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GENERAL INTRODUCTION 

Cancer has become one of the most disturbing killer diseases aDd a 
national problem for developed as well as developing countries. The main 
reasons for Dot divising an effective way of checking this neoplastic disease 
~.re its obscure origin, late detection and ~evelopment of ,r~i~~ce by the 
host to the chemotherapeutic agents whlc~ are non-specific, immuno-' 
suppressive and some are even terat~genic. Among all ~e~ticancer drugs: 
from alkylating agents, ~ntimetabolite4), hormones, plant . products and 
antibiotics, L-asparaginase has been proved to b~ v~ry e.ffe~ti~e . against 
several leukemias., lymphomas and other neoplastlc di~eases in animals as 
well as in man. Because of this novel. and very useful biol~gical property, 
this enzyme demands a spEcial attentIon among hundreds of eIlZ)mes so 
far studied from various biological sources. The success in the use of L
asparaginase in cancer treatment is based on the hydrolysi~ of extracellular 
L-asparagine, an obligatory requi!ement for the growth of many leukemias 
and lymphomas. 

The establishment of the biochemical difIerenc~absolute' require
ment of exogenous L-asparagine for the growth of some types of leukemias 
and lymphomas and the therapy of such tumours by L-asparagil12.se, is 
rather interesting. First, Kidd [1] ob~erv:ed the i~hibitory effect, ()f guinea 
pig serum on the growth of ~ouse l~ukemias. Later, Br~ome [2] notiQed. 
similar inhibitory effect in tissu~ culture experim.ents aD:d furth~ pr~v~ 
that the active principle in Kidd's observation was the enzyme L-~spat~gina~, 
However, the starting point. for Broo:me's conclusion was theobstttvatiQD ',Of 
Clementi [3] who as early as in 1922 showed that _guin~a. pig s~rum alol\e 
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among J11a.ny mammalia.n ~era., ic; rich in L-asparagin(l.se. Final1y, Mash
burn and Wriston [4] demonstrated that the saIne enzyme from Escherichia 
coli can exert inhibitory effect on the growth of mouse leukemias. This 
discovery led to 12.r.ge-sceJe production of the enzyme from microbial source 
a.nd also to a study of its experimental and c1inica.1 effect on different types 
of tumours. 

At present L-asparaginase is produced commercial1y under the trade 
name 'Crasnitin' [5]. However, a.n endotoxin as well as L-glutaminase 
activity have been found associated ~ith the commercial preparation. 
Because of the high cost in the la.rge-~cale preparation of this enzyme from 
E. coli and also because of the production of antibodies due to continuous 
usage from one source, various other microbial sources have been studied 
for obtaining immunological1y noncross-re2.ctive L-asparagin2.se possessing 
antitumour activity [6, 7, 8]. 

ASSAY METHOD 

L-Asparaginase (L-asparagineamidohydrolase, E.C. 3·5 ·1·1) cata
lyzes the hydrolysis of L-asparagine to L-aspartic acid and ammonia. There
fore, the· enzyme activity can be measured by estima ting the products 
formed either amJ?lonia or aspartic acid or by the disappearance of the 
substrate asparagine. \ Though several 2.Ssay methods are availaple, allllll.onia 
estimation by nesslerization is inexpensive, reliab1e and highly reproducible 

DISTRIBUTION 

L-Asparaginase is widely distributed in microbial, pJant and animal 
sources. Extt2.cellular production of this enzyme was found in 'D1.any 
microorganisms [9] and is also detected in the periplasmic region in 
E. coli [10], and in Pseudomonas aeruginosa [11]. 

REGULATION OF L-ASpARAGINASE 

Studies on regulation of L-asparaginase in microorganisms are . very 
important in obtaining the enzyme in good yield for detailed studies on 
physicochemic.al and biochemical properties, pharmacodynamics, toxico
logy; experimental and clinical effects. For inducing the synthesis of enzyme 
protein,. the effect of different sources of carbon [12, 13, 14], nitrogen [15, 
16, 13, 17] and metal ions [13] have been studied in detail in several micro
organisms. Studies on regulation of L-asparaginase synthesis have been , 
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done in P. boreopolis 526 [18], Erwillia [19] and in Azo~obacter. vine'and.# 
[20]. Factors like aeration, temperature and pH are manipulated in the growth 
medium for the optim2.l production of the ~nzyme. A study of the ~eti~ 
of fermentation and continuous process of asparaginase productioJ? ~ 
been carried out in detail by Liu and Zajic [23] in E. aeroideqe. Simple· 
methods of releasing the enzyme from E. coli [10] and A. vinelandii by using 
Il-butallo] [24] have been demonstrated. 

BIOCHEMICAL STUDIES 

It is interesting to note that most of the biochemical studies have been 
carried out with L-asparaginase isolated from E. coli. A probable reason 
could be that the enzyme was isolated for the first time from E. coli among. 

TABLE I 

Conzpal'at i ve accollnt of sonle 0/ the properties of L-asparagillases from' various 
sources 

Molecular An titum our 
Source weight Km value pH maximum . activity Refere~ce. 

Guinea pig 
serum 138,000 7·2 X 10-0 7·5-8'5 Yes (25) 

E. coli 125,000 l'25xlO-5 8tbroad Yes (26) 
(maximum) 

Serratia 
marcescens 150,000 1 X 10-.1 6· 9 (broad . 

(maximum) 
Yes (27) 

Erwinia 
carotovora 128,000 Yes (28)' 

Fusariunz 
tricinetuln 160,000 7·S-S·S Yes, (29) 

Bacillus 
coagulans 85,000 4·7 X 10-3 8·5-9·5 No (30) 

MycobacteriUI11 
tuberclllosis 2·0 X 10-3 9·6 Yes (31) 

Azotobacter 
vinelandii 84,000 1 . J X 10-1 8·6 Yes (20) 
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microorganisms and was thus available in plenty. All the well-known 
classiQlI enzyme separation techniques of biochemistry I ike salt and organic 
solvent fractiona tion, molecular sievjng, ion exchange chromatography 
and also affinity chromatography have been successfully employed in the 
preparation of L-asparaginase from a variety of microbial sources. Table I 
gives a general account of the properties of L-asparaginase purified from 
various sources. 

Studies on the 2.mino 2.cid composition of a .. sparaginase from E. coli 
by Whelan and Wriston [26] a..nd Arens et ale [32] reveal that the follOWing 
five amino acids account for 50 percent of those present in the enzyme mole
cule: aspartic 2 .. cid, threonine, alanine, valine and glycine. 

Different values for isoelectric point of the E. coli enzyme have been 
reported [33, 26, 34]. The single b2..nd obtained by conducting electro
phoresis on cellulose acetate paper [35] was later found when subjected 
to same electrophoresis for 15 hrs, to sepe .. rate into four enzymatically active 
equispaced bands with different isoelectric points. This has been taken 
as indic2.tive of the presence of four components in the enzyme [35]. But 
the number of subunits in the enzyme is not yet clearly demonstrated (6 sub
units) [26] though majority of the evidences points to the presence of 4 sub
units per molecule of asparaginase in E. coli [36, 32]. Progress in sequencing 
the enzyme has been surprisingly slow. By using Edman procedure , 
Arens et ale [32] have esw.bIished the sequence of the first 14 amino acids 
from the N-terminal end for the E. coli enzyme. 

Very interesting chemical and i mmuno chemical studies have been 
carried out on L-asparagina.se modified by chemical substitutions. A 
variety of reagents like glyoxal, H20 2-dioxane, acetyl imidazole and acetic 
anhydride [37] have been used to modify the amino residues of the 
enzyme. Such modified enzymes showed changes in some of the proper
ties like hemeagglutination, precipitation patterns, etc., compared with the 
native asparaginase.· Such structure-activity relation studies have been 
recorded by several others [38, 39, 40]. 

Antimicrobial and antiviral activity of L-asparaginase 

'Chang et al. [41] have observed a. chemosterilant effect of asparaginase 
on house flies when administered either orally or parentaraI1y. A striking 
inhibitory effect on the multiplica tion of vaccinia and myxoma pox virus 
in in .vitro has been observed by Maral and Werner [42]. The enzyme was 
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effective when present in the medium. However, a direct effect of the; 
.enzyme on the virion \vas Dot found. Such in vitro virici4a1 ~~~!ln ,of aspam
ginase against herpes simplex virus types 1 and 2,.and vaccinia v~ was 
round to be increased by cytosine, arabi~oside and l-amino-4-acet.y1 'PlP~ri
zine, etc. [43, 44]. Syn,ergism has been imp!icated'~ this effe.ct. 

Asparagine lnetabolisnl in Eukaryotic cells 

The only known metabolic pathW?ys of asparagtne in animal tj~ues 

are its conversion to Hspartate by deamidation and to o.-ketosuccbl:am.i~.aeid 
by transamination as 21so its direct incorporation into proteins {45]. A 
possibility with regard to the role of asparagine in sensitive tumour-systm1s 
is that asparagine might furnish its amido group f9r nucleic acid 
biosynthesis, just as glutamine is known to do so in normal cells. The 
biological system in which this has so far been shown to 'occur is· the ·wheat 
germ [46]. It is not clear whether asparagine plays an 'important role hi 
SOme novel metabolic pathway in cancer cells. But from studies on the 
nutritional requirement of Walker carcinoma, .Neuman and McCoy [4'1 
have shown that glutamine and asparagine are necessary for growth in 
in vitro. The out growth of asparagine independent tumour cell Variants from 
JJlixed culture of asparagine dependent Jensen sarcoma, when deprived of the 
aJIlino acid, has been demonstrated by McCoy et ale [48J. ' 

Pharmacological aspects of L-asparaginase 

Most of the asparaginase sensitive neoplasms like that in Mouse [2, 
49; 4], rat [1], dog [50, 51] and in man [52, 53] have been $w.di~· with 
aSparaginase from E. coli. . . 

When the enzyme is administered intravenously, the activity· -cOuld 
be detected in plasma. Intramuscular and intraperitoneal iJ;tiectiQ1;l ;r.~lted 
in rapid absorption jnto the blood.' When the enzyme 'was .gi~en QtaUy, 
no enzyme activity was detected in plasma. As IOD$ as the therapy is Co~
Jlued, the levels of the enzyme are detected depen~ upon dos~ge. When 
administration is stopped, the enzyme activio/ gradually. falls t~ \1nd.etec.
table levels. Several variations in this beha~our of varIOUS . .as~ra~~e$ 
a.~e noticed. These in turn depend on speCIes and age ~ /the. hos~~ But 
the fall of enzyme levels in piasma during a. prol~ngedtreatm..~t is ~ttA
buted to the development of _ antibodies aga~s.t the en~e reSUlting hl 
inactivation. Experimental studies on the parti~on of aSll8.raginas~ ·between 
ll.1O'?d and lymph in rats a.n,d sheep have shown tha,t most of the . ,enzyme is 
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rapidly cleared from blood, while very small amounts are found in lymph 
[54]. The advantage with E. coli enzyme is that it can easily cross the 
capillary endothelium and enter the intercellular spaces. But, the enzyme 
from Erwinia· possesses the tendency to aggregate spontaneously and there
fore cannot be found in places other than circulatory system [54]. 

The half-life (tt) of asparaginase in plasma was found to be 23 hrs, 
4 hrs and 90 min in dogs, rabbits and rats, respectively [55]. In mice, infected 
or injected with lactate dehydrogenase elevating (LDH) virus, the clearance 
of asparagin2 .. se is impaired resulting in long tt and the animals show long 
term, often permanent remissions following a single dose of the enzyme [56, 
57]. However, the virus itself is not responsible for any effect observed. 
It could be that the virus has synergistic effect with the enzyme. 

The fate of the enzyme after its clearance from plasma is not yet 
clearly understood. It is not detected in urine when administered intra
venously [58]. It has been suggested that the enzyme may be phagocytosed 
by the reticulo endothelial system [59]. 

Experimental effects of L-asparaginase 

In order to have 2. better understanding of the effects of L-asparaginase 
with regard to dose, dosage schedule, effe~t on various stages of susceptible 
tumours, combitl2.tion chemotherapy, tt of the enzyme, survival time of the 
host, immunosuppression, etc., studies have been carried out on experi
mental tumours in in vitro as well as in in vivo conditions. 

The reversal of the effect of asparaginase on tumours by supplymg 
L-asparagine through drinking water to the mice [60] clearly indicates that 
asparagine depletion is responsible for tumour regression. 

Under in vivo con.ditions, Burchenal et ale [61] have ob~erved an increase 
in survival period with low dose of the enzyme (10-40 IU/kg) in mice with 
leukemia. H~wever, a higher dose (l()OO IU/kg) h2.s been found' to. give 
better results in few cases of tumours [62]~ Studies on the effect of dose 
on survivai time 2.nd cure rate in mice with leukemia EARAD 1 have·sho-ivn 
that a maximum dose of 10,000 IU/kg . or 5 daily doses of 2000 ItT/kg 
gives a high cure r2.te. No further effect was noticed by increa~ing ~os2ge 
[63]. The minimum daily dosage to increase survival time was found ,to be 
200 IU/kg. Doses higher thGl.n 500,000 IU/kg were found to be toxic. An . 
interesting observation regarding the duration of treatment was thet,. irres
pective of the dr.i1y dose? the i~hibitory eff~ct w~s incre2.singl with' dur~tion 
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of" treatment. Experiments on therapeutic effec~iveness of different sche
dules of treatment in mice have shown tha.t, the cure rate obtained by 
injections 1200 I U /kg once a week for 4 weeks was found to be less effective 
than 12 injections of 400 IU /kg given 3 tim~ a week for" the" same period. 
Administration of 24 X 200 IV/kg (6 times a week), however, did not show 
any cure. These points clearly demonstrate a relationship of tumour inhi
bition to dosage schedule. Asparaginase was found to be, ineffective on 
Ieukemi2.s when administered as a single dose at the time of inoculation 
of the tumour to Jnice but found to be very effective aga.inst the established 
leukemias [64]. 

- . Development of resistance by the host for the enzyme therapy is a 
serious drawback for continuing the treatment. But asparaginase resis
tant tumours are found to be responsive to other antitumour agents like 
actinomycin D, cytosine arabinoside, malphalan, natulan, etc. This has 
favoured the combination therapy using the enzyme in combination with 
other 2.ntitumour agents. Such studies have shown positive effeCts when 
these agents are used after the treatment with enzyme .. 

L-Ghitaminase activity of the enzyme" seems to play a role i.tl regres
sion of certain tumours. It has been shown that HeLa cells, being not sensi. 
tive to asparaginase from guinea pig (having no glutaminase activity), 
are found to be inhibited by the E. coli enzyme (65). Similarly; Riley 
et ale [66] have reported from Acinetobacter a glutaminase-asparaginase 
enzyme which inhibited both sensitive tumours and also tumours other than 
normal tumours like leukemias and lymphomas. Like most of the anti
tumour drugs, this enzyme was also found to be immunosuppressive. This 
property has been demonstrated Wlder in vitro and in vivo conditions [67, 
68]. 

Toxicity 

Aspara.ginase, like other antineoplastic agents, is not totally free from 
side effects. Some of these effects hav'e been attributed to the associa
tion of endotoxin 2.nd al~o to the glutaminase activitY of the enzyme. 
Toxicity studies in experimental animals indicate LD50 for mouse and rat 
above 200,000 IU/kg and for Cats and dogs to be 50,000 IU/kg [69J. The 
enzyme c~.used decreased motility, anorexia, weakness, vomiting, loss in 
body weight, etc." Sub chronic to xic doses (rats and dogs, 200, 800 or 
3000 IV/kg once a week) sho~ed no considerable effect on . the general 
behaviour, physiology and histology~of the ~n.irnals but antigenicity, pyro. 
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genicity and teratogenic effects were noticed in rabbits [70]. Similar kind 
of symptoms were noticed in human beings as side effects dur~g treatment 
PI]. One of the serious side effects is on coagulation. It has been noticed 
in 2.cute leukemic cases that the levels of fibrinogen and plasminogen aIe 
decre2.sed during asparaginase therapy. This is 2.ttributed to an indirect 
effect or by some mechanisms induced by asparaginase (71). The toxicity 
of asparaginase has been reviewed by HCl.skell 2.nd Canellos [72], Canellos 
et aT. [73] 2.nd Oettgen et al. [74]. 

Clinical use 

The demonstration of regression of lymphoS2.Tcoma in dog byaspara
ginase [75] and the treatment of human patient by Dolowy et ale ',[76] hav.e 
opened the W2.y for clinical use of this enzyme. Making use of an in fWD 

test of asp2 .. ragine dependency, adopted from. t~e 14.C-12.belled valine 177), 
Hill 2 .. nd coworkers [53] have reported remISSIon ln the case of:acute 
lymphoblastic leukemia (ALL). Oettgen et al. [54] have Gbserv:ed .similar 
results in the treatment of lymphosarcoma, ALL and ,acute myeloblastic 
leukemia. prompted by these impressive results, asparaginase has been 
employed in the treatment of a large number of neoplastic diseases in 
human beings. Sever2..1 important studies h2.ve been made to overcome.1fhe 
difficulties experienced during the clinical trials. The quick nature 'of its 
action 2.nd· the presence of severe} toxic side effects have indicated' that this 
enzyme could be considered as 2. potent 2~gent to induce remissien and t.e be 
fol1owed by conventional tn2.intenance tlep .. tment. 

~esistance ,problems 

Beca.use of the development of resistant cells with high levels of t
a.spar2 .. gine synthetase during the trea.tment [72], it has been suggested that 
the sensitive tumours respond due to an enzymatic deletion in the . genome 
[78, 79]. A ·correlation in the levels of L~asp2 .. r2.gine synthetase in nQlmal 
and ID2.lign?Jlt tissues has been shown by Morton and Nicholas 179]. PrQlU 

th,e .studies of Becker p.nd Broome 1[80], Adamson and F2.bro [?OJ and 
Ast2.ldi et al. [81], it can be .concluded th~t t~ere exists a spectrum ofaspa.ra:~ 
gil1lase -sensitive cells in the tumours from :which the resistant .cells fi.n.e.1ly 
develop into new tumo"':!fs. H0w.ev.er, ~he. ~ .. dv~.ntage with aspar~gina.s~ 
is tiu' .. t., it .can induce c01l1:plete remISSIons In A.LL even at a very late sUt.ge 
ef :the disease when,. resisiMce to most other chem.otherapeuticageats ~s 
dev~loped, 

'. .j 
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The possibility of th~ development of antibodies, to inactiv~te this 
enzyme during treatment, has been demonstr~.ted in sever~l instanqes [82, 
83]. It is ca.t this period thCl.t an immunologiC2.l1y non-cross reactive aspara
ginase will be of great use' in the continuation of the enzyme th~rapy. 

Maclennon [84] has shown that the antibodies raised against E. coli enzyme 
not to cross-react with Erwinia asparaginase. 

Use of structural analogs 

Many studies on other ways of achieving the depletion of L-aspara
gine in check ing tumour growth have been carried out. Lowering the amount 
of ~asparagine intake. thro~gh food materials is found to haVie nQ signi
fican t effect on minimising the. L-2sparagine levels in plasma [85].. Several 
analogs ,of L-asp2fagine have been tried to . lower the synthesis of L
asparagine through feedback control. Chou et af. [86] have described two 
such analogs; 5-Di~.zo-4-oxo-L-norvalline and 5-chloro-4-oxO-4-norvalline 
as effective inhibitors of L-asparagine synthes~s in whole cells and in cell
free .extracts. 

Combination Chenl0therapy 

Multiple drug therapy 'in the case of neoplastic . diseases has. been 
proved to be superior to that of single drug [87, 88]. When asparaginase 
is ~sed in combination with prednisone, vincristine, rubidomycin and metho
trexate, the toxicity is not found to be additive to the toxicity of the above 
antineoplastic agents. The absence of cross-resistance between the €mzyme 
and other-antitumouf drugs is found to be of another great ,adv~tage for 
these studies. The ·effectiveness of the enzyme in co~bina~on with cytosine 
arabinoside and 6-azauridine when tested against murine leukemia in mice, 
a synergistic effect with the former two was observed [89]. Similarly the 
antitumour 2.ctiv.ity of as~;r2.ginase when ;given along with bis~p-ch1orgetb.yl 

nitrosourea [90] or with L-glut2.mine analogs like azaserine or azotomycin 
[91] 2.gainst leukemias ·was found ,to be enhanced .. 

Maintenance of effective levels of asparaginase in pla.sma .during .the 
treatment plays 2. key role in the therapy again~t tumo,ur . sysiems. But 
asp2.rca.ginase being 2. protein raises other difficulties. .Som,e, Qf the prQb~ 
lerns like immunogenicity, hypersensitivity, rapid rate of clearance, etc., 
can be 'overcome by ed~inisteJ.ing the ,enzyme in a.manner which prevents 
antibody forma tioD. Chang {92] has describe~ .a methoo. ef .Qncl0~iQ.g 

asparaginase in semip~rme~ble microcapsule into which aspara~~<:a.n 
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easily diffuse and be hydrolysed. These microcapsules, when inject~ intra
peritoneally, inhibited the growth of lymphosarcoma in mice. Allison 
et af • . [93] have achieved the same by attaching the enzyme covalently to a 
nylon tube which C2.n be oonveniently introduced into the circulation ... 

Mode of action of L-asparaginase 

The antitumour activity of the enzyme is found to be interesting because 
most of the tumoUrs 2.re extr2.v2,scular and the epzYlne has to penetrate from 
blood into the microenvironment of the tumour cells to exert the· desired 
effect. When the enzyme is administered into the vascular system it cata
lyses the hydrolysi~ of L-asparagine to L-aspartic acid and anunonia and 
thereby prevents the supply of the amino acid to the tissues [94]. A~ a 
consequence of this action, aU the tit-sues in the system, more particularly 
L-asparagine dependent tumours are starved. Similarly, this enzyme· also 
prevents the free diffusion of L-2...sparagine from the surrounding tissues 
to the cancerous cells. Because of the high pressures in the blood stream, 
the enzyme molecules can pass into the intercellular spaces from the fuie 
capHlaries and (ataly~( the hydrolysi~ of L-asparagine [55]. As. a result 
of the hydrolysis of L-asparagine, accumulation of large 8.mounts 'of 
L-aspartic acid [94, 95] and ammonia [53] have been reported. These in 
tum are found to have no role in tumour regression. The level~ of L-aspara_ 
gine in tumour tissue is reported to be depressed but not completely elimi
nated during the treCl .. tment [96, 94]. With the termination of the therapy 
L-a.sparagine level slowly rise5t to the normal level· while that of L-asparti~ 
acid and 2 .. mmonia decre?ses in the plasma. The fate of L-glutamine'in 
blood plasma is very ~imilar to that of" L-asparagine when the enzyme 
possesses L-glutaminase activity. The supposed interce11ular action of 
the enzyme is given in Fig. 1. 

The cytomorphological effects of asparagina<;e in sensithe ceUs have 
been observed under· the light and ·elc< tron mjcr~s('op(S [97]. Tbe enzYme 
is known to exert changes in histological structure in solid· tumour 
tissue as well as in the single cells of mouse leukemias after 48 hrs of the 
administration of the enzyme~ The results of these studies' have shown 
most marked changes in ribosomes, mitochondria and in the formation· of 
coarse ergastoplasm. . . 

The priD12.fY cellular function which is .affected. by this enzyme is protein 
synthesis, followed by the synthesis of DNA and . RNA [77, 98, 99]. 'As a: 
result of treatment with the enzyme~ few quantitative changes· . in· . o thor 

-.. -~-
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WITHOUl ASPARAGINASE 
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FIG. 1. Diagram of the supposed mechanism of action ufaspamginase in the intercellular 
space (Plitter 1970). 

cellular enzymes have been reported. For example, an increase in ribo
nuclease activity in lymphosarcoma [100, 101] and a decrease in the levels 
of RNA polymerase in regenerating liver [102] have been demonstrated. 

Other ways of action of the enzyme in tumour regression is not totally 
ruled out. It has been suggested that by stimulating RNase activity [103] 
or by exerting limitations on the availability of the amino acid from a novel 
synthetic pathway in cancer cells, the enzyme may be acting as antileukemic., 
agent. Mashburn and Wriston [100] and Mashburn and Landin [101] 
have recorded following asparaginase administration, a rise in RN"a"se levels 
in the tumour tissue. Inhibition of glycoprotein and protein synthesis required 
for membrane structure in leukemic cells is considered to be 
another mechanism of action [104]. Glycine is important in ":the" synthesis 
of purines. Decre~.sed levels of glycine observed after the administration 
of enzyme might be playing a critical role in the tumour regression [l05]. 
Inhibition of growth of HeLa l.ells by asparaginase at a dosage exceeding 
~. certain limit has indicated (:1. possibility of the enzyme partiaUy crossing 
the cell membrane and exerting intracellular activity [10~]. ". 

Therefore, a look at proposed mechanism of action of asparaginase 
indicate that, perhaps, depletion of L-asparagine is the Primary mode of 
action which is associated and/or followed by many other alteratiolls in 
biochemical events which may in fact be important seco~4ary·~.tfects, " 
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ROLE OF OTHER ENZYMES AS CHEMOTHERAPEUTIC AGENTS 

Since the discovery of antineoplastic activity of L-asparaginase, atteu
tion has been paid for exploiting the restriction of supply of other amino 
acids in the chemotherapy of malignant disease. A brief account on some 
important enzymes studied for anti tumour activity is given below. Using 
L-phenylalanine ammonialyase (specifically deaminates L-phenylalanine 
to cinnamic acid and L-tyrosine to coumaric acid), Abell et ale ]107J 
observed the inhibition of growth of human leukemic and murine leukemia 
5178Y lymphoblasts in in vitro. Similarly, L-methioninase as a depleter of 
L-methionine has been shown to inhibit the growth of malignant cells in 
tissue culture and also of an experimental tumour [108]. An important role 
for the enzyme L-serine dehydra tase (catalyses the degradation of L-serine 
into pyruvate and ammonia) has been proposed in the treatment ofL-serine 
dependent tumours [109] but clinical studies have not yet been reported. 
An excellent review covering the details of many enzymes as p,oss_ible 
therapeutic agents in cancer chemotherapy is written by Cooney Wtd 
Rosenbluth [110]. 
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