n t techniques : (1) application of 
neu ro t r ansmi t t e r s directly into specific sites in the brain, thus e x t e n d i n g 
the classical work of Grossman (1960, 1962a,b); (2) anatomic visualiza­
tion a n d identification of m o n o a m i n e systems in the bra in (Anden et al., 
1966); a n d (3) selective des t ruct ion of ca techolamine systems in the brain 
(Ungers ted t , 1971). T h r o u g h the applications of these techniques , spe-

Norepinephrin e 
Dopamin e 
Serotoni n 

J$ Latera l hypothalamu s 

^  Ventromedia l hypothalamu s 

Fig. 1 . Diagrammatic representation o f the brain, illustrating biogenic amine pathways 
of three major neurotransmitters (norepinephrine, dopamine , serotonin) and two impor­
tant anatomical locations (lateral hypothalamus and ventromedial hypothalamus) involved 
in appetite regulation. 



24 A n n C. Sul l ivan and Lorraine C h e n g 

cific t ransmi t te r systems in the bra in a re believed to be critical links in the 
t ransmission of various types of informat ion to the a fo rement ioned ap ­
peti te centers , a n d a m o r e in tegra ted view of the neu ra l regula t ion of 
food intake has e m e r g e d . T h e anatomical location of the i m p o r t a n t 
bra in centers involved in appet i te regula t ion (ventromedial a n d lateral 
hypotha lamic areas) a n d the neu ro t r ansmi t t e r ne rve fiber systems 
(no rep inephr ine , d o p a m i n e , a n d serotonin) a re i l lustrated in Fig. 1. T h e 
following discussion will descr ibe these bra in centers a n d the n e u r o ­
t ransmit te rs believed to be involved in appe t i t e control . Several excellent 
reviews (Epstein, 1971; Hoebel , 1971; Rabin, 1972; Baile, 1974; 
Panksepp , 1974; Grossman, 1975; Te i t e lbaum a n d Wolgin, 1975) 
should be consul ted for fu r the r details. 

1. Brain Sites 

a. Ventromedial Hypothalamus. As first r e p o r t e d by 
H e t h e r i n g t o n a n d Ranson (1940), small bilateral lesions in the ven­
t romedia l hypo tha lamus of rats p r o d u c e d overea t ing which led to obe­
sity. T h e m a r k e d increase in body weight p r o d u c e d by ven t romedia l 
hypothalamic lesions is i l lustrated in Fig. 2. Several wel l -documented 
cases of pat ients with hypotha lamic t u m o r s in this same area, who de ­
veloped hype rphag ia a n d obesity were r e p o r t e d (Reeves a n d Plum, 
1969; H e l d e n b e r g ^ ai, 1972). T h e ven t romedia l hypo tha l amus is con­
s idered an inhibitory "satiety cen te r" since st imulat ion of this site re ­
sulted in cessation of feeding, while its des t ruc t ion p r o d u c e d overea t ing 
(Table I) . H y p e r p h a g i a ceased when the lateral hypo tha l amus was sub­
sequently des t royed bilaterally, suggest ing tha t the ven t romedia l 
hypothalamic region inhibi ted activity in the lateral hypo tha l amus 
(Anand a n d Brobeck, 1951). 

Many investigators have analyzed the behavioral and biochemical re­
sults of vent romedia l hypotha lamic lesions in animals , partly because 
remarkab le similarities existed be tween the behavior of obese h u m a n s 
a n d the behavior of animals that became obese after lesions of the ven­
t romedia l hypo tha l amus (Nisbett, 1968, 1972a; Schacter, 1971). Rats 
with ven t romedia l lesions eventually r eached a "static" phase a n d no 
longer continually increased the i r food in take; body weight was main­
ta ined at a h igh bu t stable value. W h e n starved back to no rma l body 
weight, however , rats r e t u r n e d to a "dynamic state" (similar to tha t ob­
served after lesioning) a n d became hyperphag ic (Brobeck, 1946). If 
p r io r to lesioning, an an imal was m a d e obese e i ther by insulin adminis­
t ra t ion o r force-feeding, the subsequent des t ruc t ion of the ven t romedia l 
hypo tha l amus caused little overea t ing and weight gain (Hoebel a n d 
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Fig. 2 . Comparison of the effect o f (—)-hydroxycitrate on cumulative body weight gain 
in ventromedial hypothalamic-lesioned and nonles ioned rats. T h e ventromedial hypothala­
mic region of 10 rats was destroyed bilaterally by electrocauterization with radiofrequency 
current. T e n lesioned rats and 15 nonles ioned rats were fed ad libitum a 70% glucose diet 
for 4 2 days, and on day 4 3 one-half o f each group was given (—)-hydroxycitrate, tri-
sodium salt (52.6 mmoles/kg diet) as a dietary admixture for 33 days. Vertical bar indicates 
the SE o f the mean. (Sullivan and Triscari, 1977). 

T A B L E I 
Food Intake Fo l lowing Experimental M a n i p u l a t i o n 0 

Surgical or Electrical or 
Brain region chemical lesion chemical stimulation 

Ventromedial hypothalamus τ 1 
Lateral hypothalamus ι τ 

a Adapted from Epstein (1960). 


