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day, the present method can be used to determine the composition of meals
and/or snacks consumed Background
during that segment. For example, foods which provide about 120- Treatment
of some diseases, such as Parkin-   5   500 grams of carbohydrate per day
and 40-100 son's Disease, includes administration of a drug   grams of
protein per day can be administered to an which is a large neutral amino
acid (LNAA) and      individual suffering from Parkinson's disease who is
which must cross the blood-brain barrier to be     being treated with
L-dopa and whose response to effective. For example, L-dopa,
alphamethyldopa    the drug varies and may be associated with ad- (Aldomet)
and 5-hydroxytryptophan, which are  10  verse effects, such as dyskinesia.
LNAA, can be administered in the treatment of Parkinson's Disease,
hypertension or myoclonus.    Brief Description of the Drawing Patients who
take such drugs may exhibit vari- ability in their responses to them and
may suffer      The figure is a graphic representation of the adverse
effects, such as L-Dopa induced dys-  15  effects of administration of
meals in which the ratio kinesia, from them.
(per meal) of carbohydrate to protein was about 4:1 It would be useful to
have a means by which    to an individual with Parkinson's Disease who was
an individual's response to such drugs can be      taking L-dopa. Times at
which meals were con- controlled and the adverse effects reduced.
sumed are indicated by A. 20      Panel A is a graphic representation of
L-dopa Summary of the Invention                           toxicity, as
represented by dyskinesis, the extent to which its administration was
associated with dys- The present invention pertains to a composition
kinesis at hourly intervals. for reducing post-prandial fluctuations in
plasma      Panel B is a graphic representation of plasma LNAA levels in an
individual, particularly for the   25  branched-chain amino acid (BCAA)
levels (e.g., purpose of reducing variability in the individual's
isoleucine, leucine or valine) at hourly intervals in response to treatment
with drugs which are them-   the individual. The branched chain amino acids
are selves LNAA. It further relates to compositions for  the most abundant
LNAA in the plasma and their administration to an individual to reduce
post-pran-  levels are most affected by eating carbohydrates or dial
fluctuations in plasma concentrations of large   30  proteins; thus, they
are the main determinant of neutral amino acids (LNAA). As used herein,
LNAA     uptake of LNAA drugs into the brain. The ability of includes amino
acids which have a single amino     the new diet to minimize variations in
plasma group and a single carboxyl group, for example,    BCAA level
paralleled its damping effects on vari- leucine, isoleucine, tyrosine,
valine, phenylalanine  ations in plasma LNM. and tryptophan.
35       Panel C is a graphic representation of plasma The present
composition comprises an appro-     DOPA levels (o---o) and of the plasma
DOPA/LNAA priate ratio of carbohydrates to protein of from 4:1  ratio [err]
at hourly intervals in the individual. to 6:1 to reduce fluctuations in
plasma LNM lev- els, when administered to an individual. Most com-
Detailed Description of the Invention monly, the ratio of carbohydrate to
protein in the   40 composition is about 4:1. However, the ratio of
The present invention is based on the discov- carbohydrate to protein used
can vary from about   ery that fluctuations in plasma LNAA  levels, par-
4:1 to about 6:1, depending on the individual to   ticularly post-prandial
fluctuations, can be reduced whom such a composition is administered. Such
or controlled and, as a result, that the variability in characteristics as
body weight and plasma amino   45  response in an individual to
administration of a acid responses will be considered in determining   drug
or drugs which is/are LNAA  can also be an appropriate carbohydrate to
protein ratio for an  reduced or controlled. The ability to reduce plasma
individual. The present invention also relates to  LNAA level fluctuation
and, concomitantly, variation methods of administering foods or
compositions     in response to a drug which is a LNAA is of which minimize
post-prandial fluctuations in plasma   50  particular value in the
management of individuals, LNAA levels. Administration of such compositions
such as those with Parkinson's disease, who take or of foods selected to
contain a carbohydrate to  such a drug or drugs for treatment of a disease
or protein ratio of from about 4:1 to about 6:1 is    other condition. It
is now possible to improve treat- particularly valuable in minimizing the
variability in  ment of individuals taking LNAA  because the ad- responses
some individuals exhibit to drugs, such  55  verse effects can be
ameliorated or eliminated and, as L-dopa, which are themselves LNAA. If an
in-    as a result, individuals are able to continue to dividual wishes to
minimize fluctuations in plasma  follow their prescribed treatment. LNAA
for only a segment of the twenty-four hour 3   
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post-prandial plasma levels of  are LNAA can also be reduced or eliminated.
LNAA can vary widely and that such levels are          The present
invention relates to a composition affected by the carbohydrate and protein
content of  for reducing fluctuations in plasma levels of large foods
consumed.                                    neutral amino acid and to
compositions and com- Fernstrom et al. report that plasma leucine was   5
binations of foods having a selected carbohydrate 60 nmoles/ml after a
protein-free, high carbohy-   to protein ratio for use in treating
individuals who drate breakfast, and about 240 nmoles/ml after a   exhibit
variability in responses to drugs, such as L- high protein breakfast.
Plasma valine varied from  dopa, which are themselves LNAA, and which must
about 100 nmol/ml to 50 nmols/ml under these       enter the brain in order
to be effective. The term conditions, and plasma isoleucine ranged from 30
10  LNAA, as used herein, includes amino acids which to 60 nmols/ml. Am. J.
Clin. Nutr., 32:1912-1922   comprise a single amino and a single carboxyl
(1979). A meal rich in carbohydrates elicits the   group such as leucine,
isoleucine, valine, tyrosine, secretion of insulin and facilitates the
passage of  phenylalanine, and tryptophan. Use of the composi- LNAA out of
the blood stream and into peripheral   tion of the present invention with
an individual who tissues, thus reducing circulating levels. In contrast,
15  is taking a drug (or drugs) which is a LNAA makes a meal rich in
protein tends to increase blood     it possible to reduce the fluctuations
in post-pran- levels of LNAA. Some of the LNAA in the protein    dial
plasma levels of LNAA. (That is, it makes it passes right through the
liver, without being metab-  possible to control the post-prandial LNAA
levels in olized, and into the systemic circulation.         such a manner
that they exhibit less variation than These fluctuations normally are
important de-  20  is evident when the individual being treated con-
terminants of brain levels of one of the LNAA,     sumes his or her "usual"
diet. tryptophan, and thus of the formation of the           In one
embodiment of the present invention, a neurotransmitter serotonin from
tryptophan. This is  composition in which the carbohydrate to protein due
to the fact that all of the LNAA in the plasma  ratio is approximately 4:1
is administered to an must compete for access to a common transport  25
individual. Depending on the individual, the ratio of system in order to be
transported across the blood-  carbohydrate to protein can vary from about
4:1 to brain barrier. Therefore, a high-protein meal will  about 6:1. For
example, for individuals with re- tend to diminish brain tryptophan because
it       duced insulin sensitivity (i.e., secondary to type 11 causes blood
levels of the other LNAA to increase  diabetes, obesity, or elevated lean
body mass), it more, proportionately, than those of tryptophan. In  30
may be necessary to provide a larger total amount contrast, a
high-carbohydrate meal will tend to in-  or higher proportion of dietary
carbohydrate, in crease brain tryptophan and serotonin levels be-   order
to balance the protein-induced rise in plasma cause insulin secreted in
response to the carbohy-  LNAA, or to reduce the percent of dietary
protein. drates lowers the other LNAA.                          In another
embodiment, foods for meals or Post-prandial changes in plasma LNAA are  35
snacks can be prepared which provide an effective also important
determinants of brain levels of drugs  carbohydrate to protein ratio to
minimize post-pran- which are themselves LNAA and must compete         dial
fluctuations in plasma concentrations of LNAA. with other LNAA for
transport across the blood-     Foods which provide approximately 120-500
grams brain barrier. There are a number of diseases      of carbohydrate
per day or 87-116 grams of car- which are treated with drugs, such as
L-dopa, that  40  bohydrate per meal and approximately 40-100 compete with
circulating large neutral amino acids  grams of protein per day or 20-27
grams of protein (LNAA) for passage from the blood stream into the  per
meal can be administered to an individual. For brain. L-dopa and such other
drugs as al-          example, approximately 250 grams of carbohydrate
phamethyldopa (Aldomet) and 5-hydroxytryptophan    per day and
approximately 70 grams of protein per which are themselves LNAA, must enter
the brain  45  day will minimize fluctuations in plasma LNAA lev- in order
to be effective. Brain levels of one such  els. The actual quantity (or
range of quantities) of drug, L-dopa, are known to vary with the plasma
carbohydrate and of protein to be administered to dopa ratio (i.e., the
ratio of the plasma dopa con-  an individual will be determined
empirically, by centration to the summed concentrations of the
determining the proportion that elicits the optimal other LNAA) and not
with the dopa concentration   50  clinical response (i.e., greatest drug
response and alone. See Markovitz et al., Science, 197:1014-    fewest side
effects). If necessary, the optimal 1015 (1977). Patients who take such
drugs may      amounts of carbohydrates and protein can be af- exhibit
variability in response to them, as well as  firmed by testing their
effects on plasma LNAA adverse effects, such as dyskinesia.
levels and ratios. As described in the Exemplifica- It has now been shown
that these post-prandial  55  tion, for practical purposes, LNAA measured
are fluctuations in the plasma LNAA can be controlled  leucine, isoleucine,
valine, tyrosine, phenylalanine or reduced and, as a result, that
variability in the  and tryptophan. The post-prandial changes are clinical
responses to treatment with drugs which   measured between 1 and 5 hours
after the meal or 4  



5                 EP 0 466 769 B1                    6 snack has been
consumed. Assessment of values         Furthermore, additional work showed
that when obtained in this manner make it possible to deter-  the subject
consumed a meal rich in carbohydrate, mine an appropriate carbohydrate to
protein ratio  but lacking protein, he exhibited severe dyskinesis. for an
individual (i.e., one effective in reducing or  In contrast, when the
subject consumed a high- eliminating fluctuations in plasma LNAA levels
and,   5   protein meal, he exhibited signs of undermedica- concomitantly,
in reducing or eliminating variable  tion. responses to a drug, such as
L-dopa, which is a LNAA). For purposes of calculation, the carbohy-
Equivalents drates in the foods may be normalized in terms of their ability
to trigger insulin release (foods with a   10  Those skilled in the art
will recognize, or be high glycenic index include among others potato,
able to ascertain using no more than routine ex- starch or sucrose.
perimentation, many equivalents to the specific According to the present
invention, composi-   embodiment of the invention described specifically
tions or foods comprising an effective carbohydrate  herein. Such
equivalents are intended to be en- to protein ratio can be administered to
individuals  15  compassed in the scope of the following claims. to
minimize the variability in clinical responses to treatment with drugs
which are LNAA. For example,   Claims drugs such as L-dopa (levodopa),
Aldomet (al- phamethyldopa), and  5-hydroxytryptophan  are      1. A
composition for administration to an individ- LNAA and must compete with
other LNAA for  20         ual to reduce post-prandial fluctuations in
plas- transport across the blood-brain barrier.             ma of large
neutral amino acid (LNAA) levels, The present invention will now be
illustrated by   having a ratio of carbohydrate to protein of the following
Exemplification, which is not intended  from 4:1 to 6:1. to be limiting in
any way. 25  2. The composition according to claim 1, wherein
EXEMPLIFICATION Assessment of post-prandial           said LNAA are
selected from the group con- plasma levels of LNAA and dopa
sisting of: leucine, isoleucine, valine, tyrosine, phenylalanine and
tryptophan. The subject was an otherwise healthy 59-year old with a 12-year
history of Parkinson's Disease,  30  3. The composition of claim 1 or 2,
which is food. which was poorly controlled on Sinimet (i.e., L- dopa and a
peripheral decarboxylase inhibitor) plus  4. A composition for
administration to an individ- a dopamine agonist. The subject had
experienced       ual to be used in the treatment of variability in
difficulty in controlling the marked fluctuations in  response to drugs
which are large neutral ami- his symptoms. At one time of day he might be
35     no acid (LNAA), in an individual exhibiting such vastly
overmedicated, and suffer from very disturb-   variability, having a ratio
of carbohydrate to ing abnormal movements, or dyskinesis; at another
protein of from 4:1 to 6:1. time, not too much later, he would be under-
medicated, and suffer from rigidity and tremor. To  5. The composition of
claim  4, wherein said study plasma levels of dopa and LNAA along with  40
drugs are selected from the group consisting the clinical responses to
L-dopa, the subject con-    of : L-dopa (levodopa), Aldomet (alphamethyl-
sumed test meals designed to minimize post-pran-      dopa)
5-hydroxytryptophan. dial fluctuations in plasma LNAA levels. The subject
consumed three meals, each         6. The composition according to claim 4
or 5, which contained a carbohydrate to protein ratio of  45  wherein said
LNAA are selected from the approximately 4:1 (87-116 grams of carbohydrate
group consisting of : leucine, isoleucine, valine, and 20-27 grams of
protein for breakfast, lunch and   tyrosine, phenylalanine and tryptophan.
dinner). Under these conditions, the patient did not    7. The composition
according to anyone of exhibit symptoms of dopa toxicity (i.e., dys-  50
claims 4 to 6, which is food. kinesias) (Panel A of the Figure). Dyskinesis
had previously been a problem for this individual. Plas-  8. The
composition according to anyone of ma samples were obtained at hourly
intervals and      claims 4 to 7 wherein the variability is post- assayed
for dopa and LNAA. Post-prandial LNAA         prandial. levels of leucine,
isoleucine and valine varied by   55 only  15%. The plasma dopa ratio also
varied by less than  20% throughout the day. (Panel C of the Figure). 5 
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no, tyrosine, ph6nylalanine at tryptophane. 1. Eine Zusammensetzung zur
Verabreichung an       3. La composition selon la revendication 1 ou 2,
Menschen zur Reduzierung von nach dom Es-          qul est de la
nourriture. sen auftretenden Schwankungen der LNM-   5 Konzentration
("large neutral amino acids") im  4. Uno composition destinee a tre
administree a Plasma, gskennzoichnet durch ein Kohleh-           un
individu pour le traitement de la variabilite ydrat/Protein-Verhaltnis von
4:1 bis 6:1.          dans la reponse aux medicaments qui sont des
amino-acides larges noutres (LNAA) chez un 2. Die Zusammensetzung gemaB
Anspruch 1, da-  10      individu presentant une telle variabilite, preson-
durch gskennzsichnot, daB besagto LNM der         tant un ratio
carbohydrate sur proteine de 4:1 Gruppe bestehend aus Loucin, Isoleucin,
Valin,     I 6:1. Tyrosin, Phenylalanin und Tryptophan angeho- ron.
5. La composition salon la revendication 4, dans is     laquelle lesdits
medicaments sont choisis dans &  Die Zusammensetzung gemfiB Anspruch 1
le groupe consistant on: L-dopa (Levodopa), oder 2, dadurch gakennzeichnet,
daB es sich        Aldomet (alphamdthyl-dopa), 5-hydroxytrypto- bei ihr um
ein Lobensmittel handelt.               phane. 4. Eine Zusammensetzung zur
Verabreichung an   20  6. La composition solon la revendication 4 ou 5,
Menschen im Rahmen der Behandlung einer            dans laquelle lesdits
LNA sont choisis dns le individuell auftretenden Variabilitit in der Reak-
groupe consistent on: leucine, isoleucine, valdi- tion auf Arzneimittel
bestehend aus LNM, go-       ne, tyrosine, phenylalanine et tryptophane.
kennzoichnst durch ein Kohlehydrat/Protein- Verhiltnis zwischen 4:1 und
5:1.          25  7. La composition solon l'une quolconque des
revendications 4 a 6, qui est de la nourriture. 5. Die Zusammensetzung
gemAB Anspruch 4, da- durch gekennzeichnet, daB besagte Arzneimit-   8. La
composition selon 'une quelconque des tel der Gruppe bestehend auf L-dopa
(levodo-       revendications 4 a 7, dans laquelle la variabili- pa),
Aldomet (aiphamethyldopa) 5-Hydrox-  30       t est post-prandiale.
ytryptophan angehoren. 6. Die Zusammensetzung gemaB Anspruch 4 odor 5,
dadurch gekennzeichnet, daB besagte LNM der Gruppe bestehend aus Leucin,
Iso-  35 leucin, Valin, Tyrosin, Phenylalalin und Trypto- phan angehoren.
7. Die Zusammensetzung gemAB einem der An- sprache 4 bis 6, dadurch
gekennzsichnot, daB   40 es sich bei ihr um ein Lebensmittel handelt. &
Die Zusammensetzung gemaB den Ansprtl- chen 4 und 7, dadurch
gekennzeichnet, daB es sich bei der VariabilitAt urn eine nach dam   45
Essen auftretende Erscheinung handelt. Revendlcatlons 1. Uno composition
destineoa e tre administree a   so un individu pour r6duire les
fluctuations post- prandiales dans le plasma des taux d'amino- acides
larges noutres (LNAA), presentant un ratio carbohydrate sur proteine de 4:1
a 6:1. 55 2. La composition selon la revendication 1, dans laquelle lesdits
LNM  sont choisis dans le groupe consistant en: loucine, isoleucine, vali-
6    


