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Introduction and Aim of Work

Jaundice may be encountered with & wide vexriety of
cilinjcal disorders, and with the exception of {fie physio-
logic jeundice, it is one of the most serious signs to
find, Excessive hyperbilirubinemia during neonsaial life
may produce functional impariment ranging from secvere
cerebral palsy io the syndrome of ™minimsl breain danage"”
{0dell et al,, 1970).

Menaganent of hyperbilirubinemia is direcied ai
keeping the serum bilirubin levels below 20 mg/dl., thus

lowering the incidence of kernicterus (Boggs et £1., 1967).

Nowadays, phototherapy 1s extensively used in many
premature units to treat a large number of newboin infants
with hyperbilirubinemia, Reports of complicatiors during
usage are few, (Iucey 1970; 1972),

Romagnoli et al,, in 1979 and Bergstrom in 1981
demonstrated a greater incidence of decreased seium
calcium with phoiotherapy. Hypoglycemia was als: found
in 20 % of praterm infants treated with phototherapy,
(Romagnoli et al., 1979).

The aim of this work is to show the effic:ency of
phototherapy in lowering serum bilirubin level and to

detect some of its peossible complications, Estination

Central Library - Ain Shams University



of serum bilirubin, serum calcium and blood gluco3de were
done in low-birih weight jaundiced infants before and
after phototherapy and were compared with healthy low-

birth-weight infants,
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BILIRUBIN METABOLISNM

Definition:

Bilirubin is a linear tetrapyrrole formed by cleav-
age of cyclic tetrapyrrole protoporphyrin, Protcporphyrin
and iron form a complex "heme"™ which is the prostihetic

group of hemoglobin and other heme proteins (N¥Nelson, et al,,

1975).

Sources of Bilirubin:

Tt g o s o s b I T P P i

Bilirubin results from the catabolism of leme

proteins in the body which include:~

l, Hemoglobin:

——— i ———

About 80-90 % of the total daily producticn of
bilirubin in adults and 7% % in newborn infants is derived
from the normal destructibn of the circulating red cells,
The catabolism of 1 gm of hemoglobin yields 34 ng.
bilirubin,

-

.
Other heme~contuaining profeins: )

———————————— i ——— — A — " P T i G . W Y o ot St

z,
Tnese form about 10-20 % of the total daily produc-

tion of bilirudbin, It is alsmall but a significeni source

of bile pigments which is derived from extra-~eryihrocytic

gsources (Robinson, 1968), These extra-erythrocytic sources

are: -

a, Muscle myoglobin,
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b, Heme-containing enzymes derived mainly from th: liver
e.g. cytochromes, catalases, peroxidases and tryptophan

pyrrolase, {Israel et al., 1963).

Among the hepatic heme proteins, the cytociromes of
the endoplasmic reticulum appear to play a major -ole
because of their relatively high concentration (S:hmid et
al,, 1968), A significan? proportion of bilirubii derived
from the hepatic hemes passes through the plasme in the
unconjugated form before conjugation and secretion into

bile {Jomes et al., 1972).

The source of bilirubin has been studied i1 humans
by using radioiseotope Hls labeled glycine which 13
incorporated into newly formed hemoglobin and can be
£ollowed until it appears in bile, Irythrocytes hich
contain El5 1labeled hemoglobin survive for an =verage of
120 days in adults ana 90 days in the newborn befre
degradation (Vest et al., 1965), After their des:ruction,
there is a large increase in fhe excretion of lab:led
stercobilin which is an intestinal pxidation prodict of
bilirubin, This is known as the late peak of bil..rubin
synthesis, Two earlier peaks of bilirubin syntheiis
appear before incorporaiion of Nlé giycine into erytnrocy-
tes, These correspond to:-

1, Hepatic heme turnover at 0 ~ 3l hours,
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2, Ineffective erythropoiesis at 3-5 duys after labeling
of heme (Robinson et al,, 1966).v

Bone marrow stimulation due to hypoxia, erythropoie-
tin or hemorrhage increases the seccnd early peax {3 -5
days) (Robinson et al,, 1966), while bone marrow aplasia
due to irradiation results in suppression of $thiz peak

{Israel et al., 1970).

However, under pathological conditionsz, bilirubin
may be derived from hematin, the trivalent iron-aydroxide
of protoporphyrin, This may be found in hematomas and
collection of blood in serosal cavities, Thus ia severe
hemolytic states such as erythroblasiesis fetalis and
clostridium perfringens sepsis, intra-vascular hemolysis
occurs with the release of free hematin, The latter
combines witk serum albumin to form met-hemalbumin

(Robinson, 1968).

— v — — ot o o e s o — -

Metabolism of bilirubin occurs primarily in the
reticulo-endothelial tissues but also present ip tissue
macrophages end intestinal epithelium, These ccntain
microsomal heme oxygenase and cytosol biliverdir reductase,
the 2 enzymes necesaary for the degradation of teme %o

bilirubin (Tenhunen et al., 1969).

The initial reaction in the formation of bilirubin
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is the oxidation of the iren atom of hemoglobin t) frival-
ent state forming met-hemoglobin, Next the linka.ze between
heme and globin is strengthened yielding hematin which is
the trivalent iron-hydroxide of protoporphyrin, Ojening of
the heme porphyrin ring is accomplished by oxidat.ve
removal of carbon atom in the alpha-methane briag: produc-
ing carbon monoxide and biliverdin IX a (Iudwig e’ a:r.,
1957)., The cleavage is catalysed by microsomal hame
oxyZenase enzyme (Tenhunen et al,, 1970). The reiction

is NADPH specific and dependant, The source of oiygen has
been demonstrated to come from dissolved molecular oxygen
(Tenhunen et al,, 1969). Therefore heme protein is almost
exclugively metabolized to biliverdin IX a wnich is a
water-soluble green pigment, Biliverdin IX a the:1l under-
goes further reduction after its release from {the microso-
mes to bhilirubin IX a, This conversion is catalysed by
the cytosol enzyme biliverdin reductase which is present
in the same tissues thut contain the heme oxygenase enzyme
and is also NADPH dependant &nd is highly specifi: for
biliverdin IX a (Schmid, 1978).

Thus for each molecule of heme degraded, o1e
molecule of carbon monoxide, ferric iron and bilirubin
are formed (Landow et al,, 14970). The iron is reatelized
by the body but the carbon monoxide requires eventual
excretion by the way of the lungs without any chaaige.

This is the main reaction in the human body in which
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carbon monoxide is produced, Thus determination of the
rete of carbon monoxide production, which was once consid-
ered a reliasble measure of neme degradation hzs heen
questioned recently because of evidence that the peroxida-—
tion of microsomal lipids may also result in the formation

of carbon monoxide (Walff and Bidlack, 1376).

Sources Sites_of comversion Poroducts
1, Hemoglobin R-E sgystem carbon rionexide
2. Non-erythroid Gut mucosa Bilirubin

". heme enzymes

3. Myoglobin Tissue macrophage Iron

Bilirubin formation
(0dell, 1980)

The predominant isomer, bilirubin IX a (Z&) exisis
as a charged molecule (dianion) which has hydrophilic
(polar) pruperties in eight locations, Bilirubin molecule
folds up establishing intramolecular hydrogen bonds to
form bilirubin IX a (zz) acid, These bond s saturate the
hydrophilic (polar) groups of the molecule leaving ne
affinities for the attachment of water, The molecule
therefore becomes hydrophobic and insoluble in waber
(Bonnett et al., 1976). It is mo longer able to bind to
albumin but has a pronounced tendency for aggregetion and
binding to %issues. Under these conditions, it :Bj be

potentially toxic (Brodersen, 1478).
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