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Several other nodes of therapy of genetic disemses
are readly available, For review of gtrategies of ther-

apy of genetic diseases see Shapiro (1983),.

It is inherent in the medicrl genetics that virtually
all digemsge results from an interaction of envirommentel
and hereditary factors (Stern, 1973). MAlteration of the
genetic constitution of individuels has not been acheived
yet. ©On the other hand, we can control the environmental
factors in meny disorders. Thus, while few would diaspute
that phenylketonurie is s genetic illness, it is only of
pathciogicsl consequence in the context of an environment

which provides dietary phenylalanine in excess of the

ubject's ability to metabolize 1t, snd through appropriate
nvironmental intervention, the adverse effect of the mut-

nt gene can be lessened,

The goal of nutritical therapy can perhaps be codified
g an atfempt to create an equilibrium between inherlted
actors & environmental influences by elteration of the
dlet to allow the Indivicdual to live ag full and healthy

life as possible,
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GENERAL PRINCIPLES
OF NUTRITIONAL THERAPY

The goals of diet therapy are.r (1) preservation of
the integrity of the CHNS; (2) permittion of normal growth

(3} normelization of affected bicchemical parsmeters {Cochn

end Roth, 1983).

Severagl therapeutic modalifies of nutritional therapy
can be applied in different metabolic discrders. Cholce
of the effective modality is dictated by the nature of

the disease snd its dleochemical corsequences,

Some gituations permit a relatively simple form of

therapy: sgimple elimination of the offending dietary comp-

onent or the substrate of defective enzyme. This is feas-

ible in casges in which this compound is non easential i.e.
can be endogenously synthesized. The meftabolic relation-
ship of glucose with fructose and galadtose allows the
elimination of any of these sugars in cases in which metab-
0lic abnormality of either of galactoge or fructose exists.
(Martin et al., 1981).

In other situations complete elimination of the offen-
ding substrate may be even more deleteriocus than supplying

it in normsl guantiftlies; in such conditions Partial elimin-

ation of offending dietary component is necessary,

- 3 -
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The most eminent example of this type of nutritional
therapy iz phenylketonuria where phenylalanine should be
supplied in amounts which prevent the occcuraence of the d

deleterious hypophenylalaninemia {Page, 19)

Another approach is the supply of a non toxie anmlogue

of the parent compound; this appreoach can be ugeful in

a number of discrders of urea cycle where reduction of diet-
ery niltrogen loading by feeding alphe-keto analogues of the
amino scids has lowered the plesma ammonia level, Unforiun-
ately the biochemical efficacy of this therapy has not

regulted in clinical response of equal measure (Thoene et

E.ll-, 19?5) *

Another option is the gdminiatration of s detoxifying

dietary constituent, The use of glycine in isovaleric

acidemis where glycine forms isovalerylglycine leads to

smelioration of the toxic effect of isovaleric acid (Roe

et al, 1985).

The product of the defective reaction can be supplied

in diet in few disorders. An example of this ig the adm-
instration of arginine in eitruillinemia which provides
large amounts of ornithine through the sction of arginase

(Scott, 1983).
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Certain disorders invelve cofactor dependant enzyme
pathways, a subgroup of which sre "vitamin responsive
- * . ] -
disorderah There are four mechanisms of vitemin resp-

pngivenesgs of dinborn errors of metaboliem.

1} Defective biogynthesig or transport of coenzyme:

with the exception of bietin and ascorbic aecid,
specific steps are required for the biosynthesis of all
coenzymes Trom their varent vitamins {(Scriver, 1973).
A partisl block of the pathway of coerngyme synthesgsis may
be overcome by the administration of the precursor vitemin
in pharmacolegic dose, Vitamin Bio is an excellent example

e¢f thig mechanism of vitamin responiveneass. .

Jeveral aefects in the abgorbiicon or trargport of

itamin 312 can result in megalobleastic anemia which isg

corrected by phermasceologic doses of the vitamin, In the
final strnges of Bl2 utiiization cobelamin is reduced and
ultimately forms both aderosyl and methyl coenzyme. Defects
in the pathway of vitamin 512 regult in methylmalonic aeid-

uria, homocystinuris or both, Figure {1},

2} Defective agsociation of coenzyme with epoenzyme:

Coenzyme must achieve m specific steric relationshkip .
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Fig (1) The pathway of Vitemin By, metabolism.

Dietary hydroxycobslamin {OH Cbl) combines with the
intrinsic factor (IF) in the stomach. The complex mtiaches
to specific receptor in the ileum and OH Cbkl is transported
acrosyg the intestinal wall into the bleood where 1t binds to
transcebalamin  {7¢) that carries it to cell. Cobalamin is
converted to two active forms. One active form 5'acenosyl-
cobalemin (Ado Cbl) is a coenzyme for mitochondrial enzyme
methylmalonie Co A& matase, inactivity of which results in
methyl malonic aciduria. The other active form (Me Cbl) is
invoived in folate metsbelism =cting as coenzyme for the
eytoplasmic engyme homocystein methyltetrshydrofolete meth-
yltronsferase, inactivation »f which results in one form of
hoemocystinuria.,
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with the spoenzyme to form the holoenzyme which is the

active catalytic egent. In some disorders like cystathionin-

uria the gadition of the eccofactor, pyridoxine phosphazie,
in vitro to tissue homogenmstes restores the deficlent
enzyme activity within short time:: due {fo:activation of

the available enzyme (Scriver, 1973).

3) Alteration of the cellular concentration of spoenzyme:

The ghange in enzyme activity may reflect an altered
balance between aynthesis and degradation of the mutant
enzyme particularly 1f the saturation of the enzyme ret~
ards its inectivation, Mudd and his coworkers (1970)
examined the mechanism of responsiveness in vive in homo-
cyatinuria; they obszerved that vitamin therepy diminished

homocysiine accumulation due to increaged hepatic synthasge

~activity from 2 to 4°/°. 1In the abgence of pyridoxine ,

the T0 kg individual was able %o converit no more than &
millimeles of methionine daily; but when he received pyr-
ldoxine, the conversion rate was 16 millimoles per day.
Altheough this increase might lock ito be aminim=l one, it
had s gignificant effect on the dietary tolerance of the
individual to methionine. NMost student of inborn errors
of ‘metaboliam find that the difference between less than
2o/0 getivity and 5°/° activity of enzyme makes a world of

difference to the patient with metabolic disorder e.g,
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Biliotin

Vitamin 312

georbate

lolate

otinamide

doxine

Multiple ¢arboxylase deficiency
Puruvate csrboxylage
Propionic acidemia

Methylmalonic acidurie

Methylmelonic aciduris+

homocystinuria

Interingic factor deficiency
Transcobalemin 11

Heornatal tyrosinemis

Megaloblaatic enemla
due to folate reductase Def.

L)

Homocyetinuria + hypo-

methioninemia

Tryptophanuria
Hartnup disease

Gystathiominuria
Homeceygtinuris

Xanthinurenic geilduris

Hyperoxsluria

MSUD

Pyruvic acidemia

T

Vitamin dependent rickets

10 mg
10 mg
10 mg

250-500ug

500 ug
5 ug
100 ug

50100 mg

0.1-0.2
10 - 20

100 mg
50 -200

100=-500
25 <500
5 - 10

100-500

5 - 10
o - 20

25000 to
50000

me

ng

mg
ng
mg
mg

mg

i.U.
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Table (1} The common cofmctor responsive inborn
errorsg of metabolism {Coim &Roth,1983)



maple sgyrup urine disease {(Scriver et al., 1971%.

4} Stimudation of an alternative pathway

In pyruvate cerboxylase deficleney thismin trestment
prevents excessive pyruvate and lactate accumulilos,
Thimmin is not a coenzyme for carboxylase enzyme., Thiamine
gacts through = small but significant inecrease of basgl
pyruvate dehydrogenase activity in tissues {Pincus et sl.,
1973) 1t alse stimulates gluconesgeneis via an unknown

mechanism (Hommes et al., 1950},

ERGDLE T ARSI TH0l G
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NUTRITTONAL THERAFY OF
INDIVIDULAL DISORLERS

Ain increasgsing number of inborn errors of metabollasm
have heen reported & teremendous progress In understending,
disgnesing and treating these problems has been made in the
last decade, Trom experience gained in treating - the more
common disorders especlally phenyl ketonuria important leg-
sons have been learnt which apply to other disorders and
winich should enable us %o aveid complicetions arising from

treatment.

In the following chepters, Individual inborn errors
of metabolism that are responsive to nutritional therapy
will be discussed, The more the disorder is common the
more the discussion ig & detailed cone., Rare discorders,
which are ususally aeen once in a 1ife time or even not

encountered by most physicians,are mentioned in breif,

vespite the fact thed e care has been given to.
the practical aonect of the commonest inborn errors of
metabolisn,, it should be emphasized that therepy of these
digenzes ghould he undertaken only in centers whers both

laboratory and clinical experience is available,
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HYPERPHENYLATANINEMTA

I. Metabolism of Phenylalanine (Phe):

The chemist Folling (1934} first recognised the exisi-
ande of a disorder of Phe mefabelism. The condition>was
gventualiy called phenylketonuria or PXU. It is the corner
stone of research in c¢linical and biochemical genetics{Scott,
1983).

It is now recognised that geversl genetic entities
can cause an elevation of Phe. All interfere with convers-
ion of Phe ‘to tyrosgine by reducing the actiivity of Phe hydr-

oxylage, They are referred to collectively as the hyperw

phenylalaninemis (Hyperphe).

II. The hydroxylaage reaction

The presence of Phe hydroxylsse aciivity in the
oluble fraction of the liver extiract, the requirement of
atmospheric oxygen snd WADH and the specificity to L-Phe
were first demonstrated by Undeafriend & Cooper (1952).
The hydroxylation system was resolved infoc two protein
components by Mitoma (1956). The nexittmajor step came when
Kaufmsen (1976} identified the structure of teirahydrobio-

pterin, an obligatory cofacter, and traced its transform-

stion during hydroxylation.
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Types of hyperphenylalaninemia @

In the mejority of cases Hyper-~Phe ig the result
of decregsed phenylalanine hydroxylase enzyme sctivity.
In 1976 Ksufman have shown thsat the apoenzyme is struct-
urally abrnormal in clasgical PKU , The c¢linical picture

varies according to the residusl enzyme activity table(2)

Several children have been identified with a def-
icdency of dihydropteridine reductase as m causge of their
elevaied blood Phe {Keufmen et al., 1975). Such children
are helieved to be rare and mccount for no more than

1e/c of patients with PKU (Scett, 1983).

Subsequently, Leeming et al {1976) reported s different
defect with somewnst different cliniecal picture. Additlonal
reports confirmed that this was & new entity which resultas
of a defect in dihydropteridine synthetase enzyme {Bartholome

et al., 1977: Keaufman et al., 1978).

Recently Weiderwieser et mal, (1982) reported a new
enzymatic defect in GTP eyclohydrolas enzyme, the firgt
gtep in tetrshydrobiopterin synthesis. Two other ceases

have been reported later on (Dhondt et al., 1985).
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