
RECENT AND ONGOING RESEARCH ON MENTAL RETARDATION 

E. J. Engberg, M. D. 

Superintendent, Faribault State School & Hospital 

Faribault, Minnesota 

For those of you who are interested in the subject, I should like to refer 

you to an ar t ic le appearing in the May, 1959» issue of the American Journal of Mental 

Deficiency which contains an ar t ic le t i t l ed , "A Survey of Research in Inst i tut ions 

for the Mentally Retarded". This was made by Harvey A. Stevens, now Superintendent 

of Central Wisconsin Colony and Training School, Madison, Wisconsin, while Superinten­

dent of the Edward R. Johnstone Training and Research Center, Bordentown, New Jersey, 

and two associates . Questionnaires had been sent to superintendents of 90 state 

owned and superintendents of 5 privately owned ins t i tu t ions for mental defectives 

having a resident population of 300 or more. Returns were received from 42 state 

and 5 privately owned ins t i tu t ions and represent 49.5% of ins t i tu t ional sample that 

received questionnaires and 100% of the privately owned. 

The mental classif icat ion of the combined resident population of these 

inst i tut ions which had a total population of 73,756 included 5.9% borderline (I.Q. 76 

plus); 22.3% mildly retarded (I.Q. 50-75); 44% moderately retarded (I.Q. 25-49); 

and 27.8% severely retarded (I.Q. 24 minus). Mr. Stevens found that "it would be 

difficult to classify more than some nine ins t i tu t ions or 19% of our sample as 

possessing this type of research program,(a coordinated long-range effort of personnel 

who devote at least 50% of their time to the systematic collection, analysis and 

reporting of data)" . The reasons given for the absence of research by those ins t i tu ­

tions who comprise the "no research" category, most frequently mentioned (80%) is 

the fact that "the professional staff is too occupied performing service functions 

to have time for research". Tied for second and third place mention respectively 

"are a lack of funds" and the "inability to recruit trained research personnel" (60$). 

He observed that it was encouraging to note that a "lack of interest at the ins t i tu-
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tional level" is never checked as a factor contributing to the absence of research. 

One of the most striking findings of his survey was the clear cut awareness of the 

importance of research that exists in the ins t i tu t ions for the retarded. Moreover, the 

215 studies reported by the par t ic ipat ing ins t i tu t ions indicates that th is awareness 

is more than academic. 

He found that approximately 83% of al l research reported is in the fields 

of medicine and psychology, medicine contributing 46% and psychology 37%. The 

remaining 17% fal ls into the category of education (10%), sociology (5%). and 

administration (2%). A more specific delineation of areas within research categories 

indicates a re la t ively heavy concentration of medical research in the sub-areas of 

(a) bio-chemistry (36%), (b) medical surveys (31%), (c) psychopharmacology ( t ranqui l izers) 

(15$). A similiar breakdown within the psychological classif icat ion reveals concentra­

tions in the following areas: (a) Personality-adjustment (28%), (b) Human learning (18$), 

(c) Perception (15$)» (d) Tests and measurements (12$). 

In view of the rather substantial research contributions being made by the 

ins t i tu t ions par t ic ipat ing in th is survey, it was eye-opening, indeed, to learn that 

approximately 80$ of these ins t i tu t ions received no monies allocated for research from 

their ins t i tu t iona l budgets for the fiscal years 1956-57 and 1957-58. In fiscal 1956-57. 

a total of $167,808 was allocated for research from the ins t i tu t iona l budgets of all 

par t ic ipants . This figure represents approximately one-fifth of 1 per cent of the 

total budgets of these i n s t i t u t i ons . In other words, in fiscal 1956-57 less than 

one-fifth of a penny from each ins t i tu t iona l dollar was ear-marked for research. In 

fiscal 1957-58, this figure is even lower ($110,195), approximately one-eighth of a penny 

from each ins t i tu t iona l dollar going for research. 

Mr. Stevens found that approximately two and one-half times as much money 

as was allocated from ins t i tu t iona l budgets for research in fiscal 1956-57 was obtained 

from non-inst i tut ional sources ($385,284). These monies were obtained by fifteen of 

the ins t i tu t ions par t ic ipat ing in the study. 

For fiscal 1957-58, $515,465 was obtained by thir teen ins t i tu t ions from non-



-3-

ins t i tu t iona l sources. This figure represents approximately five times the to ta l 

amount of a l l i n s t i t u t i o n a l a l locat ions for research for t h i s same period. If it is 

permissible to talk of a trend based on research al locations for only two consecutive 

years , it would seem that non-inst i tut ional support for research is increasing, whereas 

i n s t i t u t i o n a l support is decreasing. Although the t o t a l of i n s t i t u t i o n a l funds 

allocated for research in 1957-58 is only some $50,000 less than in f iscal 1956-57, 

total budgets have almost uniformly increased for this period so that the percentage of 

monies set aside for research has decreased more sharply than this $50,000 figure might 

indicate . 

If to ta l research funds are compared, these data indicate an overall 13 per 

cent r ise in funds available for research in fiscal 1957-58 ($625,660) as compared with 

fiscal 1956-57 ($553,092). That this increase is probably insufficient is mirrored 

by the fact that approximately 55 p e r c e n t of those ins t i tu t ions doing research indicate 

that their single most salient problem derives from the continuing need to obtain funds 

to subsidize their research programs. 

It seems clear that strong research interes ts exist in the ins t i tu t ions for 

the retarded. It also seems fair to conclude that at present this disposition toward 

research has far outstripped the a v a i l a b i l i t y of funds. Non-insti tutional financial 

support for research appears to be increasing, whereas ins t i tu t iona l support seems to 

be decreasing. 

More than 500 persons from 28 s ta tes , Canada and South America attended a 

t h r e e - d a y conference on "Approaches to Research in Mental Be t a r d a t i o n " h e l d M a y 1-3 

in Philadelphia. I had the good fortune of attending the f i r s t session which occurred on 

the evening of the last day of the annual meeting of the American Psychiatric Association. 

Twenty major research centers were represented in the roster of par t ic ipants 

for the conference which was co-sponsored by the Technical Planning Project of the 

A A M D and the Woods Schools for Exceptional Children, Langhorne, Pennsylvania. 

Dr. Nicholas Hobbs, Chairman, Division of Human Development and Guidance, 

George Peabody College, Nashville, in his address to the f i r s t session of the 
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conference said, "I think we can well be sanguine today about the prospects of achieving 

greater control of mental re tardat ion through greater understanding of the processes 

pert inent to it from the biological to the sociological level ." 

However, he warned tha t , "Research in mental re tardat ion has been hobbled 

by the tendency to conceptualize the problem in uni tary terms. Hew conceptual 

d i f ferent ia t ions should not only make research on mental re tardat ion more a t t r a c t i v e 

to new talent by making it more p laus ib le , but a l so make clear the po ten t ia l significance 

of mental re tardat ion for many kinds of research in which i t s relevance is seldom 

recognized." 

At the same time, Dr. Hobbs urged a continuing "Frontal assault" on the 

problem by sc i en t i s t s working on some specific problem in the f ield of mental re ta rda­

t ion . 

In looking toward the future, Dr. Hobbs said, "Research programming in the 

f ie ld of mental re tardat ion should be guided by concerns for the cumulative effects 

ant icipated as a resu l t of any par t icular research investment." 

In describing the peculiar administrative aspects of research, he advised, 

"The administration of research requires a different set of guiding pr inciples from 

those that have proven effective in other management s i t ua t ions . In fac t , few things 

can inhibi t research more d r a s t i c a l l y than ' e f f ic ient administrat ion' in the customary 

sense." 

Dr. Thomas Gladwin of the National Ins t i tu te of Mental Health, reported, 

"Intelligence t e s t s , which are essen t ia l ly limited to measuring school a b i l i t y , cannot 

sa t i s fac to r i ly predict how an individual wi l l fare once he leaves school." 

Speaking on a panel program, Dr. Gladwin pointed out, "Many adults considered 

def in i te ly retarded when they were in school 10 or 20 years ago are now leading p re t t y 

normal and useful l ives . " 

Dr. Richard I. Masland, National Ins t i tu te of Neurological Diseases and 

Blindness, speaking on the same panel , said that in mental subnormality we are not 

dealing with a disease but with a symptom which may be the resu l t of any one of a number 

of d i seases . He urged the importance of keeping deta i led prenatal and obstetr ical record 



- 5 -

Complications in pregnancy and prematurity can come from lack of prote in 

in the mother's d i e t , Dr. Benjamin Pasamanick, Ohio State University, stated in his 

discussion of organic factors involved in re tarda t ion . Research teams, investigating 

dietary inadequacies, could make invaluable contributions to current information in 

th is f ie ld , he said. 

Dr. Theodore Greiner, Baylor University Medical School, Texas, predicted: 

"Swarms of new drugs, in the years just ahead, wil l be advocated for p a t i e n t s . The 

administration of these drugs changes the doctor ' s psychological tone as surely as it 

does the pat ient ' s—and both of these factors must be considered." 

"We Americans believe there is something wrong with research which doesn't 

produce a cure," said Dr. Margaret Mead in her address to the conference. Dr. Mead is 

the associate curator of Ethnology, American Museum of Natural History, Hew York. 

She charged that research in the f ie ld of mental re tardat ion is exceedingly 

threatening to our present structure of educational research and medical diagnosis, 

adding, "Perhaps the greates t contribution which research in th i s f ie ld can make, is 

to cause us to question and question again the narrowness of our school system, the 

meagerness of our conception of education, the provincialism and inadequacy of our 

intel l igence t e s t s , the r e s t r i c t e d character of our conception of humanity, the poverty 

of our ideas about individual differences, and our unwillingness to invest igate any­

thing unless we can somehow change i t . " 
i 

Proceedings of the conference as well as the papers presented will be 

published in September as a special issue of the American Journal of Mental Deficiency. 

Reports show that $330,000,000 was spent for medical research alone in 

the United States in the year 1957. This came from the following sources: philanthropy, 

16$; endowment, 6$; government, 57$; industry, 21%. It was ut i l ized in university 

and medical school laborator ies , 50$; government laborator ies , 23%; and in industrial 

laborator ies , 27$. A conservative estimate of national medical research expenditures 

is that they will reach $900 million to $1 bi l l ion per year by 1970. The paramount 

problem not only in medical research but in every field of research ac t iv i t i e s is 
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the c r i t i c a l shortage of s c i e n t i f i c personnel . There a re more people engaged in medical 

research today than ever be fo re , but the competition for qualif ied personnel in t h i s 

area constantly i n c r e a s e s . I t i s estimated tha t an addi t ional 6,000 M . D . ' s and/or 

Ph .D. ' s w i l l be needed by 1970 if the na t i on ' s medical research program approximates 

the 1970 e s t i m a t e s . 

The c r i t i c a l s i t ua t i on tha t e x i s t s for avai lable qualified research workers 

is indicated by the Statement of Pr inc ip le of the Pharmaceutical Manufacturers 

Association commended by the Board of Trustees of the American Medical Association as 

reported in the August 1 0 , 1959 issue of the AMA News from which the following 

quotations a re made: 

"PMA said t h a t in the a l loca t ion of federal funds fo r medical r e sea rch , 

these p r inc ip le s should be followed: 

The t ra in ing of addi t iona l teachers and research personnel should have 

highest p r i o r i t y since fur ther progress in medicine d i r e c t l y depends upon the supply 

of highly qual if ied s c i e n t i s t s . 

Government funds should be pr inc ipal ly a l located to bas ic research ob jec t ives , 

to expand fundamental knowledge in a l l medical f i e l d s , r a the r than to applied research 

and development. 

Except in unusual circumstances, government funds should be al located to 

non-profit i n s t i t u t i o n s , such as medical schools , hosp i t a l s and research i n s t i t u t i o n s , 

ra ther than to p r iva te i ndus t ry . Pr ivate industry should be subsidized in cases where 

no non-profit organization can do the j o b . 

PMA pointed out t h a t government subsidies for i ndus t r i a l research would 

accentuate the manpower problem facing medical research ." 

The publ ic must r e a l i z e tha t those engaged in medical research a r e highly 

trained personnel who have spent long periods in becoming prepared and requi re 

adequate physical f a c i l i t i e s where research i s to be done , 

The New York Times of Apri l 8, 1959, pr inted the d e t a i l s of a news conference 

with Secretary, Arthur S. Fleming, of t h e Department of Hea l th , Education and Welfare, 
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on the subject of a new study to determine cerebral palsy and mental retardat ion in 

children. Mr. Fleming stated that no such study has ever been made in the field of 

neurological i l lness and that the Public Health Service is undertaking a five year 

study of 40,000 pregnant women in an effort to find the cause of cerebral palsy, 

mental retardation and other b i r t h injur ies . 

Mr. Fleming estimated that 1,000 mothers would be studied the f i r s t and more 
in 

than 8,000/each of the next four. 

A study design has been developed so that a l l data on bi r th will be collected 

and recorded by the Public Health Service in cooperation with sixteen hospi ta l s . 

In each cooperating hospi ta l , Mr. Fleming said, data will be collected by 

g e n e t i c i s t s , epidemiologists, psychia t r i s t s , psychologists, sociologists , obs te t r ic ians , 

physiologists , pediat r ic ians and neurologists . The study is being confined to hospi tals 

having strong staffs of such s p e c i a l i s t s . 

The cooperating hospi tals a re : Boston Lying-in and Children's Medical Center; 

Brown University, Providence; Charity, New Orleans; Philadelphia and Children 's ; Children 

San Francisco; Columbia Presbyterian Medical Center and New York Medical College; John 

Hopkins, Baltimore; Medical Center of Virginia, Richmond; University of Minnesota, 

Minneapolis; U n i v e r s i t y of Oregon, P o r t l a n d ; Yale U n i v e r s i t y School of Medicine, N e w 

Haven; University of Buffalo; and University of Tennessee, Memphis. 

You will be interested to learn that at present there are two special 

projects in progress here—the one is a true research project which I shall mention 

l a t e r , the other is par t ic ipa t ion in a Minnesota Cerebral Palsy Study which is being 

conducted by Helen M. Wallace, M.D., Professor of Maternal and Child Health, School 

of Public Health of the University of Minnesota. The co-sponsors are the University 

of Minnesota School of Public Health, United Cerebral Palsy of Minnesota, Minnesota 

State Department of Health, Minnesota State Department of Education and Minnesota State 

Department of Public Welfare. This study is described by Dr. Wallace as one "of the 

needs of people with cerebral palsy in the State of Minnesota. This project has been 

approved by the Minnesota State Medical Society. The purpose of this study is to 



- 8 -

determine the services which pat ients with cerebral palsy are already receiving, 

and the necessary s e r v i c e s not n o w provided." We are preparing the information 

requested in regard to over 400 of our cerebral palsy pa t ien ts who are mentally 

retarded. Dr. Thorsten Smith, our Director of Medical Services, is in charge of 

the staff completing these questionnaires each of which requires an average of over 

two hours of time, 

The special research project in which we are engaged is one being conducted 

under the immediate supervision of our Pediatr ician and Director of Laboratories, 

Dr. Heinz Bruhl, He is assis ted by our consultant in internal medicine, Dr. J. 

Arneson, and by Mr. Martin Bruhl, chemical consultant. The biochemical procedures 

necessary in t h i s research were established by Martin Bruhl in cooperation with the 

University of Minnesota and are carried on by a full-time laboratory technician, 

When th i s program was f i r s t planned he agreed to discuss th i s project 

with you today. However, he is on vacation in Europe but submitted a wri t ten report 

which I s h a l l read, following which there m a y be a d i s c u s s i o n of research going on 

in the field of mental re ta rda t ion . His report is as follows: 

"In our to ta l population of about 3,300 pa t i en t s , we have identified 32 

cases of a specific type of mental deficiency which usually is severe and diagnosed 

as 'phenylpyruvic oligophrenia' (Phenylketonuria, P.K.U.). 

T h e d i a g n o s i s is m a d e by a simple chemical t e s t of the u r i n e , which we 

have done rout inely since 1945: 5% Ferric Chloride in acidified urine produces a blue 

green color, A recent ly developed diaper t e s t and papers t r ip test (Phenistix) make 

it possible to perform urine t e s t s even on uncooperative pa t i en t s . In a recent survey 

of our ent i re population we used the Phenistix method to our full sat isfact ion and 

found 11 addit ional cases (9 def ini te , 2 doubtful ones) which are not included in 

th is survey. 

Physical Charac ter i s t ics : 

Many of these pa t ien ts are l ight blond, have blue eyes and a fair skin, 

and are mostly of Scandinavian or G e r m a n stock. 11 of our p a t i e n t s are moderately 
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retarded (trainable level ) , 21 are severely retarded (custodial leve l ) . 21 have 

signs of cerebral palsy of varying degree, 9 are subject to convulsive seizures. 

16 have a tendency to eczema, dermatitis and furunculosis. 7 of our pat ients are 

under 10 years of age, 10 are teen-agers, the other pat ients are 20 years and older, 

3 of them between 50 and 60, and 2 even above 60. Both sexes are equally dis t r ibuted 

in the group. 

Metabolic Error: 

This mental condition is connected with a metabolic error. Due to the lack 

of a certain l iver enzyme, 'phenylalanine-hydroxylase', these patients are unable to 

oxidize phenylalanine, an amino-acid which is normally present in our daily food and 

essential for the formation of tissue protein. This amino-acid accumulates in brain 

and t issues , and r ises to abnormally high levels in the blood of these pa t ients . It 

is excreted in the urine as phenylpyruvic acid. It is the presence of this metabolite 

which has given the name to this type of mental deficiency. 

Recent studies (1953—59) in England, Germany and U.S.A. have shown that a 

phenylalanine-free or r e s t r i c t ed diet will correct the metabolic error in these pat ients 

and reduce the high phenylalanine levels in their blood. When diagnosed early and 

placed on such a special diet within the f i rs t 2 years of l i fe , most of these children 

have improved in their behavior and intelligence and show more or less normal develop­

ment. Dr. H. Berendes and Dr. John Anderson, University of Minnesota, have a group 

of 7 pat ients who were diagnosed as phenylpyruvics during the first 2 or 3 months of 

life and who were then placed on the res t r i c t ed diet. Thus far these children are 

developing normally, physically and mentally, instead of becoming mentally retarded. 

As the studies at the University are carried on with young children and 

ours with older pat ients , they complement each other. 

Research Grant: 

In April, 1957, we received the f i rs t State Research Grant for establishing 

our biochemical laboratory through Dr. Dale Cameron, Director of Medical Services, 

Department of Public Welfare. Since then we have received for the years 1957/58, 



-10-

1958/59 and 1959/60 ending June 30, 1960, additional State funds to carry on our 

research. In to ta l we received $38,492.00. 

Additional research funds of $2,600.00 were received from the Minneapolis 

and the Minnesota Associations for Retarded Children. The phenylalanine-free diet 

for the f i r s t year (1957/58) was furnished to us gra t i s from Mead, Johnson & Co., 

through Dr. James Tuholski, their Associate Director of Clinical Research. This 

product would have cost $2,400.00, had it been necessary for us to purchase i t . 

Diet S tud i e s ; 

The phenylalanine-free food used in our diet studies is an a r t i f i c i a l food 

product prepared form milk casein in which the phenylalanine has been eliminated 

and replaced by other amino-acids. A special food product of th is type which we are 

using, was developed by Mead, Johnson & Co., and is on the market under the name of 

Lofenalac. 

Presently we have 7 pat ients of this type on the phenylalanine-free diet -

ages 7, 7½, 10, 12, 19, 38, and 46 years . These are matched with untreated numbers 

of phenylpyruvic pat ients as controls . Both groups of pat ients are followed closely 

and at regular intervals in regard to their metabolism, biochemistry, c l inical signs, 

general behavior, intel l igence level and electroencephalograms. Until now, 2 pat ients 

have been on the diet for 1½ years , 2 for 17 months, 1 for 9 months, 1 for 6½- months 

and 1 for 3 months. Our youngest patient (M.Mc.) under study was admitted to the 

ins t i tu t ion in January of 1958 from the waiting l i s t so he could be included in this 

research. His 10-year-old s is ter and 2-year-old brother have the same metabolic error 

a very unusual occurrence. The sis ter is moderately retarded, but the 2-year-old 

brother in Dr. Berendes' research group at the University of Minnesota has been on 

the special diet since he was 6 months old and at present is developing normally. 

Research Goals of the Diet Studies: 

We are trying to solve the following questions: 

1. Is the d i e t effective also in older patients? 

2. H o w long has t h i s d i e t to be given to become e f f e c t i v e ? 
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3. Which of the biochemical, c l i n i c a l , psychological and EEG changes 

a r e revers ib le? 

4. Is mental deficiency due to a permanent b ra in damage sustained in 

the formative stages of ear ly infancy, or i s i t due to the toxic 

ac t ion of phenylalanine and re la ted metaboli tes which prevent the 

b ra in from functioning normally? 

Resul ts of the Diet S tud ies ; 

I t is too ea r ly to draw def in i te conclusions from our s t u d i e s , but some 

preliminary r e s u l t s might be s t a t e d : 

A l l our 7 p a t i e n t s , i r respect ive of a g e , have reacted favorably to the d i e t 

in t he i r metabolism and biochemical d a t a . Within 6 to 8 days of the d i e t the high 

phenylalanine l e v e l (30-50 mg %) becomes normal (2-4 mg % ) , the phenylpyruvic ac id 

disappears from the u r i n e . The ur ine remains negative if the phenylalanine in the 

d i e t is not increased above 10-12 mg. per E g . body weight , and per day. 

Muscular s p a s t i c i t y , p r e s e n t in 2 p a t i e n t s , ( G . W . a n d C . E . ) , has disappeared. 

A severe eczema in a p a t i e n t (C.E.) has en t i re ly disappeared. It once f lared up during 

a period of increased phenylalanine i n t a k e , but disappeared again on lowering the 

phenylalanine i n t a k e . 

She electroencephalograms of the 7 p a t i e n t s on the d i e t , showing various 

pathological p a t t e r n s , were checked in 3 month in t e rva l s but so f a r only 2 (G-.W. 

and M.M.) have changed under the d i e t . 

The synthet ic d i e t 'Lofenalac ' is eas i ly prepared and generally well taken by 

the p a t i e n t s . A 10 year old spas t ic bed pa t ien t (Or . Wa) created per iodical feeding 

d i f f i c u l t i e s on the d i e t but these were overcome. A 19 year old boy (G.Wi.) of very 

low i n t e l l i g e n c e , a f t e r being on the d i e t fo r 6½ months, developed a severe rumination 

and self-induced regurg i ta t ion with secondary weight l o s s so tha t he had to be taken 

off the d i e t temporar i ly . A l l other pa t i en t s show sa t i s fac tory weight gain when the 

'Lofenalac d i e t ' i s supplemented by vege tab les , f r u i t s and na tura l prote ins within the 

permitted tolerance of phenylalanine intake (10-12 mg. per Kilo body weight per d a y . ) . 
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Summary of Diet S tud ie s : 

Our d i e t s tud ies may permit the following t en t a t ive conclusions: Older 

pa t i en t s r eac t to the d i e t in t he i r metabolism and biochemistry in a s imilar way as 

infants and small c h i l d r e n . Skin manifestations and muscular r i g i d i t y show the 

favorable effect on an improved c e l l metabolism. There appear a l s o , without doubt , 

favorable personal i ty changes. But the bra in damage sustained in the formative s tages 

of ear ly infancy, measured on electroencephalogram and i n t e l l i g e n c e , appears probably 

i r r eve r s ib l e a t t h i s point i n the s tudy. 

Biochemical Findings and Problems: 

1. The phenylalanine values in the blood of normal people a r e between 

0.5 and 1.5 mg % The values of our untreated P.K.U. p a t i e n t s range 

between 20-50 mg %. They l i e in lower range than those of infants and 

small chi ldren (40-90 mg %) (Armstrong & Low) . 

2 . In most of the p a t i e n t s the phenylalanine l eve l in the serum is p r e t t y 

s t a b l e ; but in about 25% of our p a t i e n t s the phenylalanine l eve l showed 

considerable f luc tua t ion from day to day ( a l so observed by Berendes) . 

This might be caused e i the r by var ia t ions in the phenylalanine intake 

or in the 24-hour cycle of the blood phenylalanine l e v e l . This w i l l be 

the object of fur ther inves t iga t ions . 

3. There e x i s t s a phenylalanine threshold of 15-20 mg % in the blood with 

apparently some individual v a r i a t i o n s , which determines the excret ion of 

phenylpyruvic acid in the u r i n e . 

4 . When the phenylalanine in the serum f a l l s to t h a t threshold l e v e l , the 

phenylpyruvic acid excretion in the ur ine becomes i n t e r m i t t e n t . This 

observat ion, made on 3 of our d i e t p a t i e n t s , might explain the f ac t t ha t a 

c e r t a in number of our P.K.U. pa t i en t s were found to excrete phenylpyruvic 

ac id i n t e r m i t t e n t l y . ( Intermit tent excretion has been reported by 

Wright and Tar jan , and by Centerwal l ) . We s h a l l a l s o study t h i s problem 

f u r t h e r , s ince i t i s important from diagnostic point of view. 



5. The tolerance level for the daily phenylalanine intake in P.K.U. 

infants and small children is between 15 to 25 mg per k i lo body weight per 

day (Berendes). The tolerance level for our older P.K.U. pa t ien ts i s , 

in our experience, 10-12 mg phenylalanine per k i l o body weight per day. 

If the phenylalanine intake is increased above th i s amount, the phenylalanine 

level r i s e s above the desired level of 5-8 mg % in the blood. (Similar 

observations Hsia and Knox). 

6. Comparative determinations of phenylpyruvic acid in the ur ine , both with 

the Dinitrophenyl-hydrazine method (Penrose and Quastel) and the colorimetric 

fe r r ic c i t r a t e method (Kropp and Lang) show the excretion of an unknown 

keto-acid, other than diacet ic acid and acetone. Such a keto-acid has 

been observed by Woolf and Berry (1952). 

7. The accumulation of phenylalanine in l iver and brain t i ssues prevent 

the normal oxidation of tryptophan and i t s transformation to serotonin 

which plays an important role in brain metabolism. The final product 

in th i s metabolic chain appears in the urine as 5-hydroxy-indolacetic 

ac id . Berendes reported that the urinary excretion of th is acid is 

decreased in phenylketonuria and increases under phenylalanine-free 

d i e t . We intend to study th is phenomenon on our older pa t i en t s . 

Genetic Aspects: 

This is an inherited disease due to a single recessive, non-sex-linked gene. 

T w o e n t i r e l y normal parents m a y carry t h i s abnormal gene. In that case, 25% of their 

children should be mentally retarded, 25% normal and free of the abnormal gene, while 

50% of their children, though appearing normal, should be carrying the abnormal gene 

and would be regarded as 'heterozygous c a r r i e r s ' . It has become possible to find the 

carr ier in families known to have phenylpyruvic re la t ives by chemical blood tes ts and 

phenylalanine-tolerance t e s t s . We plan to s ta r t such t es t s on blood re la t ives of our 

phenylpyruvic pa t ien ts as soon as we have perfected the paperchromatographic method 

needed. 

The ident i f icat ion of ca r r ie r s would lend i tself to a state-wide study 
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of the genetic d is t r ibut ion of P.K.U. within our population, and appears of the utmost 

importance in the prevention of th is type of mental deficiency. 

Prevention of Phenylpyruvic Oligophrenia: 

Our studies prove beyond doubt, how important it is that P.K.U. pat ients a r e 

diagnosed early and placed on a phenylalanine-free diet during the f i r s t 2 years, if 

possible , during the f i r s t 6 months of l i f e . 

This can be done by methods recommended "by the Federal Children's Bureau in 

Washington, D.C. (Feb. 26, 1959). 

1. Repeated urine tes t ing for P.K.U. (with Phenistix) of a l l infants 

by a l l physicians, pediatr icians and well-baby-cl inics . 

2. Repeated urine tes t ing for P.K.U. in a l l high risk groups (mentally 

retarded infants and children, a l l s ibl ings and re la t ives of P.K.U. 

p a t i e n t s , a l l children with convulsive d i s o r d e r ) . 

3. Determination of phenylalanine levels in blood of doubtful cases. 

4. Phenylalanine tolerance tes t s in high r isk groups to identify 

'heterozygous ca r r i e r s 1 of the P.K.U. gene." 

Presented Workshop on Curriculum for 
Teachers of Trainable Retarded Children, 
University of Minnesota, 
Center for Continuation Study 
August 17 - 2 1 , 1959, at 
Faribault State School & Hospital 


