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DRUG THERAPY IN
MALNUTRITION
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The pharmacokinetics and pharma-
codynamics of a drug depends upon its ab-
sorption, . distribution, biotransformation
and cxcretion. Knowledge of pharmaco-
logical principles of pediatric therapcu-
tics(1) is essential for better understanding
of these bioprocesses which are affected in
protcin energy malnutrition (PEM). Nutri-
tional deficiencies may result in an altered
drug response(2) requiring rcadjustment
of drug dosages. There arc limited studies
on drug disposition in children with
PEM(3,4). Physicians nced to have practi-
cal guidclines regarding dosage and fre-
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quency of administration of the commonly
prescribed drugs in malnourished children
in whom reversible structural and func-
tional changes occur. This review discusses
the effect of PEM on various bioprocesses
involved in drug pharamacokinetics in or-
der to cvolve guidclines in the clinical use
of drugs under altered body-physiological
functions.

Drug Absorption and Bioavailability
In PEM hypochlorhydria, prolonged

gastric and intestinal emptying time, villous

atrophy(5), altered gut flora, motility(6)
and reduced intestinal blood flow may
interfere with gastrointestinal absorption.
As a result, the ratc of absorption asscssed
by the absorption ratc constant (ka), is
diminished(5). Pharmacokinetically, the
bio-availability of a drug is represented by
the arca under the sgrum concentration-
time curve (AUC). The maximum serum
concentration attaincd and the course of
concentration with time arc equally
important for elficacy of a drug even under
altercd homeostasis.

Drug Distribution

The volume of distribution (Vd) of a
drug is influenced by its physicochcmical
properties, plasma and Uissuc protcin
binding, total body water contcnt, body
composition and blood [low through
various organs. Malnutrition, by altering
the total body water and reducing scrum
albumin and tissuc binding, may lcad to
altcred Vd of a particular drug. |

Drug Metabolism (Biotransformation) .

Liver is the main site of drug mctabo-
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lism. It involves oxidation, reduction and
- hydrolysis in Stage T and conjugation (glu-
curonidation, sulfation or acetylation) in
Stage 1I. The peak drug levels, duration of
action and inter-individual variations are
all accounted for by variation in oxidative
metabolism mediated by the cytochrome
P-450 enzyme system(4).

We know that malnutrition and infec-
tion co-exist and have synergistic effects—
one augmenting the other. Malnutrition per
se to some extent and more recently many
vi 1 and bacterial infections, and even vac-
cines like BCG and hepatitis-B have been
reported by Moochhala(7) to decrease
drug biotransformation and ¢limination by
inducing the formation of interférop—an
immunomodulator which in itself depresses
the cytochrome P-450 enzyme system.

Drug Excretmn (Renal)

Renal plasma flow, glomcrular filtra-
tion rate and tubular functions (excretion
and reabsorption) can be markedly de-
creased in chronic severe malnutrition.
Thesc changes lead to delayed elimination
of the drug with. prolonged serum: half-hfe
which may accumulate to toxic levels.

Clinico-pharmacological Principles For
‘Common Drugs Used in Malnutrition

1. Antibiotics
(@) * Chloramphenicol

It is a broad spcetrum antibiotic com-
monly used in the less developed countries.
Oral administration of chloramphenicol in
malnourished children has shown contra-

dictory results. Mehta ef al.(8) have ob-

served a higher bioavailability in children
especially those with PEM while Samotra
ot al.(9) reported a decreased bioavailabi-

lity due to an enhanced clearance with no -
change in absorption rate. In malnourished
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children, only 35-55% of the drug was
shown to be excreted in the conjugated
(glucuronidatéd) form as compared to
75% in the controls in a study by Mchta
et al.(10). This - was more evident in cases
with severe PEM. Krishnaswamy(3)
showed that the rate of absorption of chlo-
ramphenicol was reduced in PEM. Despite
giving a higher dosage of the drug, the
peak plasma concentration and AUC were
low. Hence in PEM, depending upon the
extent of malnutrition, doses of chloram-.
phenicol should be given on the lower side
of the range. Therapeutically effective and
safe plasma levels can be achicved with
dosage of 75 mg/kg/day(4). Studies on
chloramphenicol pharmacokinetics are re-
quired in normal children which must be
compared to those with varying extent of
malnutrition, i 8, Grades I Il and IIT,

- kwashiorkor, and marasmic-kwashiorkor, -

(b) Penicillins and Aniihogézcasides |

Children suffering from PEM have a
diminished muscle mass and edema of
lower limbs. Repcated injections may be
difficult to adminisier and edema may -
interfere with absorption of drugs. Severe
malnutrition can lead to reduction in glom-

“erular filtration rate, tubular functions and
renal plasma flow. The serum levels of

penicillins and aminoglycosides which are
not metabolised in thetiver but climinated
through glomerular filtration or tubular
excretion, may thus be altered. Buchanan
et al.(11) studied the pharmacokinetics of

_penicillin and Mitchell and Jollow(12) of
© gentamicin in children with kwashiorkor.

They found an increase in the plasma half-
lives and reduced renal clearance of both

“drugs which, after nutritional rchabilitation
returned to mormal. It is suggested that
“children with kwashiorkor should initially

receive penicillin and gentamicin at less
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frequent .intervals compared to normally
nourished ones(4). Once dictary therapy is
initiated and the child becomes edema-
free, the dosage schedule may be revised
appropriately.

2. Antitubercular drugs

As tuberculosis and malnutrition often
co-exist, the knowledge of kinetics of ri-
fampicin and isoniazid in the malnourished
patients is important for successful ther-
apy. Seth ef a/.(13,14), in their pharmacoki-
netic studies on isoniazid and rifampicin in
relation to the nutritional status in children
with pulmonary tuberculosis, have shown
higher peak scrum concentations (C__ ) of
both the drugs in undernourished (Grade 1
+ I} and malnourished (Grade III + IV)
patients (Table I). The serum half-life
(TY2) of isoniazid and bioavailability
(AUC) of both isoniazid and rifampicin
‘were higher in undernourished and mal-
-nourished patients when compared to the
normally nourished ones. Polasa et al.(15),
and Polasa and Krishnaswami(16) have
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also reported higher C__, T% and AUC |
values for rifampicin in adu]ts with under-
nutrition. v

In kwashiorkor and marasmic- kwash-
iorkor patients on antitubercular therapy,
the potential hepatotoxic drugs like
isoniazid and hepatic enzyme-inducer
rifampicin should be given on their lower
side of the range, i.e, 5-10 and 10 mg/kg/
day réspectively as there is involvement of
liver with fatty infiltration. In tuberculous
meningitis where severe malnutrition™ is
often an accompanying feature, the liw . is
exposed to incessant insults by malnutri-
tion, disseminated disease and a battery of
hepatotoxic antitubercular drugs. Here
drug doses and regimens should be judi-
ciously chosen. Udani(17) has suggested
that in tuberculous malnourished children
on therapy with evidence of rifampicin-in-
duced-hepatotoxicity; rifampicin should be
discontinued, or alternatively, it should be
given in a dose of 12 mg/kg on alternate -
days for initial 3-4 months followed by
twice a week for 4-6 months. In severe

TABLE I Phannacokinetic Parameters of ‘leampicin and Isoniazid in Pulmonary Tuberculosis in

Relation to Nuintional Siatus

No. of

~ Pharmacokinetic parameters S

Nutritional Drug
grade patients C. .. T, T, AUC Ke
(mg/mb (hr) (hr)  (ug/mlhr) (h'h)

Normal RIF 15 3.0 2.0 24 20.53 0.29

' INH 20 342 10 - 3.77 2551 0.19
I+ 1 (Under- -~ RIF 30 325 20 2.05 24.58 0.195
nougished) INH 30 472 1.0 4.5 3598 0.154
I + I1v - RIF 10 339 20 2.35 22.06 0.295
(Malnourished) INH 10 4.51 1.0 447 3493 0.155
RIF = rifampicin; INH = isoniazid; may = Peak serum concentration; T = time to peak

concentration; T, = terminal half-life;
Ke = elimination rate constant;

day.

Doses of RIF =

12 mg and INH =

AUC = area under the scrum concentration-time curve;
10 mg/kg of body weight/
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tuberculous cascs streptomycin, isontazid
and ethambutol, and in less severe cases
isoniazid and cthambutol ~hould form the
effective therapy. In case of isoniazid-

induced-hepatotoxicity in malnourished-

paticnts, we advocated its substitution by
ethambutol or streptomycin for 1 o 2
months and then reintroduction of iso-
niazid in lower dose with gradual incre-
ments. : S

3. Anticonvulsants 0 winae e

Absorption of carbamarcpine is also
reported to be diminished in PEM. The
bioavailability of this drug is almost onc-
third in cases with PEM as comparcd to
normally nourished controls(18). There-
fore, a higher daily dosage of carbamaze-
pinc may be required (o maintain plasma
levels within the therapeutic range in TBM
and CNS tuberculoma.

Patients of PEM recciving isoniazid
and phenobarbitone together, also show
increased plasma half-lifc and reduced
renal clearance. Hence, phenobarbitone
should be given in decrcased dose.
Children receving isoniazid show reduced
mctabolism of phenytoin leading to the
higher risk of ncurotoxicity. Hence,
phenytoin should be given in the lower
rangc of drug dose. Following dictary
therapy, most of these parameters return
to normal and thercfore dosages should be
recadjusted accordingly.

4. Bronchodilators
Theophylline

Eriksson er a/.(9) have shown that in
children with marasmus and kwashiorkor
there was an mcrcasc in volume of distri-
bution reflected in increased biological
-half-life along with a slight but not signifi-
cant increase in clecarance of theophylline.
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The pharmacokinetic changes in clearance
and volume of distribution found in malnu-
trition counteract cach other. Hence, from
clinical point of view thcophylline can bt
given in standard dosage regardless of the
nutritional status. Kumar et «/.(20) also
found no effcct of malnutrition on the
pharmacokinetic parameters of theophyl-
line. However, rccently Moochhala(7) has
shown that in infcctions by adenovirus, in-
flucnza virus and S. preumoniae which are
commonly scen in malnourished children,
the elimination of theophylline 1s impaired.
Its clinical implications should be further
studicd.

5. Miscellaneous

Antipyrine is rapidly absorbed when
given  orally,  almost  completely
metaboliscd by the hepatic microsomal
system (mixed function oxidascs) and ex-
creted in uriqe.glts metabolism is a rcliable
indicator of the hepatic microsomal func-
tion. In PEM, the plasma half-lifc of anti-
pyrine is significantly prolonged and asso-
ciated with a low clearance(21,22). With
nutritional rchabilitation, however, both
these changes are normalised, indicating
that the effcct of malnutrition is reversible.

Paracetamol (acetuminophen) is con-
sidered to be an extremely safc drug, hav-
ing negligible binding to plasma proteins. It
is normally mctabolised in the liver.to the
glucuronide and sulfate conjugates. How-
cver, at plasma concentrations higher than
120 pg/ml, the above pathways get satu-
ratcd and an altcrnate pathway is utilized
resulting in formation of hepatotoxic acet-
aminophen mcercapturate. In malnourished
paticnts with reduced capacity for biotrans-
formation, the normal conjugation pathway
may bccome saturated even at lower
plasma concentration with a higher risk of
hepatotoxicity(4). Hence, it is necessary to
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investigate paracetamol further before
considering it a safe drug in children with
malnutrition. :

sulfadiazine is conjugatcd by the N- |

acctyl transferase in the reticuloendothelial
cells of the liver. Paticnts with PEM show
decrease in excretion of the acetylated
drug, with a corresponding increase in
plasma hall-life and AUC(12). Hence,
dose of sulfadiazine should be adjusted
according to the severity of PEM.
Ciprofloxacin is a newer fluoroqui-
nolone derivative, s being increasingly
used in pediatric paticnts. Even though
recent studies like that of Schaad ef al.(23)

have shown safer use of it in children (no

arthropathoggenicity shown) its clinical and

pharmacokinetic e¢valuations arc most-

nceded in malnourished infants and chil-
dren where it is going to be extensively
-used in countries like India.

Moochhala(17) has reported decreased
cytochrome P-450 mediated biotransfor-
mation and climination of drugs in many
- viral and other infections which are com-
“monly seen in malnourished infants and
young children. Reduced biotransforma-
tion and climination of theophylline was
demonstrated in infcctions with influcnza-
A and B virus, rhinovirus, adcnovirus, her-
pes simplex virus, S. preumoniae, H. influ-
enzge and in BCG and influenza vaccinated
individvals. Acetaminophen and phenytoin
metabolism was reported to be decreased
in infectious mononuclcosis while that of
quining in malaria.

These observations, showing loss of
drug metabolism from the effect of inter-

feron, have important clinical conse-

quences as they are likely to cause prob-
lems in the use of standard drug dosages in
malnourished children with infections,
those who arc vaccinated or in patients
with cancer who are recciving interferon or

* VOLUME 29—NOVEMBER 1992
immunoactive drugs like tumor necrosis
factor. Presently, information regarding
drug disposition in PEM is limited and not
sufficient to provide precise therapeutic
recommendations. Carefully dcsigned
clinical, pharmacokinetic and pharmaco-
dynamic studies are required to provide a
better understanding of drug disposition in
malnutrition. It will enable the practi-
tioners in making more rational use of the
drugs and altcring the dosage schedules
accordingly.
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