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Large Neutral Amino AcidsLarge Neutral Amino Acids
(LNAA)(LNAA)

•• Phenylalanine (Phe)Phenylalanine (Phe)

•• LeucineLeucine

•• TyrosineTyrosine

•• TryptophanTryptophan

•• MethionineMethionine

•• HistidineHistidine

•• IsoleucineIsoleucine

•• ValineValine

•• ThreonineThreonine



Transport of LNAA to the BrainTransport of LNAA to the Brain

•• Phenylalanine (Phe)Phenylalanine (Phe) 0.120.12 0.450.45

•• LeucineLeucine 0.150.15 0.530.53

•• TyrosineTyrosine 0.160.16 0.580.58

•• TryptophanTryptophan 0.190.19 0.710.71

•• MethionineMethionine 0.190.19 0.770.77

•• HistidineHistidine 0.280.28 1.101.10

•• IsoleucineIsoleucine 0.330.33 1.301.30

•• ValineValine 0.630.63 2.502.50

•• ThreonineThreonine 0.730.73 3.003.00

Km mmol/L Km app

Pardridge, Inborn Errors of Metabolism in Humans.
MTP Press, 1980.



Andersen AE,Andersen AE, AvinsAvins LL

•• LNAA injected to rat pupsLNAA injected to rat pups

•• Phenylalanine hydroxylase wasPhenylalanine hydroxylase was
ihibitedihibited byby parachlorophenylalanineparachlorophenylalanine

•• Brain phenylalanine decreasedBrain phenylalanine decreased

1976 Arch Neurology 33:6841976 Arch Neurology 33:684



Tyrosine in The TreatmentTyrosine in The Treatment
of PKUof PKU

Lou et al used Tyr 160 mg/kg in treatedLou et al used Tyr 160 mg/kg in treated
patients with PKUpatients with PKU

•• Increased attention spanIncreased attention span

•• Increased dopamine synthesisIncreased dopamine synthesis

19871987 ActaActa Paediatr Scand 76:560Paediatr Scand 76:560



Tyrosine in Treatment ofTyrosine in Treatment of
PKUPKU

•• Pietz et al. used high dose tyrosine inPietz et al. used high dose tyrosine in
adults with PKU and high blood Pheadults with PKU and high blood Phe

•• No difference in treated group vs placeboNo difference in treated group vs placebo

1995 J Pediatr 127:9361995 J Pediatr 127:936



Tryptophan in Treated PKUTryptophan in Treated PKU

•• Nielsen et al used tryptophan 4.5 gm/dayNielsen et al used tryptophan 4.5 gm/day
to treated PKU for 3 weeksto treated PKU for 3 weeks

•• Showed a 3 fold increase in 5Showed a 3 fold increase in 5--HIAA in CSFHIAA in CSF
despite high blood Phedespite high blood Phe

1988 Dietary Phenylalanine and Brain Function.1988 Dietary Phenylalanine and Brain Function.

BirkhauserBirkhauser



VIL in Treatment of PKUVIL in Treatment of PKU

•• 1990 Berry et al used VIL (valine 1501990 Berry et al used VIL (valine 150
mg/kg, isoleucine 150 mg/kg and leucinemg/kg, isoleucine 150 mg/kg and leucine
200 mg/kg) to reduce phe entry to brain200 mg/kg) to reduce phe entry to brain

•• Substantial lowering of CSF Phe foundSubstantial lowering of CSF Phe found

•• Tyrosine also was also substantiallyTyrosine also was also substantially
reduced in CSFreduced in CSF

•• Am J Dis Child 144:539Am J Dis Child 144:539



LNAA Supplementation inLNAA Supplementation in
PKUPKU

•• DotremontDotremont et al. used LNAA and a lowet al. used LNAA and a low
protein diet 0.6 gm/kg on 4 patients withprotein diet 0.6 gm/kg on 4 patients with
PKUPKU

•• After 1 month subjects found withAfter 1 month subjects found with
negative nitrogen balancenegative nitrogen balance

•• Lysine was limiting amino acidLysine was limiting amino acid

1995 J Inherit Metab Dis 18:1271995 J Inherit Metab Dis 18:127



LNAA Supplementation inLNAA Supplementation in
PKUPKU
•• PietzPietz et al. 6 males with PKU given a load (100 mg/kget al. 6 males with PKU given a load (100 mg/kg

Phe) with and with out LNAAPhe) with and with out LNAA

•• Limited brain Phe entry by MRSLimited brain Phe entry by MRS

•• EEG normal with LNAAEEG normal with LNAA

•• EEG slowing without LNAAEEG slowing without LNAA

•• Radiology 1996, 201:413Radiology 1996, 201:413



Km (app)Km (app) –– Km (1 +Km (1 +
∑∑[aa]/Km][aa]/Km]

This predicts that, if the plasma levelThis predicts that, if the plasma level
of an LNAA is much less than itsof an LNAA is much less than its
value of Km, then that amino acidvalue of Km, then that amino acid
will not compete effectively for thewill not compete effectively for the
carrier proteincarrier protein



Absolute and apparent Km values of neutral aminoAbsolute and apparent Km values of neutral amino
acids for the neutral amino acid transporter in the BBBacids for the neutral amino acid transporter in the BBB
(Partridge, 1980)0(Partridge, 1980)0

3.03.00.730.730.190.19ThrThr

2.52.50.630.630.140.14ValVal

1.31.30.330.330.070.07IsoleuIsoleu

0.770.770.190.190.040.04MetMet

0.710.710.160.160.100.10TrpTrp

0.580.580.160.160.090.09TyrTyr

0.530.530.150.150.100.10LeuLeu

0.450.450.120.120.050.05PhePhe

LNAALNAA’’ss

App KmApp Km

(mM)(mM)

KmKm

(mM)(mM)

TypicalTypical
plasma levelplasma level
(mM)(mM)

Amino acidAmino acid



App KmApp Km

(mM)(mM)

KmKm

(mM)(mM)

TypicalTypical
plasmaplasma
level (mM)level (mM)

Amino acidAmino acid

Absolute and apparent Km values ofAbsolute and apparent Km values of
neutral amino acids for the neutralneutral amino acids for the neutral
amino acid transporter in the BBBamino acid transporter in the BBB
(Partridge, 1980)(Partridge, 1980)

0.250.250.100.100.300.30LysLys

0.400.400.090.090.100.10ArgArg

1.11.10.280.280.050.05HisHis

Basic aaBasic aa’’ss



LNAA Transport in IntestinalLNAA Transport in Intestinal
Mucosa KMucosa Kmm mmol/Lmmol/L

•• PhenylalaninePhenylalanine 1.01.0

•• LeucineLeucine 2.02.0

•• ValineValine 3.03.0

•• MethionineMethionine 5.05.0

•• HistidineHistidine 6.06.0

•• Competition effect is not likely to occur inCompetition effect is not likely to occur in
tissue other than brain unless hightissue other than brain unless high
concentration of amino acids is usedconcentration of amino acids is used

Pardridge, Inborn Errors of Metabolism in Humans. MTP Press,
1980.



Amino acid inhibition of Phe transport inAmino acid inhibition of Phe transport in
CacoCaco--22--cellscells –– 10uM Phe in buffer applied10uM Phe in buffer applied
to monolayers in presence of 1 mMto monolayers in presence of 1 mM
concentration of each amino acidconcentration of each amino acid

33%33%HisHis

50%50%LysLys

BasisBasis aaaa’’ss

36%36%TrpTrp

45%45%TyrTyr

55%55%LeuLeu

LNAALNAA’’ss

% inhibition% inhibitionInhibitorInhibitor

Hidalgo Biochem Biophys. Acta 1008: 5Hidalgo Biochem Biophys. Acta 1008: 5--30a (1990)30a (1990)



Genotype of ENU2 Mice

N HET HOMO

(F263S)



LNAA in Treatment of Mice withLNAA in Treatment of Mice with
PKUPKU

•• ENU2/ENU2 mice with PKUENU2/ENU2 mice with PKU

•• Before treatment blood phe andBefore treatment blood phe and tyrtyr

•• LNAA given in form ofLNAA given in form of PreKUnilPreKUnil

•• Dose 0.5 g/kg or 1.0 g/kgDose 0.5 g/kg or 1.0 g/kg

•• Blood phe andBlood phe and tyrtyr up to 6 weeks post treatmentup to 6 weeks post treatment
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Pre- and Post-LNAA Blood Phe Levels in mice
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Double Blind Placebo ControlDouble Blind Placebo Control
Trial in PKU with NeoPhe in USTrial in PKU with NeoPhe in US



Figure 1. Blood Phe Response toFigure 1. Blood Phe Response to
0.5g/kg NeoPhe in Patients with0.5g/kg NeoPhe in Patients with PKUPKU
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Figure 2. Blood Phe Response to 1.0Figure 2. Blood Phe Response to 1.0
g/kg NeoPhe in Patients withg/kg NeoPhe in Patients with PKUPKU
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DoubleDouble--Blind Placebo Control onBlind Placebo Control on
patients in the USpatients in the US

•• Patients were genotypedPatients were genotyped

•• Baseline Phenylalanine wasBaseline Phenylalanine was
determined 3 timesdetermined 3 times

•• Placebo orPlacebo or NeopheNeophe was administeredwas administered
for one week, 1tablet/kg/dayfor one week, 1tablet/kg/day

•• Blood Phe was determined 3 timesBlood Phe was determined 3 times
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ConclusionConclusion

•• LNAA can reduce blood Phe levels whenLNAA can reduce blood Phe levels when
given with mealsgiven with meals

•• Longer term doubleLonger term double--blind placebo controlblind placebo control
studies are neededstudies are needed

•• Establishing the efficacy and safety ofEstablishing the efficacy and safety of
LNAA can improve treatment of PKULNAA can improve treatment of PKU



DoubleDouble--Blind Study in OtherBlind Study in Other
CentersCenters

••BrazilBrazil

••RussiaRussia

••UkraineUkraine

•• ItalyItaly
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Methods

We studied three patients (1male, 2 females), aged 13-14y, in a
double blind study, in four weeks as the protocol:

Week 1: specific diet (aminoacids formula)
Week 2: specific diet and placebo or NeoPhe (1 pill/Kg)
Week 3: specific diet
Week 3: specific diet and placebo or NeoPhe

PKU concentrations were determined three times a week during all
the weeks by an enzymatic colorimetric method (NeoLISA PKU Kit-
Intercientífica) in duplicate. All the aminoacids were determined also
by tandem mass spectrometry in day five of every week.

One patient (case 3) presented vomits in the fourth week (NeoPhe)



Case 1.Case 1. RSLRSL
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Case 1.Case 1. PhenylalaninePhenylalanine
TandemTandem massmass spectrometryspectrometry
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Case 1.Case 1. TyrosineTyrosine
TandemTandem massmass spectrometryspectrometry
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Case 2.Case 2. TSATSA
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Case 2. Phenylalanine
Tandem mass espectrometry
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Case 2. Tyrosine
Tandem mass spectrometry
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““Experience in Russia with LargeExperience in Russia with Large
Neutral Amino AcidsNeutral Amino Acids””
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Russia LNAA StudyRussia LNAA Study

TyrTyrPhePheTimeTime

1.711.7194.094.01.711.71102.6102.63 days3 days

2.002.00110.0110.02.272.27136.2136.23 days3 days

1.721.7294.694.65.375.37322.2322.23 days3 days

4.404.40242.0242.09.249.24554.4554.43 days3 days

0.600.6033.033.010.5910.59635.4635.400’’

mg/dlmg/dlµµmol/lmol/lmg/dlmg/dlµµmol/lmol/lKHKH



TyrTyr
PhePhe

TimeTime

1.521.5283.683.69.769.76585.6585.63 days3 days

2.912.91159.5159.59.549.54572.4572.43 days3 days

2.302.30126.5126.510.1210.12607.2607.23 days3 days

0.780.7842.942.911.7911.79707.4707.400’’

mg/dlmg/dlµµmol/lmol/lmg/dlmg/dlµµmol/lmol/lKNKN

Russia LNAA STUDYRussia LNAA STUDY



TyrTyrPhePheTimeTime

1.971.97108.3108.36.276.27376.2376.23 days3 days

1.881.88103.4103.48.728.72523.2523.23 days3 days

1.661.6691.391.311.1411.14668.4668.43 days3 days

0.980.9853.953.911.9811.98718.8718.800’’

mg/dlmg/dlµµmol/lmol/lmg/dlmg/dlµµmol/lmol/lKAKA

Russia LNAA STUDYRussia LNAA STUDY



Response Phe levels in PKU patients
with NeoPhe administration (Russia)
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ConclusionsConclusions

•• LNAA can decrease blood Phe levels inLNAA can decrease blood Phe levels in

patients with classical PKUpatients with classical PKU

•• Decreasing of Blood Phe levels isDecreasing of Blood Phe levels is
accompanied by increased of bloodaccompanied by increased of blood TyrTyr levelslevels

•• The grade of the decrease of Phe levelsThe grade of the decrease of Phe levels
can be higher after the short period withoutcan be higher after the short period without
LNAALNAA

•• It will be necessary to check the differentIt will be necessary to check the different

hypotheses of LNAA effectshypotheses of LNAA effects



DoubleDouble--Blind Placebo study inBlind Placebo study in
UkarineUkarine
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Large Neutral Amino Acids – a novel
treatment for PKU

Marcello Giovannini, Laura Fiori

Department of Pediatrics, San Paolo
Hospital, University of Milan, Italy



Week 1, on caps
(phe mg% - mcM/L)

Week 2,
(no caps)

Week 3, on caps
(phe mg% - mcM/L)

BasalBasal 16.7 - 984 - 18.3 - 1098

16.4 – 984 - 14.9 - 894

14.4 – 864 - 11.9 – 714

12.9 – 774 - 13.4 - 804

End of
week

12.7 - 762
-

15 - 900

Pl. phe
decrease
%

22% 18%
(max 34%)

F, age 29

BW: 49 kg.

LNAA: 1/kg
BW

LNAA

R158Q / -



NeoPhe-Placebo study in
Italy- Padova

Alessandra Burlina and Alberto Burlina



Response to NeoPhe: DoubleResponse to NeoPhe: Double--BlindBlind
StudyStudy

1375106720AL

122592621BL

73.7055415759715NV

21.58937.5787.3100426MC

%
decreasePlaceboNeoPheBaselineAgePatient



AcknowledgementAcknowledgement

•• This study was supported in part by grants fromThis study was supported in part by grants from
MidMid--Atlantic Connection for PKU and AlliedAtlantic Connection for PKU and Allied
Diseases (MACPAD) & South Texas AssociationDiseases (MACPAD) & South Texas Association
for PKU and Allied Disease (STAPAD)for PKU and Allied Disease (STAPAD)

•• Generous supply of NeoPhe was given byGenerous supply of NeoPhe was given by
PreKulabPreKulab, Denmark, Denmark

•• To all Centers in Brazil, Italy, Ukraine and RussiaTo all Centers in Brazil, Italy, Ukraine and Russia
for their participation in the studyfor their participation in the study




