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Bentovim, A., Clayton, B. E., Francis, D. E. M., Shepherd, J., and Wolff,
0. H. (1970). Archives of Disease in Childhood, 45, 640. Use of an amino acid
mixture in the treatment of phenylketonuria. Twelve children with phenylke-
tonuria diagnosed and treated from the first few weeks of life were grouped into pairs.
Before the trial all of them were receiving a commercial preparation containing a

protein hydrolysate low in phenylalanine (Cymogran, Allen and Hanburys Ltd.) as a

substitute for natural protein. One ofeach pair was given an amino acid mixture instead
of Cymogran for about 6 months. Use of the mixture involved considerable modi-
fication of the diet, and in particular the inclusion of greater amounts of phenylalanine-
free foods. All six accepted the new mixture without difficulty, food problems were

greatly reduced, parents welcomed the new preparation, and the quality of family
life improved. Normal growth was maintained and with a mixture of L amino acids
the plasma and urinary amino acid levels were normal. Further studies are needed
before the mixture can be recommended for children under 20 months of age.

Though there has been controversy about the
efficacy of the dietary treatment of phenylketonuric
children (Birch and Tizard, 1967; Bessman, 1966),
it is generally agreed that when phenylalanine intake
is controlled from early weeks of life adequate
intellectual development will take place (Clayton,
Moncrieff, and Roberts, 1967; Baumeister, 1967;
Fuller and Shuman, 1969). Though the mean
intelligence quotient of these early treated children
tends to lie about 10 points below that of the normal
population, they are educable at normal schools and
differ strikingly from most untreated or late-
treated phenylketonuric children whose mean
intelligence quotient is about 50. Hackney et al.
(1968), Bentovim (1968), and Buick (1969) studied
the school achievements and interpersonal adjust-
ments of children in whom treatment was started
early, and found emotional immaturity, behaviour
disorders, and poor reading or number attainment
in a considerable proportion. It is not clear whether
these features are due to genetic variations, to brain
damage already present before dietary treatment is
started, to inadequate dietary control, to over-
protective family attitudes bound up with the
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severe dietary restrictions (Wood, Friedman, and
Steisel, 1967), or to a combination of these
factors.

In the dietary treatment of phenylketonuria
(PKU) natural protein is largely replaced by artificial
preparations low in phenylalanine (Phe). The
commercial preparations available in this country
contain protein hydrolysates. Apart from its
unpleasant taste, another problem with the diet is
that in order to satisfy the protein requirements of
the growing child, a considerable bulk of these
special foods has to be given and the appetite for
phenylalanine-free foods is limited. The result is
a diet which is very different from normal and which
is likely to interfere with the normal mother/child
relationship (Bentovim, 1968). The diet is usually
accepted without much difficulty in infancy, but
during the toddler stage and later years of childhood,
many children develop a dislike of these special
foods and as a result tensions and anxieties arise in
the families (Bentovim, 1968). Dawdling, feeding
battles, and finickiness are frequent, and the
situation between mother and child is similar to that
seen in severe feeding problems in emotionally
disturbed (non - phenylketonuric) children
(Bentovim, 1970). Such early feeding difficulties
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Use of an Amino Acid Mixture ii

have been shown to be associated with maladjust-
ment and other emotional problems in later child-
hood (Brandon, 1970). Bentovim (1968) noted a

striking improvement in the family life and in the
adjustment of 14 older PKU children when the diet
stopped. There was no fall in IQ over a 2-year
follow-up period and even an increase in some of
the children. Though similar findings have led
some authors to advocate cessation of the low
phenylalanine diet as early as 4-6 years, our own

policy for the time being is to continue until at least
8 or 9 years.
Our previous experience with amino acid mixtures

in other metabolic disorders (e.g. Fairney et al.

1968) used over periods as long as 7 years, has shown
that their use is compatible with normal growth.
In the light of this experience we thought that an
amino acid mixture would have the advantages in
the treatment ofPKU of being less unpalatable and
smaller in bulk, thus allowing the child to receive
a larger amount of phenylalanine-free foods. In
addition, amino acids can be given as a medicine
whereas the bulky hydrolysate preparations con-
stitute an unpleasant tasting food. Some parents
attempt to overcome these feeding problems by
giving the hydrolysate preparation separately from
the rest of the meal, at a different time. This
practice leads to inadequate dietary control since
the hydrolysate cannot be utilized fully, unless the
small amount of phenylalanine present in the other
foods is eaten at the same time. We are reporting
our experience with the use of a pure amino acid
mixture in the treatment of PKU.

Patients
The dietary trial was made on 12 children in whom

it Treatment of Phenylketonuria 641
treatment had been started during the first three months
of life. The patients were paired according to- age, the
age range being from 21 months to 6 years 2 months.
Selection was not entirely at random, since patients were
only included in the trial if parents were known to be
co-operative and lived near enough to the hospital to be
seen at weekly intnrvals, at least during the early stages
of the trial. Details of the patients are given in Table I,
which indicates the matching of the six pairs. There
were two pairs (1) and (2) in which the subjects had
older PKU sibs.

Until the start of the trial all the children were
receiving Cymogran (Allen and Hanburys Ltd.), and
phenylalanine was provided from natural protein, with
the aim of keeping the blood phenylalanine level in the
range of 2 to 4 mg./100 ml. During the trial six
children (group A) continued to receive the same diet as

previously, and the other six (group B) were changed to
the new diet containing amino acids.

Amino Acid Diet
Amino acid mixture. The composition of the

amino acid mixture is given in Table II. It included
DL methionine, DL alanine, and DL serine, but the other
amino acids were all in their L forms (mixture 1).
Group B received this mixture for 6 months. Patient
B4 of group B was then given the diet for a further
month, during which the three DL amino acids were

replaced with L amino acids (mixture 2). The intake
was calculated so as to provide 2 g. L amino acids/kg.
bodyweight per day (i.e. 2-24 g./kg. bodyweight per

day of mixture 1). The mixtures were measured with a
5 g. scoop and one-third of it was given before, during,
or after each of the three main meals. The dose was

mixed with one-third of the daily intake of mineral
mixture, and administered as a thin paste or drink in
Coca Cola, fizzy lemonade, or orange juice.

Phenylalanine content of diet. When the diet
was changed from Cymogran to amino acids the phenyl-

TABLE I
Matching of Patients at Onset of Trial

Group A Age PKU Age Trial T Recent Group'BPair (control) Sex Diagnosed Began IQ or DQ (experimental)
(wk.) (yr.)

1 A1* F 3 0 3-83 111
F 1*5 4-00 101 B1*

2t A2* M 3*0 2-83 120
F 2*0 2*41 110-120 B2*

3t A3 F 5*0 5*41 85
M 8-0 5-75 111 B3

4 A4 M 10 0 2-83 average
F 8*0 3*66 average B4

5 A5 F 4-0 1-83 125
F 4*0 2*50 average B5

6 A6 M 9*5 6-25 112
F 8-0 6-17 112 B6

Mean for A 5*6 4*36
Group B 5*0 4-08

*Younger sibs of older PKU children. tPairs 2 and 3 consist of sibs.
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Bentovim, Clayton, Francis, Shepherd, and Wolff
TABLE II

Composition of Amino Acid Mixture (1)

A Percentage in
A-owder w/w

L-isoleucine. 784
L-leucine 9-16
L-lysine glutamate 12-46
DL-methionine . . 2 72
L-threonine 5 25
L-tryptophan ..1 33
L-valine . . 645
L-cystine 1 33
L-histidine monohydrochloride 3*87
L-tryosine. 5 92
DL-alanine ..4-47
i.-rginine glutamate 6-79
L-aspartic acid . . 5-61
L-glutamic acid . .1-85
Glycine . . 561
L-proline . .392
DL-serne . .15 *44

alanine content was kept the same by providing the
necessary quantities of cereal, milk, low phenylalanine
bread, potatoes, fruit, and vegetables. Subsequently
the phenylalanine content was adjusted in accordance
with the serum phenylalanine levels as follows: if the
blood level was 5 mg./100 ml. or higher, 25 to 50 mg.
phenylalanine per day was removed; if 4, 3, or 2 mg./
100 ml. no change was made, and if 1 mg. or less 25 to
50 mg. phenylalanine per day was added (Clayton,
Francis, and Moncrieff, 1965).

Calories. The amino acid diet was constructed so
that it remained isocaloric with the previous diet which
provided the calories recommended in the Report to the
Medical Research Council of the Conference on
Phenylketonuria (1963). Though Cymogran and the
amino acid mixture each provided 400 cal./100 g.
powder, the latter was fed in such small quantities that
extra calories had to be provided from fat and carbo-
hydrate.

Fat and carbohydrate. The intake of carbohydrate
was increased by providing extra cane sugar or glucose,
wheat starch products such as cakes and biscuits from
recipes supplied to the mothers, and manufactured
biscuits and spaghetti (see Appendix). Fat was
increased by giving margarine, butter, or a 50% oil in
water emulsion (Prosparol) which was useful in cooking.

Vitamins. Three tablets of ketovite and 5 ml.
ketovite supplement liquid were given daily.

Mineral mixture.* 8 g. of mineral supplement
were given daily in three divided doses.

*8 g. of the mixture contained 13 -76 mEq sodium, 16-8 mEq
potassium, 0 65 g. calcium, 6 4 mEq magnesium, 4 mg. iron, and
traces of copper, zinc, manganese, iodine, cobalt, aluminium, and
rn.clybdenum.

Biochemical Estimations
Plasma phenylalanine was determined by a fluori-

metric technique (McCaman and Robins, 1962) on
capillary blood obtained by finger-prick about 2j hours
after breakfast or lunch. Before the trial, blood was
usually collected monthly and this regimen continued for
group A. Group B had samples collected weekly.
It is realized that with a diet containing amino acids it
would have been desirable for the timing of the blood
collection in relation to the meal to be standardized, but
this was impracticable.

Plasma amino acids were determined weekly in child-
ren in group B at the same time as the phenylalanine
levels. They were separated by chromatography,
stained with ninhydrin, and determined visually by
matching against standards.
The urinary amino acid pattern was examined by

chromatography on 24-hour collections obtained from
patients in group B after some weeks on mixture 1.
Patient B4 had some further urines examined after 22
and 24 weeks on mixture 1, and after 7, 14, and 20 days
on mixture 2. In all patients in group A one 24-hour
specimen of urine was collected after group B had been
on amino acid diet for 13 to 15 weeks.

In addition, in patient B4 estimations were performed
with an amino acid analyser on one plasma and one
24-hour urine during the administration of mixture 1,
and then of mixture 2.

Tests of renal function were performed in all children
in groups A and B (except patient A3) after group B had
received the diet for 13 to 15 weeks. Glomerular
permeability was assessed by albumin clearance (Barrett,
McLaine, and Soothill, 1970), proximal tubular function
by lysozyme clearance (Barrett and Crawford, 1970) and
glomerular filtration rate by creatinine clearance,
creatinine being determined by a method involving
absorption on resin before estimation using alkali picrate
(Stoten, 1968).
Blood urea, serum total protein, and protein electro-

phoresis were determined by standard laboratory
techniques on all patients (except A3) after group B had
received the diet for 13 to 15 weeks.

Biochemical Results

Plasma amino acids. These were studied on

about 20 occasions on each child in group B while
receiving mixture 1. Serine was increased in most
of the samples above the upper limit of normal of
3 mg./100 ml. to levels as high as 18 mg./100 ml.
Alanine was occasionally raised to levels as high as

12 mg./100 ml. (upper limit of normal 5 mg./
100 ml.). Mean phenylalanine levels after the
first month on mixture 1 varied from 3 * 8 in patient
B4 to 70 in patient B3 (see Table III). The other
amino acids were within normal limits except for an
occasional increase in the branched chain amino
acids in patient B6. During the administration of
mixture 2 to patient B4, no increases in serine or
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Use of an Amino Acid Mixture in Treatment of Phu'nylketonuria
alanine were seen. Studies in patient B4 using an

amino acid analyser confirmed these findings with

mnixtures 1 and 2.

Urinary amino acid pattern. On mixture 1

the excretion of serine, alanine, and methionine

was increased in most samples (see Table IV).
All other amino acids were excreted in normal

amounts except that two specimens showed raised

glycine. When receiving mixture 2 which con-

tained L amino acids only, patient B4 had a com-

pletely normal amino acid pattern. Studies in

patient B4 using an amino acid analyser confirmed

these findings with mixtures 1 and 2.

All patients in group A had the aminoaciduria

typically seen in children receiving Cymogran

(Clayton, Heeley, and Heeley, 1970).

Other biochemical findings. There were no

significant differences between patients in groups

A and B in the clearances of albumin, lysozyme, and

creatinine. Serum total protein and blood urea

were normal except for patient A5 in whom the blood

urea was 57 mg./100 ml. and for which no renal

cause was found. Protein electrophoretic strips
were within normal limits apart from a diffuse

increase in y globulin in Al and B4 and B5.

Psychological Measures

Before the change in diet was instituted the mothers

of the 'B' group were interviewed together with the

dietitian to obtain free comments on the Cymogran diet

and their reactions to samples of the new amino acid

mixture. After this each mother was interviewed

separately by a psychiatric social worker for J-2 hours.

Through th2, use of a standardized interview schedule

an account of the personal history of the child, the

family situation, the impact of the disorder arnd its

treatment on the family, was obtained and scored.

By means of 5-point scales with defined points

adapted from Wolff (1967) the behaviour of the child in

relation to the diet was measured through standard probe

questions. Appetite, greediness, finickiness, acceptance

of the dietary restrictions and of the amino acids were

assessed in this way. In addition a further 40 scales of

general behaviour appropriate to the age were adminis-

tered to assess the general adjustment of the child.

The interview was repeated in a modified form at the

end of the three-month trial period on the new amino

acid preparation to assess the changes in acceptance of

diet, general behaviour, and family attitudes. The

same scales and interview schedule were administered

to the 'A' group controls who remained on Cymogran so

that comparisons could be made between the groups.

Psychological Results

Initial state of children.

Adju-stment to protein hydrolysate preparation.
Table V indicates the adjustment of the 12 children

to the diet. In all, the major problem was the

acceptance of Gymogran (average score 2-6; range

2-4). All parents reported that whereas in infants

the diet had been accepted without difficulty,

problems began in the toddler age. Only 1 of the

12 children was feeding himself Cymogran at the

beginning of the trial. Periods of complete refusal

with admission to hospital had been necessary in
one child. Distaste was expressed by several

parents at the taste, the stickiness, and the smell

which pervaded the kitchen and home and put

others off their food. Attempts to disguise the

LE III

Data on Phenylalanine Requirements and Growth in Groups A and B

Intake of Phe (mg./kg. bodyweight Got etls

Group per day) Plasma Phe GrothCetuesPair ADuring Trial GruA On Cymogran At the End of Trial (mean; mg./100 ml.) Begt Wih
Before TrialHegt Wih

1Al 30 32 3-0 3-10 10-25
31 26 4-8 25 3-10 Bi

2 A2 24 36 2-2 25 3-10
31 21 6-4 25-50 25-50 B2

3 A3 22 27 4-6 10-25 3-10
22 18 7-0 50-75 25-50 B3

4 A4 24 16 4-9 50 25-50
19 25 (mix. 1) 3-8 (mix 1) 10 10-23 B4

25 (mix. 2) 7 -8 (mix. 2)
S AS 27 27 2-7 50 25-50

34 34 4-0 10 25-50 B5
6 A6 12 1 1 7 9 50-75 50

17 20 4-5 97 90-97 B6

*These growth centiles continued unchanged during the trial

643
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644 Bentovim, Clayton, Francis, Shepherd, and Wolff
TABLE IV

Amino Acid Patterns in 24 hours. Urines from Group B

Amino Amino Acids Other Days
Patient Acid Serine Alanine Methionine Glycine Amino Die

Mixture Ais De

B1 1 + + + + N N N 36
1 + + + + + N N 94

B2 1 + + + N N N 58
1 N + + + + + + N N 106

B3 1 + + + N N N 58
1 + + + N N 106

B4 1 + + + N + N 43
1 + + + + + + N N 97
1 + + + N N 157
1 + N + N N 168
2 N N N N N 7
2 N N N N N 14
2 N N N N 20

B5 1 + + + + N + N 43
1 + + N N 99

B6 1 + + + + N N N 30
1 + + + + + N N 92

Amino acid pattern expressed as normal (N) or raised (+, + +, or + +).

taste met with little success and vomiting and
heaving resulted. Sometimes the only way for the
parents to succeed was by sitting with the child
forcing the Cymogran, and occasionally in their

anxiety they had to resort to smacking. In this
reaction to the Cymogran the child had a powerful
means to control parents some of whom were
accused by other children of being cruel. Only

TABI
Dietary Acceptance and Behavio;

Appetite in Greediness Finickiness, Difficulties Behaviour
Pair Group Relation to Over Food, Restriction, Over Imposed Difficulties Total

A Permitted Eating Between and Disinterest Restrictions, Over Cymogran Scores
Foods Meals, etc. in New Foods Stealing, etc.

I Al 1 2 2 1 2 8
3 1 3 3 2 12

2 A2 1 2 3 1 3 10
1 2 2 4 2 11

3 A3 1 5 1 3 3 13
1 1 3 1 3 9

4 A4 1 3 2 3 3 12
1 2 2 3 4 12

5 A5 1 1 1 1 2 6
1 1 3 1 3 9

6 A6 1 3 4 4 3 15
1 3 3 2 2 11

Total and
average
Group A A 6 (1-0) 16 (2-6) 13 (2-1) 13 (2-1) 16 (2 6) 63 (10-5

Total and
average
Group B B 8 (1-33) 9 (1-5) 16 (2 6) 14 (2-33) 16 (2-6) 64 (10 1

Total and
average
whole group A + B 14 (1 15) 25 (2 1) 29 (2 4) 27 (2 25) 32 (2 6) 127 (10 5

NOTE: A score of 1 denotes normal behaviour, et

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.45.243.640 on 1 O

ctober 1970. D
ow

nloaded from
 

http://adc.bmj.com/


Use of an Amino Acid Mixture ii
one mother expressed the positive view about the
preparation that it saved work by cutting out a meat

course. All parents clearly understood the need
for the diet, were aware that it prevented mental
retardation, and were co-operative in getting their
children to take the preparation despite the
difficulties.

Other dietary measures. The next most severe

problem was the finickiness and fussiness over

food (score 2-25 (for method of assessment see

Table V)), with dislike of certain permitted
phenylalanine-free foodstuffs. Half the children,
particularly the older ones, disliked so many

vegetables in the diet and wanted to know when
they could 'eat fish and chips'. Some persuaded
other children to give them forbidden sweets and
stole food. However, the younger children were

remarkably accepting of the restrictions and
appeared to be uninterested in other foods, asking
their parents if they might accept sweets, etc., when
offered. This over conscientious attitude extended
to other areas of behaviour, and 3 of the younger
children disliked having their hands or clothes dirty.

Overeating was uncommon but most children had
unusual appetites for savoury foods such as salad-
cream on spaghetti (special), raw mushrooms,
pickled onions, and curry sauce.

'nTreatment of Phenylketonuria 645
Group A and B differences. The average score

for reaction to Cymogran was the same in both
groups (2 6). The children in trial group B were

slightly more finicky about food, complained about
restrictions slightly more, and had more appetite
problems, and were less 'greedy' about food interests.
However, in general, feeding problems were the
same in both groups (total score: group A 64, group
B 63; average per child, 10-5).

Other psychological findings. 6 of the children
had mild to moderately severe emotional disorders
(2 in group A, 4 in group B), with symptoms such as

temper tantrums, anxiety, fearfulness, dependent
clinging, night terrors, as well as the obsessional
symptoms mentioned above. The older of two
sibs withPKU had more problems than the younger.
Mothers were less assured in their handling of their
first PKU child than in that of the second, and
anxieties about their children's future lessened and
confidence grew with increasing experience of the
condition. Adjustment was better where the
families had the support of our PKU clinic from the
time of diagnosis. The team responsible for the
management of these children includes a dietitian,
psychiatrist, psychologist, biochemist, and paedia-
trician. In passing we wish to stress the contribu-
tion a special clinic can make to the management of

efore Dietary Changeover

Behavioural Symptoms Severity of Emotional Disorder Group B

Bright, co-operative, quiet, and controllable Nil
Overactive, nightmares, tantrums, distractable, quarrelling, friction with sib, anxious,
hypochondriacal Moderate Bi

Active Nil
Overactive, reckless, imaginative, extraverted Nil B2
Normally placid, difficulties over separation, weepiness at school Nil
Poor sleep, shyness, oversensitive, dependent, immature, panic, fearful of being hurt Moderate B3
Active, vigorous, easily frustrated, temper tantrums Mild
Overimaginative, restless, anxious, obsessional, dislikes dirt Mild B4
Obsessional symptoms-likes being clean Nil
Mildly overactive, over friendly, tantrums Nil B5
Aggressive, overactive, quarrelling Moderate
Shy, over sensitive, obsessional, dislikes dirt or untidiness Mild B6

1 moderate. 1 mild disorder,
4 nil

2 moderate, 2 mild disorders,
2 nil

3 moderate, 3 mild disorders,
6 nil

d a score of 5 denotes a serious abnormality.
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646 Bentovim, Clayton, Francis, Shepherd, and Wolff
TABLE VI

Feeding Problem Scores before and after Change from Cymogran to the Amino Acid Mixture

r Appetitein Greediness ~~~~~~~~~Difficulties OverPatient Appetite in Greediness Difficulties Over Acceptance ofve Total Feeding
(Group B! Permitted Food Foods Special Preparation Difficulties

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

Bl 3 1 1 3 3 2 3 2 2 1 12 9
B2 1 1 2 1 2 1 4 2 2 1 11 6
B3 1 1 1 1 3 1 1 1 3 1 9 5
R4 1 1 2 3 2 2 2 3 4 1 12 9
B5 1 1 1 1 3 3 1 1 3 1 9 7
B6 1 1 3 4 3 3 2 3 2 1 11 10
Total 8 6 9 13 16 12 14 11 16 6 63 48
Mean 1-33 1-0 1-5 2-0 2-6 2-0 2-33 1.9 2.6* 1.0 10-5t 7-6

*p= < 0-01 Wilcoxon paired test t p = < 0-01.

these children. PKU is a rare condition, and its
management requires experience which can only be
acquired if these children are referred to one of a few
selected centres specializing in the diagnosis and
management of inborn errors of metabolism. The
parents attending the clinic gained comfort from
meeting the parents of other children with PKU and
from seeing the good progress made by other early
diagnosed children and the continued progress
after the diet was stopped in the older children.
The efficacy of dietary treatment was brought home
to the parents by seeing the tragic outcome when
diagnosis and treatment were delayed.
The impact on family life varied, some parents

complained bitterly of restrictions in social life,
while others maintained a full life despite the
difficulties imposed by their child's condition and
the treatment. There was, however, a tendency to
overprotection and overinvolvement, with fears of
the children mixing with other children in case they
were offered the wrong food, and perhaps some
degree of gratification at the closeness of the bond
between mother and child who had to be 'fed' until
6 years old.

Changes after introduction of new amino acid
mixture. The control group showed no changes
over the three-month period. Table VI shows the
changes in the B group in which Cymogran was
replaced by the amino acid mixture. The most
striking change was that the six children accepted
the mixture without difficulty, refusal, vomiting, or
dawdling (mean score on Cymogran 2 6; on amino
acid mixture 1 0, Wilcoxon paired test p < 0-01
(Siegel, 1956)), and they fed themselves instead of
having to be fed by spoon or by force.
The over-all food problems were reduced from

a total score of 63 (average 10 -5) to 47 (average 7 6),
the difference being highly significant (p < 00- 1).

There was an increase from 1 5 to 2 0 in the score
for greediness, two of the children showing a
considerable increase of interest in food and eating
between meals. In the case of patient Bl the
appetite for permitted foods, which had been poor
before the dietary change, improved, and the three
children who had shown difficulties in accepting the
restrictions imposed by the diet became more
accepting (mean score on Cymogran 2 33, on amino
acid mixture 1 9). One, however, complained
more than previously and asked when she could
have chicken and chips and ice-cream, and give up
sandwiches (low Phe).

All the patients welcomed the new preparation,
feeling that they no longer appeared as 'bogeys' to
their child, and being pleased that there was no
longer need to try and disguise the taste of the
protein hydrolysate nor difficulty in persuading
the child to take it, and that the unpleasant smell
no longer pervaded the house. The mothers'
tempers improved; family tensions lessened and it
became possible for other members of the family
to help with feeding the child. During the period
of the trial the emotional state of 2 of the 3 disturbed
children improved, they became more independent,
less clinging, showed less frustration, and had fewer
temper tantrums. One girl temporarily became
more anxious during the period of weekly blood
tests.

Growth
The patients' growth was as satisfactory with the

amino acid mixture as with Cymogran (see Table III
for centiles for height and weight), but the period
of observation was short.

Conclusion
The dietary treatment of PKU with the low-

phenylalanine preparation Cymogran caused emo-
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Use of an Amino Acid Mixture in Treatment of Phenylketonuria 647
TABLE VII

Typical Diets for Patient B4

Cymogran Diet (Bodyweight 14 kg.) Amino Acid Diet (Bodyweight 14-9 kg.)

Protein Phe Cal Protein Phe
Equiv. (g.) (mg.) l Equiv. (g.) (mg.)

DAILY DAILY
170 g. (6 oz.) Cymogran 678 51-0 18-0 35 g. (1i oz.) amino acids 140 27-4 Nil

{ Water to mix to a soup 8 g. Maple syrup mineral
consistency 50 Nil Nil mixture Nil Nil Nil

Orange squash to flavour 50 Nil Nil Sugar (15 g.) 60 Nil Nil
Prosparol (15 ml.) 67 Nil Nil

This is divided into 3 serves LOrange squash to flavour 50 Nil Nil
and one is given before each
main meal This is divided into 3 serves

and one is given before each
main meal

3 Ketovite tablets 3 Ketovite tablets
5 ml. Ketovite liquid 5 ml. Ketovite liquid

BREAKFAST BREAKFAST
Aminex biscuits (2) 100 0-26 5-8 Aminex biscuits (2) 100 0-26 5-8

crushed as a cereal crushed as a cereal
Protein-free 'milk' (100 ml.) 85 Nil Nil Protein-free 'milk' (100 ml.) 85 Nil Nil

Bread-Rite diet protein-free, 156 0-36 7-2
toasted 2 slices (60 g.)

Margarine-Tomor (10 g.) 75 Nil Nil
Jam or honey 30 Nil Nil

Orange squash 50 Nil Nil Orange Squash 50 Nil Nil

MID-MORNING MID-MORNING
Orange squash 50 Nil Nil Orange squash 50 Nil Nil

Bread-Rite diet protein-free, 78 0-18 3-6
1 slice (30 g.)

Margarine-Tomor (5 g.) 37 Nil Nil
Banana, 1 medium (72 g.) 60 0-8 40

LUNCH LUNCH
Potato, boiled 2j oz. (70 g.) 56 1-0 50 Potato, boiled 2* oz. (70 g.) 56 1-0 50
Cauliflower, 2 tbsp.* (75 g.) 9 1-2 40 Cauliflower, 2 tbsp. (75 g.) 9 1-2 40
Beans French, 2 tbsp. (75 g.) 4 0-6 20 Beans French, 2 tbsp. (75 g.) 4 0-6 20
Mushrooms, 2 large (28 g.) 4 1-0 20 Mushrooms, 2 large (28 g.) 4 1-0 20
Cabbage, 3 tbsp. (83 g.) 4 0 4 20 Cabbage, 3 tbsp. (83 g.) 4 0 4 20

Pears tinned, 1* halves (100 g.) 77 0 4 20
Orange squash 50 Nil Nil Orange squash 50 Nil Nil

TEA TEA
Blackcurrant juice 50 Trace Trace Blackcurrant juice 50 Trace Trace
Cake, biscuit and/or sweets 50 Nil Nil Cake, biscuit and/or sweets 50 Nil Nil

(protein-free: see recipes) (protein-free: see recipes)
Orange, 1 small (45 g.) 20 0 4 20 Orange, 1 small (45 g.) 20 0 4 20

SUPPER SUPPER
French beans, 2 tbsp. (75 g.) 4 0-6 20 Spaghetti with tomato and 62 1-95 40
Tomatoes, 2 small (95 g.) 14 1-0 20 onion sauce (low protein-

see recipe)
Onion, 1 medium (52 g.) 14 0 9 20 French beans, 2 tbsp. (75 g.) 4 0-6 20
Lemon squash 50 Nil Nil Bread-Rite diet protein free, 78 0*18 3*6

1 slice (30 g.)
Margarine Tomor (5 g.) 37 Nil Nil
Jam or honey 15 Nil Nil
Lemon squash 50 Nil Nil
Grapes 33 (100 g.) 50 0*5 60

Total 1342 58-36 253-8 Total 1658 37-23 370*2

Actual intake/kg. bodyweight 96 4-2 18 Actual intake/kg. bodyweight 111 2*5 24-8
per day per day

Theoretical requirement/ 105 3-8- t Theoretical requirement/ 105 2 t
kg. bodyweight per day 4-2 kg. bodyweight per day
(with Cymogran) (with amino acids)

* tbsp. = tablespoon. tAs individually tolerated according to the blood levels.
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Bentovim, Clayton, Francis, Shepherd, and Wolff
tional difficulties in several of our patients. Its
substitution by a mixture of pure amino acids
proved to be an advance. The children accepted
it easily and fed it to themselves instead of having to
be spooned or force fed, and consequently the
quality of the family life improved.

In 1961, Brimblecombe et al. described the use
of a pure low-aromatic casein hydrolysate in the
treatment of PKU, and found that it allowed a
greater degree of flexibility in varying the diet.
Neither we nor the parents found any difficulties in
the use of the amino acid mixture; and if, according
to the advice given in HM (69)72, and the Medical
Research Council Working Party on Phenylketon-
uria (1968), children with PKU are treated in a few
centres specializing in its management, with expert
dietary advice and biochemical facilities, we would
not anticipate difficulties even with families who are
less co-operative than those taking part in this trial.
The inclusion ofthree DL amino acids in mixture 1

led to high levels of serine and alanine in plasma
and urine but no clinical side-effects occurred during
the trial period. It has been shown recently
(Clayton et al., 1970) that the generalized hyper-
aminoaciduria associated with the ingestion of acid
hydrolysate is due to racemization of 2-3% of the
amino acids in the hydrolysate. When the amino
acid mixture contained L forms only (mixture 2),
plasma and urinary amino acid patterns were
normal. Until evidence is produced that D amino
acids administered over longer periods are not
detrimental to human development, it seems advis-
able to exclude them from synthetic diets used in
the paediatric age-group.

We thank Mrs. Anne Needham, P.S.W., who helped
devise the psychiatric questionary and carried out
initial interviews; Mr. D. Buick and psychologists of the
Department of Psychological Medicine who carried out
psychological assessments; Dr. Sula Wolff, Edinburgh,
for permission to use her behavioural rating scales; Dr.
T. M. Barrett for assistance with the renal studies; Mr.
R. Ersser, A.I.L.M.T., for technical assistance; Dr. D.
Cusworth of University College Hospital Medical
School for performing analyses of samples using an
amino acid analyser; Allen and Hanburys Ltd. for
supplying the amino acid mixtures; and the Nuffield
Foundation and the Joint Research Board of The
Hospital for Sick Children and Institute of Child Health
for financial assistance.

Appendix
Carol (patient B4) aged 3 * 7 years is an only and much

wanted child, born after a long period ofnon-conception.
The diagnosis of phenylketonuria was suggested at 8
weeks when the routine Phenistix test was positive.
Before this the mother had been concerned as Carol had
a persistent rash on her head and buttocks and was
restless. After a period of 2 months in hospital durirg

which the diagnosis was confirmed and dietary control
established she was discharged home and progressed
normally, walking at 9 months, talking at 21 months, and
being fully continent by 2 years, with an IQ measurement
in the average range.

Impact of diagnosis. Mother's initial reaction to
the diagnosis was that she had let Carol down. Grad-
ually, however, she became less depressed when the
statement that with early dietary treatment normal
development would take place was reinforced by her
seeing other PKU children, who had developed normally
and had continued to do so after dietary treatment had
been stopped at the age of 8-10 years, in contrast to the
late diagnosed children who had become mentally
retarded. She felt that the marital bond had been
strengthened by Carol's condition. The parents
decided to restrict the size of their family for Carol's sake
and in due course to send her to a private school for
closer supervision.

Carol's mother, who has a sweet shop, still feels guilty
because she cannot give chocolate to her own child.

Dietary management. As a baby there had been
no problems with the protein hydrolysate preparation
(Minafen, Trufood Ltd.). On changing to Cymogran
at 12 months, difficulties began, and mother needed
much help and support from the dietitian. She tried
to mix the Cymogran with other foods to improve the
taste and smell, but with little success, and at the time
of the trial Carol refused to take the Cymogran by
herself and it had to be spooned down with orange.
Carol accepted the other dietary restrictions well, and
except for the occasional piece of chocolate, she would
ask if she could have certain foods before eating them.

Behavioural pattern. Carol was a pert, forward,
chatty girl of average intelligence. She was active,
independent, and played by herself, enjoying climbing.
She was imaginative, talking to dolls and animals, and
in this way acted out some of the stressful aspects of the
dietary restrictions. After each blood test however, she
had night terrors and nightmares. She was apprehen-
sive about disapproval, and had certain obsessional
features such as neatness, insistence on routine, and a
dislike of dirty clothes and dirty hands. This mild
emotional disorder may be related to the dietary
restrictions, to the repeated painful stimuli, and to her
mother's anxiety about Carol's future.

Change to amino acid mixture. Carol's attitude
to the diet changed immediately. She took the new
mixture by herself, after meals, like a medicine. She
ate more special bread, spaghetti, fruit, cakes and
biscuits, and stopped taking chocolate. Her mother is
delighted with the change in Carol's eating habits and
commented that the unpleasant smell of the Cymogran
has disappeared from the home.

Menus. Typical daily menus for patient B4 when
she was receiving the Cymogran and the amino acid

648
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Use of an Amino Acid Mixture in Treatment of Phenylketonuria 649
(mixture 1) diets are shown in Table VII, the data being
compiled from the history given by her mother.

Commercial Preparations
Ketovite tablets IPaines and Byrnes, Pabryn Lab-
Ketovite liquid foratories, Greenford, Middlesex.
Prosparol BDH Pharmaceuticals Ltd.,

Birkbeck Street, London E.2.
Aproten pasta: Carlo Erba (U.K.) Ltd., Halco
protein-free dietetic House 28/30 Great Peter Street,
pasta London S.W. 1.
Aminex biscuits Liga Infant Food Ltd., Liga

House, 23 Saxby Street,
Leicester, LE2 ONL

Rite diet protein- Welfare Foods Ltd., Swallow
free bread and flour Street, Stockport, Cheshire.
Tomor margarine Van den Bergh's, Kildare House,

Dorset Rise, London E.C.4.
Glucona delta Pfizer Ltd., Chemical Sales,
lactone Sandwich, Kent.
Maple syrup mineral Scientific Hospital Supplies, 23
mixture Queensland Street, Liverpool 7.
Wheat starch Energen Ltd., Ashford, Kent.

Recipes given to mothers
Protein-free 'milk' substitute

1 oz. Prosparol
1 oz. sugar
Water to i pint volume

The mixture can be used as a drink, in tea or coffee,
on cereal, or made into custard with a suitable custard
powder.

Honey and cherry cake
6 oz. wheat starch or Rite diet protein-free flour
4 oz. Tomor margarine
4 oz. sugar
1 dessertspoon honey
2 oz. glace cherries
1J teaspoons Glucona delta lactone (G.D.L.)
i level teaspoon bicarbonate of soda
21 oz. water

Method: Cream sugar and margarine. Add honey
and chopped cherries. Add sifted flour, G.D.L., and
bicarbonate of soda and stir well, gradually adding water
to give a soft dough. Cook at Regulo 5 (400 'F.) for
40 minutes.

Honey and cinnamon shortcake biscuits
6 oz. wheat starch or Rite diet protein-free flour
4 oz. castor sugar
4 oz. Tomor margarine
1 dessert-spoon honey
1 teaspoon baking powder
i teaspoon cinnamon
a little water
Method: Cream fat and sugar. Add dry ingredients

and honey to make a soft dough. Add just enough
water to mix. Roll out thinly, and cut into shapes.
Bake for 20-25 minutes at Regulo 6 (425 OF.). Cool on
wire tray.

Spaghetti with tomato and onion sauce-low protein
a oz. Aproten pasta (tagliatelle, anellini or rigatini

made by Carlo Erba)
2 small tomatoes
1 medium onion
1 teaspoon cooking oil or Tomor margarine
1 teaspoon chopped parsley
Salt and pepper
water

Method: Cook Aproten pasta in boiling salted water
for 6 minutes till just soft. Fry diced onion till golden
brown in the oil or margarine, add diced skinned
tomato and brown. Add salt and pepper and 1 table-
spoonful water and simmer till soft for about 5 minutes.
Drain Aproten pasta and place in serving dish. Place
tomato and onion mixture in the centre. Sprinkle with
parsley.

1 recipe = 40 mg. phenylalanine
Futher recipes and information about low phenylalanine
diets are given in Diets for Sick Children, 2nd ed., by
D. E. M. Francis and D. J. W. Dixon, Blackwell
Scientific Publications, Oxford and Edinburgh, 1970.
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