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and 5,628 aas for glutaminc synthctasc and 1,604,000 D and
>10,000 aas for acetyl coA carboxylase. -

2.0NITRIC OXIDE SYNTHASE

Nitric oxidc was previously considered to be an unstable gascous
chemical produced either in automobile engines or in industry. It
was later discovered to be an essential biomolecule with
beneficial homeostatic and regulatory functions in the
cardiovascular and nervous system of animals. Somc of the
reporied functions of NO include (Sule, 2000a): Relaxing the
smooth muscles of blood vesscls and corpus cavenosum,
cytotoxic cffects of macrophages and ncutrophils, inhibition of
platclet aggregation, regulation of capillary pressure in the kidney
clc. .

After the confirmation of NO as biomoleculc, - its, source in the
biological system was discovered. It was shown to be formed
from argininc in various tissucs in the body of mammals, such as
cndothclial cclls, macrophagcs, neutrophils and brain (Tayer and
Marletta, 1989; Bredt and Snyder, 1990). It was demonstrated
that the NO-synthesizing enzyme stoichiometrically converts
arginine to citrulline and NO (Bredt and Snyder, 1990).

The L- arginine undergoes two sequential monoxygenation
rcactions, the first lcading to the formation of N-hydroxyarginine
and the sccond lcading to the formation of NO and citrulline.
Bredt and Snyder (1990) purified the cnzyme, Nitric oxide
synthase (E.C. 1.14.23.1), for the first time from rat cerebellum.
The enzyme is an NADPH- dependent dioxygenase, which also
requires calcium and calmodulin for its activity (Mayer et al.,
1990). It exists in two isoforms (Forstermann et al., 1990), viz:
the onc that is constitutively cxpressed in tissues - like brain,
adrenal gland and lungs and is termed constitutive NOS; and the
other that is only expressed when induced by cytokines, such as
tumour nccrosis factor «, interleukin-1 and interferon Y and is
called inducible NOS. The inducible NOS is formed in tissucs
such as macrophages, liver and human myocardium.

NO was latcr implicated in several pathological states, including
septic shock, vascular leak syndrome associated with cytokine
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therapy, uraemia, diabetes and neurological diseases. The
constitutive NOS was observed to be linked with all the
beneficial effects of NO and the inducible NOS was implicated in
all the harmful effccts of NO (Pfeilschifter and Vosbeck, 1991).
This led to the suggestion that therapeutic inhibition of the
inducible NOS could be beneficial if it is sufficiently specific not
to intcrfere with the constitutive NOS.

2.1 Contribution to Knowledge

The development of selective inhibitor of inducible NOS, which
would have no cffect on constitutive NOS, could only be possible
if thc mcchanisms of the reactions catalyzed by both isoforms
and their other properties are elucidated. The first step in the
achievement of this elucidation is the purification and
characterization of the isoforms. Ion-exchange chromatography
on DEAE cellulose column and affinity chromatography on 2,5 —
ADP agarose were utilized to purify the constitutive NOS from
porcine cercbellum (Sule, 1997a). The purification enzyme was
3200 — fold with 47% yield. The purified’ enzyme was found to
be homogenous, migrating as a single 150 KDa band-on sodium
dodecylsulphate — polyacrylamide gel electrophoresis. The Km of
the cnzyme for L-arginine was found to be 1.30u4M and Vmax to

be 0.91 yumol min Tmg ! protein.
2.2 Further Developments

In another development, it was reported that NO may have
neuroprotective or neurotoxic effects depending on its oxidation
— reduction state (Lipton et al., 1993). The workers found that all
the neuroprotective effects were caused by oxidized NO i.e.
nitrosonium ion, NO") while all the ncurotoxic effects were
caused by reduced NO (i.e. nitric oxide, NO"). NO" reacts with
thiol group of proteins, in a process called S-nitrosylation, which
might bring about a physiological regulation function. On the
other hand, NO° reacts with peroxide ion, O, to form
peroxynitrate, ONOO", which is the final ncurotoxic agent.
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As a result of that finding, it was clear that a different therapcutic
approach was necded. Snyder (1993) suggested that the best
therapeutic agent in any of the neurotoxic conditions of NO
should either prevent the formation of NO® whilst enhancing the
formation of NO", or be able to be converted to NO, but only the
NO’ form. :

The mechanism by which NO relaxes smooth muscles was later
clucidated in the corpus cavernosum. It was found that NO*
activates guanylate cyclase through S-nitrosylation. The enzyme
catalyses the formation of cGMP from GTP. The cGMP activates
c¢GMP - dependent protein kinase which phosphorylates some
muscle protein leading to smooth muscle relaxation (Figure 1).
The ¢cGMP is normally removed by phosphodiesterase V,; which
converts it to GMP. In some individuals-or under certain
conditions ¢.g. old age, fatigue and diseases like :diabetes; the
activity of phosphodiesterase V. becomes enhanced, leading to
crectile dysfunction (Boolell et al.; 1996).

The workers developed an inhibitor of phosphodlesterdsc N ie.
sildenafil, which maintains ¢cGMP. concentration necessary to
achieve and maintain erection when sexual stimulation exists.
Sildenafil, in form of sildenafil citrate (or Viagra) has been found
to manage crectile dysfunction caused by spinal cord injury,
depression, hypertension or diabetes (Steers, 1998). . -

Arginine —NO -+ Citrulline

|

+ - Inactive. prbtein kinase
Guanylate cyclase : ‘ A
GTP > cGMP = l
Phosphodiesterase V Active protein kinasc.
\/
GMP

Figure 1: The formation of NO and its mechanism of activation of
protein kinase
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3.0 RADIATION BIOLOGY STUDIES

Radiation biology is the study of effects produced on living

organism or biomolecules as a result of exposure to ionizing

radiation. Ionizing radiations are those radiations capable of
causing ionization and excitation of molecules along their track.

They include clectromagnetic radiations (X and gamma rays),

particle from radioactive decay (o and B- particles), ncutrons,

high-energy electrons and fission fragments.

Interaction of ionizing radiations with biomolecules or living
organisms leads to the production of free radicals. Free radicals
arc specics (atoms or molccules) with unpaired clectrons, making
them very reactive. Some. examples are H, OH,, NO', HO,, N3
ete” ' S '

In addition to exposure to ionizing radiation, free radicals can be
produced in living cells by normal metabolic processes, such as
mcomplete reduction of oxygen - in clectron transport chain,

”purmc catabolism, dcgradation of oxygenated hcmoglobm and
eyt Pyso mctabohsm With “the exception of NO, most, free
radicals formed in 11vmg tissucs are toxic and are 1mphcated n
‘various pathological states. L1v1ng cclls, therefore, have
mechamsm by which free radicals are detox1ﬁed such as the use
of enzymes (like catalase, superoxide dismutase and glutathione
peroxidase) and antioxidants (like ascorbic acid, alpha-
tocopherol, uric acid and bilirubin) '

My main areas of intercst in radiation biology are in food
irradiation and enzymology.

3.1 FOOD IRRADIATION

According to a world health organization report, the world has
ample food to feed everybody and that the problem lay in the fact
that large quantitics of food arc lost after harvest. In Africa, the
losses are as high as 30 — 40% of the total production (Chinsman,
1987). In addition to being not very cffective, certain insecticides
and fumigants, like ethylene dibromide, have been found to be
carcinogenic. One of the most effective and viable alternative is
food irradiation (Sule, 1997b). Food irradiation refers to the

5
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process of subjecting food to a dosc of ionizing radiation in order
to kill off bacteria and fungi, inactivate food dcgrading enzymes
and halt the food’s natural decaying process.

It was reported that irradiation of foodstuffs up to an overall dose
of 10 kGy did not make the foodstuffs to become radioactive, did
not produce special radiolytic products, presented no
loxicological hazard or microbiological problems and did not
introducc special nutritional problcms (Wynnc, 1989; Loaharanu,
1990). It was further reported that even though the individual
food components were sensitive to irradiation, they were
observed to be relatively resistant to it when present in a complex
matrix of a food (Loaharanu, 1990).

The first food irradiation was carried out in the United States in
1943 when hamburger taken by its troops was irradiated to
increase its shelf-life. In* 1958, irradiation of potatoes was
permitted in the then USSR. The irradiation of some specific
foodstuffs is permitted in about 50 countries, such as Argentina,
Brazil, South Africa, USA, France, Gcrmahy, Russia, Japan and
Thailand (Table 1, IAGA, 1989). The introduction of food
irradiation in African countrics could curb thc menacc of post-
harvest food losses, provided that the accompanying safeguards
are strictly adhered to. The safeguards include labeling of
irradiated foods, food mspccuon (or policing) to  verify the
irradiation dose and consumer cgjucann programme (IAEA,

1989).

Table 1. Some of the countries currently irradiéting food and the
types of food irradiated -

S.Africa | Argentina | Brazil | Germany Francs Israel Thaifnnd China
Strawberries | + 3; + : FETe A
Beans + :
Oniens |+ |+ A ol St s s A
Potatoess | ++ + + ¥ i =t A
Wheat 13 it s
Pouliry + + i t 3
ices + -+ Lt g niadd o AR oS
Key:  + Permitted '
++ Currently irradiated
6
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3.2 ENZYME STUDIES

Ionizing radiations lead to the production of free radicals
especially in aqueous solutions. The free radicals produced cause
inactivation of enzymes. The free radical — induced inactivation
of enzymes has been used to study the mechanism of enzyme
action. It is a type of chemical modification, which is one of the
steps involved in elucidating enzyme reaction mechanism.

There are 2 types of free radicals employed in  radiation
biological studies on enzymes, viz: primary radicals.of water
radiolysis and secondary (or inorganic) radicals (Blsby et al.,

1984).

The primary radicals of water radiolysis (PRWR) arc generated
when aqucous solution of cnzyme is irradiated.- The 'water
molcculcs absorb most of the radiation energy, leading to their
lonization and electronic excitation. They eventually form PRWR
i.e. hydroxyl radical (OH), hydrogen atom (H:) and hydrated
election (€,4) as depicted in reactions 1 — 4

211,_0 AN S HO b 0 [ s (1)

IIZO II T OII ; : : BTt (2)
> ST
& == 1,0: € aqi G S R REn 3)
= . v :
I_IZO+ I IIZO e I_IBO'*' =T OII B e 4)

The sccondary radicals arc formed by irradiating aqueous

solution of enzyme containing sodium or potassium salt. of’the

radical to be produced. The radical Br,", for example, is.formed
~ by adding sodium or potassium bromide, so that OH' from water
_ radiolysis reacts with Br” to form Br' which complexes with Br to
. form Br,” (rcactlons 5.and.6) :

Br + O S B FOH i ®)

Br- +Br' : = Br2 . ’ .....................

CL,", I,” and (SCN)Z" can simiiaﬂy be formed (Adams et al,
1972). -Another inorganic radical employed is azide radical,

7 5
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which is formed by the reaction of azide ion with hydroxyl
radical.

N}- ¥ Oll % NS. i OII- ........................ (7)

Azide radical has two advantages over the other radial anions.
Firstly it is uncharged and, therefore, may be capable of reacting
in hydrophobic environments of proteins. Secondly, it has only a
very weak absorption in the ultraviolet and visible regions of the
spectrum and, therefore, would not interfere with the absorption
of the transient species produced following its reaction with
cnzymcs (Hayon and Simic, 1970).
The study of mechanism of enzyme action using primary radicals
did not give promising results duc to lack of sufficient rcaction
specificity of the radicals. However such studies using inorganic
radicals revealed significant results, and in many cases the amino
acids responsible for the catalytic activity of enzymes have been
identified (Baverstock et al., 1974).
The technique involves both steady-state radiolysis and pulsc
radiolysis. In stcady-statc radiolysis, the aqucous solution of the
enzyme is irradiated in conditions that lead to the gencration of a
specific free radical at certain pll, and the activity of the enzyme
is then tested. Since different secondary radicals react with
certain amino acid residue/s in proteins at specific pIl, it is
possible to determine the amino acid/s which is/are the target of
the radicals. In pulse radiolysis the reaction of the enzyme with
the free radical, which led to its inactivation, is studied. From thc
absorption spectrum of the transient species produced within 100
ps afier the reaction, it is possible to confirm the involvement of
the amino acid suspected in the steady-statc radiolysis. This is
because amino acids in free form or in protcins rcact with
inorganic radicals to producc ‘specics ‘with characteristic
absorption spectrum in the ultraviolet or/and visible regions of
the spectrum. Lt
Many enzymes have been studied using the tcchniques and the
crucial amino acids have been identificd (Table 2).
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Table 2: The amino acid residucs crucial to the activity of some

enzymes determined

by free- radical induced inactivation.

Enzyme Crucial = amino  acid | References

residues
Ribonuclease Histidine Aldrich et al., 1969
Chymotrypsin Histidine Baverstock et al., 1974
Papain Tryptophan and Cysteme Adams and Redpath,

1974 .

Carboxypeptidase Tyrosine Roberts, 1973
Bovine Carbonic | Typtophan, 'lyrosmc and Rcdpath etal., 1975
anhydrase Histidine - _
Supceroxide dismutase. Histidine- Roberts et al., 1974
Fructose . 1 6-blsphosphale_ Tyrosine and Histidine Felicioli et al., 1975
aldolase . : =755
Pepsin Tryptophan Adams et al., 1979
Guanase Histidine and Cysteine Sule, 1997d

3.2.1 GUANASE -

“Guanase (EC 3.5.4.3), also known as guanine aminohydrolase or

guanine deaminase, catalyses the hydrolytic deamination of
guanine to xanthine. The reaction is the first step in the pathway
for the catabolism of guanine to an end product, which might be
allantoin, uric acid or urea depending on the animal species.
The enzyme is a simple protcin found mainly in the liver and
brain of animals (Lewis and Glantz, 1974). The enzyme from
rabbit liver was found to have a molecular weight of 55 KDa and
pI I opumum of 8 O (Lewis and Glantz 1974) :

Contributio’n to Knowlcdgc

The effect of gamma radiation generated by CO® source on the
Michaelis constant (Km) of rabbit liver guanasc was studied. The
Km of the enzyme, using guanine as substrate, was found to
incrcase from 6.1 uM to 8.33uM and 9.30 uM following a dosc
of 48 and 96 Gray respectively. Steady statc gamma radiolysis
and pulse radiolysis were also used to study the radiation
inactivation of guanase, specifically the reactions of the enzyme

9
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with primary radicals of water radiolysis. The efficiency of the
PRWR in the inactivation of guanasc was found to increase in the
order O;” < OH < H, with efficiency of 1.2%, 2.86% and
18.18% respectively. The reaction of the enzyme with hydrated
electron was diffusion controlled, but it was found to be
ineffective in causing inactivation of the enzyme (Sule, 1997c¢).

In addition the efficiency of inorganic radicals in the inactivation
of guanasc was determined. The efficiency of the radicals was
found to increasc in the order (SCN),” < I,” <Br,” < Nj. The
rate of reaction of 5 pmoldm™ guanasc with N3 radicals
incrcased as the pll was increased. The second order rate
constant increased from 8.64 x 10° dm’mol's™" at pH 5.66 to 7.88
x 10° dm’mol’s” at pH 10.9. The enzyme - also showed
considcrable reactivity with (SCN)," at pH 11.2. On the basis of
data obtained, it was concluded - that “histidine and cysteinc
residues are essential in the activity of guanase (Sule, 19974d).
Chemical modification study using reagents was carried to
confirm the involvement of histidine and cysteine residues in the
catalytic activity of guanase. The enzyme, in which the cysteine
and histidine residues were chemically modified, was completcly
inactivated, thereby confirming the involvement of the amino
acids in catalysis by the enzyme (Sule, 1999)

322 GLYCERALDEHYDE 3-PHOSPHATE
DEHYDROGENASE -

Glyceraldehyde 3-phosphate Dchydrogenase (GAPDH) catalyscs
the oxidative phosphorylaton of D-glyceraldehyde 3-phosphate to
form 1,3 — bisphosphoglycerate and NADH. The enzyme is
abundant especially in the muscles of various animal species.

The most common isoform in animals, i.e. the NAD™. dependent
phosphorylating enzyme, is made up of 330 amino acids per
subunit. The active enzyme was shown to. be a tetramer with a
molecular weight of 146,000 (Harrington and Karr, 1965). The
amino acid responsible for its catalytic activity has been found t0
be cysteine — 149 (Ilarris ef al., 1963).

10
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Contribution to Knowledge

Pulse radiolysis was used to study the reaction of porcine muscle
GAPDH with Ny radicals at pH 7.4 and 11.7. There was markcd
increase in the reactivity of the enzyme with the radicals as the
pll was increased from 7.4 to 11.7. The k, for the reaction
between GAPDH and Ny’ radicals at pII 7.4 and 11.7 was found
to be 5.48 x 10° and 5.88 x 10'dm’mol’'s™ receptivity. The
transicnt spectrum obtained following the reaction of GAPDH
with N5 Radicals showed that the radicals attacked accessible
tyrosine and histidine residues in GAPDH at 7.4. However, the
attack of the radicals was mainly on tyrosine residues at pH 11.7
(Sule, 1998).

The reaction between GAPDH and thiocyanate radical anion was
also studicd at pH 11.68. The radical anion was also shown to
attack tyrosine residues at that pH with k, of 4.72 x 10'°dm’mol

s (Sule, 2000b)

3.2.3 FRUCTOSE 1,6 — BISPHOSPHATE ALDOLASE (EC
4.1.2.13) .

Aldolasc catalyses the reversible cleavage of fructose 1,6 -
bisphosphate to d1hydroxyacctonc phosphatc and glyceraldchydc
3-phosphatc.

It is an-intracellular enzyme usually found in the cytosol of many
tissues of animals except in the brain, where it was found to
occur in the mitochondrial fraction (Brumgrabber and Abood,
1960). It was first purified from rabbit muscle in 1940,
crystallized in 1943 and its molecular weight was reported to be
150 kD (Velick and Ronzoni, 1948). Four amino acids, Lys 107,
227, His and Tyr, were shown to be responsible for'the activity of
the enzyme, out of a total of 1,444 amino acids residues (Lai and
Horecker, 1972).
The enzyme was reported to be inactivated by X-rays, and the
inactivation efficiency of PRWR and some inorganic radlcals
wcre also determined (Felicioli ef al., 1975).

11
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Contribution to Knowledge

Pulse radiolysis was used to study the reaction of rabbit muscle
aldolase with Nj radicals at pI 10.9. The k, for the reaction of
aldolase with Ny radicals at that pH was found to be 4.39 x 10"
dm’mol”s”. The transient spectrum obtained following the
reaction of aldolase with the N5 radicals showed that the radicals
attacked accessible tyrosine residues in aldolase at pH 10.9 (Sule,
1998).

3.2.4 B- LACTOGLOBULIN

B -Lactoglobulin is onc of the major whey protcins of milk. It
accounts for about 7% of milk proteins and contributes to the
cooked flavour of milk through its donation of thiol groups
during heat treatment of the milk (Ganguli, 1989). It is rich in
tyrosine and trytophan residucs. :

The pulse radiolysis of B-lactoglobulin was studied in order to
investigate the phenomenon of charge transfer which was carlicr
reporicd to exist between some amino acid residues in proteins
(Butler et al.,1982) - :

The most reactive amino acids in proteins include the aromatic
and sulphur-containing amino acids. The reactions:of tyrosinc
and tryptophan with inorganic radicals have been shown to be by
clectron transfer in which an electron is removed from the phenol
and indole groups respectively (Butler ef al; 1982).

TyrOH + Ny ‘ oy TyrQ Ny e ®
Tl’p“ s N3' > Trp‘ E N}- s H+ ................. 9)

The products of the reaction between free radicals and some
amino acids in prote'n are capable of transferring their electrons
to other amino acids within the protein. For instance the
oxidation products of trytophan and methionine have: been
observed to transfer their “electrons to. tyrosine (Prutz ef al.,
1982). - sommershentcan ¥ o
This has shown that care has to be taken in using frcc radical
inactivation in the study of mechanism of enzyme action.
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Contribution to Knowledgé

Pulsc radiolysis was used to study the rcactions of azide radicals
with tyrosine, tryptophan and [3-lactogbulin. The transient
absorption spectra obtained following the reactions showed that
tyrosinyl and trytophyl radicals have wavelength of maximum
absorption of 400 nm and 520nm respectively.

The transient spectra also showed that azide radicals attacked
accessible tyrosine and tryptophan residues in. B-lactoglobulin.
When the transient spectra obtained 100 and 200us- after the
pulse radiolysis were compared, there was:firm -evidence to
conclude that electron transfer took place from typtophan to
tyrosine residues in the protein (Sule and Butler, 1999).

4.0 CLINICAL SIGNIFICANCE OF ENZYMES -
Enzymcs have the following clinical applications:

4.1 DETERMINATION OF ENZYME ACTIVITIES FOR
CLINICAL DIAGNOSIS ; 1=

The principle of the use of measurement of enzyme levels in the
- scrum as an aid to diagnosis involves the use of non-plasma
specific enzymes (NPSEs). NPSEs are enzymes with no known
function in the plasma, and their substrates and cofactors are
lacking in the plasma. They may only be present in the serum at =
low lcvels due to turnover. of «cells which cause release: of their ‘ ==
enzyme content. If a tissuc is broken down or becomes necrotic,
- there is an elevation of activity of enzymes peculiar to that tissue
in the serum. v : .
For the measurement of an enzyme to -be useful ‘in~clinical
diagnosis the enzyme must be present in a readily available tissue -
fluid, blood or-urine; be easy to assay; be sufficiently :stable and
there should be significant difference in its activity in the normal
and discascd subjccts (Price and Stevens, 2003)
Some of the enzymes currently in usc in diagnosis of discascs—
include  aminotransferases i.c  alanine - and  aspartate
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4.1.

aminotransferascs  (liver discascs), alkalinc  phosphatasc
(obstructive jaundice), creatine kinasc and lactate dehydrogenasc
(myocardial infarction), acid phosphatase (prostatic carcinoma),
lipase and amylase (acute pancreatitis) etc.

1 SERUM GUANASE ACTIVITY

The detcrmination of secrum guanase activity in various
pathological conditions showed that it incrcased only in patients
with liver diseases (McLcods, 1967). Other investigators later
showed that its elevation in the serum was an indicator of viral
hepatitis (Mandel et al, 1970). The determination of serum
guanase activity was found to be a reliable indicator of liver cell
damagc to the extent some workers suggested it to be more
scnsitive than scrum alanine aminotransferase, aspartate
aminotrasferasc or bilirubin determination (Shiota et al., 1989).

Contribution to Knowledge

Scrum guanasc activity was determined in healthy adults and in
paticnts suffering from liver diseases in Kano. The enzyme levels
in the normal adults and patients suffering from liver diseases
were found to be 0.32+0.13 U/L and 1.45+0.41 U/L respectively.
The significant difference in the serum guanase levels in the 2
categories of subjects indicates that it could be used in the
diagnosis of liver disease in Kano (Sule ez al., 2002)

The enzyme was found to be significantly higher in paticnts
suffering from hepatitis B than in other liver discases (Sule and
Dangalan, 2005).

In another study, the enzyme activity was determined in diabetic
normotensive and diabetic hypertensive patients attending
Murtala Mohammed Specialist Hospital. The study found
significant decrease in the scrum levels of the enzyme in both
conditions compared to normal, and hypertension had no- cffect
on scrum guanasc activity (Sule and Falgorc, 2004)
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42 CLINICAL CONDITIONS DUE TO ENZYME
DEFICIENCIES

Enzymes, being proteins, are synthesized from DNA through
mRNA. Once the portion of DNA coding for certain enzyme
(known as gene) undergoes mutation, a defective mRNA would
be produced. This would be translated to a defective protein —
one with replaced, added or removed amino acid. If the replaced
or removed amino acid is crucial to the activity of the enzyme or
to its structural integrity, the enzyme produced may totally be
inactive or may have a fraction of its normal activity. This could
lead to clinical condition or in-born error of metabolism.

There arc over 400 different genetic defects as a result of enzyme
deficiencics. Most are referred to as in-born crrors of metabolism
(IBEM) when the deficient enzyme participates: in a .particular
metabolic pathway. Some examples are albinism- (deficiency of
tyrosinase), alkaptonuria = (homogentisate 1,2-dioxygenase),
galactoscmia  (galactosc  1-phosphate uridyl. - transfcrasc),
Gaucher's disease (glucocercbrosidase) and phenylketonuria
(phenylalanine hydroxylase). Phenylketonuria is one of the most
common IBEM with a frequency of 1:12000 in western Europe
and USA (Price and Stevens, 2003). It leads to
hyperphenylalanaemia, mental retardation and carly death. It is
currently ‘managed only through dietary therapy i.e. by giving
diet with proteins with low phenylalanine content up to the age of
9 ycars. : SR

As a result new born babies are screened for phenylketonuria in
many countries in Europe and in USA.

Contribution to Knowledge

Incidence of phenylketonuria was studied in -a mentally retarded
children home (Terry-Home) in Kano, and three out of the total
of 32 patients (constituting 3.4%) were found to be
phenylketonurics  (Sule and  Alhassan, 1998). It was
recommended that the screening of new-born babies for
phenylketonuria should be carried out here in Nigeria also so that
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dictary management could start at the appropriate time in order to
prevent clinical symptoms of the discase.

43 USE OF ENZYUSE OF ENZYME INHIBITION IN DRUG
DEVELOPMENT

Inzyme inhibitors are being used as drugs in certain clinical
conditions, where the activities of the enzymes are not desirable.
Some examples include the use of allopurinol (an inhibitor of
xanthine oxidase) in condition of gout or hyperuricaemia, statins
(mevinolin, compactin and monacol K, mhibitors of

hydroxymethylglutaryl ~ coA  reductase) In familia

1

hypercholesterolaemia, sildenafil (inhibitor of phosphodicsterase

V) in erectile dysfunction.

Many antibiotics work by inhibition of certain enzymes in the
pathogenic organism (in some cases without major conscquence
in the host or patient). Examples are penicillin inhibits
transpeptidases involved in peptidoglycans synthesis in bacteria,
chloramphenicol inhibits peptidyl transferase in bacteria and

clc.

ciprofloxacin inhibits DNA gyrase in-bacterial protein synthesis

44USE OF ENZYMES TO DETERMINE  THE
CONCENTRATIONS OF METABOLITES OF CLINICAL

IMPORTANCE

The advantages of high specificity and operations under mild
conditions have made the use of enzymes in the determination of
concentrations of metabolites of clinical importance incrcasingly
popular in clinical laboratories. Somec of the metabolites
determined using enzymes are blood“glucose (using glucose

oxidase and peroxidase), serum urca (using urease), serum ur

ic

acid (using uric acid oxidase), “serum - cholesterol (using

cholesterol esterase, cholesterol oxidase and peroxidase) etc.
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4.5ENZYME THERAPY

Some “enzymes arc administered intravenously for therapeutic
purposes. Some cxamples arc urcase in cases of kidney failurc,
bilirubin oxidase in jaundice, fibrinolysin to remove fibrin from
blood clots (in thrombosis), beta-glucosidase in  Gaucher’s
discasc; lipascs, amylasc and proteases in pancreatic insufficiency
and asparaginase in some acute leukaemias.

5.0 MEDICINAL PLANTS

From 2002, my arcas of intcrest cxpandcd to includc medicinal
and toxicological cffects of medicinal plants. This arosc as a result
of widespread use of medicinal plants for trcatment of various
discascs, often without regard to proper dosage, sometimes leading
to toxicity.

A mecdicinal plant is any plant which onc or morc of its organs
contains substances .that can be-used for therapeutic purpose or
which is a precursor for the synthesis of drugs (Lewis, 1981). They
arc medicinal because they contain bioactive chemicals (or
phytochemicals) and some cssential mineral® elements. Thesc
phytochemicals include alkaloids, tannins, flavonoids and phenolic
compounds. It was estimated that there are between 200,000 and
700,000 species of tropical plants that have medicinal properties
(Atata et al., 2003). .

In China, traditional herbal preparations account for between 30 to
50% of the total medicinal consumption (WII1O, 2003). According
to the same report, the first line of trcatment for 60% of children
with high fever resulting from malaria in Ghana, Mali, Nigeria and
Zambia is the usc of herbal medicines at home.

In spitc of thc cxpansion of my rescarch interest to include
asscssing the claim of some medicinal plants and animals (cg.
white grubs) used as medicines and determining the safe dosc
limit, my--interests “in “enzymology and frec radical studics
remained. This is due to the strong relation between them, as
follows: ' el

Firstly, - in asscssing the medicinal’ valucs “of ‘the plants,
-experimental models of discascs have to be produced in animals,
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usually rats, micc or guinca pigs, in the laboratory. This usually
uses the generation of free radicals. For cxample, in order to asscss
the effect of a medicinal plant on liver disease, a model liver
disease has to be produced in experimental animals. This usually
uses the subcutaneous. administration of 100 mg/kg carbon
tetrachlonide (CCly) (Alhassan ef al., 2009). The CCly produces
trichloromethyl radical by reductive dechlornation. The
trichloromethyl radical abstracts a hydrogen atom from
polyunsaturated fatty acids to form chloroform and a lipid radical,
which reacts with molecular oxygen to initiate lipid peroxidation,
which ultimately causes liver cytomxw responsc (Brattin e al.,
1985). »

Sccondly, thc mcchanism by wluch most plants exert their
medicinal cffcct is through the antioxidant propertics of their
phylochcmmls and mineral elements (such as mangancse copper,
zinc and iron). ~

Thirdly, enzymes are used in blochemlcal analyses in the cause of
the study of the medicinal cffect. For cxample, in order to find out
if liver discasc is produced-in the animals or if a medicinal plant 1s
potcnt against the discasc, serum liver enzymes arc assayed; or if
diabctes is imposed, blood glucosc is analysed using enzymcs.
Some of the medicinal plants studied include Guiera senegalensis
(sabara), Psidium guajava (gwaba), Cassia occidentalis (rai
dorai), Khaya senegalensis (madaci), Securidata longipedunculata
(uwar magunguna), Balanites aegyptiaca (aduwa), Ricinus
communis (zurman), Datura stramomum (zakamt) and white grubs
(ewazarma). :

6.0 CONCLUDING REMARKS

The molecules of life are not inert. They undergo various
transformations by which some of them are broken down to
generate energy for life processes to take place; some. of thesc
transformations lead to biosynthesis of macromolecules, which arc
components of cell structures. Most of these transformations
require the use of enzymes. Any living organism: is -alive when
there arc functional cnzymes in it and is dead when there arc no
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functional enzymes in it. Hence, Biochemistry may be defined as
the study of action of cnzymcs, their substratcs and products.
Ionizing radiations arc now incrcasingly being used for various
purposes: medical (in. radiotherapy and photographs), food
irradiation, energy generation and in making of weapons. Due to
these reasons, the study of the effects of their exposure by living
organism is an important aspect of biochemistry.

Some medicinal plants have scicntifically been proven to be
cffective in- the trcatment of certain discases. However,
rccommended dosages should not be exceeded as this has been
found to cause toxicity in some plants.
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