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• 0, ~. 0' -t~ ~n~f_Q~l'R "1~~, ~ca~~;.~~vei. ',Oft.~.,.rq~.~.,.~U"1t1. ~ " 
.ppen4a '~n th, "blood' .f~tr 1.Pi lt\jecUon of L .... ,.rq'_ •• aolutto., (AS'),.;, , " '"1 

... l ' fi • r" ,1\. ~l ,}. _ A D -'" t • ," ", \" 1 
.. f ~ .. ~. ~ Il 1 

Wltere •• 1\'0; "ood L .... p.na1ft •• tl.lCt1vity .,pe.Hd .ftlf 1,.,. 11ll~Qtlo' -of L- \-

.'P.~ .. I.II'" "'C'O~~i>8\l1., (~): ~'lÔdY'; -1.4.p .... ~ .. ~ •• :éftl. :f.,i ~~7 __ .. ' . ." 
-rapldl.y afte-r 1ftjectlot\' of AS, but not' artar AM •. J "JJa QO 101\lar ,~lolo .. ,. 
l.o&11y .cuve ill-!iVO dt",8 d.y. poet- i..j· .. ~i~~~ ~l.~~~. ~';;1l~ • • U-·· ~: 

'd,crea •• d ~er .. abUity of the .teroc."ula.. AM ~ntdft_ ", .e-ro, pl .... 
/ ' , -

• " J '1' 

L-'Ipar.atn. concentration "for a atlntficantty lo~'~ 'P_~lod, .of t~. 'thu ~he . 

:::::::~ ::'~:~hHAM;,: ao:::::: ::~:::::t:.~~:~ .. .. 
bQth AM :fS/10.t '~ir 1IIttt_. l.ti~l.t7 ift'~~I~ aI. .... , za.:vltn; ... ~l~ 
L-'Ip.ra.atna ••• nua iuhibi..ted the catalytie actf,~ of· 4S. ,b~t Qot ~,' I~ / 

llllluni.ed .iea, ~c:h l~",r leval. ~f l.-upa-r&lÜ\a ••• c~lVitY "1''' ~ .. ~ad ,in. /\ 0 

the "bocly" and ln, ,he b~ood ,alter injection of AS, ., co ... ~,~ to ,nO~-i.M\mi.~ 

.tee. ' Ilood L~Jp.~it\lI~ ~~Ct1VltY ~~I Cl~:.d Ml~r' *1'. '~~~'1clly ~~. ~ 0 ' 

l ' " '- ' 
Newither AS nor ,C~\ll-d loftr' th, pl'''',L-aIPIf .. lne CO~~et\ftàt~Ot\ ~lIn~flQ.atlY, 

althoqh the- n bdy" ~,.par .. tn ... leva1. r ... lnecl bich' for up tO 2 d..,. aft_, 
• \, ,ft-

~nje1t1.ou of ~ 

.tudi.e. wer' 

• ~th the aicl of Inrtnla cirotovora L-a.par .. 1~ •• ~ !,,-rther' , 

.rr~ecl out to ex~lDlu. pOllibb •• chani.. that 87 acc~ut\t' for 
, , 

_~1 . .d .tc~. ~ j 

" 

\ \. 

\ 
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" .. 
c:h.~ d •• touti. ~OI\~1_Wll.I.· •• · ,no\l' "von., pü ob .. l'ftr l'.,parltlOft 

• L " .d... " _ ' . 
{ ,d.ft' lt aaq ~I ftlv .. ux 'ian1ftc.tih .s~.Qt1vit' de t. ... 'arq1.ft ... .,~" ~' 

,fI'" J \ • 

~ftj ~tton' lfttr~;'~ itO~lii. 4"\l~ .~l\liloft ft t. .... p~r~~ft~.1 (SA),', ~\& • 
, t 'r . , 

{,~.l.VOI1'l c •• .ad.ftt ~tl .~~ •• ~ttvS.ti ~\lift~ ~a ,t. ... "rq1M" .,~~. 
,. ,J • .. 

"J 

_ 'l~ec~t~~ ~ntrap'~iton~ .. l. d~\a\~.,.u~". ~~ t.,. •• ,at'qtn ••• (MA~ lA. , 
'f f tâ,UoX "Io_tiqu.a" d~ 1. L ..... p.t .. tli~ .. out r.pia_nt' ,U"ln" .pt'. lnj,ctiot\ i 

r li ' , ' 1 

, d~ :SA. ~ep.~.n~ oa '~" ph ~ot' 1 .. 1 • .,.. vati.ti~C\ .pr'. lt\jectlon' d., MA, , , 
~ \ ' 

Huit jO\lr. apt'. l' iftj'ctto~,{ KA' fta pO"'datant plu •• ucune activlt' 
\ 

' ' ,0 ,- , , • 
1 JI'. ~ ., 

'phyai:oloaique ~t\ vivo. prob.bi ... ftt l .caù~e 4'\11\1 paral .. blUtl dt.inula d,. • 

• 1CTOC~P'~1~., I·~ _'i~tl'ftnaQt l."l.-,I~ .. ~ •• tft. l· d,. con~at\t1:'at~ot\. pl'I~ 
' .. ci'qu .... ai.1 1 .Iro"duI'ant \1ft. pldoel. da t.op •• qniUcattv ••• t\t plu. 

, '\ • ) - r. f 

; 1olllu. ~: n. 1. f"f~J.t SA," ct,,: ta~ ".blab1 •• ; KA 01!lt )It' plu •• ff.ctlv.. 

~\i" &. 'da". l'induction' el' un. rlarlilion. coapl'ta d. l..yapho.arco ... ' 6C3HID 
~ l ' 

, prouva, ,ch •• 'l •• ~ ào~~iI ~~ft'"ll_ufti""" C.pend.nt. ch •• 1.. .ourta iI.uni.I .. , 

la. <1 .... lU. at SA.lontPmu l ... ~ .ct~7it'!""it_rala. Ir vitro. un 

IIrua .• ntl-L·Hpa~ .. ~:na •• , 1nh,lbê l' Ictivitl catalytique d, SA _i' ftOI\ calle' , 
, \ ' , 

da~ MA. Cll •• J.a. ,.ouri. tllaunl ••••• P"I' oppo.itioa, ,,\lX rl.ult.ata obtet\ul cba .. 
, . 

1 •. ' ftOn-s.auftt,I ••• '.pr'. injection ,de SA, ~" ~.trowe d. tra. b .. uiv •• ux 
" '\ ' 

d·.Ct1v~t' ... quiua at "'OMtlqu.n cl, L .... pat' ... l1l ... , ':,. t.'.ct1.v1tl d. la 1.-
, \ : 

\ '", , 1 

t • ..p.1:'qt" ••• ,ta.t d •• tt'lt bHUCOUp plua uplel_ent auali ch •• c ....... - , 
, t ., '. " 

", ~OÙr.i' ·,....n~" •• r Quoique 1 •• taux " ... tiqu •• " da L ..... pa~ .. tn •••• oi~n.t 

.......... UPl. j~l <1_ jo~ ... p<l. ~ ... tlO1\ •• J Ill. Id. SA ... lU. •• ;..... pu 

ct1a~l\u'r 'taniftcaUVlRllt la cOQCant~.ttou pl ..... tique de, la L-alparaatn ... 

Avec l·.id. ct. ~a L-aiparqiu •• .s. IrWtula cantovora, d'~ut1:'" It_e. fuz.ut 
, ~ 

~ Ifttrepri... ..Un dt tuai .... !' 1.. "cet ... pa,tbl.. eapl1q\lU\t le. ob .. rv.tioul· 
" 

obtuu .. cb .. le, .ourt. 'Ùaut ••••• 

-
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1, .. very, Iratefu1 to Dr. T. M. 5. Chaq fol' 1"t'l'CMluc1.q .e to tb.~ 

(~ . 
L-alparqiftl.e1\·atory and, hb pto",.nlna "artlf'ietal ceUn cOlla.pt. 111 __ 

- ~.~ , 

p'"I'ill.fttal exp,~t1a., r •• ourcefuln ••• a"cl .~idanc~ ~b~OUahoût hia dlr.Cit~ahip 
1\ ~ L~ 

of thb work h,ve b'~ft 1.nvaluabl. anel v. ele.ply a,pl'eetat,-. Th. COl\cen\, 
" \ .~,!, 1 ._ 1 .,. 

und,.r.tand,il\l anel patienc. bl ha. at.ndld to •• aa • ,.tfte"t h.ve "e.1\ .oura .. 
1 il ~: 

of co.forot 'I\cl .ncour ..... l\t. 

1 III tnd.btecl to D~. R. Siboo foro hll·w11l1nan ••• to teacb •• tb. 

~ul\01ol1cal techniqu.. that ,"r • ..,loy.d 1ft thi. .tucly. ! tbank ba aifte.ra-
, 

ly fOf the b.l" Ubtral .clvice ancl elt.cullion 11v.n •• durolna 111 v1.lita to' b'ia 

labo 

1 am ar'tefui to Dr. P. Goicl for tnitini~ ••. 1n~o r~.~rcb wb11, 

1 val ln unduaradult. Phy.1oloay Ronoura atuelll\t. Th •• nthu.1 •••• ~it .. ,nt 
, \ 

Ind, w1t that Ire ehlraeterbttc of bt. preaene. in the ltetu"l'. room lM 'ln tb. ,--- . \ 
lab blva be.n 'tiaullttna in aa1\Y way., 

l "i,h to apr.a. 1IY da~a.t· and .tne.r" a"r.etatton to 111 loqUa. 
1 \ • 

friael anll ,"ociate, ltoua.bl~k Aehona-Low, who ovaro tb. ,.""1'.', ha, a~way. 

w111il\lly and ch,arfully found ti.. to pl'OOf-I'Hel U\Cl provid. tditottal •• _nta \ 

on ay wri..ttl\la. 1ncludtna, tUa th .. t.I. RlI naaa.eut in _ny lona aM enIlabt-
" 

antna elllculllcml wltb .. -bave alwlYI ro,aulted in coft.truetl~ '\lIae.ttol\'~ , 
4, ~ 

l "'1 fortuna te to hav. b.eft work1q in th. .... lab a. MI'.. Coll1\ 
.... . . 

Li.t.r who,e t.alm1eal knowlect... eapabiUt1 •• , frieM1Ù\.... Incl cOUlei_tioua 
" ' /' . , : ' 

affortl i.ft --the lab bayt, b.en •• t profitable. ter. ".ter va. r"poll.1ble for 
1 

the praparation of tbe h1.toloatcal al1ela, in ,tbi •• ~. . -

. 
a_t'tallce in cU'~yil\l out ... of the L .. apa~ .. i1\~ al\Ù7.e. 9 

, 
, 1 
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. lt VII • ','1"lul-. to ha ... lt~q~ Dr,- A. S, Chawi •• , Ril ~tlCu •• io"l 

,'both ~114e .. "" .~UÜ. the 1.~ o .. ~. ~:t\Itq toplel' blve \ •• " bll\~iê~.~ 
Ind ecluqatloual, o' 

" 
~ -

·lt VII ~warilq to have work.j tn tb ...... lab vith Dr; Chaq' 1 

, .. t" ."d pr ••• t polt~doeto~11 f.llo"" Irleluata itud_ta aM teebAlea! j . -' ' "-

Iltlff. I~aa wha 1 blva .. da uft1 frte"d., 
,. . . 

Mf. larl 1I0lac.alt pra,.r.~ IH ,hotolr.,hacl al1 the illu.ratto". 

1~ tl\t. the.t., ltt. ac.ll.nt. ,tt11 a:1 .elvt~1 0". the .,~.ft~.tlOl\ of ~at. 

Ind hl1 tnabiItty to relu •• ' an UIlr"'Oftab1y ruahtd job vve bl ... ~ ... ,t~ M. 

t .~àtlf\llly ~CkDowl.q. t~t_ 'I1\ttr~~ and ~oMCtlftttou, ef~ol'ta of 

.( Mill jluUlr '1''''1 tft typl1\1 tM.I th .. tl ad.r tr1t~ condttio"., 
\ . 

t thank Dr. 1. La.och, for ktaclly 'l'Ovidlna tbe l'nnch tl'lftatltton 

of th. abatl'&ot of tM.I th •• tl. . 

Wtt~out th. tnco~ .... ,,,t an~ taOl'al lu,port of rq f_lly OYlr thl , \ . \ 
JHl'a. ,arttcu,alal'17 whtn the loiq vaa ~uah. thla wol'k ~ulel' Ilot haft bien 

'9 , 

coapl.tecl at thla tiat, ,j 

: Thl,8 WOl't -'.1 aupponH by Il'a1t).t ~No., _-2100 f~ th. Nt4lcal 
l ' 
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l"~l'Qb Cout\cll of ~Il\.d •• 
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ClIAPTII t 1 GINDAL INTlODUCTION 
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• , , , , ......... , .1 •• , ',' ....... , , ....... , , , .... , .. , , .. 

, 

, l ' 

tA. INTlODUCTION ... , •••• , ........ , ..... ~ , • ,f" , .. ,,' " , ~ , , ., , •••• ,. , ..... --; • " , 

tl, t.-AVAlAGlNASI ~!".,,,', •• ,, ...... '\ ' ........ , ......... , , ....... , , , .. , • , ~ , •• , 
It.torteal tntrDauct10n ., •••• " ••••••• , ••••••••• " .......... "" 
~t.trtbutton aud aou~ •• of t.-a.paraatn' ••.• "",., ••••••• , .. "" 
SOM, p~plttti' ~f 1. coU l.-a.parq1ftalt ICa2 (L-a.~r .. tft.( : 

.. idohJ4~~laal& le. 3,S,1.1) "" ... " •• "".", •• " ... ,., .... ,., 
Sptett" of ~attlvlt7 of tu.o~1 to L ... paraatft ••• , .. , •• " •••••• Mec'" 1 .. of 'àbtttu.or &.Ction "." .... "., ..... "" ..... """".",. 
l'acto t l"lfte. tbe tuao't-tuh1\lto~y .fflct1ftft ... .' \ o. 't' pataaf ••• ,~., ......... , ... , ...... ".",,,,,, .. ,, ..... ,,,,,.,, ••••• 

. (a) Th, '.tf111 of L-a.pa~aalMae ~l' t.-..parqtne " .... " .. 
O.) t'hl c11.lI\cI rate of L ... par .. t ... troll th' 

boat'a c~rculatloft •• """,." ... """ •• """ ...... , 
~ Achut .... ot th. u., of ~-a.pu .. tM •• -t1\ .Cutl lyaphocyU.c 1.*._ tberapy ..... ", ... " ~ , , , • , • ,', , .. , ... , ,- , , , , .. ,. ........ " •• , • 
habl_ tliloetattcl vith L-a'''l'qiu'l thl"apy .......... , ,', , , , ., .... 

<a) toxlct~ ...... , ! .......... , .. , , , • , , , , ~ , .. , , , ,~ .. , " , III ~ .. , ••••••••••• 

O.) 1l~.l.t_CI, ................. " .................... , .................... , • ~ ~ 
c~tQ&ttou ch~tb.~~y ~., ... ,." •• " •• , ...... ,." ..... " ............ ; •• 

"-- -

tc. ! SIMlPlIlCIlaLI MtCkOCAPSULIS ... , •• , ......... " .... , .............. : .... " ............ , .. . 
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"aie ! •• tUf •• ~ .l't~~lal 0111. , ............. " ....... ~., .......... . 

,\ Ketb04a of ,~.pal'.t1(),ft", .eat,~bl. 1Ù.c~.p.ul •• 1 .. \ .. U'" ~ .. 
'Pl'opftti •• of a..tp.neab'l.l .tcroca,.ul~ " ..... 4 ........................ .. 
tC1cto4JCleap.ulat~ ua,...· ... " ................ -...: •• \ .,., ........ ~ ......... .. 

. l:1<M11C1tcal applic.tion. of 1Ùoroencap.ul.. .. Il'ayaa ... "", .. , ' ... , 
(.) IDa,.. -rçlaceaut th,n.py fol" ."ital .... ,. 
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(b), l'ftl}'llt tb.la" of \.ub.t~at.-4.,.nj'llt t\laO~. ", .. ~, .... ," 
(c) aeaoval of accwaulattcl Mtaboltt .. ~ ~ , "',,, .. , , .. ~, ...... , '" 

Clinical ctlm"ltr.Uon of arttfic1al c.U eOfteept .... .: ................ , .. , 
.. 

. OTRI~ TVIS q' 1MM0BILItED L-A.SPAUGINASI , ...... , .. " .... , .. " .. , ...... ", 
, Int l'dcluc t'ton " .. 10 .... , , ....... , .............. , ... , , ...... , • , ..... " .. , , , ........ , .. , 

ActaZN L-•• par ... t"a.. ,'"" .... "", ...... ~~, , ..... , • .. , , .... , .. , , , ...... • • , ~ 
Cov ntly-bounct L-alpar .. !na.. , ..... " .. , ... , .. , ......................... " .... , •• 
lCatrlx-entrapptcl' L-'Ipar .. tna.. • ......... , ••• , ...... , ........... ,., ........... . \ \ • ».. 
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-, t - 1 
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ln tbl. tbe.l., 1 bave tak advaut .. e of tbe op iou provided by 

.ectlo~ 4.2.7. (b) of the ~ .. ul.tloa of the '.culty of ~ duat. Stud~ •• 
4 

and a •••• rch that allowa the caudld.~. to pre •• ut hl. th •• l lu th. fora of 

or1alnal paperl whlch would be .ult.b~. for .ubai •• lou for ublicatiou. 

Chapter Il vas aub1l1tted for publlc.t~ou in May 1973, and • alre..dy baen 

publlahed by the journal, Inlyme (Volume 18:218 ~ 239, 1974. Chaptera ~II 

and IV have bun Vl'ltt~n in a01Mwhat _ra detail ta coaply ~th u.~l tb •• i. 

requiremeutl. The •• latter two chapt.rl ln approprlat.ly ~ified fora will 

be 8ubmitted abortly for publication. Appeudice. have b.en added to Chapt.r. 

II, III aud IV,' wneraver it i. beliaved tbat th.y will ba o~ valu •. to the 

reader. Slnc. Chapterl II, III and IV w-re vritten a. sepa~ate ar~iclas. 

there ià of neQe •• ity .0.. deàree of rep.titio~in the text. 
- , , 
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Wb. tr.at.ant of cancar by cbeaotbarapy la baaed on tba lun-
1 

d .. ~tal pr .. i.a that cancer" cella diffar ln ao •• way from noraal calla, 

and thua can ba d •• troyad by cbea1cala wbicb will ba le. a to~ic to ~~ 

.. 1 cella. The demonatration tbat .o.e cancer., &Oat notably cborio-

, carcinoma and Burkitt's lymphe .. , can ba cured by cbeDotharapy'provide. 

definitive proof that thia baaic pr..tea is a va1id ona. Succ ••• ful 

chemotherapy to date, howeve-c, hu not been qualitatively apecifie for 

tUDOr cella, but 18 bas.d laraèly on quantitative difference. between' 

tumor cella and normal ~ls, for exempla the ~ra rapid arowth of 
, 

aoue tumo-c cella. Aa an ûûfortunata corollary of thl~. nor.al ti •• ue., 

auch a. tboee of tbe bone .. rrow, lyaphatic' ay.t"t •• etrointeetinal 
" epithelium, skia, and hair, that alao ba~. biah Irowthfractlon are 

aleo suaceptible to the cytotoxic effecta of moat of the currently uaed 

aaticaneer druaa. 

The discavery of the ther.peutic affects of the ana,.a L-a,­

paraaiM.e repreaenta one of the llearret approachea ~o auceeaa -la tb • 

• .arch for au ~loltable, qualitative, _taboUe dtfferetlCe betwaen 

noraal and neopla.tie cell •• lt vas proposed tha~ a~nl.tratioa of ,.-
L~.sparaa1naae would reault in .elective .t.~ation of tu.or cella by 

'. /. 1 
depletfag their exoleDOua supply of L-aspartliaa upou vbicb the t~r 

cella have an abaoly,lt-. llutritional dependeQCe~ At the .... ttae, 1lOr­

.. 1 tieauea would be aparecl becaûse tbey. in, contr.at to theee tu.r 

cella. are capable of aJllth .. laina eufflcl.ut quantitiea of eadoleDOUa 

\ 
\ 

~----------------------------

' .. 
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L-•• paraain.vbich i. noraally ~on.id.red'to b. a non-•••• uti.l .. iuo 

acid. The reaction of cancer cheaother.pi.t. to th. potent~al ~f 

L-a.paraaina.e a. an antituaor aient· we. approprlat.ly .uamed up 1 

by Zubrod (1) who wrote in 1970, "th. Jtt_eut aen.rat.d ov.r th • 

• arly announc~ent. (of the th~rap.uttc aetivlty of L-•• paraaina •• ) 

wa. areater than f~rtany oth.r antituaor drua. aer., .... tualy. va. 

the firat antltumor drUS. whieh. peniclllin-like. killed eh. invadina 

cella wltho\.lt harmlng the hoat ••• " 

The initial hope. that the uutritional dependene. of .0.. 
cancer e.lls on L-a.paragtne say repr •• ent an ab.olute bioch .. ieal 

difference between neoplastie and noraal cells have b.au d.-pened by 

findinas that L-a.paraaina •• is IlOt without tozicity to nonaal ceUa. . ~ ~ , 

Rowever, L-a.parqinas. bas foWlll • place Ù\ the arument.riua of 

druas u.ed clinically by canc.r cheaother.piatl for the treat.-nt of 

acute lyapboeytie leukea1 •• 

L-•• paraalnaee differ. unlquely f~ all the other elinical 

aDtineoplaatic agent. in thAt the rational. for ità uae ia b.aad on ." 

nutrltional del.ct of certatn cancer cell.. The iDduction of a .e1eet-

ive nutritional deficiency for tu.or cella by L-aaparaaina.e repreeenta 

the firat practical d~n.tratiou of the clinical ua. of an easy.e in 

? caDcer thftapy. The future e\aCce •• of a "Ieleetiv. nutrit1.onal depri­

vation" approach to cancer therapy.y be influencecl profoundly by the 

re.uIt. of res .. reh on L-asparaaina.e a. a JItode1 of thia approach. 

l'ro. exp.rience vith thie etUI,.., certain bJl.ic, iIIP.Ortent COllC.pt. 

\ 

1 } 
\ 

\ 
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loI' uaapl ••• uch. experiuce .uge.t. tbat if otb .. potutial &1ltl-

" , 
tuaor ua,.... aie to he' clll\icallJ active. the, lbould po ••••• the' 

followiua pr.requi.it.~roperti •• : 

at phy.iololic pH, a low r.. valu., 

• 
.tabilitt ~d catalJtlc activlt, 

1 

.ad aD appr~labl. p1.... hell-. ' 

lif." N ... tlve re.ult. obt.ln~ have allO bea ~rtant in .0 far 

a. lt 1. only wben pre.ent lltaltatlou. are claUly deflu..t tut 

fu~ura en.yalc approache. to cancer therap, could .,. develop. wlth 
• 

lncr.a.ed hope. for .ucc.... tu thia reaard, a varlet y of 9ther 

.. luo acid-delradiÛ& ena,... have .iac. been 'uaae.ted a. po,.ible 

antit~T aaent.. Tb •• e acluele: alutaina.. (2 - 9), .eriu. de­

hyclTata.. (10. 11): araina.e (12) ,.' pheti.ylalud:ae --'tula-lJa.e 

(13, 14), ancl .oat receutlJ. leuciue cl~ro .... e· (15) • 

\ 
t~ the- follovina .ectl,on of thi. Flle.iI, a brief raviw on 

l.-alparaaina •• vill be pre.euted" Siuce well O'ftl' 500 papeTI on 

1.-uparaa1Da.e have bMU publilhed i1l the lait decade (16). no atte.pt 

bal b .. u aact. to provide an ezhauative revi_ of thi. vlde-ranat,q' • 

to~c. Seve'l'al review articl •• (16 - 28) aDd' proce.tua' f'l'Ga two 

-Ùlternational .y.po.ia (29,' 39) on L-uparaab.ue are available in . 
the lituature.. !be.e have been used" a. I_ual refuuce... More 

IpeèUic &ad ctetail..t_ Teferuc ... have allo bHIl provicled iu the t~. 

, , 1 
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lB - L-ASPAlAGlNASI 

1ntroduc tion 

aul".. pia aer\a cauaec:l the caal)'1ete ~qre •• ion of e.tabli.hecl Garet­

-ner 6C3~ 1)'Î1phoaarcou .. ad the Lore~ 1yaphoaa II ln 1I1c ... and d __ 

layad. t'lhe appeuauee of the Murphy-Stut'1l 1ymphoaueou tn rats. S.a 

from, •• ve al otber .peele., naae1y the borse, rabbit and h~ vere 

Aleo, auaceptlb11ity to the effeets of guin .. Pia 
~ 

.erum ~a' fouud to be confinee! to certain tumor cell line.. lt wa. 
~ , 

at tiret. thouaht that luin .. pia eerum aeteéJ throuah lta htab co.-

p;_ent activlty, thu. au.pentlna au. tJ.unolOllcal reaction betveeu " 

the hoat and t,he iaaplanted tuaor. Bowever, no fracUon of cotapleaMmt 

eould be identified vith tuaor-inhibitory propertie. and rabbit ant1-

.era whtch al.o contail\" htah aqree of c:ompleaent actlvity. did not • 

have fllY a+t1t~r effeete~ ~"d.pendent work bl' Ne_n ~Y (33) 

in 1956 and Baley et al (34) in 1961 ahowed that cell. of the ~er 

carcino.areo. 256 ancl the LS178Y aouae leulteaia bad an absolute nut-

~itloual re~uir ... nt for arovth ln vitro for t.-asparqiu.e wbleh i. 1 ~ . 
• enerally eon.idered to be a non-e.sential amino &cid for normal tiaau ... 

! 

ADj relation,hip between the reports by l1dd, Neu.an &Dd HcCoy, and 

Haley et al, vae not recri.ad at the time, and was lelt utmQticed. 

Bl"ooae, whtle l'tins in ltidd'. laboratory. belan a à .. ~~ 

to find constituents in gùlnea Pia serwa whieh vere net preaent tu. 
. 

other an:lJM.l sera found to he ineffective .. ainat tuaol:.. He for-

tunate1y c .. e across a paper pub1isbed in 1922 by C1"~ti (3~) vbo 

.1 
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..,., at'uclytna tbe diatd.bution of ~ino ad.d-ch4'radiq eu,... in 
, 

~be tlaau •• of dlffe~ent an~l apeclea'ln relatlon to diet. Cl..-ntl 
.J.~'" 1 

. \ . 
ob.erved that L-.. paraainaae vaa pre.ent in tbe liver and tidn.y 

of _a.y apecha, but occurred ln tbe .blood of ont, one of the autala 

be Itudied t tbe lulri.a pla. _00.. tberefore cOliparad the antlt~r 

proparti •• of 8ulnea p18 .en. with' ita L-a.paraailll.e activit1. aud 

in, ••• rt •• of ... per~ (36 - 38) 00';"1""111&17 p ..... 14od ... ldec. ~~t 
tbe L-aaparaaina.. activity of, auinea p18 •• rua wa~ relponlibls f~; 

iU antilYIQPbo .. effecta, On the baal. of t'beae _d o'ber .xten.ive 

studie. tbat will he referrsd to latsr, the autineopla.tic activity 
, , 

of L-aaparaaina.s ia nov we11-eltabllahec:l. 

A very ÙIpOrtant advaD.ce in tbe developMnt of L-alPU-alu­

a.. a. a cancer cbe.otherl..peutic aient val tbe report b1 Malhburn i", \ 
aDd wriaton (39) that L-a.par~illlae pr •• eat ln Bacb.rlcbla coll bad 

tu.or-iDhibitory properti... Thil di.covery .. de it po •• ible to 

obtain 1erser quantitl.1 of ena,.. for .xtenliv. invelt1&ation aDd 

evaluation. Subleq,uent Itudie •• howed tbat B. coli L-alparaaioa •• 

we, a110 effective .. ainlt .everal otber t1P.,r-é:»f aarla.. leukaia' 

and ~olid tuaors (17, 40), and lpontansoui ~Ol lJwpho.arcOM (41f.", J 
- (1 '\ 

Thel. latter fiudiqa in luch ,diftr,.' at\ÜIa11 aa, the aoue,. the rat. 

and the dOl. ea.courqed bopel that B. coli L-aaparqiu.e would be 

of clinicat value. .. 
Before ad~\lI.t •• "pp1i •• of, 1. col~ L-uparaa1Daa. bec:.-e 

pailable, n. ~. et al (42) Ùl BrUi1 tr .. tM OUI patiet wlth . ' 

/ 

( 
, 

~ 
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. in the United States treaied ~ne patient Vith aeute l,.pboeytie 

leuk_ia usina crude auin.a pia .. rua L-•• para.aina.e. ntey botb aotecl . -

el1aht and tran'ient therapeutic effect.. ~n Adequate auppliee 

of' L-.. parqina.. from E. coli did becOIM avaUable. dinieal t.riala 

vere carried out in 1967 in t~e United States by Rill et al (44) 

at the Wadley Inatitute. of Molecular 81010&1, Dallaa, aM by O~tt.a. 

et al (45) at the MelDOrial Sloan-ltetteriua Cancer Center, Nw York. 

The.e etudiel vere the firat to d..anetrate atanlfieant tharapeutic 

~elponee8 to L-a.paragina.e tn the treat..at of bu.an cancer, part­

icularly aeute lydphocytic leuk .. ia. Sinee then, inten.ive re.earch 

on thia ena,.. hu bean c'arried out bath at the ba.te and cUnle&! 

levela of invest1aatlotl, and an tapr •• aive Uterature haa develo.,.d 
\ 

on thia .ubject. 

Diatribution âDd aource. of L-aapar!linaae 

L-aeparaaina.e ta vidal)' diatributed, beha fOUl'la ~n ~1aal, 

plant and alCTobial .ourc.s. 

It va. flrst foUN! in luin .. Pla aerua by Cl ... "ti (35) vito 

al.o reported lU abaence froa aera of otber c~" _1.. It baa 
o 

aine' b..u found ln th. aua of 4 other -...kra Jf the aupufaa1ly 

C&violdea ~o vhich the luin.. . pia beloq.. aae1y tb. eapJbu'a, tb. 

Pataaonlan bare, tb~ paca, and tbe qouti (46 - 48). Vitb tba uc:rpt-

- 1 
ion of a repott of trac •• of L-a.,araatnae. actlvlty ln rabblt • .rua 

(49) aDel lu pre.eIle". ln the .ua of 2 .pecl .. of Mw Worlel """)'. 

ua, 50), fX'Oa tba aara of aU 
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The en.~ i., hoveve , p~ •• .nt in th. tt •• u. of ' •• veral 

animal.. lt ha. be.n found in 'th. liv.r of th. ::rat (S - $4), ehiek-
\ . ~ 

en (55), ~nd. auinea Pia (S6 S8), .UŒ iu ,th. li Dd kidu.J Q~ 

cert.!n blrd. (35). lt i, l.~ pr •• ent in th. ti. •• of fi.h (lt1. 

A recent det.iled4~eport y Mil .. n .nd Cooney.{S ) ou th. d~trib~ion 
'- ' 

ot L-•• p.raa1J\.~e in t • principal org.n. of t 1Jr •• eut.t1v. ~.l. -' 
1 

.nd birds tndic.~e .t L-•• p.raain... i. pr .. ent tu the paner ... , 

\' ' 
~ liver, or.in, ova~y, spleen, luna. t •• te. aad.kidu.y of mauy of the 

... 
animaIs aurveyed. , 

~-&aparaain •• e ha •• lao be.n found ~n plaut •• ourc •• , / 
j 

b.rl.y rabtl.ta (17). 

~--•• p.t:aaiua.. fortUn.tàly ia pr •• ent iu -uy aic;t ra.i .. , 
a ' 

e.peci.lly b~ct.ri.," .akina tb ••• tb. ujor .ourc •• of ~~ r. aupply 

/ 

of L-aaparqiu •• e. lt .hould he noted that oal)' .oae of; ••• bectari.l 

L-.aparaaiua •• s po ••••• antlu,eopl •• tic .ctivity, .o.t nO .bl,., lechui-
, , 

/ 

chi. coli, Brwiuia c.rotovora, al\d Sarr.tt. urc •• can,'. A r.viw of 
" /. 

the varioua type. of aicrooraanf.à lin whicb L~.par,. D&.~ bas bea 

found i •• v.il.ble iu the liter.tura (16, 60 - 63). 
1 

Saae ra utia. of B. 
, 1 

~rala •• i EC. 3.S.l.1) 
o 1 

Th. proparti.ea of thi ... ,.. ..... b .. 11 clucribed iD clatail 

lu .nual papa.,. (16. U, 64 - 67). Tbit .... ,.. la I{ulta aUblji1l 

.queGua aolution iu th. pB raDI. of $-9. At r:ooa t ...... tûe et' 

1 

\ ... ~ ( , 
~ .. 

1 

1 
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terile concUt ona, ua,.. _ .. ct~vity ta prè.ervecl for _eb~ At 60°C. 

, the eUlyae los. its cat~!~iC activity witbin l bout. t'h~ n.,.. i~ 
'.' • 1 " 

r.lativ.ly stable iu tbe pr.sence of oraauic aolv.ats auch as,acetoue. 

alcobol, and oth.ra .The .n.,.. ha~ an\tsolectrlc poiut of 4.6 - S.S • . 
It ha. a broad pH op illla b.t~n pli 5 - 8.5. la valu.s for 1. coll L-aspara-: 

... il' .. 

ffi -5 . -5 
8inase have been repor ed to b. 1.15 x 10 M - 1.25 x 10 H. Altbouah)there 

, 
ia som. discrepaucy lu lit_rature W1tb respect to tbe ... ct .ole-

qular wetght of E. coli -a.pa'aaiuase, th. ,enerally acc.ptee! .. lue 

is 130.000 • 

The eu,.. has a tet~ ... ric structur~ ca.poaed of 4 identical 
... I~) ) 

subunUa. the subunita are .ttueturally .tatlar &ftd po ••••• "222 paeu-

d~ya.try". A crystal lat tic. structure witb spb.rical aubuuit. (dia-
_ ~ It 

Mter ,40 1) . aCCOUl\t nti.factorily for tbe lt-ray data. Electrou alcro-

acopy reveals a lenerally ,lobuler app .. rance for th. whole .olecule 
, , 

aad aupporta tbe existence of • tetr .. ertc structûre vith 4 approat.atelY 

.phertcal subunita foraiua a aquare witb • centre bOle. Circular 

dicbroi.. at~ie. ou tbe couforeattol\ of tbe eaaya. show tbat tbe ~tlve 
, r. 

enaYM couaiata of 10% ca-bùb:. 451 B-atructure, &Del 4S1 diaordered. 

Aldno .cid &ualJtaia of L-aaparaatnt*. alter acid bydrol;7aia ~iC&tea 

tbat Ll.apartiè .cid an4 L-a.aparqiu. _b up tb. m .. at uuaber of 
~ 

_ino acid .Ir~tci~a· tn th. eu'" .olecule. Vu, low collC_traUcma. 
, 

of cyatlH. hiatidine. .. ,tt1Ptophau ate preant' ~ the .olecuie. 

Neitber c.arbobYdrate not' .. taUte _ieti.. could he detected - in the 
\ 

.1 1 

~ aubatrat. s~ificitJ of L __ a~iaaae appeara to,be 
l , 

(, 

, 
\ 

'( 
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Th •••• tudt._ hava _how tbat l.-aapal'qma •• t •• at .ffecUv. 1ft. 

\ ' 

th. trut"ft.t of &eut. lyIIphoeyUe I.ule_ta, ~roduetl\l eoapltte l'." 

ail.ton. tn abo~t 60X of pattut. ~~t" •. lIO.t of whoa vere l'e.t.ta~t 

to conv.ntloaal anttleuk~tc drua" The ~ •• pon.e rat. ln patl.at. 
, . 

vith acute ayeIoeytlç, 1IY.lo~noc}'tic •. 0'1' aonocytlc I.ùlteat. ha. b •• ' 

.ueh 1... (10 -1 15X') • Occa.ton.l ~ •• POft ••• have b.o obt~b\ed tn ~t­
tenta vith -\lian.nt aelano-:-. chrontc ~4ÙOCYtt~ l.ule_i.a, lJaphosar­

COM and r.tldalUll caU .a'l'COM. No '1&1dftc.t\t l'eapon ••• hav. b..-a. 
1 c;. 0 

oba.rved ln patbnta vith other type. of aol1d- t,.,r •• ' 

./ 
\ 

HecMt\ta of fttttlPCg acttoft. 
, /..loIt".~ 

Althouah\ th. prJ«1ae aechani .. of 
, , 

Il . }, 
the antitu.or act~vity aî 

t-a.paraatna •• ta GOt fully under.toocl" th • .,at, vtd.ly accepted hypo-
" ~ . 

th.,ts i. ba.ed on th. caialytic action of the ena,.. in the hydrol1.t, 

'of L-a.parqiue ta L-•• partic actef and ...,lÛ ... 
tuaora, 11l"7çoutust to m.t uomal1cell. ~Gd t-aaparqt , ... re.t_tut 

, 1 ~ ~I ' 

1 0 

requtr. au uterual .ource of t-a.,.rq1ne for ptt_1 Il'Ovth. 
~ 1 

of c1rcul.atiq 

t .... pa-r .. iu.. aud ao deprtvu dep_~.tlt t~r cella of tb.1r ~n-
1 

c.llular sourc. of t .... par .. tn. (38, 40; 82-84).- It haa bMD. ahow 

" . that lh ••• l.-aaparq1uHepeMent cella canllO~ 'J1lthe.t~e auff1c:1.1: 

_do,-" L-uparqiue due to veJ''y l.~v level. of the euyae; L-upua-

alu. .~th.ta.e, or the tuabtU.t~· of tMae cd.la to lo.cr .... L-aapara­

alu. aJtlthet ... ac.tivity f ~ter t-a.parq1u.e ~u:1.t-r.Ùou (68. 85-88), 

i 'A.C: the pru.t tÙM, the oQl7 "lmowD, patlnrqa of L-upu:aatne 

. . 
. , 

/ 

, 1 

>, • " . 

, . 

\ 

-
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.etaboll" ln .ut.a! tl~u.' are Conv.ralon ~O t-alpart.te by hydrOl1lla 

, or to Q-Mtol~c11laalc ac~d by tr.n ... ln.tion, anel utlli •• t.ioll for pro!. 

• tain ~)'Iltbe.i. (17, 8t). lK.u •• no 1I&j,~r l'Oute of L-alp.rqù. uttll-

•• tlOIl, oth.r, thau proteia lynth.I1a, i. knoVll, it i. beli.v.ct that a 
~ 4 

prot.11l1 uec •••• ry for th. lroWth of neopl •• tic cell •• • On th. oth.r 

h.Del, 1t i. po~aible tbat: th.r ... y exl~t otb.r rout •• of t-a.paraaln. 
, , 
, r 

. , . 
utilhat1on, wblcb tbouah not l'et cteteetécl, are ••• _~lal to t~~ IUr-

vival of t~l' ceU •• " Sobla and Ucld (83. 84) and Iroo .. aDel Scbvartl 

(8,5) bave .bown tb.t prot.ln' Iyntb •• il i. i~bibited when •• n.iti~ 
cella are deprived of L-aaparqt.ne. Bo .... n anel tcenel (tO) atudled 

t~ •• ffect of t-•• parqin ••• on alycoprotein ayntbe.ia in, U178l cell t!!l 
J , 

as vell a. iubibition of tb_il' ayntb •• l. by th. ena,.e, cau.. rlpiel 

cell !y.i •• 
l' 

• 1'0110W'ina i'Dhibitlon of prot.lu Iynth.li., 1h~ .ynth .. i., 

theu ~ .yntbeàia are lnhibited (84, 9d). Alt.houab tbe inhibition of 
\ "' 

DNA ')'Ilthe.i. bal bean rea.rdecl as a • .eonelary affect. of di.turbecl 

prot.ein aetBaboli_. Il1rachatm et. ai (92) ~ve 'uaa •• t~ t~t. L-a.~a7" 

lin .. e haa a direct. influence OD. 'DNA .. taboli., p*\hap. by inhib1tion 

of de l\O'VO purine .,utbeaia vi.. • .. uultD.own, 1HC~... A p~.liat._ry 

r.~~t b~~ •• ad Dtzon (93) al.o .uaà.~t.,t.hat,tb.fo-.~e1.ton of 

L-•• paragine U1 aene aa a direct precur80r lu tbe .J..oayuth •• 1a of 
. 1 ~ 

+ertain pyr::lai~Ùle, llucleotides i.s~llted frai.. ly1Ipho.arc~ cella •. 

It baa been propoaed b)' Elle. et. al (91) that L-a.parqiusé coÙld stop 

'" 

\J 

\ 

\ 

1 

1 
! 
I~ 
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hiS?~e synthesls and thereby l'Qbiblt DNÀ replie.tion. :Another in vivo 

effect of L-asparag1.nase treatlient that may relate to the lIleehaui.sm of 

tumor death 18 the ,results by Kashburn ~d Wr1ston' (94) and Ka8hburn 

and Landin (95) who found an increase in both acid and a~ka1ine ribo~ 

nuclease activities after L-asparaginase treatmeut of the P1198 lymr 

phosarcoma . 

In addition to its effects on protein and nucleic ~ lIleta- -

bolism. L-asparaginase 'treatment may also result in other indirect 

effects which are harmful to neoplastic tissue. For ~ple. Broome' 
\ 

(82) has sugaested that the high levels of L-aspartic acid observed 

" after 1.--asparaginase treatment may be toxic or may' sign1.fic,:Ultly alter 

lIletabolic control mechanisms in the tUlllOr cella. Miller et al (96) 

proposed that the Inherent L-glutam1.nase activity of L-as~arag1.nase 

J may enhance its antitumor effect by lowering the circulatlng levela 

of L-glutamine w:hich Is the nitrogen donor for the bi,osyntheais of \ ,1 

L-uparagine in lII8DD&lian cella. Ryan and Dworak (97a) and Ryan and 

Sornson (97b) ha~ shown 'that adm.inistratiàn of L-asp-::aginase de­

presses the 8~y~in~ level 1.n susceptible but not.,..,resistant 6C1HED 

tumors, and suggested that the 10ss of cellular glycine say be DOre 

important than loss of L-asparagine because of the requ1.reaent of 

glycine for purine synthes1.s. The latter find1ngS lI&y be relateci ta 

preU.srdnary 1.n vitro results obtai.ned hl a recent study by Chatto-

padhyay et al,! (98) who reported tbat glycine i~b1ts the aetlv:l.ty of 

L-asparaginase frolll gu1nea pig l:1ver. 

• 
T~e relation of all t"Q,se poss1.ble effects -to the t~r- , 

/ 

1 
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.'\ 
inhibltory properties of L-asparaginase have not yet been fully ev.l-

l ' 
uated. but inhibition of protein syntheais appears to be of the .ost 

'", 

significance. 

1, 
Factors that influence the twqor-inhibitory effectiveness bf L-asparyinase 

There are 2 major factors that determine the tumor-inhibitory 

properties of a particùlar L-asparaginase preparation. These are: 

, 
(a) The affinity of the enzyme for substrate or its Km; and 

(b) The clearance rate of the enzyme from the host's circulation 

or its plasma half-life. 

<a) The affi~ity of L-isparaginase for L-asparagine: A low Km. i.e. 

a high affinity for substrate, at physiologieal pH is an absolute 
~ 

requirement for antitumor activity. This i8 especially important 

-5 since L-asparagine concentration must be lowered to at least 10 H 

(10 nuoles/ml) in the medium to become rate-l~ting in protein 

synthesis (82, 83, 85, 99). Indeed, the difference in the tumor-

inhibitory activity of 2 \:8istinct L-asparaginases bolateci fr01ll 

E. coli (39. 64, 100, 101) has been rel.ted to their!~ values: 

EC-l enzyme with low affinity has no tumor-inhibitory action.-
, 

whereas EC-2 bas -high affinity ~ ia ~ potent ~titmadr agent 

(18) .' Brooae (18. 99) bas slmil'arly attributed the re18tive tumor-

inhibitory effect1;veness of L-asparaginases from E. coli and agouti 

serum ta the difference in their Ka values, the lIIOr,e potent E. coli 

euyae having a lover Km. It should be noted that Ërwi.nia caroto­

.. vora L-aaparag~nase which la clinically active bas a (low) Km of 

• 

( 



Q 

1.5 

1.0 x 10-5 K (102). ~h1s euayae has beeù used by us in atudies 
\ 

to be deacribed later in Chapter IV of th1.s thesi.s. 
(; 

(b~ The clearance rate of L-asparaginaae from. the boat' a circulation: 

The more rapi.c:t the removal of injected en.ayae from the hoat' a , • 
circulation, the l8sser the antitUDlOr activity of the mY1M_.-
The clearance rate. of the eniyae itself is influenced b1 at 

least 5 factors: 

(1) The source of the enzyme. Thus, the lack of tuaor-:inhibitory 

activity of L-asparaginases froa yesst (103), Bacillus coagulans 

(104), chicken liver (55), and other sources, bave beau rel.atecl 

to the short: plasma half-lives of these enzymes, "hereas guinea 

pi.g (103) and agouti (99) serum L-asparaginases, for example, 

have long balf-lives and are potent antitUDlOr agents. Even 

d:l.fferent c ...... rcial prfarat:l.ons derived from a c",",",:n source;j 

for exampl.e E. coli, vary in their plasJD& ha.~smae 

extent (16, 105). ,-- ~ 
/ 

(2) The isoel.ectric point of the enzyme. Kashburn and Landin (1.05) 

baVe sugaestad that: the rate of clearance of circulating in-

j ected L-~sparagi.nase vas directly rel.ated to the extent of 
. . 

~par~e "'-of the iSOe1~tric point of the enzyme froa neutrality. 

Ho~ailed studies by Rutter and Vade (106) led these authors 

to suggest that the isoe1ectric point of L-asparaginase influences 

the phagocytosis of the en&~ frOll the plasma, perhaps by i.n­

creasing the degree of opsonisatlon of the enzyme. 

The ha1f-life lOf the enzyme in the ploma DOt o~Y' depends on the 
( 
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properties of the etl&yae itseif, but also on the pbyaiological atate 

of tbe boat. aa discuaaed belov. 

(3) The presence of the lact1c dehydrogenase-el.evat1ng virus (LOB 

,virus). This virus 1$, present as a contaminant in ..,st, if not 

al1, of the lIOuse tUlaOrs generally eaployed fOT L-asparaginase' 

etudies. Studies by Riley' s group (107 - 109) bave conclus:i:vely 

de.onstrated tbe profound· beneficial influence this virus may 

bave on the therapeutic response of the tumor-bearing bost to 

L-asparaginase therapy. When the virus vas el1.minated froUl l.n-

fected lIOuse tUlllOrs, tbe therapeutie potency of L-asparaginase 

vas markedly di:adu1.shed. When che tumor-bearing miee vere in-

tentionally infected vith the LDB virus, long-cem remissions 

vere reobtained following single doses of L-asparaginase. The 

virus &lone bad no antitumor effect. The potential value of 

the LDR rlrus in test systems for determining the therapeutic 

value of a given enzyae bas been emphasized by 1IlOt'e recent 

studies (110, lU) which sbowed that the glutaadnase-asparagi.nase 

eue,.e isolated by Roberts et al (4, 6) vas total1y witbout 

. tberapeutic effect in the absence of the LDH Jirus, whereas it 

waS a potentially valuab1e antJittb.or agent in the presence of 

the virus. The observèd beneficial influence C!lof this benign 

replicating agent as an adjunc~, to L-asparaginase therapy bas 

no tbeoreti.cal autecedent and 'tbe basis of, its action 1& tb~ 

induction of an iJIlpairment of the capacity of the infected bost 

to c1ear protein frOli tbe blood, tbus prolonging tbe planlll 
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balf-lile of the enayae. 

(4) The t.aune statua of the \t.ost. Many studies (100, ll2-UB) 

bave conclusively delaOnstrated that the preseuee of circulatiua, 

humoral anti-L-asparaginase antibocliea, i.nh1bit the catalytic 
, 

activityof injected., enzyae and cause a drautically accelerated 
.. 

removal of the enEyme froa the bloodatreaa of t.auDiaed boats, 

( thus redu~ing the 

~ discussed more 

(5) Finally. estrogen 

therapeutie value of the enaywae. This vill 

fully later. 

pretreatllent of tUllOr-be.ar1ng aiee bave been 

shown to result in inere.ased elearance rate of injectee! L-aapa~a­

ginase (103). This is e01181stent vitb the observation of na 

(119), later eonfiraed by Brooae (103), that estrolen treat.ent 

decreases the tumor-inhibitory effeetiveness of luinea pig 

aet'1a. It has been proposed that eetrogen treat:lleD.t _y cause 

an inerease in the pha&ocytic \act~v1ty of tbe reticuloendotbeU.al 

syste. for re.oving ,inj ected substances (103) • 

! 
, 

Advantyes of the uae of ~aspary1Da8e in aClŒ-;,.,hoc:niC leuk_1 a theran 

L-aaparagiJ::Laae' bas beeu considered to, he a valuable addition 

to tbe cbe.other.peut1c regt.en for t~ .. " .. ...nt of acute ly.phoeytie 

leu1rqf a bècauae of the foUowiDa _jor propertiea (1, 24, 29, 30, 120): 
\ 

(a) It ~s .. a aoocl reld.asi01l rate even ,1IbeD uaed aiasly. 

(b) ltIhaa a fairly rapU apeed of reaponse. 

(c) .., It bas tbe higbeat thar.peutic iiDdex (1000) ..aaa aU clinically 

.va11able antllfukeld-c agents. AU other clria. uaed in. the treament 

, 
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of aeute leuke1üa have therapeutlc itldices wbicb are invariably 

< 10 aud are usual1y giV'e1l: iu UNr toxic dosea. 1 

(d) Its lack of eross-resistance vith other antlleukeD1c jaaeuts ultes 

it often effective at a very late stage of the disease eveu vhen 
the patient has becoae reaistau to all othet' ch..,therapeutlc 

agents. This 18 probably relat to the funclaaeutal differeuce 

in its aecbanism. of action. 

Ce) Its lack of signifieant bone aRr av depreasiou ln a altutatlon 

wbere bath disease and other aut leuk."c drugs depresa heaa­

topaiesis makes it a pd .. e candid te for use in coabination vith 

a variety o~ other antUeukeaic b t ~eloauppressive drugs. 

Probleas associated vith L-as 

Two -.j or drawbacks bave ~1 en during the course of clinical 

tr~s tut deter a .are videapread ua of L-asparag1.nase. These .re: 

<a> }.. vide spectrua of adverse side "> 

(h) The developlMm,t of reststance to epeated L-asparaginase theTapy.· 

(a) Toxtcitl=' A large variety of uut 
1 r 

d aide effectâ bave been 

observed nth the elln1cal use of L-asparag1Da.Se (l, 23, 28, 29, 
\ 

81, 121 - 123). So.Ie of the genetaI aide effec;ta reported 1nclude 
. 

aQOrùia, Dauae&. voait't1.ng, chiUs, fever. diarrbea aDCI we1.&ht loss. 
1 

Liver tox1.elty wae .anUested by 1œreaaed leve1s of aerua glutaaic-

CDal.oacetie tran_JNse, alkallne .phosphatase, S'-nucleotidaae, 

• 
bUirubin,. i.acreased retention of broaau1phale1.n, aDCl deereaaecl 

levela of aerua a1.buain (cauaiDa a.-ra11.aecJ ed_ md ~ .. sena cale!.ua). 
1 

1 -
\ 
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flbriuogen and other c:oqulaUon faè~or.. Fatty MtUlOrpbo.i. of 

" 
the liver bas also bean obaerved. Rypo1ipideai.a vith dec:.reu. 

sèrUIII levela of cho1eaterol. phospholipide, .rid total lipida vas 

found in 1I08t patients, but bype.rlipidea1.a has also been obaerved. 

Pancreatic dysfunction vas .anifested aa pancreatitia, &ad by 10-
l' -

• creased l-evel.s of serua amylase, lipase and blood glucose. vith 

~decr~Sed l~vels of ser_ insulin (caus1D& diabetea to develop 

in SOlDe eases). Renal dysfunctioD vas aanifestecl by illCreased/ 
1 

levels of blood urea nitrogen ,and acut~ renal faU<ure. in aCJae 

case,. Hematologie&! changes include granulocytopenla, lYIIPho-

cytopen1a, and throàbocytopen1a. tifect. on the central nU'VOus 

systea include head.che. drowa1ness. le.tharu. depr ... :1on, d:1s-

orientation, and cOllfudon. r..me reactions to L-aspar .. i~e 

have developed vith byperSeil.Bitivity reactiona occurr1.D& in 

approxilll.te1y oue tb1.rd of treated patienta. Theae reactions 
\ "' 

vere uaual1y of the anapby1actic type. charac:ter1aed by urticaria. 

abclO1linal craaps. hypotension, cya1lOs1s, respiratory disu ... and 

facial ed_. Co.- aDd even fatal anaphyluia bu alao be.en re-
.. " portecl, aa a reault of t..moloaica1 cotlPUcaüoua. 

\ )' f - 1 

This ride spectrœa of effects -_y he attrf.buted to; 8t 1 ... t 

'~, 3 faoto~.: 

(1) They _y be the direct or iDdirect renlt of L-aa})4lrqiDe 

deplet1.~n caua1D&. for iutanc:e. iDh1.bitioG of prote1n syn-

thuis iD the liver, paac:.reas md braiu. 
\ 

(2) They _7 ar1ae becauae of the antfceD1c: uature of the fcn:e1p 
\ 
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euyae preparation. '1'Iw,a. repÙted iQjectlou of euyM _y 

evolte hypersenliti.vity re.ctions and othu ~0108lca1 co.-
.. 
pl;ic~tions 1.n the bost. Several Iroups bave reporte«! the 

~ 

pre.ente of anti-L-asparaaiuaae utlbocU.ea in tbe aera of 

L-asparaai:D.a8e-trèat~ patienta, usina the teeh111ques of 

precipitat :ion (117, 118. 122. 124). ca.p1eiaent f iut:io1l (122), 
~ 

rad iobaunou say , (125) and passlve h .... lut1nation (77, 118). 

The presence of reaain-type ant:ibodl. (la E) bu alllO been de­

tec:ted ln patients vbo ex.perleaced anaphylaxla (77. 118. 125). 

(3) Tbey .. y or1&lnate froa the po.sible cOlltaa1.natlon of tbe 
/' 

enz)'lle p~epàrat1OD vith bacter!.a1aubatancu sach as eDdotoxt.ua. 

Indeed, bacter1a1 endotox:i.ua are kaown to cause side rfecte 

wld.~b rua.ble ~ of thon observec! dtu z.-.. parq:iDase 

therapy: Dauea. chills, fever, yoalttiDg. weakD.eaa, hypoteo.aion. 

reapiratory diatprbaac:ea, flbrt.D08eoopeu.1a. eoqulopathiea, , ~ 

, '" 
hepatic injuries, reoal feUure, and del.ayed hyperaeuaitiv:ity 

reactiOll' (73, 126 - .a). 

The latter 2 fac~ora repreaeat probl_ vh1ch would genera111 be 

eaeoUJltered vhe1l uaina eu,... der1.vecI frca betero&eDOua aource.a. 

IIDIII pr .... b1y de DOt pecul..:iar to ~par .. 1.aaJe • 
- \ . 

Jluiauuce. T'be otber _jor l.:ia1taticm of L-aspar .. haae treat-
e ... j 

__ t f.a d~ of cl1n1.eal. resi.staDte to tbe aDtU~c 

1 effeet of the~. Thare have beeD 4 JÏajor .echan1_ pro-
\ - \ 

poaed. to aplaJ.D the ori&in of ru1.auace to L-upar .. tnaae therapy: 

\ 
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, 
ahown to oc:cur in tUllOr cella. probablY by a _chani_ of de-

re'pres'ion of L-asparaaine synthetase. i 80 that the tu.or cella 

no longer have to depend on an external supply of l:.-asparagine 

(68, 85' - 88, 129). ln this regard, Ga1lo et -al (130 - 132) 

have sbown tbat L-as.paraginase-resiatant cella contain re-

duced' levels of an asparaginy1-tRNA species wbich they pro-

posed noraally ac ts as a co-repressor for L-aaparqine 
i 

bioaynthesis. 

(2) Phenotypically stable L-asperagine-indepeDdent autant cella 

_y .arise spontaneously i.n a population of parent L-asparagine-

dependent celIs even when L-asparaaiJ;le i.8 cont:1nuoualy. avail-, -
, ! 

able in the grovth aedium. This posàib:1l1ty vas de.cm.strated 

by Bandscblmacher' s group (133. 134) who reported a autation 

r~te in vitro of LS178Y JaOuse 1eulteai.a cells frOll t-asparagine-

" -6 
·dependence to L-asparagine-1.Dd.epeudenc:e of about l x 10 Ice11 1 ' 

seneration. properUes of thia C:baqe betng consistent vith 

a spontaneous. randa. • .utaUooal eveut. Thu8. _tation folJ.owed 

by selection for L-asparqia.e-i.ncIepeDllent _tant cel.l.s in an 

t.-aa~aras1.ne-free w.ediua could 1ead to tbe ~evelo~t of an , 
1 

L-aBparaai.nase-res.ist~t cel! ,population. 

Cl) 'ADother .achani_ of resistanee IIf.aht :1.Dvolve tbe deve1oJllM!1lt 

of .ore efficient aeans by tu.or eel.la of extractina ~L-aspara-

SÙle froa the pa-, erythroc::ytes, or other aoraal bost Cel18 

(82. 135) .. 
\ 

(4) Because bac:t:eria1 L-aspu:aaiaaae is • l..argè prote1n whiclt i.8 

;' 



( 
o 

( • / \ 

22 

foretan to the rec:1.p1.ent bost, it 1.9 not surpris1.ng that re-
g 

peated lnjec:t1.ona of the en&YIM! ri1l resu1t in the productlon 

of hu.oral antlbod1.ea a,ga1.nst the en&YM. This bas Meil re-

ported to OCC1J1t' 10. aeveral studles (77, 100, 112 - 118. 122. 

124, 125). BuIIOral antibod1.es bave bem ahovD to 1'Dh1b1.t the 

catalytic act1.vity of i~ected L-asparagiDase and cause aJIl 

accelerateci :1.n vivo reaoval of the enzyme fro. the bost' s 

circu1ation (100, 112 - 118). thus reduc1.ng the antitUlllOr 

effectiveness of the enzyae. Of these 2 factors. the short-. 

ened p1aSJlll balf-l1.fe of the enzyae appears to be the .,re 

illportant, especially aince the aaxiJlua :1.nbibit1.on of ca.talyt:l.c: 

act1.v:f:ty by ~une serua has beau found to be 45 - 53% (100. 113, 

116 - U8). 

Coabinat1.on ch'eaaotherapy 

In attapts to reduce the problea of ttmlOr cel1 resistance 

to L-asparagiDase. vhi.le increasing tbe total tUllOr cell U11 at the qae 

ti.w.e, L-asparag1.nase bas bem studied for use in ca.binat1.on vith 

other cheaotherapeutic agents. Thare are 2 basic concepts which fona 
~ , 

the rat1.onale for the use of severa! cheaotherapeutic a,gents in c:om-
. 

b:l.natiOD qaiDst a part1.clÙar n~plasa. 
/ 

(a) If· 2 or .,re drugs have different torlc1.ties foi: noraal tissues 

• > &Bd are effec:ti~e agaiust a part1.c~r type of neoplasa. the anti­

tu.or effeets uy be potentiated vitholtt conca.itant additive 

tarle effeets for any g1.ven 1IO~ tissue. é ' 



r 'l' ~ 
_______ $ ______________ '~'<-I-,'-'--~ ____ _L ______ ~----~----__________ ~ 

o 

, 

23 

(h) The use of druss vitb different aèclùu:ltaas of action My d4lcrease 

the develop.nt of resistance by reclucing the chances for survlval 
, (> 

\ 

of tUIIOr e.ella resistant to a 8~le agènt.. 

Tbree piropertiea of L-asparagiuae in part.icular. naaely , , 
) P. 1 

it.s h:1gh tber.peutie., index, different ~ression of bost. toncity, 
, 

and lae.1t of cross-teststance with oth~ antitWIOr agent.s, led to ex­

tensive invest:1gaÜon of lts use in c~inatloo with other d~. 
.. "'l, 
'1 

tndeed, Burchena1 (136), paraphrasina the ~U-1atovn stare.eut. of 

Sir Winston Churchill, appropriat.ely at.at.ed. "never have ao ~ co..-

pounds wit.h so uny different aeehanisas of action pot.enti.t.ed the 

ant.ileulteaic act.i'V'ity of one agent". Aienta that have been ahown t.o 

bave syneraistlc affects Weil used in var10us cœbinat.ions vi t.h L-
) 

asparagÙlUe iuclude: prednisone, YÙlcristi~e. dauna.yc:in. cytosine 

ar-abi1lOside. thioguaulne, cyclophosphaaide. 1: 3-bls (2-c:hloroèthyl )-1-

uitroaOur!,*, (ICBU). aaoto1l1cin. 5-fluoxouracU, S-aucytidine and ot.hers 

(29, 30, 137 - 145). No attellpt. viII he .de here to describe tbe 
1 

reaulta obtained in these stuclies. IIowever. 2 i1lterest.1n& f1nd11iaa 

1 -
vldch bave eMraecl fra. these r.porta vill be MatlODed i1l tMs regard: 

<a> The additi.on of other, ant1.leuk_ic aseut.a to t-asparag:l.nase tberapy 
, 

dou IlOt necessar1.ly rudt. i.n any tberapeut1c advatace. For 

aaaple. L-asparaaillase + auaerine. a~&1ut..me aDt~8t, did 

DOt. yielcl bettu rèaulta tha ...... panai.1aue aloae 1Il an i • l • (137). 
1 1 

O'r_ iD. part_ta vith acute l,.,hocyt:1c l __ ta (l.38. 1.39). Also, 

the ..w1tio1l of a tldxd ~. 6-... ari.dtae. to the ~1n-
, 1 

atiOll of L-uparaai.Due + cytoaiDe -uabtaoaUe.. dicl DOti shcnr _y 

1 
- '\ , ! . -

" . 

\ 
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acl'Vantas. in .s...L1a (1.40), or iu peients vitb aeut. lYIIPhocytie 
'r 

leuJt.u.a (141) 

(h) Therapeutie. eraisa for a ai.veu eoab1.D.ati.on of drus. _7 be 

• critically sch ule-dependent. tut ia~ vhe~ber tbe clI'Ul8 ara aiven 
1 

aillW.taneously or sequeutially. For euçle, Capiai at al. (142) 
\ 

reported tbat t ue vas ho therapeuti.c advCltaae over tbe uaa of - - .. 
_thotrezate ~ L-asparaabiase vben theae asents veTa 81.ven 

siaultaueously. Subsequent reports by Cormora .. Jou.. (1.43) 

""" by V..u_t et al. <1;")' _r. -- potttilla _1~ 
bmOr effects den thase .... qellta ver. a:i"Mll • t1al.l.y but 

not st..ùtaneoWilly. 

. 
The use of L-aspara.g1Daae Ùl 'eOllbi1l&t:ion vith oth~r aatit-.or l'J 

1 •• f 

aaenta a. a .ore optillal aeana of cytoreductive ch.,therapy represcta 

one atteçt to overcoae the probl. of cell rèa:iatanc.e e:zperi.eoced 

duriua L-upar .. ~e tberapy. "Severa! o~her approachd have ~ 
~ 

triecl ta Ul effort ~o blprave L-aspar":rl tberap1. 'ftteae bave been 

d~:lbed in Chapter II. One of ~heae al~eraa;e apprOacbea ÙIVOl~ 
the entrapeent of ~he ~ vlth.:lD. "ata1peraea.b1.e 1Iicrocapaul.a" prior 

to U:s ":lui.tratian. 
\ 

As MD.t:ioned earl.i.er la section Il ~ thia Cbaptét. ,the v1cl~ 

apectrua of a:lcle effeeta obaened 1- ..... aparaa1Dah dl~ .., be 

part1.y attd.hutable to the _t1.pa:l Da'blre of ~ ...,_ .... ( tbe , 

. . ,[ 
poui.bl.e pretleDCe of .. ColC ........ liDa baeterlal c:o~_nt. -..,.-.. _-., 

, " 

dotoziu. 'the latter Rpr .... fvnd lutal pn»bl ... 1Ih1ch 

1 1 



.. 

) 

,~ , 

\ 

1 

,thet'a.p~utic uaefulll':' of eD.'&~ ba--' ..... al ainee lIOat .. ,... uafld 
, \ ' 

i.n cli.nical therapy a~e deri.ved Ifroa heteroael180ua, e.l .. bactuW, , .. r- lt • r ~ 
sources. Mo~eover t one of .t!Vaal .. cbani. ... t'eàponat'ble for tbe 

• "~""v", ' 
1088 of tbul.peutic potelle,. of L-asparqi1uUle upotl r~ted ~ ectiona 

, , 
of the euyae 10 has beet\ ahovn to he tbe rapi.d in vivo ra.o!,J. a:Dd., 

inacti.vatiOIl of the eDZ~ by direu1.~ina, b\Jlmral. antibocU .. present 
, ( Il ~ 

If soae of th .. e diffi.eulties eoûld ,~~dreuavented or i.u the bost. 
';, 

overco.e, the use of eu,." ~ c:1i.1ùc:al. aed~d.1le. Ùl leDe1:al'. &1lCI 

L-aapa.rqiDase. 1n part1e~.' wuld be extendecl to tbdr full pot~ti.al 
iIIportance. A _jor advanee tn thi.à direol:ion bas cO~rfro. CbaDa'a 

plO1leeriDa work on tbe ent~apaent, of enay.ea wltbin a-.1.pe:raeable 

1Ù.é~P8u1es ("arti.fidal cells"). In 'he followiq section of th1a 
- \1) 

theai.s. the subject of sa.:lpeneabl.e aic:roc:.aplillJ.l.es YiU be r~evecl 

vith pu-ticul:ar _has18 ou tbe1r bi.OMdi.cal. .Ppu.c:at1~s.. CbaDa haa 

publi.ahed • ree~t aoDOl1'aph (146) aDII bas vritten 8eveEaJ. .ore 
1 

recent review articles cl~l) on tbi.s-aubjec:t. 

" 

• 

\ 
\ 

, 
J 

-

\ 
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the "ter. "arttficial. eell" aa proposed by ChaQg t. IlOt a 

pbyaic:&l- entity but a co~ept inw1 VÙl8 the preparation of artU1.cial 

atruct:urea of ceUul.ar dÙleD.S1.oua for var1.ous possible b1.OIMdical 
~ 

-:ppl1c.tioua auch a. the rep1ace.-nt or s~ppleent of def1.cient ceU 

funet1.ona (146). These art1.f1.cial structures have &180 beu described 

as seai.pe.n.eab1e 1licrocapsules (146~ 152 - 156). In 19S7~ Chaus (152) 
t 

reported his f1.rst atteapt to procluce an art1ficla1 eell syste. con-
,r 

sbtinà of red blood cell he-.olysate enclosH witbin spherica1 ultrathin r 
1 

1 f 
c:ollod.1.ou aeabrane& of cellul.ar diaensions. This sillpl1.f1.ed ~el of .: 

1 
a recl bl~ ce.ll, in which the biol.oaieal cell, .... rane vas rep1aced by / 

1 
an art;1.ficial cell.eabrane. vas found to behave 1ilte its natura1 count-j , 

erpart 1.u aany /lRya. Tests ahowed tut carbonic anhydrase and catalase 1. 
1 

iD the heaolyaate retahed their catalytic activlty after ,encapsulati01lf, 

aucl the h..,1yaate partly retained 1.~8 &bUity ~ COIIbi.lle reveraibly / 
~ ~ 1 

vith oz;nen .t1.ffUSina ~ aud to' c.ata1yae tbe h1drat!Ollj of C02' Al.tbotb 

the 1D.l.c:tal artUic1a1 ~ ~el of tbe rad blood ceri. bad l:lai.ted :' 
1 

" \ > ! 
fu.nct1.oD&l. properties. result. vere suffic~_t1y :1.Dteresd:ag to PrœpPt 

~ " .! • 
1 

Chus to ~ttaate ,the potential of ~be~ ,"'U'tifi.c:1a1 ~e1l" COQCep~ 
• 0 • - t 

iD .ore cletaU.. Siace the bdtial approacb. c:baDJB" US3 - 156) ~I' 
.... l ,~ 

PT~pared, .~1e id.~psul.es by variOj oth\r teclm1quj/vbiCh 

have aubsequelltl.J ~ WMliff.ed aDd updatec1 (146). 'lbeae llner ~ro-
- • '1 ~ • ~ 

l' • l 
, cedurea resul.t iD the preparation of ai~ap~ules vith sreat ~i.tiOIJS 

a1..e. c:ouf~.t:f.Oll. ~rane _teri.al l penaemhili~Y , . r ! 
l , 

! 

1 

.l '0< l '( 
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eharaeteristies and oth~r properties (146, 154 - 156). For example, 

Chang'has applied the artifie1aI conc~pt to the encapsulation ot 

severaJ individual enzymes, multiple enzyme systems, celi homogenates 
\. 

of liver and endocrine eells, intact ee11s~ ~lleÇ- artifi~ial cells, 
~ 1 

cell organelles, ion exchange re,s~ns;Ynd activated charcoal. Hem-

brane prope'rties have, also been altered s·o that cfoesired tpropert,ies 
) 

may be obtatned, including variation~in the pore size, thickness, 

charge, polymer material, bioco~at:Ji~Y' and incofporation of 

protein, lipid, polysaccharides and even transport carrier molecules 

into the artitieial cell membrane. 

Basic features of artifieial cells . 
Artificial cel1s, in general, possess at least 4 major 

features of biologiea1 eells (146. 154 - 156): 

(a) They are aqueous compartments of microscopie dllnensions which 

are enc10sed by an u1trathin membrane. Because of the small 

size~ tbere 15 a large surface area : ,volume relationship for 

;the microcapsules. Chang (146, 151) bas ca1cu~ted that 10 ml 

of 20 ~m - diameter microcapsules have a total surface area of 

'2 2.5 m , which is .more than twice the surface area present 

ill a st.andard hemodialysls machinè Cl .2) _ The thicmess 

• of the enc10sing membrane is about. 200 A (146, 156) whlch ls 

qf the--saae order of magnltude as biologica1 eell 1IeIIlbranes_ 8eJ,. 

cause of tbe enormoUB surface area of the 1rlerocapsuIes and the 

faet that the meroeapaule aeabrane is at least 100 tiDea tblnner 

tban standard heIIIodtalyais W!IIbranes, the potential transport 

27 

/~ 

r 
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~ rate of 10 ml of 20 pm-diameter microcapsules is at least 200 

times Mgher than for a whole hemod.ialYsis ~chine (146, 157 - 159). 

In addition, the smali diameter of the artificial cells, lib 

tbeir biological counterparts, allows for. an extreme1y rapid 
~. ,,/ 

equilibration of permeant solutes throughout the small int:ca- "" , ' 

cellular space of the microcapsules. 

(b) Kicrocapsules have been prepared wi th enclosing membranes of 

protein, polysaccharide, lipids, llpld and cross-linked protein 

comp1ex, or lipid and polymer, in an attempt ~o mimic more 

close1y the comp1ex lipoprotein structure, coated externally . 
with mucopolysacchar~de, of blo1og1ca1 membranes (146. 154 - 156. 

160. 161). 

(c) Artificial cells also partially mimic bio1ogical cells in that 

they create an intracellular environment which differs from 

the extraceliular environment. Through a mechanism of passive 

restriction (Yigure 1), intracellular macromo1ecules and or-

g&nelles are conserved vithin the artificial cells and preve~ted 

from coming into direct contact vith macromolecular su stances 

in the external envi.ronment. Also. exte~l impeI;Jll&aut materi.als 

are prevented from entering the intracell environment. At 

the SaDIe time, however, rapi.dly 

acros9 the membranes by r special carrier .e-

cbaniS1l8~obe acted upon by the celi c 

(d) Variations in the permeabi1ity characteristies apd other properties 

of the arti.ficial cel! 1Dembranes bave also been made so as to 
\, 
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~al1ov a more selective permeatlon of'varlous types of .olecu1es, 

as occurs in natural cells. baap1es of these variations in-

clude alterations in the polymer materia1, protein, 1ipid and 
, 

polysaccharide content. charge, pore size, thickness. surface 

properties, and even incofporation ?f special carrier .olecules 

(161, 162) into the artificial cell me.brapes. 

Methods of preparation of sem1peraeable a:1crocapsules 
./ 

Many methods nov exist for the preparation of 8eaiper.eab1e 

,microc.apsules (146. 149. 151, 154, 156). The general procedure 

involves 3 basic steps (Figure 2): 
• 

(a) Bmulsification of the aqueous protein solution in an organic 

liquid vith the &id of a suitable detergent; • 

(b) Formation of a peraanent polyder membrane around each aicro-
( 

drop let by the addition of a suitable JIIIlterial to tbe continuous 

pbase; and . 
1 

(c) Transferral of newly fonaed lIicrocapsules froa the organic phase 

( vith tbe aid of a suitable detergent. and suspension in an aqueous . 
.ediua. 

This &~ral procedure bas been .oc1if ied and -;xtended to prepare .tcro­

capsules vith EllY variations in size, c~1guration. llellbrane _terials. 

perJl8&bility characteristics, etc. 

In \ the .-ethod of interfae1al coçervation (int'érfacial pre­

cipitation or organic phue separatiOn). tbe forati.on of the 1I8IIbJ:ane 

ta .. phya1cal procas vb1ch depeuds on the low.r 8O~ubil.1ty 
1 

of the polyael', clia.alve4 in a vater-~~ble fluU, _ the 
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interface of each aqueous microdroplet tg an eaulsioa. The use of L collodion (cellulose nitrate) as the polyaer material vith erythro-

32 

cyte hemolysate as the interna1 aqueous phase is mast cm.only employed. 

The detailed preparation of collodion aicrocapsules has been described 

in Cbapter IV. With appropriate modification of this procedure. poly-, 

.ers other than cellu10se nitrate can be used: for exaaple. cellulose 

Acetate and polystyrene (146. 154, 156). Kueller and Rudin (172) have 

also described the preparation of aicrospherical bi1ayer lipid ~ 

branes enveloping red blood cell hemolysate, using a variation of this 

approacb. 

Morgan et al (l63) introduced interfacial poly.erizat ion , as 

a aethod for preparing a large claas of polyaers, including nylon. This 

method depends on the chemical'reaction (polycondensation) between a 
o 

~iaaine (e.g. hexaaethylenediamine) in the aqueous phase and a dicarb-

" -
~lic acid halide (e.g. sebacoyl ch1oride) in the organie phase, to 

fora a polyaer (nylon - polysaide 610) at the interface. The ehea1cal, 

reaction that takes place _y he represented as follows: 
1 

-Bel 
Dl (CBl)6HH2 + ClCO(CBl)8C~a --. {RR(CB2)6NH-CO(CHl)sCO } 

1.6 Bexa-ethyl~1matne 
, 

Sebacoyl cbloride Bylon - Polysaide 610 ( 
_ ' (Polyb ......... thylene sebacaaide) 
, 

Chang et al (153 - 156) uaed this princ1ple ~o .,.sUy the first '-ethod of 

interfacial c:oacervation for preparing sea1per.eable llicroc:apsu1es w1~ 

nylon .eabranes. The procedure for. the preparation of nylon llicrocapsules 

bas been desc:r:1bed in detaU in Chapter II. Hellbranes..ete of polyilers 
1 

othèr c.han,· nylon eau alao, he prepared by this procedure: for e:xa.ple. 

c:ross-U.n1ted P1='oteiD. polyurea., polyphth.1aJdes, polyuretbaue.a, poly­

-itODaides aDd polyphebylesters -(146, 154 - 156, 161. 164 ..; 168). 
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A thlrd aethod for tbe preparatlon of semipenaeab1e aicro-

capsules ls b, secondary emulsion (146, 157). In this approach, a 

fine emu1s1on of aqueous microdroplets 18 dlspersed in an organ1c 
\ 

phase containing polymer. The organic phase contaln1ng the f1ne 

aqueous adcrodroplets is then itself dispersed into larger drop-

lets in an aqueous phase. Thua, eacb of the large organic phase 

droplets will conta ln a nuaber of smaller aqueous microdroplet&. 

The organic lpolymer solution is allowed to solidlfy to form solid 
-<\ 

spheres, each contalning varying numbers of aqueous adcrodroplets 

1ns1de. It should be noted that this method, unIik.e the other two 

described above, results in tbe production of microcapsules con-

sisting of a large amount of po1ymer matrlx. Hicrocapsules made 

of silicone rubber (silastic), ethyl cellulose, poly~tyrene. and 

other polymer materials, have been prepared by this method (146, 157, 

169). An extension of the princip~ of secondary emulsion is the 

emulsiflcation of aqueous solution in a polymer organic solution 

as above, but instead of forming aicrospheres, the po1yaer solution is 

extruded in the fqrm of fibers (170). Another variatiop of the double 
, 

e.1ls1on technique i8 to emuislfy aqueous a1.crodroplets in a water-

iDIIliscible phase consisting of surfactant, additives, and a ldgh 

.,lecular welght paraffin, and tben eaulsUyfng. the organie phase. 
Î 7 -

Th:1s results 1n the encapsu1ation of aqueous a:1croc1roplets tdthin 

l~qÙ1.d-surfactant aeabrane a1.croeapsules (171). 

-1 
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Properties of sea1permeable a1cro~ules 

These properties have hein descr~bed in detail by Chang 

34 

~ (146, 154 - 156). Unless otherwise specified, '~crocapsu1es" (or 

~ "'aicroencapsu1ated") referred to in the text frOll here on reiate to 

( 

tbose prepared either by interfacial coacervation (collodion) br iD-

terfaeial polymerization (nylon), inasmuch as these have been studied 

and characterized in more detail than others. Microcapsules stored 

in an aqueous medium are generally. spherica1 due to the high colloidal 

oa.otic pressure gradient generated by the enclQsed proteine Nylon 
'-.-/ 

aicrocapsules usua11y have a clear interior (see Figure l, Chapter II), 

but collodion micro~apsu1es always show considerable precipitation 

of the enclosed proteine The.eau diameter of microcapsules 

prepared by the DOSt conven1ent (standard) method is approxi-

wately 100 JdIl. The diameter of the ldcrocapsules can be varied by 

changes in the speed of the mechanica1 emu1sifier, the concentration of the 

~lsifying agent. and the viscosity of the organLc phase. Larger mcro-

capsules can also be prepa~ed one at a ti.e by interfacial coacervation 

or polymerization. uslng a drop technique. Thus, microcapsules have 

been prepared with .eaU d1aaeters ranging from less than 5 1JDl to 5 _ 

by the interfacia1 coacervation or polymerizauon techniques. 

The waeabrane thtckness of nylon aicrocapsules prepared by 

the standard aetbod bas been estimated by e1ectron aicroscopic studies 

to ,be 200 1; thts is thi.Dner tban the collod:1on aicro~psu1e aembranes (500 A). 

Altbough the nylon Jlellbranes are verY thin and flexible. 3ay and 

Edvards (173) bave reported that they, unlike biological membranes, 

cau withstand a .eabrane tension of up to 2520 :t 20 dynesl ca. Thus. 

even when suspeuded in distilled vater. tbe hi.gh interna! pressure 

) 



( 
e 

J .. , .. :: 

generated does not result in rupture of the at.crocapsule aeabrane. 

Studies on the electr1cal propert1es of IIdcrocapsules show 

tbat there 1s no net surface charge aeasurable by e1ectrophoresia 

for nylon lllicrocapsulea. The e.1ectrophoretic lIObilityof collodion 

aicrocapsules bas been aeasured to be 0.93 pm ± 0.06 ~sec/volt/ca 

(160) • The electropboretic 1IIOb1lities of mlcrocapsu1es vith varioualy 
(1 

3S 

.adified aembrane compositions have also been described (146~ 160. 167). 

Stadies by Jay and Burton (175) show that a potential difference of 
,~ 

0.52 ± 0.02 aV exist across the membranes of nylon microcapsules, pro .... 

bably because of the phenomenon knovn as Donnan equ1libriUJI.~ resulting 

from the presence of the nondiffusible bemoglobin inside the micro-

capsules. ·In further studies. Jay and Sivertz (116) calculated tbat 

the res1stlvity of the nylon microcapsule membrane 1.& 3 x 10 ohm-ca. 

When aicrocapsules are placed in a hypertonie solution, 

vater is rapidly wit6drawn osmotically and the adcrocapsu1es assume 

a folded appearance~ soaevbat analagous to the phenomena of crenatlon -

in erythrocytea or pl..alysis ~ plant cells. Reversible erenation 

and swelling of ai.crocapsu1es~ when placed in a hypertonie or bypo-

tonie .ed1ua respective1y, l11ustrate the generd property of 

.ea1pexweab~I1ty of the 1Ü.erocapsule ~rane. IDetaUed studies 

by Chang and POZllaDSky (171) on tbe peraeab1Uty character1stlcs of 

nylon .tcrocapsules provided an est1aate of the equlva1ent pore radius 

of the llierocapsule aeœn:ane ~1. Conceptualiy. a funct10nal 

• pore radius of 18 A aeans tbat tbe 1Ü.crocapsule Jlelabrane i8 :f.aper-
1 

Jle&ble to _cr01ll01ecules-. 'such as Ju.)globin, eDZJIII!S and otber proteins, 

--------------------------..... -
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o 
but are permeable to smaller .,lecu1es. The per.eability studies 

by Chang ~oznansky (177) show that there is an extremely rapid 

equi1ibration of permeant molecules &Cross the Ddcrocapsule ae.brane. 

For examp1e, the half-t1me for equilibration waJ~ fouod to he 4.3 

seconds for urea, and 35.5 seconds for sucrose. As stated earlier, 

this extremely rapid permeation rate say be attributab1e to the 

36 

ultrathiness of the .runbrane and the large surface area of aicrocapsules. 

The equiva1ent pore radius of the ~rane cao be varied, for example. 

by changing the po1yae~ization reaction ttme (in the case of nylon 

mcrocapsu1es) or using meabrane mater1als vith different per.eabtlity .. 
characteristics. The permeability charactêristics of aicrocapsules 

are very important factors in the .ultitudinous applications of 

artificial ceils. 

.. 

Kicroenc.apsu1ated enzy.es 

Chang (146, 149) and Zaborsky (178) bave published co.pre-

hensive revievs on the different types of eDZY-eff that have been aicro-

i 
encapsulatea by severaI laboratories uaing the various tecbJi'iëibes 

described ear1ier. 
\ 

The ~ thatl bave been aicroea.capsulated in-

clude: enz,..es present in erythr~"lYSate, urease, earbonic 

anhydrase" .-1case, trypsin" catal.aae, asparaginase, lipase, lactase, 

œ-glucoeidase, zy.ase ccmp1ex (yeast), .uscle extract; pbeDol.aàe, 

nitrate reductaae, B-fructofuranos1daae. )fore recently, c..pbe.11 aDd 

" Chans aicroencapaul..àted helIo1d..nase aud pyruv.~e ~e (179) aod 

&180 aleohol dehydrogeaase aud ...u.c debydroseaaee (IsO):. < A ... ~~a1 
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•• 

fe.ature of such aicroencapsulated enzyaea is that they do not leak. 

. out because the surrounding .~rane is blperweable to ucrOllOle-
, 

cules; bowever. peraeant substrates can be efficient1y acted on by 

the enclosed enzyme. One exception to this that; de8erves brief aen-

tlon Is tbe recent work by Gregoriadis and his col1eagues (181 - 183) 
-" ----. 

------on the encapsula~ of enzyaes w1th~n liposOlies (lip!d spherules) ) 

for possible enzyme replacement therapy. In these cases, the enz~ 

are entrapped vithin aqùeou8 cOBlpartments betveen concentric lipid 

bilayers. Unlike other types of Irlcroencapsulated em:,.es; however, 
• 

liposomal1y entrapped enzyaes can o~y act on subatrate alter release 

from the liposomes. 

In theory. sinee lIicroençapsulated enzyaes are l.n free 801-

ution in the aqueous phase, there sbould he DO Inherent changes in 

the pkopertiea pf the entrapped enzymes theaselves after encapsu1ation. 

Bovever. diffus100al effects of the -.eabrane and changes in the in-

tracellular Ilicroe.nvirODlleDt _, cause changes (apparent) in the VWIIlX1 

'\,--/ 
Ita, pll-activ1ty profile, specificity. aDd other ki.netie 

\ -'para.eters, of the enzyae, as ~ared to its native counterpart. Â rev-
1 

(1 • l 

iev of the diverse llterature on the various properties of different 

types of aicro~P8U1ated enzy.es is DOt: appropr1at~· in this theais 

and -v1l.l Dot he atta.pted. lIovever. Olle iaportant property. that of 

stabUity. vill he discU8sed in the fol.l.owing as l:his direet1y relates 

ta seme of the in v1~ro and in vivo observatioDa ....te vith relation to 

L-asparaa1nase 1.0 the present studies. A. deta1led aecount: of ao.e of 

the 1d.Detic ~ other clata .pecif1.cally rel.atiDg tG .roencap8Ul.ated 
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L-asparaginase wi11 he presented in a 1at:er section. 

A1l f!!ClZjaes aicr~encapsulat~ vJ.th a high conc.entrat:ion of protein, bave 

shawn, to date, the geneftl. feature of increased stab:l.llty re1ative to the native 

enzyme in free solution (146, 149, 151, 184)" For examp1e, vhen storm at 40 C, 

catalase in free solut1.on lost 50% of its initial activity after 15 
i 

c1ays, whereas m1~roenc.apsulated L-asparaginase reta~ WIOre than ~ 

of its initia1 activity for more than 100 days (184). Vhen stored at 

o 37 Ct the stability of aicroencapsulated catalase vas also 8lre stable tban 

catalase in free solution (184). Studies on the stabUity of L-aspara-

g:f,.nase in tbe solution and 1IIicroencapsulated foras will be descll'ibed 

later. Increased stabUity was a1so observed by Chang for storage at . 

40 C of carbonic anhydrase, urease and lactase (146, 151, 154 - 156). 

Chang (146, 184) bas attrlbuted tbe 1ncreased stabU1.ty of aicroencap-
.-~.1 

sulated over the solution fons of enzymes to the fact that, sinee pro-

'teins èannot leak out, the entrapped enzymes re.ain at aU tiaes in aD 

intracellular euv1roument contaLning a bigh concentr~on of proteine 

-This is the case even if the IIdcrocapsules thea&e1ves are dispersed 

in a very dilute suspension. Cbail& (184) bas alS9 shovn tbat Idcro-
, 

encapsulated enzymes can be stabilized even further 1.f tbe eD.Z)IIle -

containing aicroc&psules, after foraat:1on, are treated vith glutara-
.!) 

ldebyde t~ crossr-li.nk the enzy.es withi.n the Jaicrocapsules. In tlds 

vay, glutaraldehyde-treated catalase 1dcrocqsu1~ Vere found to he 

1 signiflcantly.,re stable than uatreated catalase Ili.crocapsu1es af~ 
~ , 

storâge at 37 C (184). ÂDOtber Jlethod~ to iDcrease ~ stabi.lity :i.s 

l 
to aicroencapsulate enzyaes whi.cb bave already beea ·~b~zedn (see 
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sec:t:loD ID) b! "",,!ous tecllll1qaes (11.6, 1115): The fea~l. .. of iD­

creased stability of 1Iic~oenc:apsulated enz.,.es over th:Ç native 
, 

,\ , 
'~unterparts offers the advantage that there .ay be 1ess need for 

1 

frequent, repeated inj ections of aicroencapsulated e.n&yIIeB .aince 

they retain their catalytic acti~ty for a longer period of tt.e. 
, 

In addition to a high diffusion rate of per.eant substrates 

8Dd increased stability, there are other features of bia.edical 

significanee which are conferred by the aicroenc.apaulation of enzyaes. 

These include the folloving (146, 151, 154, 178, 185). 
, 

As a result of the SII8.l1 SIIOunt of po1y.er _trb required 

to eMrap a given q~tity of enzyae, there ia negligible acc-

uau.lation of poly.er _terial after in ~vo introduction of Jd.cro- 4 

eu.eapsulatecl enz)'11e8 into the host,. 

j~~bough an ideal llellbrane 1I8terial bas not ,et been 

deve.loped. CbaDg et al (146, 160, 186, 187) havé shawn that Ili.cro-, , 

1. ~ .. 
~sul.es vi.th a .,re bioca.patlb1e IM!IIbrane ,could be obtafned if 

• 
the 8éÈJrane is coated vi.tb· albumn or ~al.koni,...bepa1iil.n coa­

plex cbll.od:lon, or if the -.brane is prepared vith beDzalkoa1.ua­
\ 

beparin ca.plex collodioD iDatead of collodion ID the organ1c phase • 

. 1'Thi.s vould allov ~tafDiDg aicrocapsules ta eOIIe into COll-

'tact vith 1d.olog1.cal f1u1.4s vithouc causi.Jag' se.rl.ous adverse .effects 
1 • 

t • 
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on the fo~ ele.eDta of blood. Earl1er tbis yeu, reports trOll th1s labor!,t.ory 

(188, 189) a.1eo desc:.r:1becl the preparati.oa of an albua1n-c:oated, 

"'-he:p:&riD-grafted cellulose -.braDe vh1eh hIML Ûlproved bf.OCOIIpatib1e 

propert1.es on :Ia'ri~o ~ Ûl,nYO tutn.g. 

. . 
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S1nce .,st enzyaes used in clin'ic:.al. therapy are derived 

fr01l heterogeneous, e.g. bacterial, source's, tbe '"'-l''nistratiou of 

soluble enzyaes into tbe body pose a nuaber of probl~ch liait 

their therapeutie usefulness (146_ lèS). Sucb probleas, for exmaple, 
" \ 

have already been deseribed ~ detail in tlle case of L-aspar.g1Dase 

in section lB of this thesis. A significant feature of aieroencap-
, '" 

sulated enzymes 1si that ensYaes and any acca.panying 1I8e~lecular 

cont8Jlli.nAnts, snch as endotorlns, once encrapped vichtn the aiero-

capsules, do IlOt lut. out into the c::.lre~tion of the bost (146, 

154- 156, 185). Thus, there 1I8y he red.uced "_mo1ogic:al and other 

Corle probleas~arisin8 in the bost. Further8)re, if Ih..-oral ~i-
bodies are pre$ent in the surrounding ai1ieu, they canDOt cross tbe 

J 

aierocapsule JDeabrane to inacCivaCe che encrapped eozy.e (146, 154 -

156, 185). TheBe laCter--'consideraCions are fundaaental to the Chera-
i 1 ~ 

peutie - usè of aic.foencapsulated enzy.es and will be discussed at length 

, ' 
in subsequenC sections of tMs Chesi.8 wich partieular reference to 

aicroencapsul.a.ted L-asparagiDase. 

lc 0 ~uld be DOted that SICJIIe care _t' be taken in selectiDg . ' 
tbe appropr1at~ procedure for a!crpencapaulatioD. of a given ~ • ., 

For 1Dstance, tbe reqents used in the interfaeial poly.erization 

rocedure -do DOt affJec en&YIIQ l1ke L-~agjn.se ancJ ureaae but 

_, i.Dactivate otbeT: eD&}1Ie8 such a: cau1 ·se (190) 8Dd url.case (191). 

caulase ad càicase, bowever, can he successtnUy Ëcroeocapsulafed 
1 

y the 1Dterfacial ~ervation ,procedure (190, ~91). ADotber 1IIporcant 
~ 

~t deserves. co eut ta tbat ....,.es entrapped vlthin ~per- ~ 

. /' 

, 1 

\ 

------ . 

" 
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meable microeapsules ean aet only on external substrates""'vh1ch can 

diffuse acroes the membrane (146, 154 - 156, 178). Permeant subs-

tances include substrat es up to the Bize of polypeptides but oot 

macromolecules. In the case of interfAcial polyœerization, It 

should also be pointed Out that the enzyme may be incorporated 1.nto 

the membrane structure of microcapsu1es (146, 154, 156, 167). 

Biomedical applications of microencapsulated enzymes 

8eeause of t.he fundament.al importance of enzymes 1n aIl 

biologiea1 piro'cesses, their biomedical applications, both reàlized 
, ... 

and potentW, are multltudioous. The fo11owing section of this 

review will be restricted ta 3 ~ple8 of model enzyme systems 

t.hat have been investigated in this laboratory ta 111ust.rate the 

princ1ple of using 1Ilicro~apsulated in lieu of native enzymes 
1. 

for biomedical purposes. 
1 ; 

The basic demcostration of the feasibi1ity of using 

microencapsulated enzymes for in riva admin1strat1.on came from 

studies 1n this 1aboratory (155, 192) us1.ng lIieroeueapsulated 

urease for i.p. injection 1nto dogs a8 a test mode! enzyme system. . ' 

In tbese "lnit1.41 etudies, it was fooud that tbe enzyJIIe 'did not lest 

41 

) ~ 

out into the blood, but remaine4·1nside the Ilicroeapeulea in the 

peritoneal: cavity where it acted effictently on systea1.c urea 

dlffusi.ng ln. The conversion of blood ures into .-on1.a resulted 

in a quantitative tuerease' in blood 8DIDOUia levele. These reaulta 

led to further stucUes ta examine the feasib1lity of usiug microea-
... 
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capsulated enzymes for various biomecl1cal app11cations J as 111-

ustrated by the 3 examp1es described next. 

(a) Enzyme replacement therapy for cOngenital enzyme deficieney d!seases 
i 

The firet stud1es on IIl1cro~capsulated enzyme replace-
0. \ ,....---

ment therapy vere carried out by Chang and Poznansky (190) J using 

a special strain of mice (Fe1nstein's acata1asemic Csb miee) 

congen.1tally deficient in the enzyme cata1ase (193). Feinstein 

(194) sbowed that 1ntraveuous injection of beef catalase solution 

ean reverse bydrogen perox~de toneity 1n acatalasem1c mi.ee and 

suggesteeS that this mutant strain of mice and catalase vere use-

fu! as a model system for the study of enzyme replac:ement therapy 

of 1nbarn errors of metabo11811l. Fe1nstein found that a1though 

injection of eatalase solution could replace the enzyme deficiency, 

repeated injections ~u8ed the product1orl of ant1bod1es to the 

~ 

, Sinee Chang had earl1er suceessfully aicroeneapsulated , 
, 

catalase iD. collodi.on Ilicrocapsu1es (191). Chang and POznA1l8ky (190) 

began invest1gat1ng var10us aspects lof en.zyJIe replacement therapy 

urina art~1c1al ç.e11s conta1n1ng catà1aae for 1nject101l into theee 

acatala.ea1.c aiee. They sbWed that 1.p. i1ljection of 1I1croeacap­

su1ate4 catalaee, l1ke cata1a8e :1n solution, vas effective iD pro­

tec\ins acataWe.1c Ilic:e frOli taxie cloé .. of :1nj~tec1 8Od1ua 

perborate. Analys1e showed that thi. pr~tec:t1oQ Q~ acatalaseaic: 

aiee by a1.croeacapsulated. ~talase vas d~~ to ~be effeÇt1.ve r--,a1 . 
\ 

\ 
1 

\ 

\ 
\ 
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of perborate by the microencapsulated enzyme. This demonstrat1.on 

that adcroencapsulated catalase successfully rep1aced the deficient 

enzyme led to further studies by Poznansky and Chang (195). These 

showed tbat catalase activity could be assayed in the blood after 

1.p. injection of catalase solution, but not after injection of 

microencapsulated catalase which remained in the peritoneal cavity 

where it continued to Act efficiently OD perborate. K1.eroencapsulated 

catalase was also found to be DIOre stable in vivo than catalase in 

solution. Immunologieal studies showed chat repeat~ il.njections of 

cata1ase solution, but not eatalase 1IIicroeapsules, resulted in che 

production of anti-catalase antibodies. lt was further reported that 

in m1.ce immunized to catalase, caSlase solution was ineffective 

in reducing body perborate levels whereas microet1fapsulated catalase 

cont1.nued to aet efficiently. 

The exper:1mental studies descr1.bed above, therefore, encourage 

the bope tbat microencapsulated enzymes m1.ght: eventually be extended 

for use in ~yme replacement therapy in certain enzyme deficiency . . 
CODd1.tions 1.n _no The exper1menta111OClel used in these studies 

is of particular interest because' a .sai1ar cJngenitat. -deficien.cy 
• 

\ 
d~ease, acatal.aseaia, exists in 1IIiÎI1 (196). It sbould be eaphl1-s~ed 

bere tbat ~be vork described -above serves only as an exper1Jlental 

lIOc1el -for inve8tilatil1g the feasib1.1ity of ~sblg atcroencapaulated 
1 
eazy-.e. for supple.entinl certain enzyaae deficiency coDditions. Thus, 

the i.p. route of lnject10n 'My not be ,the optimal route of adm:1nis-
1 

tr~t~ for ue in patienta. Other routes of acfw1a.btr.d,on of / 

1 1 . 

/ 
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artificial celle bave been reviewed 'recently by Chang (146, 147). 

ln th1.s regard, catalase m:!.crocapsu1es bave been USe4 successful1y 

in an extracorporeal shunt system fbr the removal of perborate 

injected iuto acatalasemic mice. Microencapsu.lated catalase bas abo 
~ 

been applied directly to oral 1esions in' acatalselllic aice and vas 

found, to' act efJ-icient1y (197). 

(b) Enzyme therapy of substrate-depeDdent tuadrs 

Bav1.ng demonstrated in pre11Jlinary 8tudies the feasibil1ty 

of using lIicroencapsulated L-asparaginase for suppre8sing the growth 
\ ' r-

of tbè L-asraragi"ne-dependent 6C3HED lympbosarcoma in mice (200), 

Chang proposed tbat another biomedic~ applièation of lDicroencapsulated 

eru:yae& is their potential use for chemotberapy of substrate-dependent 

tUllOrs. SiDce theU, the use of a4.eroencapsu1ated L-asparaginase for 

the treaQle1lt of the Gardner 6C3IŒD 1YIIPbo •• rcOIU bas been stucU.ed in 

thi. 1aboratory as a 1I04el .yst_ of thi. approach to caaeer che80therapy. 

lu dtro .tud1es 

~ vitro studie. .bpw that 14C-labelled Iruparag1ne 

equi11.brated rapky aeros. the a1.eroeap.w.e ~aue (199). The 
1 , 

.... yed .ea&y.e activ1.ty of v-.upara,1nue after II1eroeacapsulat:1oa 

~ \MD reported bY CJaaaa (200, 201) ad Siu ChoD& aDd Chan. (~02) 
to .a'rf trOll 33% to 401 of the .... ..ou.u: of eDZJII8 iD free 

MOri et al 
1 

teclllûque. 
\ -

Tbue r.al .... are iD aareM'Pt vith tba~ 'repÔi"tec1 by 

(168) of 31% uia& a 8Upt flDd1f1ëatt; of ~gf8 

The 'lIaS of ~roacap8ulated L-upara,1Dase bu been 

,1 



o 

, 

1 

reported to be about 1/3 the VIUlt of the enzyae i.n free 801-

ution (168, 200). The available data on the lm of microencap-'" . 

sulated L-asparaglnase" however, are not :in agreeaent. Whereas 

Chang (199) has reported that the Km for a:1croencapsulated' 

L-asparaglnase was the s~e as L-aspàraginase in solution, Mori 

et al (168) has found that the Km for microencapsulated L-
-

asparagloase (1.3 x 10-3 M) was about 100 t1Jaes higher than for 

L-asparaglnase in so1ut!on (1.8 x 10-5 M). 

Studies on the pH - acUvity profile (168) iudicate 

that although the optiaum pB was 8.0 for bath L-asparagÜlASe in 

45 
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solution and llicroencapsulated L-asparagiDase, the range of activity 

of 1Ilieroencapsulated Irasparagiua. was IIOre reatrieted by chang.a 

in .the pB of the l.ncubating mediUDi. The optimwa temperature for 

acUvit,. bu also been found ta be 10wer by. 100e for .1eroen--
capaulate4 L-asparaainase, as eoJIpared to L-uparagiuue 1n 

tolutioJl (168)."" The reason (a) for ehanae. 1.11 the pH profile . 
asa4 opt~ taperature .. • ruule of a1croeac.ap.ulatioD are 

pr .. ~11 ao~ e1ear ~ 

1 

Srability stud1ea by CbaDa (201) fbovecl tut collodion 

L-upar.aat.na.e 1Iicroeapsul .. , when .terecl at 4oe, retaiDed 90% 
1 / 

of t1ae1.r oria1.Dal eata1yti.e aetivity alter 100 days, 'w1ier~ L-

tbe1r 1A1tial acUvity stter 20 da1.-; ~ (201) alto follD4 that 

the Id,er6~p.ulatecl eDzyIIe bpt at 37°c .... .ucb .ore stable 

tha the eu,.e ~ aolutioD. Hod et al (203) reported~t there! 

, . 

j 

J 
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VA. no los. of act1vlty after repeated use of1""-ttylon L-a,parasinase 

" 
mieroeapsules 1~'v1tro and tbat the act1vity of these a1crocapsules 

~ . 0 
was IIOre stable· t!Jan.L-asparaginase 8olution wen 8tored at 4 C • . ' . 

• 1 0 
Bowever, wen stor-ed at 30 Ct they found tbat the activ1~y of 

bath forma of enzym.e dec!=,eased in a s1milar manner. 

L-asparaslnase mieroeapsule suspensions do not.how 

any leakage of enzyme on tn vitro test 108 of the supernatant 
, \ 

for enzyme acttv1ty (146, 199, 201, 202) or by Ja.JDolosteal 

testins using the Ouchterlony double d:iffuslon tecbn:ique (~03). 

Other ln vitro evidenee abonns the absence of leakage of ' 
1 

properly prepa~a8paraSlna8e a:1erocaplules ~ll be discU88ed-

in .ore deta11 :in ~Pter III of t~l. thelts. 

In vivo etudies 

The pr:iklPle' behind the in v:1vo act:ion of :i.p. :in-

jectecl tr .. parqiDase a:ierocapsule. is ,the ..... as for otber 

aicroeaeapsulateS eDZ,.S (146). Tbi. priaciple la .~ 

l ' 
.cbeaat:ically iJl Piaure 3. BrUf1" the phy.1ca1 aise of the 

llieroeap.w.u prey_ta I:he lI1eroeapaules frOli leav1Da the peritoneal 
. , ' 1 

eaY1ty. As. result of ttfe eciu1va1~ POre radius of the a1ero-

"paule ...-brue, entr.pped .acro.olecu1es, .ucb a. haoJlob:1n, . 
Iraapuas1 ,,"è, ad ea4otosiu, ea.mot 1tak out froa tJ,\e a1cro-

/ ' 
eapsul .. "GOt' caD 1_m oapeeific' aDtibodi88 _I:er the aieroeap.u1. 

~ , 

\ 
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,,- - -..... SELECTlVELY l'EllMEABJ,E 

/ ,"" ~ NYU)N MEMBRANE 

/. 1 .. L-ASPA!lAGlIIfoSE \v • L-ASPAKTIC ACro 

... \ +NH; 

1. J 
\ L-ASPARAGI~SE c:- EHDOTOXINS 

'\ /~ 

'- JlI!I«lGLOBXH (-. \ 

........ _lt _ ......... IIIJII()RAL AIIrtBODY 

PEllITONEAL FLUID 

BLOOD 

FIG1JU 3 , 1 
1 i Sebe.atic diagr_ to llluat;rate the 1I04e of .ect1oa. of 1.1'. 1Djecucl aid.-
pemeable L-upar4Jiaaae lI1c:rocapn.l.U. 

'- . (IaocJif1ed frOli ~. T.M.S. (146) ). 

/1 

\ 



fT 7 

0 

) 

. , 

, 

t;-
48 

flu1.d and tben across the a1.crocapsule aeabrane al.ous lts con-

Il 
centtatiou gradient ta be acted on by the enclo.ed L-asparag1uaae • 

.[ 

The produtfts, L-a.partie ac1.d and aaaon1a, of the react1.on then 

diffuse a10ng their concentration gradients froa 1nside the 

1I1crocapsu1e back to tbe ,blood in the reverse direction. It 

should be noted that the peritoneal cavity il somevhat s!milar 

to the 1nterst1t1a1 spac.e betweeu tissue celle 1n that ultra-

fi1trate and diffus1.ble molecules frOUl the b100d capillar1es 

can equi11brate rapUly across the peritoneal cav1.ty. ID this 

way. the plasma 1eve1s, of L-asparagine can be lowered ldthout 

tbe enzyme havi"8 to enter the bost' s circulation .. 

CWmg (200) in 1961first descr:1bed prel.1Jt1nary in 

vivo etudies sbow1ns tbat aLe oencapau1ated L-asparaginase vas 

effective 10 .uppressûsg the growtb of t;he 6C3BED I111Pbo.ar~ 

in 1I1ce. In • .ore 4.t&11ed report, CbaDs (146, 199) presented 

clau vh1eb aboved that 1rhen aiee vere given a liag1e i. 

ject10D of 0 .. 06 tu/.,. {calculated froa pultIII 1fII1eCl.iate1y 

after taor ÛIp~tat:1on, a1.c:roenc:apau __ ~ e vas 
, 

wore f!f~tive tban L-aspar ... 1nue ao1U~ioD iD cl~iaI the 

appearance of the tu.ar. Be abowed that the t1ae vben the tUllOr 
" 

, 1 

fint- appearec1\vu 14.0 t 4.5 day. for tbo •• &1vea.·L-.. p ..... ~. 

aolut:1oD, &ad > 69 clay. for ~ae ~v~ L-.. paras:f.Dqe a:1croc.ap.u1e1, 

The valuea obtaiDecl for c:oatrol, m~a .Je ~.o ~ 0.9 clay. aDd 
l ' 

8.7 ± 1.6 day. for tbo •• ,i"en .. 1111e or COIltral ~rocapftl.u 
1 \, 1 

COIlta1A1Da DO L-uparaaiaue, respectively. Jurt1leDore, ..... 

\ / 
\ 
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aIl control and L-asparag1nase solution-treated anfmals di.ed 

as a result of tbe tumor, 50% of tbose treated w;1tb L-aspara-
_ ...... -""'\ 

gi.nase microcapsules vere ttiitp~~JJ:ee for more tban 120 claye 

after tUlllOr implantation. Subsequent to tbese studies, con­

comitant studies were e~ied out ),y Chang (201) usi.ug collodion 

L-asparag1nase microcapsules and by S1u Choug and Chang (202) 

ueing nylon L-asparag1.nase mi.crocapsules, on the effects 

49 

1.. p. injected L-asparaginase microcapsules on the plasma L-aspara­.., 
gi.ne levels in normal C3H/lŒ.J mice. 1t was shawn by bath tbese 

studies that microencapeulated L-asparaginase was more effecdve 

than L-asparagi.naae so1ut~ suppress1ng the plasma L-aspara­

gi.ne concentrati.ons i.n these 1Ilice. A DIOre detailed descri.ptioD 

of the results obtaiDed in tbese and other follow-up 8tudi.es 

wi.U be reserved for fuller di.scU8sion in Cbapters- II to IV. 

'In addition to tbe t.p. route of admini.stering L-aspara-
-. , 

ginase a1crocapsulés. Chang (141) receutly descri.be4 pre11minary 

studies us1ng a combi.nati01l of L-asparaginase-loadéd art1.ficial 

cells w.f.th syntbetic caplllary fibres in a .hunt .ysteaa. 10 

tbese experilleots, Chang used a Bio-fibre 50 H1Ili.bea1ter (developed 

by the Dow Chealical Co.) vh1.eh U a dev.4.ce eontai.Di.Ds .ynthetic 

caplUary fibera in the fora of a -bundle. Theae caplUary fibera 

act very ECh lii.ke the blood capi11ar1e., al.l.ow1.as ultrafi.ltratj,on 

t ' 
aJld di:aJ.y8f. to ôccur. Dy adcliDg artif1c1.al. ceUs col1ta1.niq 

L-asparag1nase to the flu14 bathing the external surface of the 
, 1 

cap1~1ary fibers and recirc:u1atina L-•• paraahe .,lu tiOD throuab 
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tbe espl11ary fiber buodle, CbaDg sbowed tbat the art:1flc1al 

,.. \ 

cella can efficiently convert the L-asparagiDe iuto L-aspart1.c 

acid and aDDOnia. Vith prolong~ use of th!s systea. L-aspara-
1 

ginase in the artificial cells vas found to reaain active for 

more tban 2 months in the suspending fluid bathing the 'capillary' 

fiber bun,Ue. This 18 in mark.ed contrast to the observation tbat 

the catalytic 'activity of L-asparaginase solutl.ou added to the 

external fluid decreased rapldly after prolonged use. Chang has 

proposed that the sim1larity in desip of th!. COIIbined sy,stea 

of art1ficial ce.lla and syntheti} capillary f1.bers te the phy8ia:. 

!Dgiesi and functlonal Orga~lon of orgalUl aod t:1ssuu _y 

be ,prOll1sing iD tbe future constructlon of artlfte:1al organs • . 

(c) a.e.oval of accu.tlated IMtaboI:1t1es 

- v1.nall.y, the th1rd ex.aple that v1I1 be 41.8CU.ed U 
\ 

50, 

the po •• :1ble ue of a COIIbinati.on ôt aicroeocap~t~ uru.e 

v1.th..-onia II4sorbent 1.u the treatllellt of ureaf.a tbat acco.panies 

reua1 fa:1lure. Chang (151) 111 1966 .howed tbat 10 al of 90 lUI 

_croup.u1u Pl.ac~,~ an extracorpopal chaaber vere efflcient 

iJ1 lower1.n& the ru content ;'f blood ~e4 to fl.ov directIy 0ge1i 

tb,e Jd.crocap~ <-oTe than 50% of lU pretreatMat leve1 vith11l 

90 a1nut .. of beIIoperfu.ion). Cou.coa1taat w1.th thf.s fall 1.n blood 
f 

ur .. leve1~ the blooc1 ~ r~ee to leve1s vell above val. .... 
l '----

characterÜt1.c of tua1JIal ~tic COlla. ID tbf.a .... etully (157), 

" i.t .:." -lurCher rer.tell e~t the ~ • ,eaeraie4 ca be 

/ 
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reaoved by the use of 1I1croèncapsulated.-ania sorbent (Dowex-SU W ][ 12). 

The feasibil1ty of thie urease-~ adsorbent 

re.lOVal of 'systeudc urea bas been conf1rwed and ex1':e1lltd.ed by subséquent 

wot;k in this (204) and otber 1ll9oratories (205 - 207). In adcU.tion 

to their ~D extracorporeal sbunts. aicroencapsulacéd urease and 

a.aonia adsorbentsbave also been used f~r oral insest1.on (204. 206, 207). 

In this regard, oral ingestion of aicrocapsules cantaiuing other -

adsorbents have also been shawn to be effective in the reaoval of 

urea (208). The work described abave for the re.oval o~ urea is still 

in an exper1aental stage ~ bas DOt ye~ been developed for c1inical 

use in patients vith rena.l. failure • 

........ 

Cl1.nical de80118tration of art:1ficial cel! CODeept 

.. :AlI • Cault of exper1alents perfor.ed in 1966 usiDa urease, 

.-mia ad.arbea.t sud sctivated. cbarcoal (157), CIwIg propoaed the 

theoretf..eal b_1.8 for the conscruetion 01 a eo.,act art1fic1.a1 k.14GeY 
p 

... iD& m.croeoeapsu1ated c:barcoal. as the adsorbent for the rellOVal 

of ùreaie t~- (157). Mter 1nitial, bas~, laboratory vork (151, 160, 
1 

209 1 - 211) cte.oDstràted the ,feas1bllity of usiDa 1Iieroencapau1ated 

c:harcoal .s a COIIPac~ art1ficial 1d.dÀeY, Cbaua (2U) iD 1910 reported 

l.ts firat .elin1.ea1 use iD a patient: v:1th chroa1c reaa1 failure. 

The rat10Dale behiDd the uae of a1.cl'oeacap.naJ.ate4 cbarcoal 

.. a COllPact art1.f1cial ~ .., he atate4 bdefly as foUovs' (146, 

151, 212, %U). It luId beeA .~ by a .. eral. worbr. _(214 - 217) \that 

fr .. act:tyatect cbarcoal sr_la cou1d eff1e1.ent11 r~. -.ay ur..w: 

( 

1 • 

1 
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metaboUtes and drugs frma perfusing b1ood. tely. bowever. 

the cbarcoal causes a si.gnificant reduction LU'~U!C;'U 

perfus1ng blood and rde.ases eaab9Uzing cbarcoal part1.cles (215, 126). -
Chans (157. 1&0) therefore suggested tbat(;roencspsu!fted C~COa1 

within blood-compatible 1IIeIIbranes lllay ava this prob1~, si.nce the , , 

eoc1os!ng membranes would prevent SJiy free powder froa going into 

the patient' s circulation, and at the SBIIe tt.e, prevent the blood 

pl.atelets frOll coming i.nto direct cont~t vith the surface of the 

charcoal. 'Bovever, permeant ureaic Jaetaboliti vould still be able 

to diffuse th rough the ncrocapsu1e .eabrane ~..oe-: raaoved by the 

enc.losed adsorbent. In its present' fora, the aicrocapaule 8J"tific1.al 
f., 

k1.dney consists es.ent1ally of a sllieOne-~oat:ed c~r coatainiJIg 

• a packed col_ of 300 pa of 1-5 .,activated cbarcoal granule. whf..c:h 
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bad heen coated firat v:i.tb a colloclion __ rane then vitb ~ albuldn. 

Bec au se 'of Jhé u1t~at~ '--brane (soq A) aod the larse surface &r" 

1 2 1 _ 1 i 
(2.25 .. ) of tllese a1croeacapsulatecl chareoal. gt'1I1u1e8 J Cbaa& (146. 148, 

- • q, \ 

213) bu calculated tut the tbeoretical tr..utpOrt rate of ~ 

.,l,-ecule.s acro_. the lli.ct;ocap.u1~ -"rae 1. at 1east 200 tillea f .. ter 

t::h.- in a standard ~y.er. j . ---
Us!ag the ûoy~ albuaiD-eoated ~11odiOl1 m.crotmC&P~te4 " 

act.1vated.cbarcoal (ACAC) ll1crocapsule kidoey, Cb.uia (146. 2U, 213; 
• J _ 

218 - 226) bu earded, out eJtt .... lve e11n1c.1 trials .1Dce 1970. SUcb 

ellpedeace bu .htKm c:bat t~ c1earaaee of ereat1A1ae. urie Kid, aacI 

other urea1c 1IetaboUt_ ta .i.801f~ly hf.sher t~ iD the at., .. hIT4 
.., 

~1al.yJ:er. Nore ~,,"1,.~ C1wI8 (221 -223) bu receKl, f0UD4 that 

. . 

i 
j 
\ 
l 
1 
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the ACAC m..crocapsule art:1.f1c1al. lddney efficlendy reaovea .,leculea 

in the range of 300 - 1500 MIl C'a1.ddle .,1ecUJ.ea") _kil have beea 

1çllcated by Babb et al (227, 228) as the 1I01ecules-pri.nc1pa11y re&-
l 

'. , 
ponsible for toxicity in ureaia. Furtberaore. 1108': rec.ent cl11lical 
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aSSe8nent of combi.ned ~ ~fU8i.on with Dow,I<-ode1 4) baIocl1a1ysis 

or the Aa1con ultrafUtrator iDd.:1cate that in ~f~1on to creat1D1a.e, 

,/ - , 
urie acid., and "a1ddle 1I01ecules" Il the rapid r~a1 of ur., vater, 

i 
aDd electrolytes are DOW alao po8sible (222, 223). 

The a1erocapsule artlfi.cial ld4Dey bas also been sbovn to be 

IIOre effic:1ent than the standard baod1a.lyzers for ~ rettt/val. of druas ... , 
, 1 ~ ,uch as sa1f.cJ1ate, barbU:uratee and s1ut:ethûdde tu. an1 .. ,. vith acu~e 

(, '< 

1.DCDld.cat1.oD (210, 211)'.au'a for the r,.",al of alutetldaide. ~baqualone, 

Mdanrylon aad t'beaobarb1.U1 :lA over40.-d pat::1eat. (224, 225). 
- " 

pat:i.eut. td.th lf.ver faUure. Chaaa (221, 2~~) bu at.o carrJ.ed Oùt: ACAC 

• b wper:tu.f.oD ACc:eAfu11y ln pat1.eDçs v1.th hepat1c CCMa ad ha attrt-

~ed the cHaSe.] ÛlproM8e4t of the patieDt 1:0 eff1d.eDt r~al of large 

t'.cl1W:, .,i.ec:u1es (. > 2000 l1li) aD4 proteiâ-IioUad atlecul.J by t~ ACAC 
) 

, ' , 

Tbeae ~eùlve stud:iea carrJ.e4i out: uaiDa the ACAC a1ero­

eq.w.. ar.t:1flc1a1 k.1tIaey 4--..trateït- the afet'! aod ftfftc1.eDcy of 

~.w.ate4 .,..u.. tu. ail extraporea1 .1IuDt _for us. tD patteau. 
, l ' 

of _ t'" arcif1c:la1 ce11 CODCept ear-.... tbe "e1o.,.at œ--1dcro-
1 

...... pI1l1 ...... ~ .,.~~ for ~ r 1a pat:SADt •• , -
_ - - do , l "%. 
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It i.s o1W1.ous froa the foregoiDg tbat r~earch on the 

art1.f1.cial cell concept ~ers a vide spectrua of stud1.es and 1.a 

DOt coafined '"to The entra~t of enzy.es w1.t.h1.n 

8ea1per.eab1e _ .ter capSÙl~ bas recently been re~gn1zed to be one 

l ' 
for the "t-.,bllizat1.on" of enzymes (8ee section 

, 
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m) • L-asparagiDas bas &180 been ~bUized by t;beae otber teclmiques 

in ~ effort to r_J:e the sever1.ty of -ao.e of the prob1eas asSOC::1at~ 
, '--

vitb L-a8paragtDase In the fina1 sect1.on of th:J.s introdnçti.Dn, 

the vork done on t types of" t->billzed Irasparag1naae vill 

be reviewed. 

. ,! 
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\ 
OTHER TYPES OF IHMOBILIZfD L-ASPARAGIWE ID -

Introduction \ 
The ~biliz4tion of enzymes represefte one area of re.earch 

in enzyme technology which tosothe< vith tho pr~tion, ioolation, 

purilicat10n and use of enzyme. in a variety of'reac~or 8~tries, 

malte up the new area of speciaHzation referred ~o a. "enzyme ensineerins" 

(229, 230); The tem "immobllized enzymer" ha. ~een ~ to deeeribe 

a11 enzyme preparations in which the enzyme i. cdr.trained one vay or 
,. 

another w1thin the 11mited confine. of Â 8upportifS pOlymér (230). 

Several excellent and deta~led review. on the .ub~ect of immobilized 
\. 1 
enzyme. are avaUable in the literature (146, 178,1 229 - 237'). Â. a 

reluIt of the Enzyme EnainaèriD8 COnfaunea. haU ~n 1971 and 1913 

(229, 230), the fol~ins clae.ification of 1mmobitiZed enzymee 

ha. ba.n racommen4ed, ba.ad on the t.chnique u.ed ~or imaobilization 

C.ae Figure 4). llllDObl11zed enzyme •• houId Uret b~ dividèd iato 

entrapped and bound anzyue. 
1 

Entrapped eu"... ehou14 th..,. ba .ub-

divided into matrix-entrapped apd lDicroeDCap.ulatacl eu"", wbl1. 
, "" 

l­

I 

bound enzy... .hould ~ •• ub-divided 1n..to acS.orbed aD4 'eovalently bound 

anzyme.. In addition to i~. microancapsuIation v~thtu s .. iP~~bla 
microc.p.uies, L-a.pa ... aslna •• ha. allo baaa l...,bi11,84 .by a&ch of th.S. r 

f . 

othe~ t.Chniqui •• 

Ad.orbad ~"P.E."!!!' • , , 
, ., 

1l1icol ... .aad. Mar4 .. hav vara cha f1~.t to f801!1.U.I&, L-alpara-
, 1 ' ,ifl 

.1na.a. They a4.on.4 z,. •• p.r •• ' .... ~o ~hyl v~aUu1o •• (238) 

./ 1 " 
-', 

{ , <~ 
! 

1 '. 

J' " 

" 

\ 

...., 
f 1 
~. 
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and later ontr diethylaminoethyl cel1ulo8e (239) for in vitro k1De~ic 
J -

etudiee on the hydrolyai. of ~a.p.ra,ine. They found that the eo1umn 
, -

/ 
of a4.orbed L-a.parasinaae retained catalytic ac Url ty • The.e .tudie. 

were net in any "ay relatecS to intere.t. in L-asparaginase .. a pot-

ential ant1tumor asent. Indeed, they precedeeS BroOJDe'. di.cov.ry 

(36 - 38) of the antineopla.tic effecta of L-a.paras1Due. Thi. 

1.IIi.obllization technique, however, ha. net tieen eiDCe inve.tiJ&ted as 

a mèans of improvins L-aeparà,inase tber,py, probably bee.uae of 

tbe relative ... e vith wbich the enzyme ean rever.ib1y ad.orb and 

desorb from the supportins matrix. 

, 

Covalently-bound,L-alpara,inaae 

l we.tal (240) wa. the firat to ~bil1ze L-a.paraS1ua. by 

covalent .linkaae. He eovalently linked l.-a.p4rasil1&.. to a Dacron 
, 

ya.cular p~o.th~.i. and te.tecl it. in vitro and in vivo Itability in 

a cloS. In vit1'o .tucSi~. .bowecl that at th. end of 18 cSay. .tora.e 

\ 

at 23°C 1.n .• aUae, 27% of the Ûlit1al aetivity r .. illed. In vivo .tudie. 
" / 

.hove4 t~ the eDZ)'III&t1eally active .-rat t. 1aplmtec! in the abcl~l 

aDrt~ of. a,cIo, reta1De4 44.5% of it. initial act1v1ty. W .. tal (241) 
- \, (, 

later &180 eovalently bouD4 L-.. para,1na •• to urr1er. .uch .. 

Jla.. or .. t,bacrylat. ad te.td., the.e 9.tea -1a vivo. Tbe.. .tud1e.' .bow~d 

that the J.,-.. para'1Da~e, 14 • ..eu •• fully'" l:""erecS 111 ~loocI al1ove4 

to ·p.rlue ovu 1t. ka,_ of eu,.. iJltO tbe bloH ft. boIIeYft reporteeS 
, 

,- , 

•• a1ber,er et al' (242) 4ucribM 4 _t~ lor cova1eDt1y -. , 
, , 

b1D4lin& 11- parasiDue to 1uo~le utr1c .. of a1crocy.ta111u callvlo .. , / 



wa 

J, 

( 
(' ~ 

't 

. '\ 
carboxymethyl cellulose and carboxyméthyl dextran. Escept for .one 

preparation, L-a.paraginaae 1mmobilize4 to the.e .uppor~. wu fOUDd 

S8 
/ 

o / 
to be more atable at 37 C than the enzyme in fr.. solution. No in vivo 

teatins of theae d.r~vativ.I was reporte4, althoush their uae in an 

extraeorporeal .hunt tYltem w~ au"e.ted. 

Alliaon .t al (243) covalently attaehed L-aaparagta&.e to 

partially hydrolyzed Dylon ~ub1nl, ad6 earrie4 out i vitro,atud1ea 

oJf Itability and kiDetie parametera ot the tmmobiliz 

f~ that the " .. par.S1oaoa nylon tUb1DJ;,&fter 2 OODtha 0 ooorag., 

retained 100% of it. initial aetiv1ty at 4 C and SOI at roc. t pera­

ture. An i~rea.e in the le (apparent) Wal ob.erved upon immob lizat1on. 

Althoulb the pH ,optimull of. botb the 1..aaaaobllized and .alution to ot 

t~e enz~ va~ê ... , the ran,e of act1v1ty wa. .~t DOre re.­

trie~ by pB chanJe. 111 the caae of the iaIob±lJ.zed enzyme. The 

~b~liZed L-•• parar1qaa;/~" a1.o fouad to be more raliatant to 

theru1 1nactivat1oD~han eu,.. in fr •• 101ution. JIo in vivo 110* 

bu ban r.p~t~. yet br th1a aroup. However, tbey .u" .. ~ed t&. 

de of :·i-U~~.i11&.e J1Ylo11 tub1.1II 111 an atracorporea1 Rua.: ~or 
1eu~1a tharapy. ~re reeent1y, BUDt1n, a'D4 LaUler (244) bave 

aiao ,.tu41a4 th. floy k1ll&t1c. of L-a.par~.iDUe covalently attac~ 
1 . ' 

Bontath et al (24') covaleDtl, boua4 L-upara,111&H to • 

po1)rearhoxylic ... 1 layer vbicb i.ta.lf vaa attacbe4 to tha 1QJlar vall 

ACti.y1ty of the tub a vu 4~U. atable, .'D4 tbere wu' DO 4et.ctablé ' . 

f' 
) 

·l f 
f 

1 

1 . 

1 

1 ~ 
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leakase of enzyme from the tubes into the perfusate. Stud1ee il1 

which th1. e11Zyme rea.ctor eystem va. connected 1n seriee vith i.ola~ed 

rat liver, ahowed that the normally eteady-state L-asparasine level in 

the hepat1c output could l>e effect1vely lawered depeDd1ns on the enzymic . , 

&CUvity of the L-aeparasinaee tub.. On the baei. of thee. etudiee~ 

thi. d.sisn of nylon tubes was suSS.sted for use ae extraeorporea1 
, ~ 

sh~t syetéma for maintenance of a lov plasma L-aspara,ine. lt vu 

proposed that this type of reactor des1sn va. different ta the .. r11er 

one us.d by A11bon et al (243) because of th. added &dvantase of 
, ..... 

the presence of the sel layer wbich protects the embed4ed eDZ 
{ 

exterual prQteolytie asents. 

S~p80n et al (246 - 248) bave described tbe u.e of 

,iuse covalently coupled to polymethylmethacrylate plate. in aD 

eorporeal chemotherapeut1e unit for in vivo studiee in doss, ba 

~ man. They sbowe4 that hemopsrfu1one over the L-aepara,icas plat.s 

.J 

" 1 , 

causee! a sbarp clecline in tb. serum L-aspara,ine oncea.trationa. S1aai - . Ir; 
..... 

,uant 1!III!IJ~,uppression, manif.sted by cSscrusect 1 

to variou va,etable mi-to,ena, va. observed clurina h 

~~ays of sera in initial-studiee (246) fo~ L-aepara 
/ 

/ 

revulecl tbat tbere vas abo1t 331 INu,e of tb~ aDJ 

tes clurina perfusion. ~n latar studia. (248) hw.var, au,... luk-

,e fr_ the platae va. raducad to only 2%. Ho ujor t ity vu 
, , 

* ---~ ob .rvad tn _iUIs dUl'in, -a month 01. etudy after one ~. baDo-

~. lacent clin!c:al studus f248) on 2 pat 

typa 0t bWDOparfusion also dU not caus •• Y otwiou 

t 

/ 1 
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~It 1s 1ntereat1ns to note that serua L-asparas1ne levels remained 

.> 

, 

"( J / 

\ lov .. loua a. perfusion eontinued, but promptly returne4 ta DOrmal 

vithin 3 hours after ces.aU.on of perfu.ion. On the basis of theae 

studiea,' Sampson et al (248) au"ested that thia extracorporeal 

approach 1I1.-Sht be of potenttal value in the manal_ent of 'human 

a1lolraft recip1ents, wbile obviatins some of ~be taxie effeets of 
1 

L-asparssins... Bersh, who va. eoll.boratins vith S~.OJ1's group, 

eovalently eoupled E. coli and Erv1nia earotovora L-aspara,inaae. 

to polymethylmetHaerylate plates and deacr1bed the 10 vitro pro­

parties of th.se imIDobil1ze4 preparatiol18 in a subsequent papar (249) • 

. Tbe DOst 4etailed studias on eovaleDtly-boUDd L-asparasina.a 

bava baen thos. Of Cooney et al (250), ua1~ the Dacron vaaeular 

pro~theses deser1be4 earl1er (240). In vitro stu4ie. abowed that 

amUohydroly.is by this "enzyme sraft" v.a dependent 011 the flov rate, 
( . -

ebaracter of th~perfus.te, tamperature, .ubstrate concentration and 

pH. X-SDOlolieal att,ad1.es shoved that mouae anti-L-asparasinas ••• rua 

. 1Ahib1te4 the cat&1ytie act1v1ty of th. eaz,.. Iraft by 30 - 52% 1A vitro. 
# # - 1) 1 

In vivo atudie •• howe4' that miee iaplalltec1 l.p. wi.th ta. .oz,.. ,raft 
, 

(D-Fron eirelat ~ .. rins 1 lU L- a.paralina.a) devaloped humoral anti-

bodiis to the enzyme (ugured by the taelm1qu. of pa •• ive ~"lu­
tiu ) • ,The 1auaopn1e1tyof. tha iaIobl1ize4 L-upara.iaue 1m­

pl..aJlt vu attJ:'ibuta4 to r.l.... of cz,.. frOli tlMa .upport iato tha 
, , 

body, al a r .. u1t of .r,t4uÂl rupture of th. covalaDt boa4 b.t., .. 

.othe au,.. -.cl 'the pol,.r. ".il1C~"', 111 ttwa, .,,"1val t1u of 
• 1 

L.s17ft 1aukaa1c aUa va. f0ua4 afur i.p. 1aplantat1DD 01. tha 

ds 

1 
1 

/ 

J 

( 

/ 

/ 
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L-a.pa~agiaa.e graft. Autop.y .tudie •• bowed' that fibrou. adhe.1on8 

vere pre.ent on the intima! .urtace of the enzyme graft. Keaova1 of 

the •• f1brou. adhe.ion. revea1ed that the sraft .é\1! retained 15% 

of 1e. original activ1ty (after 2 veek. of implantation). On the 

ba.i. of the.e .tudie.. Cooney et al propo.ed that t~e protein 

accumulation on the .urtace of the sraft Itmit. aece •• ib111ty of 

.ub.trate to the enzyme aad thu. impair. 1t. cat.1ytie aetivity ln 

vivo. It, 1. 1ntere.t1ns to note, in th1. resard, that S1u CboGa 

and Chaaa (202), in al1 .. rl1er r.port, a110 cteICr1bed .1ailar tW­

iDa' vith l.p. l .. J~t..s L-Q"re II1cr"';'p.ule.. !bey f01llld tbat 

prosre •• 1ve f1brol1. oeeurrecl a~oUDd the .urface of 1.1'. Ûlj.cte4 

the 8th day po.t 1njectloD. They propo.ad that th1. lika1y fcmucJ • 

r,lative).)' taperMab1, barr1'r to aternal L-a.par.,11H, th ... ICCDUllt-

1JIa tOI' tha1r f11141n, that L-•• para,iDa.e microeap.ul .. , thoup con-

61 

-' ta1n1nl catalyt1eal1y active L-uparal1a.ue, ab1Jdtad U.1tecl cSuiat10A 

of phy.101o,81c:al-acdv1ty il1 vivo dOl). HUroacapnlatecl L-a.para-
, . 

,tu .. , bovevar t vu founct to retaiD I1lDifiUAt ttat' iDhibitory pro- -

pert1a, iD vivo (146, 199, 202~ Cha"r lIt of th!. tbae1.) • ..., 

V~tuubr __ 1aD et al (251) uecS a bi.oloJ1c&l pJ:ot.1A, 
, 

J_ collal_ ..... "nier for the SIIIIobi11attoa of L-aparqi1lUe b1 f 

coy.a1eDt 'lt .. , •• , lA 1 chi. pz',l1atury .t_y, L-up.ua.iuH " .. ~ 
vitb co1ûld, ail the t-.. par •• w. ... cou. ... Idstur. eut .. a 

......... ,0 cid ..... ad tbea c .. o .... 1iabd fddl J1utar.u...,... !bu 
..., 

or , . 
" ~ 1 • 

J' 
. , 

.. 
! -/ 

+ .. -\ 

- 1 
~ 

\ 
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_brane vae woUDd to fora a 1I04ular reaec:or. In vitro teete ehowe4 
1 

that the 1aDob1lized L-aepara,111U. vu very ~tabl. for over 4 IIODtU upoI1 

. 0 
atora,. at' 4 c. An 1acr.... 111 the ~ (apparent) vaa alto obeened (about 80 

m 
) 

t1JDea h1,her than the value for the enzyme 111 .0 lut 1011) • 'l'be pB 
~ 

proflle ln thia c.e. vae vuy e1allar for L-.. parapaa.. lD. the ta.o-, 

blllzed or eolutloD form. Other 111 vltro vork aa4 poeelbl. cllulcal 

evaluation of colla,en-iMobllize4 t-upara,taaee vare "a •• tacS. 

Laetly, Paillot et al (252) ' .. cribe4 the rather 11lter •• tina 

technique of blndi. L-upara,1nae. to an laert carrier ~ote11l, mJ.n 

albua1Il, br cro .... HDk1Il' .it with putara14ebyde to fora a eolubl., 

~bi11~acS eu,.. .yetM. vuparaaiuaa. ~blli 

v.. .bovD -to ratain u h1,h ae 80% of !te 1G1ttal act 

cro .... lia.1d .• , aDd va • .,re r .. ietant te) proteolytie att ck br trype1.D 
:' 

1Il "ltro. ln viYO etucl1ae on aiee .id DOt .bow 0)' avaret tos1cit)' 
, 

for thie type of L-upara,1Da.. pol,..r. ,Th1.e type ot 1.Mob1l1:eacl 
) ...... 

eu,.. .,..t. wu eup •• tacl for ue via il1travaoua 1nJKt1oll. 

!f!tr1x-eDtr.peacS L-upuyinu. 
1 

Updike'. J1'~ (253 - 255) haI ~bi11se4 L-u,.r .. tu.. 
br 'eatrapplaa tIN .. ~ ta a hypoall ... ....d.c poly.cryl-fd ... 1 wll1cb 

f 

wu t~ -.ch.-l c.l1)' fr .... t .. ~to .all. 1&1 ,artJ.clu. 0 lA ritro 

.tuI4Ù1 .hovad chat tha •• 1-.. rapp.& au,.. .. fl'OtMte4 Iroa at~ 

by proteol7t1c .... ,.. (pJ: .... " bact .. ia, aa4 .,.t.~ic .. t.IIod, l ,'-
~'. 254). -A1cbotP tlle __ ..... i .. -~ tu .. ~(cou14 h ....... U .. · 

.. ~." iACr ... -taa CU pol,.. ~ratu.) ~ ,ta. ~~1u1' .11& of tba 
( 

.. 
" ' j ) 

...... 

î 
< 
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,entrapPed pro~1n, it vas r 

occurred frOflJhe matr1x 
1 

rted that leach1ng out of prote1n Alva,.. 

254). In vivo .tudie •• bowed tbat .1.1'. 

injected gel-entrapped L-aspa 81nase part1ele. had an act1v1ty balf­

lif~ -of about 9 day., aad that L-.aaparas1naee ac:t1y1ty eould .till be 

mea.ured in particle, recover~ froa the peritoneal cav1ty tor up to 

4 weeka alter inj .cUon. M a reault, aerUII L-aspara,1De ln'al. 

were .uppreeeed to nearly ~ero for at l ... t 2 day. atter i.p. 1ojectioD 

(255). lt was alao ehow tut 1Dtraveaciu.ly iujected tra.parqtaaa. 

l'articles into rate produeed a lIOre proloqed depr ... ioD of the eer .. 

L-a.paragine level than ob •• ned aft.r dll11ar 1ajectUD of Ira.par.­

,1Da'. IOlutlon. Particle. 10 1njeetect caue4 1'1&1111121 ~t tha ~ry 
a1croe1.rculatl.on, aad vheedq a4 bypervat1lation vara ob.erv .... . 
TU •• particl •• vera raoved by t.be r.Ü,culoeadotbel1al .,.t., aa.4 

the .pben vu t~ to f,acr.... to doubl. 1ta DOrmal a1&. 4uriD& the . 
\ ... ... , 

tirat 10 clay. alter 1aject1.on. Upcltb ha. ~ ..... eted tha ua. of .. Il0l'. 

b1oclaJ1:actabl. pol,..r ao .. to ."01.4 po •• 1b1a ,iatroaea.ic pol,... .tena,. , , 
, r-

4u ...... a r •• ult of r.apute4 tajectiou of~tht. t". of -&.obiliH4 , ' .. ,.. .. 
l'\. . 

/ 

_trani.., tt 14 11 polYACrylaUe ,al 14ttUe ad .tu4W cu ruu1tat 

pro,utiu. ot tlui l'I(eparatioa iD vitro. louad that, COIIf." 
CO -L-.. ,.r ..... U 1r .. lO1utioA, t 1 p. ope-,- of ~l-~tr..... J 

. 
(app_.t) ... 200 t ..... Il'''''''# 

" 

! !bey, lib Upctika'. SC 

vu rducat to .c 
, , 

, . 
1 
" .' 

1 

";l"./ .-
,j , 

" \ 

/ 

/. / 
1 . ' 

" 
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'. 0.0 
vas !DOre stable than L-uparaainue aolut.ion wb_ kept At, 37 C. Cel-

entrapped L-a.parasiu.e pac:Ud in a coltmn retained 40% of the orta1na.l 
• Q 0 

activity after 15 day. of cont1~u. operatiôn at 37 C. I~ theee etudiei, 

110 lukase of L-a.parastnase acti'Vity cou14 be detected fI'.,. euch a 
, r 

~ 
colu.o v~Cb~fiCieDt1Y love~ed the L-,a.paraa1ne CDIlteDt to zero 111 

b100d flow1nS throuah it. 50 in vivo .tudiee vere reporte4. 
"";' 

, 1 

Omuma et al (257) 11IcDob1l1ud L-a.parqiaue by:' _trappiDi 
, 
it in 2-bydroxymetbylmethacry1ate le1 wb1cbvu then dried, thed 
to obtain ..aller ,el particlee, and then rebydrated. Ip vi etudie. ,.--

eisowed that alter 1.p. injection of theee ael-.mtrappe4 L-açara.ioue 
... 

particle., a peak ~a.paralill&8e ~ivity appeare4 iD the pta... 

vb1,.ch va. S% of that ob ... rve4 a!tF e1a1lar injeetion of an equ1va~_t 

cio.. of L-.. par"l~e solution. The clearance rate of tha &112;,.­
froa the plana aiter 1.p" injection of ae1-entrappe4 L-aepara,1DOe 

- , 

wu &180 foUDcl to be about , ti... .1over tb,an that of the Dative 

-=,... thie vu probabl, clue toi ea.z,.m. lubge frca the .el .. tris • 

in ,vivo" o.l-atrapped) L-.. para,1aue ~UP1t~ee.ecf tbe~ p1aaa L-UP~"1u 
ln_1 to the •• 4ep' •• a. L-.. ~r.a~ • .a1ut1œ. PreUadpary 

.> l , 

etUlSia' OA the t...or-iahtbitOry aff.fi of ta.. 2 .. ,.. ~.,ar.t1ou, 

bowev_, ....... tecJ 'that: ... l-.. t1'."..t L-..., .... 1" ... vu .1tabtl, .n:a 

tUrap~t1.c ,t1ws vup."1,,, Ûl jft01UC1OA. 

Jin., ree_1, ... ·1. .... ttaa 't.:1Md4- f~ ~b111s_ 
'" 

l ,II! 

L-..,.a,iDaH vu "ac1'iN4 ., Iù4a at;' al -(251' .., '-1'''''' the . ' 

.. ,.. ioto a .. tris of _ .. _ f lK'iA i0rfM4 ft:~ Ù,kAoa--iA tbe 

0AIl .... Chat' ~t1oD lact« UII 
• 

// 

/ 

/ 

·1 

1 
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" 
c:.tUed • cro_.-U.111d.q effect betveea f1.br1ra 1IO~u1 •• aad ~ 

f1br1.n and L-up.ra~DUe .,leculu. JIO _1p.1f1.c:aut 1 •• ka• of J.,-

o \ 

a.paraBinaI. ,froa the f1brin pol,.er vu reporte4 • ."en alter 

lieu of 

bil1zecJ eu,.. nepu.t~ for 2 4.,_* 1'be:ua of 

_UWtleo.1.c _ter1.al, .. ped.all, bauD fibr1aopa. 1a 

. ' 
f{ 
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t."'lparllt\\a .. lolution •• iuo.ncaplulated 1 .... aparaai\\a.l. aalln. or cQntrol 

.ic~c.pàul •• , Aftlr injection ef ~-a.,;araa1ft." aQl\lttQn, .nI11l\. actlvlt)' 

. &pp.,red 1ft th. -b10Qd v.ry rapi~l1y wtth t'~ hlahl.t co~cantl'at1~ft occuulq 
,\ ,. , 

alt.r A bour., Incl WII th.n rcl.ar.~ rrc. th, circulaùon vith a half-11ft of 

'4 •• ' hQurl. ln .. rk'li eQntrllt. W~l\ .tcro,naaplul.tflCl t.-atpar .. ln.a. ,WII 
\ . 

injecttli. 'ne atantflclnt 1.-.lpar&llnal. aQUvlt.y app.artd ln th, blood fQr .. 
th., .nUr. duutto\\ of thf' ~tudy. "ao~y" t.-a.l'Ilfqina .. 1eval~ clec1lft.d 

v.ry rapiclly ,1th a half-1ih of 2 hO\1I'. altar t1\j.ctton Qf t.-IIP'I' .. tn ... 

aQlution, vhar ••• 1t tock 60-72 hOUril fer th. "body" t.-a'para,1n ••• ta dt-
11.J. .J 

cr •••• ta SOX \1f the oria1nd a.ctbi.ty afttf injaction of 1Il:lc.rQcmcap.ulat~ 

L-a.paraatna .. , Tl", 1II1eroencap.ulttld t-.. paraatnaa. etU1 retdnH abQut r 
i!> 

201 cf lt. criaina1 .ctivlty up to 16 cl~. artel' 1njeetl.cn. Pl ..... t-IIpa-

r ... inl va •. adnta.lntd at •• ro ccnctntration for l d&)'I aft.~ injtction Qf 
1 

L ..... pn .. tft ... lolütlon. ecwapal'ecl to 8 claya alter injection for 1I1croenc.p-
"­

Q 

";.. 

lulattcl L-alpafaa1n ... , t.tVet L-IIpa'rqinllt actlvity ft. lound to inert .... 
Q 

alter injoction of L-aapara.ain •• e ao1ut1.on but 1\ct aftor 1njection of ldcl'O-' 
, \ .' 

ancapaul.tee! t .... p.I .. 1n ••• , Th. r •• pon .. of tha ha.t, to 1.p. lnj.ctS,on of 

nylon .teroeaplule. tl d.leribed, Pr.1181nuy utert •• nta tftcUcat. that t'he 

half-Uft for alur.nee of th. f'rtt t".}'ft. f-ro. th, etf'CulaU.cn cl 6C3R1D 

ly'IIlpho •• rco""'bt.r11\1 aie. VIa 13.2 hourI Il cOapartd to 4.4 hout. of nonaa1 

ale,. ancl that .1~otnc.,.ul.tee! L-.lpara.aln ••• WII capable cf caualn.a re-, 

Irell10n of th, t,).r t1\, the advane'tel, wU-'.t.blt.hM .t .... 

\, 
" 
\ 
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lU"dd'. \lb.,rv.Uon. (1, 2) thlt luift" pli .. rua tnhibttod th. Irowtb 
. "'-

l '1 
of cntai" "'\trin" tUlllOr_ I.,ul ItOO"'tI·. U-~) t~,nttftc .. tton nvt&ltt\l that: th, 

antt-t\l"'c.'Ir prop.rth. ot thh "1'\111\ wr. d,. to lta t ..... ,.r .. 1n ••• cont.n.t. havo 
\\ !=> 1 J 

r,.ulte<l tn • l'f'.,t d.al of tftttUlt ln thi. enlyllulh l4alhbun .nd Wrht,on (6) 
. '"" \ \ . 
'clbc()ver,<i that l.-lIparaatftà •• \.w~th tUlIOr .. tnhtbttory acUvity,could bt obtatntcl 

ff~TI\ I.e~'ftc~l. coU ~h.r.by .. kt", ~l\t' .~.)"II' 1101.'0 nadUy l"atlablt ·for 
. 

exun.tve inv •• tllat10n, ~thtr Itudiei ahowed tbat L ... parlltna •• Wl •• 110 

IU'\lttV. aadnat ltv,tNl other typ •• of l'Aurtn, -louk_ta. and lolte! tUllOi'a (7. 8) 
1 

"l\d qatnat .ponta".oua dOl lY1Qho.arao1l\l ,(9) • tnclopondont york b1 Ntu_ft and 
, 

McC~y (10) .nd Bahy et al (11) Ihow.cs that' cIlll of th. Wantl' Carc1ft\1.ItCOM 

256 anli th, L!178Y IIOU.' 1Iult_ta would not araw 1n_ culture, .. Uua dovo1cl caf - . 

L .... par~tn. which ,il ~lnoUl1Y QO~.idond to h. a t\on .. o.nttal ... 1no I.cl
o
cl tOI' 

norlll1 ti.au... Altho\llh th. aact •• chant .. ot th. antt-tuaor .ctton est L~ 
, . 

... pauat"a .. il t\ot t\llly k1\ovn., the .It wid.~ ICC.ptd th.dl 1. that ad.ta-

iatl'ltlol\ ot thi. .nly.. d'platé. tbe extracellull.l' .ourcl ot t" •• par,,1".' 
o , 

th.rlby ... lectively dOM:roy1t\1 t ... paraatne-cl.p.ndent tU1IOr CtU. (S,. 7, 12-14), 
\ ~-

" - /, 

Th ... L-aapl.I' .. iaatt-a.n.1Uve t\lllOra, ln c.ont'r'alt to .olt t\oraal c.lla I."cl 

L~tp&r .. lfta .. -r •• tat.nt tutAor.t cannot Iynthe.ttt .uUlet.nt 'nclo,oftOul L-

~.Plultt\. du" to th, l~ck of 1. .... »1.1.' ... 11\' I~th~taa. or tl\.b lftc.~ao1ty to 
~ ~ 

i~cr.... L-.. par~n •• ynthtt •• o actlvlty after L ... p.r .. 1,,-~ .. a_i"llttation 

(15-19), . . ' 

" Th, u.rat at~...,t to ovàl\l&te t .... p.~ .. in .. ae cUt\lcl11y val o.atrt. • . 
out li}' Dolowy tt .1 (20) who u.tel 1 ,.l'ttall)' purtft_ prl:paratto1\ of lut" .. 

, . 
,ia "1.'UII 01\ a pattent vtth .Qut. l,Ja'phoblalt1c bult_il., 'BUl u al (21) .'\Cl 

1\ 

Oettl.n et al (22) r.portee! that 1. coli t ... ,.r .. 1na.o alao had atantale.Dt 1 
1 . 

1· 

J 
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'th.raptutie "U"cta fn Hrh Sub •• quft(t .nd 11\0~. txtanaivt clinic.l triala 

~Arritd out by ,av.rll ar\)UPA (23-32) d.ftOn.~r.t.d that ""'aapanairi.a, h 

A Véry' promldna rMhd.on-i.nducina •• ,nt ln aCllte lyaphob-laatic l,ukl1l1a 
~- . 

in c.hildro\\) but ""t. io.. "uec ••• tul in th, tra.t,,"nt: of non-lyllphocytia 

hukémiA. and pl'oduc .. only oac.llonal r~I\)on ••• in lyapho.arcoM and ret­

ic.ulum-coll ureo... Thoro ara .. numblr of a:ldl ettaetl .. Ioct.tè wtth 

K. c-oH J.-a,))ua.tn ... th.arapy, The .1d, ,ftaetl vhieh h~'" b .. n obl,rv" 

t\\ '0111' pati"nu tncludo1 anar6Xl •• n.u •••• voa1ttil\l. chUl., ftVI~, dlurh' •• 

wetaht 10", hypotanllo11. certbral dyafuftotlon, hypol1pU_ta, hypll'U.pldeaia) 

varioui m.niftat.tionl of hypoproteitteia. co .. ulo~thy •• bnonal livar 
- , 

lunetton t.'U. f,tty 1II1tailorphoaii ot thl UVII'. panc~laUc clYlfuftet1on. "lotl1l\!'. 
\ f, 

. aranulocytoptnlA. lymphocytoptnia, thro.bocytop.1\1a, .and hyparltnattiV1t; 1 
l'o.c.tionl with po •• iblt ltfo-thra~tlnina anaphyluil (32-36). 't\la widl 

apoett\lll of aiell Iffecta .. y ba attributed ta at l .. at threa factor •• 

'irlt1y, th~-...., be th, diuct or ind1r.ct ra.ult of the l"a)'Mtte re1aOval of 
\ \. 

L ..... ~ar .. tl\G caulLuI, for in.t.nce, a dçr •• Ii~l\ 01' c •••• Uon of prot.tn 

arnth •• 1I, Secondl.y. the, lIay ari •• becau .. of th, anti"nte naturl of the 

foretan enlym, prlp.ration, 'th"'. wlth rap-.tad lnject.ionl of tnlyae th.re 
- , 

u.y b, ptobl.1 I",eh .. s..unolo.l~a1 l'Hotton •• l'Ipiel rlllOval and inacU-

vation of th. for.1&n Ina,.e by the ho.t, Th1:rclly, they 1Y.)' orlalnat. 

from th. po.lib10 contaai".Uon of th. .".yu preparation with, bactl~ial 
• 

tndotod.n. or oth.~ baeterial lubltanc... 'the lattaI' tvo po.a:lbUitt •• 
, , 

repr ... nt probl... which on, would InQoUfttar whl" uliftl InlJlllI dlrlvad 
l' 

froll hatero.eneoua loure •• , 

..)' Blaplpyiftl thl conoept of 'art1fitlal cIlla' ln tha foft of a .. t-

))ll'lIIabll 1'l1cl'00.p.u1 .. (37-39)'. thll t)'~. of .t\lyaltechnololY ha. b.ln uaee! 

fol' th, exp«rhlnt.l .'uppr .... lon of thl Gardn.~ lyapboaarcou ln C3H/BIJ atcl . , 

1 (3Hi), 
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Saralp.f1I\Ilbla tdefoeap.ul.. (37·~9) art .phel'toal. ultrath1n, .e1l1pel'aHblt 
-1 

Ipolymar a_brane. of caUuial' di.aMlo"., .aab Ia.velopina a miol"odroplet of . , 

an ~q\leo'u. pro'tai" aolutlon 01' IUlpeal1ôa., Ioth tbe tquivallnt pore l'adlui . 
l , 

_ct •• an Ill •• ter of ' ~h, "lcHelp.ul .. eaft be vai1.ed at wl11 o"el' l ",ide flqe. . , 
la. addition to havina ultratM.n _.bu"e •• the ... 11 al.a of tb •• icl'ocaplu1a. ' 

oU,r. th. advant ... of hlVlq a" utr.ely lar,e ~'\ldaaa .rl./vol.a ~.tio, 

not unllkl thair btoloalca1 cou"tarpartl, Tha ,nclo.tna •• bran,. of th ... 

• 1crocaplul.. ara '\loh that thay al'a Itl.ct1valy pentabl. to amaU_lacule. 

('.a. ta .... par .. in., L-alpartio aoid, ,talOnia), but afl tapanaabl, t,o .. oro­

I\Oltou1 .. Ca.,,, a"l)'ae. lad othn protll.n.) 01' c.ll., 1ft thl. way" th'l'afo~ •• ' 
v 

L-alparqla.a •• and aft)' Icooapa\\)'11\1 1Ilol'O.,1.oular coat .. 1a.a"t.. Oftc. load'd, 
; .. 1 \ ,..' _. 

in.tde ,Iue\\' .1arocap.ul .. , Ara preveattcl froll latè'HaUna d1r.ctly with th, eXT 

t,.ar".l... :,,,vironment and troll leaklna out to aive 1'1.1 ta \ln"."ted 11I .. un010110al, 
1 

aa.d other toxl0 rllotl'O\\., 01' bt rapiU}" reaovad &\\d l\\acUvlted by tha hOlt. 
" 

/ 

At th ..... t11l.. howvu. ute~nal per ... nt 1I01aeult. can dialytt acroll th. 1 

l"lpamtabla ... brane to be Jettcl on by th. anayae whlch haa 'be." .nt~appt4 
r 

ln th. latracellular anvlrol\ll.a.t of the .ial"OC~IUll, ThuI'1"UI Iti11 bltna. 
, \: • 1 

capabl. of acU.na aU1cllnt1)r oa th. t .... p.r .. ln. tn the IUrfounclina .ecUwa, 
."' ~ \" 0 

t..obilbltion of the 'al,.e ta ... ipll1Mable' ,.lcrrocaplule. aov peNlt. lt to 
, 

be, ".i\\i.~ared in -.ueh a fon that j,t s.. botb l\on-111'11\",,0,la1c "nd~non-to~tè . , 
.- ... 

vith rtlp,a.t to OOft~ .. s.,,'ttt\l bactedal .ub.tane.... fu.r'theftDo~e. 810roeno.p- -

.ulation or L-alparqinl .. vlth!n aa. -nvlro.ent oontainina a h1ah ooncea.tratlon 

of prote!!'. re.uttl _in la lnare.IH .ttbilit, of the laQ'lle (4a. 43). ancl theraby, 
',... 

aay' ~eduCi th. ftald for froquent, rap •• tH lnjeotl--onl of thl aftl)'1ftt, À~other 
1 

11anlflclftt aclvantqe tà thit oOfttlftulci l.-aap.rq1N" therap)' li 1\OV ."de 
c 1 

.1 

pOl11b1l ua1na th, .lorolftoaplulatad .fora of the aftljae avtl\" 1ft pattenta who 

f \ 

l' 
/ 

~ 0 
-----_ ... _._----
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have deveioptd a h1lh anttb,dy tttrt ,,l'tnlt ~-.. ,al' .. tnl.e ,rlv10u.ly a4.11\1It-

_l'ed 1n the froe forll" Thi. ctrculI\v,"'U ih. prob1._ a .. oct.tu witb 1'&,t4 

l'etftOval and ln.cttvaUon of the Inl,.t or ~h. rtllt of ana,hyla.'. -.n4 otber 
~ ~' .. 

t.munol011cll QOftP11càt10n •• 

Thb ,Qr a""ly'" 1'" ctataU 1011. of tl\A .tflcta of .'~'" t1\jeetloÏ\, 

of L .. I'&1' .. 1n,,1 'ln 11'11 lol\l~lon -,ft. ln t\\. llteI'Oe1\Olp.~.t'" fon ln cJ1l/1t1J 

atce, ' ln plfttcu1ar. ft hav. exa.t",. th, tft vivo .èabUtt, of tbl two font 

~f the' enl)'l\\' tn tht b'ul~ thl & .. octattd hl\l" tbat tak. p1ac, t'ft 'l'Ilatton 
, -

to bloM L"I,al'qtnl'l acttvtty ln. pla .. "",pII' .. 1nl 1,"11 aM thl fate . 
of th, 1,p, tnjeeted atc'l'Oelpaull'. 'tllt.tft&l')' liod1nal Oft th, 1:'1I1 ... 10n" 

( . 
of th. 6C3RIn lYIIPho.&I'CON ln t\UlO~bl'ftl\l alel ,live !l''I or 1ltcfolnca,-

\ 

'Q1attct ,,-a.pal'Nlb,.t arl 11ao r,pol'tld. 'l'hl c01\cOIIltallc CU1\Ie. 11\ "'.0-
\ . 

1'1\Ou. 11'111' L-a,puaa1t\aal aet1vitt will b. pubUab..t ln II'0tll' •• tI11 1n 
'" '/ 

1 

.\ 
I~ 

/ 

" 

" 
- 1 

\ 

'" 
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NOl"lll_l. C311/111J ate. "'f..~ina about. 2S .. vtte \lIed 11\ th ... 

• tucU .••• ' Th ... orllinlt.d froll Jàoklon Llbol'lt~r1tl. ~'l"bor. Matn', 

Thb ) ven •• intllftH 'on • ditt Qonlhtlq of Purin, Mq\l., Cbo" .ncl waUr •• 

l1btt\lYl. 

., 
'D1m 

1. coll L-alplr-aa:t.n ••• (IC-2, L .... p.r .. 1n ... ldol\7tlrol .... le '3. 5', 1.1) 

"" obtalned ln vial. ot 1000 lU troll N\atrlUon.l 1100,,*to&1 Corporation, 
. 

1 Cl.vel,nd,- Ohio. Th. ap.o1f1c acUvit)' 'of the preparation val nt.' tu/ .. , 
~ " 

On. lU of L-alparqtn ... ha •. b •• n dlfin~d li t.hat I.\lnt' ot .nayY/I' vblch 

w111 llbnau 1.0 \1llOl.e of '.an1, ptr minute at 3iOe" 

.rgu'51oB SC L=t'RHMW'\ alsnS""l" 1 
"'lpara.,bl, nylon .1~rocap'\l1t. havina f a .~Ift cU .... ttr al 80

1 

\.l~ 
• ' 1 

,~ viI", prepar.1l b)' tnt.d,cial p~lyalrtlation Ultl\l th. u,",a~ed pr~c"\ll'e (39), 

Id .• fly, to a be.k.r lurl"ou1\~~ by tee th. fol10"11\1 .... \iel~'". O.) 81 of 
" '. 1 . ~ 

i t."'.parqift'" loluttoft (1000 IU"'l). 1.5 al of 10'" h~.lobÙ\ .olUtlon <II 

/ (h..ollob11\ .• ub.t .. ·.t •• WOl'thtqton '11~~_lO~l Corporatto~t h •• ho14: .w J.~.\y) 
'- . 

and 2,2 1I\l ot • fTe.bl.)' pnparecl .1kall1\e l',6-h •• ,.tl\7ltftedi'-t"t elutlol\ COftlr. 
") , , 

t,lMftl ',,0 pl 1.6-ht1t._thy~'I\~,Ualllll\'. 1.a pl .od~u. ~I'OÎtn cat:&,onate and 

7,5. pl IOcll,!" c~nQ1\at." ~ Vll~-. ~JutabO" ...... ttc ~ti.,nr (rlthej- 80111\-

'. Ufie . Co.. Mo\\tr .. i. ~.c) ,t a ,p," .,tUq of S. tbta afitutoUI aoluUoft 
1 \ ". 

we. watellat,ly -.ul.Ut_ 101' 1 .bute at .·C vitb '.S al of a ,"al .... ~lvent." 
, . 

\ (ohlo~ofon-cJClohuat\,'. 114, cofttliftlaa 11 'f~/\l8P'ft 1$" (Atl':' Ch_tcÎl 

lM ... trl.ù. Irl .. tfo" •. ~e •• ~o)~.: "itho,,' 1t01"s.toI the attrlli ... )S.l of .. 

S.. .\pp.lnellx 1, 
\ 

" 



, . 

1. 

0.018 li .ebacoyl chlor1de .Ol\ltl01\.p~Qlrtd ~-~ta'.lY balal'I \lll by Idt-
/ , 

iq 0,1 .1 ~f l'\l~ ••• baco,l. ahlOl'ldt (1aItH\\aladlk Co,) 'to 2S III of tb. 1'11t-

'ect .olv."t .. wu. aclcltd .I\cl th. reletion Ibtt\ll'I nll'I'od fol'" aftothel' 3 
\ ' c., , 

all\ut .. at tbe ... _\\1"-. The l'tacttOft ftl thl" ,uel\cbtcl \1 tb •• .tcliUoft 
, . , 

of 50 al of the t'atxld .ol~"t" to ~l\e .t1rl'H .\llpI".loft vhioh t. th.ft 

.t"l'I'td tOI' a furthlr 15 ,.Iao\\cl.. 'tbe '\lPtrftatl"t Va. theft 1' ..... - b, ... -
1 

t •• \\t't~on If\ll 41aelf4tcl~' , SO ral of , datna.nt t twt.n 20 .olutlo" (Atl'ü 
1" , q ". t" 

C'b.10II' tftcl\l.tl'l ••• · SOI,> vlv 1ft _tIr). "'ft thl" at ... to ttt. IU.,t"ltot\, 
''':..- .. ..... " 

... 
tOI' 1 .1I\utl, -' t'~. "l"ld .., •• then dur ••• ed to"', Itttil\l of .\ .ftd SO III of 

, . 
dlltiU,d ""Ur ~I'I ,dlied. t'ha ,\llpen.loft va." ,Un'o(t fol" 30 IIco",4. 110" 

, . / 
&,,4' th~~~ ,ourt" ,Sftto & bo.kir contAtftlna 200 III ~t dtatU1Mt rur. Th. 

1l1c~cap.ull IUlpal\.io\\ "a. thlft vlIhad l~ u. ••• with 'IU",e to f8ftOVO .ny 

txO~" ,:wean 20, Th, m:lerotlplula. ~r. ~h." re'\ll}\et\dtd 1ft "aUfte t«) pr()-
1 

düc.,,1 501 IItcrocaplule .~.p.".lot\, ' MicfoClpault8 prepared ln thta vay 
, ' 

bave \n actlvity of about: 12 lU/al of SOI ",l~I'OCl'P,.ul. lu.pandon.,' Prior 

ta u"_ th,~ ,i~Qt a~ttvtty of the yrtpar,tloft va, a1\t&YI dltarmined. 'the 
, , 

.",p.~\\atlftt w.. t •• ttd for &l'Y .• ftl,.." aotivlty to ~.u~. that. tbne Wl~ \\0 

lnk .. e of .n,1I" nom th •• laroeaplul.. preparation, and th. mltroeap.ull.­

-"1'. il"lft*, und.!' ~h. ~tC~'COPI ta ."I\lrt ~hat thair ._bran •• "'tl ",11 

fOrMel, O1\ly prop.rly PI'Qlr.d .t~rocQ.ul'l (l'taure 1) tbat latt.fi,d' / 
\, ~ ~ 'II;, 

tK •• '. crUerll Wlra ulld 1,\\ th, •• Up.rtaen.~.. , ! 
f , , 

~upl of alee ~llvlft1 ~"aa~l' .. t\\ ••• 101\1t10n or t ... para~ln, •• <,· 

.1croQapI\lI~.,,,,I' •. aben t.p, Inja~tto~. of 0 .. ' lUI .. )o\ly ~taht, \. 
~ 

" 

1 Ij, 
\'''11 

':'1' 
"' - . 
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FIGURE l 

Photoaraph of typical L-a.paraaiQ~a.-loaded nylon .tcrocapaul ••• 
The mtcroc.psul._ ahown h_re vere pr.pAred by int.rfAcial poly­
meri.Ation. a. d •• eribed under Material. and Methoda. The nylon 
aicrocapsule. ioraed are of 80 pm .ean di .. eter and have ... branea 

~ Wh1ch are 200 thick vith an equiv.lent pore radiua of 16 A. 

( 

1. 



() 

1 

r r 1 ,._. _Ubd l ._t ..... 

97 

Control mic. were aiven 1. p. injection. of l ml aaltne oro f 1111 50% m1cro-

cap,ule sUlpeneion eontaining no t-alparaginast. 

Pr@paration of ti.lues for L-alparaaina •• assay 

(a) Blood. - Blood was drawn into fire-polishcd, hepariniaed Paeteur pipettes 

from the subelavian artery of ether-anesthetiled miee. The blood was then 

o 
tr.n8f~rred into smal1 containers which were immediat.ly .tored at -20 C 

untll ready for a.say in the next fe", hours. 

(b) "Body". Raving exsanguinated the miee, the skins were removed and the 
Î 

livers disseeted. The remaining portions of the animaIs were then homo-

genized 1/4 (",Iv) in ice-cold saline uslng • Waring blendor. The homosenates 

were filtered through trip1e-layered cotton sau •• and the filtrate immediately 

kept at -20oe unt!l ready for assay. Any subsequent mention of the cmount of 

L-asparaginase activity remaining in the "body" after enayme injection refers 

to the enzyme activity assayed in the homogenates prepared as described here. 

L-asparagina.e assay 

A •• ays of enayme activity were carried out u.ing • slight modification 

of the automated continuous flow method developed by Schwartz et al (44) (See 

Appendix 2 for details). This method of Assay i8 based on the Berthelot 

reactlon in which enzyme hydrolysis of L-asparagine results in the release of 

ammonia which can be detected colorimetrically by its reaction with sodium 

hypochlorite and phenol ta fora indophenol. The major changes in our proced-

ure vere 2-fold: 

(1) 0.1 M sodium borate buffer, pH = 8.5. vas us~1nstead of 0.1 M veronal 

buffer. pH = 8.6. 
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(2) The incubation coil was made longer 80 that the reacting ttme of the 

o 
buffored onlyme-substr.t~ mixtur~ at 37 C wa8 increa •• d fro~ S to about 

i2 minutes, th~reby alloving a ~rea~.r amount of ammoni. formation. This 

permit. ~r. accurat~ measurement~ of lower concentrationa of L-a.para-

ain.... Th. exact period of incubation wa. determined vith a atop watch 

prior to .ach •• t of analy.e •• 

Preparation of ~l.sma for L-asparaaine .ssay 

Fr •• hly drawn blood was centrifua.d at 1000 a for 10 minutes. The plasma . 

was ~emoved and added to a tube containing 10% TCA (2 vol plasma to 1 vol TCA). 
\ 

The èontents of the tube were mixed well vith a vortex mixer .nd then centrifuged 

,At 1000 8 for 20 minutes. The Rup8rnatant was extracted 5 times with ether. 

After the final extraction and removal of ether, Any residual ether in the 

supernatant was ramoved by vacuum. 

L-asparaglne Assay 

This va. p.rformed accordtng to the fluortmetric technique of Coon.y 

et al (45), which 15 baaed on the enaymatically coupled oxidation of reduced 

pyridine nucleotide (See Appendix 3 for details). In our case, four solutions 

vere aequantially prepared as followa: 

(a) 

~) 

2.5 mg NADH (Calbiochem, Los Angeles, cilif.) va. disaolved in 100 ml 

Tris buffer (0.005 M, pH 8). 
~ / ) 

10 ml of the solution prepared in (a) vas diluted with 290 ml of the 

same Tris buffer. 

(c) 4 mg a-ketoglutaric acid (Sigma Chemical Co., St. Louis, Mo.) vas 

added to 250 ml of the solution prepared in (b~. 



\ ' . \ 
\ ' 't' ~ '. \ 

.( ~" p • •• _L __ .. _~_ ..... ~';'''' ~··~k~t~'.:"~:.;:'~~"_....:.\~_~ __ ~ ___ "'"'1-_____ J..' ;:.. '\' , W? [:"i~;,' 
i • 

99 

{dl 52 lU GOT (alutamic ~aloac.tic t~an.amina •• , pe~cin. heart; Sigma 

Ch~ical Co.) and 126 tu MOR (malie d.hydrosena'.t porcine heart; Cal-

biochem) va. added to th. lolution prepared in (c). 

. 
4 ml of the r.action mixture prepared in (d) vere pipetted into lIa •• fluo-

rimeter rube. (12 x 75 mm) (G.K. Turn.r AI.ociatea, Pal0 Alto, Calif.). 

0.05 ml of the e .. ple va. added to the reaction mixture. After incubation 

~ at 22°C for 30 minutes, a reading val tak.n on th. fluort.eter crurner 

Nodel Ill). After thi., 0.1 lU L-a.paraainaa. va. added to the reactlon 

o mixture vhieh vas then incubated at 22 C for 1 heur, and then read on the 

fluorimeter. 

Fate of lqjeeted mieroeapaul •• 

C3~HEJ aiee we~e lnjected i.p. vith nylon microcaplule. and .acri­

ficed at vadoua time intenal. up to 16 days. Microcap.ul •• vere recover.d 

f~o1D the periton.al cavity and ob.erved under th. microscope. Microcapsul • 

.. angat •• vere a180 Uxed in 10% formal1n and abedded in parafUn wax (S.e , 

AppeDdix 4 for detaila). S ~m thiek .eetions vere then cut and atained vith 

h ... toxylin-eoain. 

1 , 
j 
~ , 
) 
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lESULTS 

JUood L-aaparyinase activity , 

'laure 2 .hova that after i.p. injection of L-a.paraaina.e .oluti~n, 

peak. en.Y"'e activ1tyappearad in the blood after 4 houTa, and the enaym.e waa 

then cleared rapidly from th. blood. Th •• liaination of thia L-a.paraaina •• 

preparation followed fir.t-order kin.tic. with a half-life of 4.4 hours (Fia-

ure 3), enayme aetivlty beina no longer detectable ln the blood 48 bour. ~ 

after injection. In contraat, after i.p. injection of microencap.ulatad L-

a.paraaina •• , no d.tectable L-asparaginase Activity appeàred in the blood 

for the .ntire duration of thi. ltudy (16 deys, Fiaure 2), ahowins that the 

microencap.u1at.d L-aaparaginase did not leak out into the va.cular com-

partment. Injection of .aline or control microcapsules did not result in 

Any chanae. ln blood L-a.paraginase t.vela (Figure 2). 

Concomitant with the administration of L-asparaginase solution or 
'~ 

L-aaparaalna ••• ierocapaule., tbere wera a.soeiated elevated base-line blood 

UIDOnia levela of 0.30 - 0.50 pmolel/ml as coapared to control values of 

0.15 - 0.20 paol •• /ml in untreated mica. Thi. vas probably du. to the amidase 
--~-~ . 

action of the enayme resulti.na in an inerea,aed liberation of aURonia. This 

increase in blood ammonia level wa. not observed when .aline or control micro-

c.a.p.ula. vere injectad. 

"Bodyn L":".paryina.e activity - ln vivo stability 

When th. mica vere liven i.p. iujeetions of enayme in free solution, 

. the L-asparagina •• activity remaining in the 'tbodyn (a. defined in Materials 

and Kethods) vas found to decline exponenU.lly (Fi&ur. 4) with a balf-life 

'of 2 bours (Figure 5). Enayme activity bec ... undetectable after 16 bours hy 



o 

••.......... ____________ ~~f ________________ ~ ____ ------------__ ~,.~; , Il r ~ 1 :~,~ 1 

e 
1'. 

, .. 
,,1 

--' .-0 : -... 
j '. 
1 '. '. -• A 

~ 
~ '. 

0 , 
! 

'0 

• (A~ AIfIA"Ae .... ~U'NOM 
Il (C~ CGM11tO&. .. U .. 
• CAW MM"AOtMMI ~ 
o (CM) COMTaOlIMC*)CA • 

101 

tIII'" 
1 
~--J 

,-------tO?:l>r.-tO----~---t_O...,.--tO 
! 

« • l' 16 20 ~« ~. D • 4 • 
D • ft , D ;', ft , ft ft , 

• 10 11 
a...,., Tl"'. ene, tn).ctlon ..... 

lIGUlE 2 

T~ eour.e of L-a.paraaina.e aetivity in the ~100d of noraal C3B/BEJ aiee .fter 
one of tbe followina in~raperiton .. l inj .cUon.: 

Rach • = 8 .iee injeeted vith AS and .aertf1e~ at, tbe indicated tia. interval. 

Rach l:J. :: 3-4 aiee injeeted vith CS aud .aerlficed at the iDdicated tÙle intena1-

Rach • :: 4-8 aiee lnjected vith AH and .aerlflced &t the indieated t1ae intenal • 
. 

Bach 0 It 3-4 aiee injected vith CM and .aer1ficH &t the i1ldie&ted tÙle inten&!. 

All value. repre.eut ... n. aucl atanclard d.viatlon •• 
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'Ma. COla.. of L-alparqlft ... actlvit)t r ... iniftl ln tb. "bOdy" of ftot1Ml. C31l/lŒJ ",- ~ 
aie. aft.r one of tb. follpv1aa intrapedton .. l lnj,eetiolll: 

Eaeh • • 8 .Cee lnj.eted vith AS aa.d Hcrificed at tb. indic.tlc! till. ,iut.rval. 

Eaeh ~ • )-4 aie. lnjeeted vith CS .ftd .acrlUcecl at the iMlcated tiae int.nal. 

Eaeh • • 4~8 ai.e •. ~~nj ~ted vitb AH and l~rif1Ced at th. incllcated U.e illtùval. 

Eaeh 0 ~ )-4 aiee injeeted vitb CH ••• acrificed at the indlcated tiae lntena!. 

All valul' repr ••• nt ... lll and .tan4ard deviationa. 

'-, ) 
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th. m.thod of aaaay uaed (Ptaur. 4). On th. oth.r band, when th •• te. wor. 

aiven aiero.ncapaulated L-aeparaaina •• i,p., th. L-aeparaainae. actlvity 

romalnina in tl\.e "body" d.elined 1Weh more alo"ly (J'taure 4). ' It took 60 -

72 houri fo~ th. L-alparaaina •• activity to d.cr .. IQ to SOI of th. initial 

activity. '" ' Thia repr.eente a marked increaee in the in vivo etabi11ty of the 

aicroencapeulated fora of the enlyme camparld to the 4ftlyae in free eolution. 
, ~ 

Furth.rmore, mlcroeacaplulated L-aeparaainaae etayed in the peritoneal cavity 

for th. duration of the period folloved. Ât the end of 16 daye, 19.9 ± 3.51 

of tb. ortaiaal activity wae etill rotainld. ' Injoction of eallne or control 

.icrocapeulee in th. control groupl of mie. did not contrlbut. ta total body 
... 

L-aeparaain ... actlvit~ (Fiaur. 4). 

/ 

Plae .. L-a"paryln. levéle 

"Fiaure 6' ehoVl that after the i.p. injection of L-aeparaaina •• 

• olution. the pla ... L-a.paraaine concentration fell fr~ 31.6 ~ 3.2 nmol.a/ml 

at eero tta. to 0 nmole,'.l 1 hour after lnjectlon. After thi., pla ... L-

aeparaaine r .. ained,at .ero conc.ntration for 3 day., l'o •• to 3.6 ± 2.6 '!J 1 • 

omol.e'ml on day 4 and wa. back to no.rmal, 35.8 ± 5.1 nmolee'ml. on 4ey S. 
, 

lt .hould he noted hore that althouah L-aaparaalnae. actlvlty dleappearld 

completely from the blood 2 dnya after inject1~n (Ftaure 2), plaema L-alpara­

aine cl1d net l'il. unt11 cl., 401, ln the ca .. when microencapeul&ted L,:,aapara­

ainaee)wae injected, pla ... L-aeparaaine dropped fro. 32.6 ± 2.S amolea lal At 

.aro t1ae to 0 NIIOlee 'ml "hen the fir.t eaple of pla_ vae tak.n 4 houra 

later <Fiaure 6). Pla ... L-a.paraain. re .. ined at 101'0 concentration for 8 

day.. 1'0.0 to 23.5 ± 3.5 naolee/1ll on day 9, and va. not'llal. 32.0 ± 2.0 

a.ole./al. on day 12. Attention ~e drawu to the ob.ervation that altbouah 
! , 

f 
1 
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.. ~t) A.M"AO'..... lO'-UTtON 
.. (CI) COM~ UL'"I 
• (AM) __ "AO'MA" MtCftOCA'. 
o (CM) COM1'MM. MtCM)CA" 

11 14 ,. 

'filM coul'ae of plaaaa L-aepal'q1lle levala 1u uOl'Ml C3Il/R!J a1ce aftel' Olle of 
the followtDa lutl'apar1toneal 1ujact1oual 

Bach .. • 4 alee 1uj ~tecl vlth AS aucl aacl'lUeacl at the 11\C11eat.ecl tiae lutel'Val. 

Bac.h A ~ 3-4 aiee 1lljae_tad vith CS mcll •• erlf1eacl at the lncl1eat~ ttae 1utenal. 

Bach ••• a1e.~ lD.jectad vith AM ucI aacrl~.tcacl at the lndleatecl tu. lntenal. 

Bach 0 • 3-4 aiee 1ftjeetad ~th Q( anet NerUle" at tbe 1nclleatecl ttae lutenal. 
1 1, 

All valuea rapre •• nt -..na &ad ataudard devtat~oua. 
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201 of the lnj .eted L-alpu ... ina •• activlty .tUl t'.utft\cl ln th. "bocly" 

aftar 8 day. C'taur. 4), pla .. a L-a.paraa1n. lavel. ro.a back tOw&t'd. nor .. l 

on day 9 tFtaure 6). Inj.etion of .alin. or control .ieroeap.ul •• di~ not 

eaui' at\)' '1antfieant ehana' in pla ... L-a.paraaine leval. (l'taure 6). 

&"pon •• of the boit to intrap.ritoneal injection of DYlon ,ieroClp.ul •• 
6 

Ther. ver. no .xt.rnal 11an. of toxlclty a •• oeiated vtth th. t.p. 

t~roduetton of control or ,L-alparaatna •• loadad .teroeap.ul •• , and th •• ~ 

~al. ramained aetiv. and h.al~hy vithout any abdo.tnal tenderne.a or ria id­

ity or ltanificant chana" in wetaht. 

24 houra after injectton. th •• tcroeap.ulel appearad to be covered 

by a IUCky film. Th ••• IIIteroeaplule. t.ncled to fOrla 100", Iticky clump. 

or .. area.t •• , vhieh ver. fou,d in laraa nuaberl dt.per.ed throuahout -the 
f 

peritonaal cavity. and e.p.etally in th. uppar parta of the peritoneal eavlty. 
1 

On day 2. th •• ierce.paul.. tended to fora ... 11 .... e. and loe.te mo.tly in 

th. resion. of th •• pl •• n .nd upper .urf.c •• of tha liv.r. The.e .ieroe.p· 

aul. aaarea.t •• eould ... 11y be dl.p.ra.d at tnta at .. e., Ex •• ination of th. 
) 

.teroe,plul.1 und.r tb. lIIicro.eope .boved ~bEah'Y ver. tnt~et (Ftaur. 7). 

Thar. ia a proar ... lve d.cr •••• vith U •• aa reaarde th. eaa. vith vhleh 

\ ,. tndividual .teroe.p.ul.1 c~d be dtap.rae<l fro be anreaau., .0 th.t by 

. day 6_th •• terceapaul •• Corld only b. a.p.r.t~ vtth areat dlff!eulty (Fta-

1 ur. 7). However, it ean b. a.an that tha .teroe.p.ul ••• re .tUl intact. 

Riatoloaical .. ctionl .ho" • typicd for.tan, body t'Netton vith an 
, . 

infiltration of n.utrophil., .ononuel.ar phaaocyt.a and fora tan ~y atant 

e.lli. By cl~ 8, th.r. va •• n tuer .... ln th. pr ••• ne. of IIIOnonuelear 

Phaaocyt •• , • d.cr •••• in tb. u.ut~ophilte infiltrat. aftd va.cUlar flbroblaltic 

1 
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prolif.r.tion bta1nnina 'rom the periphery of the .. ,reaate., Iftcr.a.~ or-

' •• nlaation of the pel'iphery (aa .hoVl\ in Appeftdix S) occura v,ltb ti •• aa pro ... 

Iteaalv. coll ... nou. flbrO.là advane.a lnwarda fro. tbe pel'lphery to tbe canter 

of the mlcronapaule lIareaata., 
_.... Ç>' 

tu.or l'tlre •• ton in aiee beal'ina th. Gal'dner°\l!Phoearcoma §C3BEQ 

Preltainary .tudie. vere initiate4 u.lna male C3N1BEJ miee tapiant-

ed .ubeutaneouliy ln their.flankl with th. 6C3HED lympho.arco ... After growth of 
, ' 

the tU1DOr to .bout 3 e'.ll in dta.eter, tbe .1.e. vere g1.v.n a linaU 1,p, 1.njêCt-

ion of t ..... p.raaina •• lolutlon or L-a.paraain •• e mlcfoc,plul •• (0.5 lU/gm), . 
The .e.n body w.1ghtl, of the •• tumor-b •• rina mie. prior to lnjection w.re 38,6 

~ ',. 
t 2. 9 am for èho .. tbat, wer~ b\j leted with L-a.paraalna •• lolutlon and 34.8 :t 

3.S .. tor thoa. lnj.et~ with,l\-alparaainàae mleroeaplul.e. Reaulta obt.i~ed 

ahowed that injection of :'L-aapar.11na .. lolutlon or ,mieroencapaulaud L-a.para­

alna •• bath r"ult'" in th. a1mo.t eoapl.te rear.aaton of the large tumor maa. 

wt'rtn S daya. Thla dacr ... e tn tuaor 11a~ wei quiU dr •• Ue t th. tU1llOr betna 

no loDl.r vt.lbl. ta th. -ra. Th ••• an body we1ahte at thie tta. we~. th.n 

~.urecl ta be 25.3 t 2.4 am for tho ... vhteh ree.~v.d L-a.aparaainaa •• olution 

.nd 24,4 t 1,7 .. far ~tho •• Itve" L-aaparaaina •• 1l1eroc.paul •• ~ Nonal "ale 

1l1.c. of the .... .... watah about 27 ~ 1 ± 4 ~ 3 p\ 

L 
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\ 
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DISCUSSION 

The results reported here show that after i.p. injection of L-

asparaginase solution, L-asparaginase activity appeared very rapidly in 

the blood (Figure 2); in marked contrast, there was no signif1cant leak-

age of L-asparaginase into the circulation from i.p. injected L-aspara-

ginase microcapsules in the C3H/HEJ mice for at least 16 days after 1n-

jection, the duration of the experiment (Figure 2). Whether or not there 

are minute quantitles of L-asparaginase leaking Out from the m1crocapsules 

in vivo but in insufficient amounts to be detected bY~he present Assay 

\. -
technique cannot be entireLy dismissed. The fo110wing observations however, 

would seem to indicate that this 1s not l1kely to bp important. In vitro 

evidence for the absence of 1eak.age of L-asparaginase from microcapsu1es 

is provided by the present and earlier (40, 41) observation that there 

\JaS no detectab1e L-asparaginase activity in the supernatant of the micro-

capsule suspension prior ta injection, and by the finding of Mari et al 

(46) using the Ouchterlony technique, -that there was no precipittn line 

deteetable between L-as,paraginase-loaded microeapsules and antiserum pre-

pared against free L-asparaginase. &srlier studies here (39, 41) also 

- 51 • 
demonstrated that Cr-labe1~ed hemoglobin in the microcapsules did not 

leak out after i.~. injection into rats; sinee L-asparaginase is a larger 

molecule than hemoglobin, it is likely~at encapsulated L-asparaginase 

also would not leak out from the microcapsules. Furthermore, the present 

study shows that microcapsules recovered from the peritoneal eavity app~ared 

to be intact (Figure 7). 

It i5 weIl known that one of the f~rs affecting the therapeutic 

"'" usefulness of a particular L-aspara,inase is its biological half-life in the 

host's circulation, which in turn depends on the source of the preparation 

_a zq 
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1 
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and the methods used for its isolation and purification, L-asparaginase 

prepared by NBC used in the present study was cleared from the circul~on 

in an exponent1al manner wlth a haH-lif e of 4.4 hours (Figure 3), and be-

came undetectable 48 hours after injection (Figure 2). On the other hand, 

the action of L-asparaginase microcapsules does not depend on its half-life 

in the circulation, but i5 based on an entirely different mechanism. As long 

as L-asparagine can dialyze across the microcapsule membrane and the encap-

sulated enzyme is still catalytically active, L-asparagine will continue to 

be removed from the extracellular fluid by the L-asparaginase microcapsules 

in the peritoneal cavity. The barrier to L-asparagine diffusion and the in 

vivo stability of the microencapsulated enzyme are therefore important 

parameters determlning the effectiveness of L-asparaginase-loaded micro-

capsules instead of the haH-life of the enzyme in the circ.ulation. 

After l.p. injection of L-asparaginase solution, the.decrease 
.... / 

in t1bodyl1 L-asparaginase activity occurred exponentially (Figure 4) with 

a half-lite of 2 hours (Figure 5); in marked contrast, in the case of the 

.. 
microencapsulated L-asparaginase the fall in enzyme activity to 50% occur-

red only after 60 - 72 hours (Figure 4). lt is noteworthy that although 

L-asparaglnase activity disappeared from the blood vith a half-life of 4.4 

hours after 1. p. inj ection of L-asparaginase solution (Figure 2). yet plasma 

L-asparagine level vas kept at zero cont:entration for 3 days. rose to 11% 

of normal on day 4, and was back to the normal pre-injection level on day 5 

(Figure 6). This sugge~ts that some mechanism exists in vivo vhereby the 

effect of inj ected L-asp4raginase solutlion continues for some time even 

after Hs removal from the blood. Broome (47) has suggested that Lv. -

inj ec ted L-asparaginase may be r~ved by the reticuloendothelial system 

as evidenced by an increase in liver L-asparaginase activity. In studies 
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to be published. we have also found an increase ln liver 

L-asparaginase activity following the 1. p. 
1 

injection of L-Asparaginase sol-

I 
ut ion • However. no such increase in liver L-asparasinase activity was found 

.; . 
after the Lp. injection of L-asparaginase microcapsules. It has been pro-

posed that sequestered enayme in the reticuloendothelial system may still 

be capable of acting on plasma L-asparasine. thereby continuing to maintain 

ft at zero concentration for 3 days. Injection of microencapsulated L-as-

paraginase i. p. on the other hand. resul ted in a signif icantly prolonged lov-

ering of L-asparagine level with L-asparagine beins kept at zero concentration 

for 8 days. rising back to 72% of normal on day 9 (Figure 6). The superiorly 

prolonged ability of a single injection of equivalent activity of micro-

encapsulated L-asparasinase may be due to bath the Increased stability of 

the microencapsulated form of the enzyme and the protective function of 

the microcapsule membrane in preventing t.he removal and inactivation of the 

enzyme as a foreign protein (39. 42. 43). Altbough there was still 20% of 

inject.ed L-asparaginase activity remainlng in the body after 8 days (Figure 

4) 1 the plasma L-asparagine rose back to 72% of the normal on day 9. Control 

experiments showed that the microencapsulated enzyme was still present in 

an active form in the microeapsules in amounts which are sufficient to lower 

effectively the plasma L-asparagine level from normal values. Perhaps the , 
rise of L-asparagine concentration may be explained by the possibility that 

in some manner. plasma L-asparagine was now being prevented from being 

acted on by the still active enzyme within the microcapsules. This hypo-

thesis was supported by the following histologieal finciings. 

Histologieal studies shoved that there was a progressive foreign 

body reaction with tilDe beginning from the periphery of, the microcapsule 

aggregate and becom:ing very marked around the 8th day' after injection. This 

) 
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is likely ta form an impermeable barrier around the microcapsules rendering 

the catalytically active L-asparaginase in the microcapsules inaccessible to 

external L-asparagine (See Appendix 5). In this way. the microcapsules. though 

still contafning active L-asparaginase, were no longer physiologically active 

.ner the 8th day. Thus. the prolonged depression of L-asparagine levels after 

mieroencapsulated L-asparaginase administration not only reflects the increa-sed 

stabil1ty and protection afforded the enzYlIle. but also the permeability of 

.. 
the microeapsules to L-asparagine. It should be pointed out that the form-

ation of the impermeable fibrosed wall around the microçapsule aggregates 

also serves as an addi tional reinforcement and prevents possible subsequent 

release of microeapsule contents directIy into the body. The type of fore-

ign body reaction described here ia similar to that reported for other forms 

of nylon 1D8terials like surgieal suture material (48). The 1. p. inj ection 

( 

of L-a~paraginase nylon microeapsules employed in these studies 19 not 

meant ta represent the optimal route of administration nor the optilaal poly-

mer membrane for ultimate cU.nieal use. It serves only as a model system 

to d-emonstrate some of the basic prineiples and the feasibility of using 

mieroencapsulated L-asparaginase. Further research needs to be done with 

regard to. for e.xample. the development of a more biocompatible membrane 
i! 

for clinieal use. Possible ways ta improve the biocompatibility of a 

variety of microcapsules have been diseussed e1sewhere (3§). 

M1croencapsulated L-asparagimse has already been shawn to be effect-

ive in inhibitin3 the growth of the 6C3lŒD lymphosarcoma when given at ·the same 

time as tUlllOr' implantation (39 - 41). Preliminary results in the present 

paper indicate tha~ this form of the enzyme is also capable of causing re-

gression of the advanced. well-establ:1shed lymphosarcoma. In these studies 

• See Appendix 6 for subsequent work 
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it was also shown that the haH-life for the clearance of L-asparag1nase 

fr01Jl the blood of mice bearing the Gardner lymphosarcoma was found to be 

13.2 hours as cOlllpared to 4.4 hours fo~ normal m.ice. This 3-fold 1ncrease 
() 

in the half-lite of the enzyme in the blood of tumor-bearing mice supports 

the idea that the presence of the LDH-elevating virus carried as a contam-

inant in the 6C3HED lymphosarcoma might in fact be a critical factor in 

determining the therapeutie e'rfectiveness of L-asparaginase solution in 1n-

r' hib1ting trr growth (49). Since the effectiveness of Lp. injected micro­

encapSulat~ ~-aSparaginase into tumar-bearing mi ce do es not depend on L­

asparaginase actlvity in the blood. the role of the LDH vlrus ls probably 

not important in this case as an adjunct to effective 'microencapsulated 

L-asparaginase therapy. 

By microencapsulatlon of the enzyme, one avolds problems associated 

with immunological reactions, bacterial contaminants, especially endotoxlns, 

rapld in v:tvo removal and inactivation of the foreign enzyme by the body' s 

defense mec.hanisms (39-41). Furthermore, microencap!\ulation also increases 

the in vltro and in vivo stability of the enzyme (42, 43). Recovery of en-

zyme activity after lIÛcroencapsulatton ls also greater than with other methods 

of ÙIIDObi1ization (39). Since the ratio of the amount of polymer used to 
~ 

immobUize the enzyme is very a.all compared to other immobilization me thods • 

there 1s a reduced problem of polymet material retention in the body in 

cases where imIIaobilized L-asparaginase is used either for injection or as 

an implanted graft (39. 43). Another impottant factor that should be noted 

i.s that 27 1111 of microcapsules of 80 \la mean diameter would offer a surface 

area (r approxi1Utely 2 .. 2. wh~ch i. l.arser than the surface or .. of stand­

ard herÀodialyaers (39. 50). This, plus the fact that the ultrathin aem-

brane of the seaipenaeable Ilicrocapsules 18 8t least 100 tilaes thinner than 
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that of standard hemodialzer membranes. means that the rate of diffusion of 

permeant 1II01ecules across 27 ml of microcapsules 80 lJm in diameter would be 

at least 100 times greater than that available in a standard hemodialyzer 

(39. 51). lt 1& apparent, therefore, that the use of L-asparaginase micro-

capsules bas the features of increased stability. extremely large surface 

area:volume ratio, dialysis of substrate across a sem.ipenDeable membrane 

vithout the risk of introducing free enzyme into the body, and non iJmD.un-

ogenicity. In patients with a higb L-asparaginase antibody titer (52), there 

18 a further advantage since antibody is prevented. from entéring the udcro-

capsules to cause antigen-antibody reactions (37-41). This approach of 

microencapsulation is a simpler and more effe~ive vay to circumven~ or ré­

duce the incidence of side effects and/or the severity of some of the pro-

blems èncountered in L-asparaginase therapy. as compared to the approaches 

proposed by others. These alternative approaches others have proposed 

include: 

(a) The administration of immunologically distinct forms of tumor-inhibit-

ory L-asparaginases derived from"sources other than E. coli. e.g. 

Erwinia carotovora, in patients who had previously developed anaphy-

laxis from the E. coli enzyme (53). 

(b) Modification of the enzyme dialysis approach (39, 50) in extracorporeal 

hemodialysis with L-asparaginase added to the dialysis bath of the 

hemodialyzer (54). 

(c) The use of L-asparaginase immoliilized by gel entrapment (55) or cova- A, 

lent linkage (56-59) either for inj ection, as ah internaI implant, or 

for use in an extracorporeal shunt. 

Because of the virtually uniimited possible variations in the 

membrane properties and materials that may be enclosed in microcapsules, 
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microeapsules can be prepued to have a wide range of biologieal activities 

in biomedical and clinieal applications (39). DetaUed studies in this lab-

oratory have demonstrated the potential of the principle of "artlficial eeUs" 

in bio1lledical research and its actual cl1nical applications. The.e have 

included their use for replacement therapy in congenital enayme cteficieney 

in experimental animaIs (39. 60), for the suppression of the grovth of the 

6C3HED lymphosarcoma in mice (39-41). for the construction of a c01llp&ct 

artiftcial kidney (3-9. 50) presently ln its third yeu of clinical trial for 

the treatment of patiet\ts with chronic renal failure (39. 61), and more recent-

ly, far the treatment:. of hepatic coma (62) and drug intoxication in patients 

1 (63). These results support the feasibility of using lIlicroencapsulated 

en&yme in an extracorpareal shunt flyst8ID to alleviate some of the problems 

discussed here. while obviating the need for introduction or accumulation of 

microeapsules :in the patient. With further adveees in the field of biocom-

patible membranes and progress in the use of microencapsulated enzymes :in an 

extracorporeal shunt system (39, 50) t perhaps such an èllvisaged use of micro-

eucapsulated L-asparaginase may become a clinical reality as part of the the-

rapeutie treatment of acute lymphoblastic leukemia. With laxproved schedules 

of intensive cytoreduetive chêmotherapy with microencapsulated L-asparaginase 

in combination with other eonventional agents. follow~ b)1 immunotherapy (64. 

65). the percentage of .5-year survivors and perhaps of permanent remissions 

in aeute leukeurl.a may li~ely increase (66). L-asparaginase has also been 

found tb impair a number of immune reponses ln the host: (67-69). l'he dis-

covery oL the i.maaunosuppressive properties -of L-asparaginase bas opened up 

an entirely nei area of research vith the demonstration of the use of this 

enzyme as a potential 1mmunosuppressive agent. Bowever. its usefulness ls 

U.ited. again by the nature of the hetet'ogeneously derived foreign preparat:ion. 

, 
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Preawu.bly, the rationale behind the use of .icroencapaulated L-asparaainaae. 

se_ingly a DIOr. favourable iDlunoauppresaive .. ent, .s an alternative to L-u-

parqinase solution may also be applicable here. 
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APPENDIX l 

PTeparation of L-asparaSinase nylon microcapsules 

The specifie activity of the L-asparaginase preparation used in 

J the present study was high and the enayme vas aVailable c01lllllercially in 

very sma11. viils containing 1000 ru or 3.2 mg protein pel' vial. Because of 

the diff1culty of we.ighing .out 0.96 mg prote1n (li: 300 lU) from theae vials, 

it vas experimentally more convenient to 'dissolve the contents of the vi.1 

1n 1 ml distilled water and pipette from this sol~tion a volume of 0.3 ml 

which cotitained the desired quantity of L-asparaginase (300 IU). To com-

promise the dilution effect caused by the addition of 0.3 ml of L-aspara-

ginase solution -to the buffered hêlbOglobin hexamethylenediamine mixture ~t 

the SLart of the preparative procedure. it was found necessary to -adjust the 

concentrations of the various components of the burfered bexamethylenediamine 

solution to the values given in Materials and Methods. Tbe net final con-

centrations therefore pf hêlbOglobin and hexamethylenediamine, after the add-

ition of L-asparaginase solution, were the SaDle as that described in the 

œa 

standàrd procedure (39). Alter this adjustment, microcapsules whicb satisfied 

the criteria out1ined in Materials and Methods could easily be prepared. The 

necessity of this 1IlOdif1cation emphas1zes the critical importance of the 

coacentrat!ons of hemoglobin and the hexametlhy1enediamine at the start of the 

procedure, if sat1sfactory microcapsu1es are to be for1lled. This is especi.ally 

iDportant in the case of hexamethylenediamine vhich must be present in a ratio 

of 22:1 of bexamethylenediamine : sebacoyl ch1oride. The importance of the 

choice of tbe optimal reactant concentrations bas been discussed in Chang' s 

monograph (39). 



• • .. • ·U ,ue -1 .nl.t ... I'.l ............ ~~ .. ________ ~ ________ ~ ______________________________ ~~~ 

, 
119 

APPENDIX 2 

Automated assay aethod for L-uparyina •• ac:tivity 

A. Technicon autoanalYlÇer (Techni.con Co •• Tarrytown .. New York) 

vas used for the L-asparaginase assays by the continuous-flow. autoaatee! 

1Iethod shown scheaatically in the figure below. 

........ -,-.,-----
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w,$te WO$t. -Oa1 11-80 

Wa .. , 

.j(r 
.~ 

COlORIMHER 1 RECORDER 
(550 mil) 

Rdefly. the procedure vas as follova. Sallples of apeciaen8 vere aàpirated 

at a rate of 60 • ...,le./hour. aixed vith 0.1 K borate buffer. pH 8.5, and 

0.04 M L-asparqine in borate buffer (or borate buffer .lone for blank 

detendnationa). The buffered enayae-aubstrate r.actioll aizture vas 

..... nted wi.th bubb~ea of air. and va. pasaed iuto an i.ncubation coi1 

t..aeraed ln • vater bath kept at 370 t to a110v the ellaJae reaction to 
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proceed optimally. Mur incubation for about 12 minute$, the reacUon 

mixture was passed into a dialya1a aodule at roolll teperature. NIl) present 

in the reaction mixture waa aeparated from tbe l'rotein-containing solution 

by dialysia into a recipient flowing atream of water. ';l'he UIIlOnia-containing 

solution in the r.cipient stream vas mixed with alkaline sodium hypochlorite 

and phenol conta1ning sodium nitroferric:,yanide as a catalyat. The mixture 

waa paaaed into a heating batb whicb ns heated to 60°C to allow for the 

color reaction to develop. Tbe solution vas--then pa.sed through a colori­

meter equipped with 5501lll! filtera, and the optical density of tbe blue 

color of the solution vas then recorded on a recorder. 

(NH4) 2 SO 4 standards ranging from 0.25 lJmoles of nitrogen/ml to 

16 ll1Ioles of nitrogenlml were assayed in a simUar fuhion. 

Tbe specimens and standards vere run twice, Urst vith L-asparag1ne 

and then vith buffer substituted for L-asparaaine to correct for endogenous 

8IIIIlonia. It vas essential to assay an additionsl set of ammonia standards 

with the blanlt run becauae L-asparagine depresses the color reaction. 

Fro. the corresponding standard curves, - the \Isoles of aDIIIIOnla/ml 

present in tbe speci1llen were deterained. 

- . 

The L-asparqinase activi·t.y ln tbe spectaen liaS calculated as follows: 

Let X" 111DOlea --.,n:1a/al in the specimen assayed 1n the preaence of 

L-asparaaine 

y .. l1.,les am.on1.a/lÛ in the specimen assayed vith buffer substituted 

for L-asparqine (blank) 

t lit tiae of incubation of enayae with buffered substrate at 37°C 

(minutes) • 

Than, L-alparag1nale activit.y (rul/al) • [<x ~ y)] )8O.!:~/1Ù 

&Q 
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APPENDIX 3 

F1uot'i .. tt'ic tecbnique for L-asparyine a •• ay 

The fluol'imetric te~bnique for L-a.pal'aaine aseay is based on the 

followina enayaatically coupled sequence of reàetions that resull~. in the 

k 
oxidation of NADH. The latter reaction is manifested as a deereue in f1u-

oreseent emission. 
( 

L - ASPARAGINE 

L - ASPAR'l'IC ACID 

GLU'l'AMXC ACID 

oxA~CE'1'IC ACID 

MLIC ACID 

The datails for preparùlon of tbe &8say l'eaction 1Ù.Ztul'e are aiven under 
\ 

Material. and Netbods. Froa t" net chan&e in fluoreSf!ent s ion in 

arbitrary œlta. the I;aaparqille co1leentr~ti.oll present l'Il 

/.-ple vas e,lculatecl .. followa: 

-
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• fluorescence unit. after 30 .inute. incubation of Ample, vith 

\t 
reaction 1d,zture. 

A
2 

8: fluorescence units after l hour incubati.on of reacUon abture-

containing sample to vhich L-a,paràginase has been added. 

Sl. S2 ,= correspond1.na. re.dings in whic.h'.L-.sparaaine standard (35 nmoles/ml) 

liaS substituted for a_ple. 

Bp B
2 

8: correspond:l.na readi,8 in whic.h water vas substituted. as a bl\nk. 

for sample. 

Then L-asparagine concentration (nmoles/ml) - (B 1 

• 

. , 

/ 
/ 

l ' 

\ 
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- (B 1 
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APPINDIX 4 

Ksth~ of preparation of 'eectatftS for hlstolo,ical atudi •• 

Spec1atnl vere u.rst Uxed vitb socll\11l pboaphate buffered. 10% 

fonal.in for .at l.ast i.4 hours at roo. t..-perature (UoC) " The .equenti.l 

Pt'Ocedurtl of dehyclration. elearina and infiltration vith _bedd.inj aedia 

w.re then perfol'1ltd, usina an autoa.t~ "Ft.ber 'l'iaaueaaton Model 60" 

(Fisher Scleut1f1c Co. ,Pittsburgh. Pennaylvanla). Tbe .. tbocloloay uaed 

for dehydrat1on,dearlng and infiltration wal as folloV8: 

10% buffertel Foraa11n 

Dist11'led W.ter 

70% Ucobol 1-' 

70% lleohol Il 

Ablolute A:lcobOl l 

Ablo1ute Aleohol II 
) 

50%. (v/v) Abaol:ute Alcobol :Ln Dloxaue 1 
'" \ 

501 (v/v) Abaolute llcohol 1.11 DiODDe Il 

Dloane 1 

D10 .. _ II 

Ptraffiu (a.p. 56.SoC) 1 

Paraff1.n 11 

15 alnut •• 

15 ainut •• 

1. bout 

1 bour 

1 bout 

1. hour 

2 bourl 

2 Mura 

1. bour\ 
D 

l. bour 

2 hourI 

6 bout. 

'rhe speetLua vere t~u _~cled lu paraffln bl~lta. ~t1.011 •• 
, 0 

5 ",_' 1.\\ thlc.lal ... , ,ven Jut; 11110& .. rotary a1croto-.t • .ounted 00 aUde. 

and ùt~ ovanù&bt at 37oC_ Theae .vu. clepataff1.o1.aed vith ~1e1l •. , atal11M 

Vith liarda' ~tOlr;JUn- eol1u .... tben covera1j,opped. . . . 

.,. c • 
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Histologlcal sections showlng progressive tissue reaction around the 

periphery of microcapsule aggregates recovered from the peritoneal 

cavity on day 8 (Appendix SA) and on day 16 (Appendix SB) after i.p. 

lnjection of nylon microcaps\~es. It should be noted that the dis­

torted Bppearance of the microcBpsules (indicated by the arrows) are 

a result of fixing and other various procedures employed in the pre-

pBration of the specimens for histology, as described in Appendix 4. 
,~ 
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APPENDIX 6 

Plasma L-asparagine levels after i.p. injection of L-asparaginase ~cro-

capsules cross-linked with glutaraldehyde 

Subsequent ~o the publication of the results described in this 

chapter, the fol10wing experiment vas performed to further investigate 

the problem of decreased permeability of L-asparaginase microcapsules. 

The question vas asked, if microcapsules do become impermeable after 

day 8 post i.p. injection, then increasing the in vitro stability of 

the microencapsulated L-asparaginase should have little. if any, effect 

on the duration of its in vivo action, assuming that the biocompatibility 

properties~of the microcapsules themselves are no: altered by the cross­

linking procedure. This hypothesis was tested, using L-asparaginase micro-

capsules tbat had been cross-linked with glutaraldehyde. 

The method used in the present study for cross-linking L-aspara-

ginase microcapsules was modified from the technique described by Chang 

(42), as suggested to me by Dr. John Campbell in this laboratory. L-

asparaginase microcapsules vere first prepared as described in Haterials 

and Methods. Glutaraldehyde (0.1% v/v) vas added to 5 ml L-asparaginase 

microcapsules suspended in a total 'volume of 25 ml in 0.1 M borat-e buffer. 

° pB = 8.5, at 4 C. The reaction mixture vas agitated for 20 minutes at 

40 C, centrifuged, and vashed quickly with tris buffer, pH ~ 8.5, at 4°C, 

then vith borate b'Jffer. The suspension of L-asparaginase microcapsules, 

now cross-linked with glutaraldehyde, vas washed repeatedly, then assayed 

for its enzyme activity. The increased stability of thes~ glutaraldehyde 

L-asparaginase microcapsules over untreated L-asparaginase microcapsules, 

was confirmed by in vitro assays of the enzyme activities of both enzyme 

lU .• 
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APPENDIX 6 

PlaSJ18. L-asparagine levUs in noraal C3B/BEJ aice after i.p. injection of 
L-asparag1nase 1rlcrocapsul~ crossl1nk.ed wJ.th glutaraldehyde. ' 

Each • = the Jaean of 2 Irlce sac.rificed at the indic.ated tiae interval. 

Values for aice injected vith untreated L-aspSraginase ai.crocapsules vere 
taken from Figure 6. 
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o 0 preparations, kept at 4 C and 37 C, over a period of 3 veeks. Normal 

C3H!HEJ Idce were Injected 1. p. vith the cross-linked L-asparaglnase 

microcapsules at a dose of 0.5 rU/gm body weight. 

Assays of the plasma L-asparagine concentrations at the ttae 

intervals indicated in the accompanying figure show that there vas no 

significant difference in the plaSGa L-asparàgine levels after i.p. 

injection of untreated L-asparaglnase mieroeapsules versus L-aspara-

ginase microcapsules that had been cross-linked vith glutaraldehyde. 

These preliminary results are interpreted to mean that inereas1ng the in 

vitro stability ej L-asparaginase micro capsules by cr08s-linking the 

enzyme with glutaraldehyde after microencapsulation for example (42), 

does not inerease the in vivo ability of microencapsulated L-asparaginase 

to maintain a zero concentration of plasma L-a~paragine. This i8 in 

accord with the earl1er findings that Lp. injected L-asparaginase 

~crocapsules. although containing catalytically active L-asparaginase, , 

were no longer physiologieally active in vivo after 8 days post injection. 

The resuIts deseribed here are probably also related to a deereased per­

meability of the microcapsules ~onsequential to the bio~nc~ible pro~~ 

perties of the present ~crocapsule membrane. If the problem of bioin~ 

compatibility of the microcapsu1e aeabrane eould be solved, pres_bly, 

then, increas1ng the in vitro stabllity of the -microencapsulated enzyme 

Idght result in a prolongation of its in vivo action. 
1 
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ABSTRACT 

1 x 10
6 

Gardner 6C3HED lymphosarcoma cells were implanted sub-

cutaneously into the lover back of each of ninety non-ÙlDUnized and sixt y-

six tœmunized elH/REJ mice. Ten days after tumor implantation, the·mice 

vere injected with one of the following: L-asparaginase solution in varying 

"doses; L-asparaginase microcapsules in varying doses; saline, as control; 

or microcapsules containing no L-asparaginase, as con~rol. 

At a dose of 0.500 IU/gm. all non-immunized mice given either L-

asparaginase solution or L-asparaginase microcapsules were alive and tumor-

free 100 days after tumor imp1antation. Hovever, at doses of 0.250 IU/gm 

and 0.125 IU/gm, very striking differences vere observed between the groups 

receiving equivalent doses of L-asparaginase solutien or L,-asparaginase micro':' 

capsules. For non-üaaunized mice treated with enzyme of equivalent assayed 
~ 

activity, the microencapsulated fOTm of the enzyme vas signiflcantly more 

effective as a tumor-inhibitory agent 'than the enzyme in solution. AlI non-

:i.1Iaunized mice inj ected vith ~ine or microcapsÛles containing no L-

asparaginase died vith a median survival time of about 18 days. 

In JDice which bad previously been iDmnmized agamst L-asparaginase. 

the results obtained showed that both L-asparaginase solution and L-aspara-

ginase aicrocapsules vere ineffective in inducing regressio~ of the establi­

shed" ljaphosarc01l8. 'rhe medi.an survival Ume of iDaunized Mce treated witb 

L-as,paraginase solution or L-'asparaginaàe aicro~es vas found to be -

about 18 days. which vas not significantly different from baunized mice 

injected vith sa1ine or aicrocapsule$ containing no L-asparaginase. as control. 

ca 



• ;t; 

• • 4 • • • -. 
"t' . - , 

l 

136 

INTRODuctION 

E. coli L-asparaginase has been-used as an anti-neoplastic agent, 

both experimentaIIy and clinically (1 - 5). Two major drawbacks have arisen 
l 

during the course of clinical trials that deter a more routine use of L-as-

paraginase. These are: 

(a) a vide spectrum of :dverse side effects7 and 

(b) the deve10pment of rest~tance to repeated L-asparaginase th~rapy. \ 

These side effects may be partIy attributed to the antigenic nature of the 

enzyme preparation and the presence of bacteria1 contaminants, sucn as en­

" dotoxins, in the enzyme preparation (l, 2, 4, 6). The production of humoral 

anti-L-asparagtnase antibodies in animaIs (7 - 10) and in man (11, 12) when 

" the tumor-bearing hosts have previously been treated with L-asparaginase 

represents one of severa! mechanisms deemed to be responsible for the devél-

opment of resistance to continued t-asparaginase therapy. Antibodies have 

been shown, (7 - 12) to: 

(a) inhibit the catalytic activity of the enzyme and, more importantly, 

(b) cause a dramatical1y accelerated clearance of any injected L-asparaginase 

from the bost's circulation. 

It bas been proposed tbat prior imItobil1zation of L-asparaginase 

in semipermeable microcapsules may alleviate o~ clrcumvent some of the pro-

ble1llS associated vith L-asparaginase tbèrapy, as coapared to its use in free 

Semiperaeable microcapsules (13, 17, 18) are spherical 
1 

ultrathin, semipenaeable polyaer 1IIeIIbranes of cellular dimensions, each en-

oping a aicrodrop1et of an aqueous proteiù Solution or suspelUlion. The 

toget~er vith the ultrath1n aeabrane of tbe microcapsules allow 

for a very {apid diffusion. of peraeant ~ sw,stances'. Moreover, the equ!valent' 

/\ 
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• pore radius (16 A) of the microcapsule membrane ls such that the micro-

capsule i5 seleetively permeable to small ~leeules. such as L-asparagine. 

L-aspartic acid, and ammonia, but is impermeable to macromolecules. such 

as L-asparaglnase. Thus, L-asparaginase and any accompanying macromole-

cular contaminants, once physically entrapped in the intracellular environ-

ment of the microcapsules,would not leak out to give rise to various toxie 

manifestations and are protected from rapid remova~ inactivation by 
",/ 

the hosto L-asparaginase can, however, still act efficientlyon the exter-

naI permeant substrate diffusing into the microeapsules. Microencapsulated 

L-asparaginase has already been shown to be more effective than L-aspara-

ginase solution in suppressing the growth of the 6C3HED lymphosarcoma when 

it is administered immediately after tumor implantation (13, 14), as weIl 

as being able to induce complete regression of established lymphosareoma 

implants (16). 
; , 

The studies presented here were done to compare and analyze in 

more detail the tumor inhibitory effectiveness of various doses of free 

and microencapsu1ated forma of L-asparaginase in bringing about tumor 

regtession of es~abliBhed 6C3HED lymphosarcoma implants and to correlate 

these flndings vith earlier knowledge of the in vivo effects of these two 

enzyme preparations. It was also consldered desirable to deter,mine whether 

microencapsulated L-àsparaginase would be therapeutically active against the 

L-asparaginase-sensitive 6C3HED lymphosarcoma borne in hosts previously 

immunized to L-asparaginase. 
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KATERIALS AND METRODS 

AnimaIs 

Normal female C3H/HF..J mice. weighing about 25 gm, were purcbased 

from Jackson Laboratories, Bar Harbor, Haine. Female e3H/REJ miee implant-

ed wi.th the lympho$arcoma vere also obtained from Jackson Laboratories and 

used as donors of 6C3HED lymphosarcoma cells. AlI mice were maintained on 

a diet eonsisting of Puripa Meuse Chow and water ad libitum. 

Enzyme 

(a) E. coli L-asparaginase (L-asparagine amidohydrolase, Ee 3.5.1.1) vith 

a specifie aetivity of 312.3 lU/mg (Lot No.4905) vas purchased as a 

lyophilized preparation in vials of 1000 lU trom Nutritiona1 Biochemical 

Corporation, Cleveland, Ohio, and reconstituted in sterile saline for 

injection of L-asparaginase solution into animaIs. One YU of L-

asparaginase has been défined as tbat amount of enzyme which will liberate 

o 
1. 0 l1JIIOle of ammonia per minute at 37 C. 

(b) Mieroencapsulated E. coli L-asparaginase vas prepared by the process of 

interfàcial polYmerization, aceording to the procedure ~ criteria 

deseribed in detail elsewhere (16). 

Each enzyme preparation was always assayed for its exact activity just prior 

to injection. 

Blood L-al:aTaSina •• 

B ood from the severed subclavian artery of 
) 

ether-anesthet:1zed mice vas • 
-1 

\ 
drawn into fire-polished, heparln1zed Pasteur pipettes. The blood vas tben 

o -
stored at -20 C in small containers and assayed with:1n 2 bourse 



~--.t.5: ............ __________________________________ ~~ ____________ ~ ____ ~ - -----

139 

L-âsparaginase assay 

L-asparaginase activity was measured using the automated continu- ' 

ous-f1ov method of Schwartz et al (19), with the modifications as described 

previously (16). 

lmmunization procedure 

Mice vere each given a single 1. p. inj ection of 32 J.Igm (10 lU) of 

L-asparaginase in sterile saline at week1y intervals for 4 weeks. The pre-

sence of L-asparaginase antibody in the serum of these animaIs was confirmed 

by the techniques of double diffusion (Ouchterlony) on agarose slides, 

passive hemagglut inat ion , and the abllity of antiserum to innibit enzyme 

activity when incubated in vitro with L-asparaginase solution. These tech­
~ 

niques are described, in détail in Chapter IV of this thesis. 

Technique of tumor implantation 

The technique of tumor implantation used in this study is siJrl1ar 

to that described by Broome (20). Donor mice bearing the 6C3IŒD 1ymphosar-

coma were sacrificed on the 12th day after the tumor vas transp1anted by 

Jackson Laboratories. Pieces of the solid subcutaneous tUlDOr were removed 

under sterile conditions and gently forced through a stainlèss 250 mesh steel 

screen (63 am diameter) into Dl.8llllDalian Ringer's solution kept at 4°C. The 

tumor cell suspension vas pour~ :luto a J!leaSUri~ cylinder and placed il1 the 

o 
refr:lgerator at 4 C. ln about 10 mJ.nutea, cl1.11lps of tissue and the larger 

part:lc~e8 in the suspension would bave settled 1eavlng a suspeo.sion of 

single cells. This cell suspension was transferred into a flask and the 

concentration &f viable t.-or celle detersined in a he.ocytOileter by the 

method of Sc~ek (21). / (See App~is 1 for details). The voJ.wae of the 
;1 

J 
( 
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tumor cell suspensio~ was adjusted with Ringer' s solution 50 that it contained 

2 x 10
6 

cells/ml. 0.5 ml of cel! suspension containing 1 x lé tumor cells 

was then injected subcutaneously by means of a 1 ml syringe and a 2S gauge 

needle into the 10wer back of each animal. lt should be noted that the tumor 

"take" in aIl groups of non-immunized and immunized mice was 100% and the 

average size of the tumors before treatment was about 3 cm in diameter. 

Experimental procedure 

\ 
(a) Non-immunized miee. 

~ , 

Prior to tumor implantation, mice were randomly 

divided into eigbt groups with 10 - 12 miee/group. The mean body 

weights of the miee in each group were determlned. Each mause was 

6 
then impLanted with 1 x 10 cells as described above (day 0). Ten 

days after tumor implantation, each group of mice received one of the 

following i.p. injections: (1) 1 ml saline. as control (11 mice); 

(ii) 0.125 IU/gm body weight of L-asparaglnase solution (12 mice); 

(iii) 0.250 IU/gm L-asparaginase solution (12 mice); (iv) 0.500 

IU/sm L-asparaginase solution (12 mice); (v) 1 ml 50% suspension of 

microcapsules containing no Irasparaginase. as control (11 mice); 

(vi) 0.125 IÙ/gm L-afilparaginase microcapsules ,(11 mice); (vii) 0.250 

IU/sm L-asparaginase microcapsul.es (11 mice); or (viii) 0.500 IU/gJIJ 

L-asparaginase aicrocapsules (10 lIlice) • 

(b) Imm.un1zed aice. Mice whieh bad been 11W111m i%ed as desc.ribed above vere· each 

given a booster dose of 8 pp (2.5 lU) L-asparaginase solution in 0.5 al saline 

5 days before tu.-,r implantation.. On the clay of tUllOr' :bap1.antation (day 0). 

tbe plaS1118. -L-asparag1ne level of boostered llice vas assayed and found t:o 
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be normal. These mice were rand<lnn1y divided into six groups vith 11 - 12 

mice/group and the mean body weights of the miee in each group were 

determined. Eaeh mouse was the~ implanted with 1 x 10
6 

6C3HED cells, 

using the technique described above. Ten daye after tUlDOr imp1antation. 

each group of mice W~8 given ode of the fo11owing Lp. injections: (i) 
", 

1 ml saline. ,as control \(12 mfce); (li) 0.250 IU/gm L-asparaginase 

solution (11 IIlice); (Iii) 01.500 ru/gm L-asparaginase solution (11 mice); 

Uv) 1 ml of 50% suspension Qf microcapsules eontaining no L-asparaginase, 

as control (12 mice); (v) 0.250 lU/gm L-asparaginase microcapsules 

(U mice); or (vi) 0.500 IU/gm L-asparaginase mlcrocapsules (11 mice). 

The growth or disappearance of the tumors. days of death and sur-

vlval Ume of the mice in each experimenta1 group were fo11owed for 100 daye 

after tumor implantation. 

( 

1 
s: _ 
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RESULTS 

Blood L-a8paraginase~ aqtivity in non-immunized tumor-bearing mice after injection 

of L-asparaginase solution and L-asparaginase microcapsules 

After Lp. injection of L-asparaginase solution, enzyme activilty 

appeared quickly in the blood vith the higbest levels occurring between 8-12 

bours post injection (Figure 1). AIter this, the blood L-asparaginase level 

fell with a half-life of 13.2 hours, as compared to 4.4 hours for norm41 mice. 

In contrast to the injection of L-asparaginase solution, there was no detect-

able L-asparaginase activity in the blood after Lp. injection of L-aspara-

ginase microcapsules. There was also no detectable L-asparaginase aetlvity . 
in the blood after i'il. injection of saline or mierocapsuIes containing no 

) 

L-asparaginase, glven as controls. 

Tua>r regression i.Ij! non-1"lIllDlzed mice bearing the 6C3HED lymphosarcoma after 

treatment wi.tb L-a!paraginase solution and L-asparaginase microcap$ules 

Mter iDfPlantation, the tamors grew progressively lar~er so c,7J,tat 

the average size vas 3 CID in diameter on day 10 after tumor imphtntation. 

Although the init/ial rate of tumor regression was more rapid in mice given 

L-asparaginase s11ution than in those given L-asparaginase microcapsu1.es, three 
, ' 

days after the afdnistration of either L-asparasÜUl;Se solut.ton or L-aspara-

giDase llicrocap,ules, the tUllOrs vere DO 10ager visib1e in al.1 of these mice, 
1 

at ail doses sten. Bowever, tu.ors reappeared more quickly in general i~ 

aniaals that received 0.125 IU/ga L-asparaginase solution or L-asparag1.nase , , 

, crocapsu1es than in these g1ven 0.250 m/gm L-asparagtnase solution or 

asparag1na.se 1Iicrocapsules. Tu80rs also reappeared .,r~ qu1.ckly in tbase 

,1ven L:asparaginase sOlution than in those giv~ the eqf11val.ellt dose of 

( 
1 
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L-asparaginase microcapsu1es. In aIl the mice that were treated vi th o. 500 lU / gm 

L-asparaginase solution or L-asparaginase microcapsules, tumors complete1y 

regressed and did not reappear up to 100 days after tumor implantation. 

Figure 2 shows typica11y the tumor regression observed in mice before and 

three days after treatment vith L-asparaginase solution or L-asparaginase 

microcapsules. (See Appendix 2 for further details). Figure 3 shows tbat 

there is 00 groas evidence of the presence of a tumor at the ori-

ginal site of tumor growth, six daya after treatment w1th 0.500 ru/gm 

L-aspar aginase microcapsules. Sim11ar resul ts were also obtaioed after the 

administration of 0.500 IU/gm L-asparaginase solutioo. 

Coçarisoo of the effects of different doses of L-asparagioase solution and 

L-asparaginase microcapsules 00 the survival time of non-i1lll1unized 6C3HED 

1ymphosarcoma-bearing mice 

the results obtained have been summarized in Figures 4 - 6. (A tab-

ulation of this data is given in Appendix 3). 

No L-asparaginase given: It may be seen that all mice given sa1ine or micro-

callsules containiog no L-asparaginase died. vith a merlan survlval t~ of 18 
l 

days for tbose iojected with saline and 19 days for those injected wil:h 'tontrol 

microcapsules. (Figures 4 & 5). 

/ 
! 
) 

Do~~ of 0.125 ID/sm: There was a general tendency for llliee treated With L-aspara-

ginase solution ta die earlier than th08~ treated vith L-asparaginase micro-

\ 

cap.sules. It may be noted, for instance, that on day 24 after tumor implantation, 

50% (6/12) of tbose recéiving L-asparaginase solution had alrea.dy died whéreas 

oo1y 9.1% (1/1.1) had died in the L-aspar~gioase microcapsules-treated group 

(Figures 4 & 5). More significantly, 100% (12/12) of the animaIs treated vith 

L-asparaginase solution died by day 35 alter tumor implantation, wbereas 27.3% 
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FIGURE 3 

Photographs of the g,ross appearance of t.he tUDDr-illplanted sites be-

fore and 6 days after treatment with an i.p. injection of 0.500 ID/ga 

body weight of L-asparaginase microcapsu1es. 

Figures lA & 3e were tak.en before treatwaent (on day 10 after tw.Jr 

implantation). It can be seen that there la local invasion of the 

~ tumor into adjacent 'tissues 

~imPlanted Iymphosarcoma 

arrow. 

from the pr1aary si te of tumor growth. 

is indicated in each figure by the 

Figures 3B & 3D were taken 6 days afte~ treataent vith L-asparaglnase 

microcapsul.es. There was no evid~Of lYIIPbosarcoma either at tbe 

original site of tumor implantation or at other sites in the body. 

Similar results vere aiso obta1ned wben tbe tumor-beariDg hosts vere 

treated wJ.tb 0.500 Ill/pa body weight of L-asparaglnase solution. 
i 

In eontrast. post .ort. exaa1nationa of those tumor-bear1Qg mice 

given sa1i.ne or control meroeapsules revealed an enlarged t~r _ss 

and the occurrence of wJ.de-spread lIetascases. An accuaulation of 

large quantit:les of edeaa fluid vas dao characteristi.cally obliJerved 

in these anfaals. 
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eo.p&risoD of the therapeutie effect1.vene&s of different doses of L-asparag1.nase 
solutioD (AS) aDd ~ .. iD.aae akroc:apsu1es (AH) apiust the established 
6C3IŒD 1~ho ... c:o.t iD ~1 11)1 lat.ue. ' 
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(3/11) Qf the mice that received L-asparaginase microcapsu1es were still a1ive 

and tumor-free up to 100 days after tumor implantation (Figure 6). 

Dose of 0.250 rU/gm: As in the groups above. deaths amang the non-survivors 

occured earlier in mice treated with L-asparaginase solution rather than 

L-asparaginase microcapsu1es (Figures 4 & 5). 75% (9/12) of the mice receiv-

ing L-asparaginase solution vere tumor-free 100 days after tumor 1mp1ant.at1on, 

as compared to 90.9% (10/11) for those treated w1t~ L-asparaginase ~crocapsules 

after the same period (Figure 6). 

Dose ~f 0.500 IU/gm: There was no reoccurrence of the tumor in any of the 

animaIs treated at th1s dose. There was 100% survival rate in bath groups 

of antmals treated, and aIl animaIs were tumor-free up ta 100 days after tumor 

implantation (Figures 4 - 6). 

Effect of different doses of L-asparaginase solution and L-asparaginase 

microcapaules on the survival time of 6C3HED lymphosarcoma-bearina mice 

previou8ly"imqunized aaainst L-asparaginase 

In marked contrast ta tbe resu1ts described above for non-1.1IIaunizeel 

~--. lUee, there vas AO signifiant tUlDOr ragre.lion in 1..aIpunized mice treated 

with aither L-asparag1uase so1utionor L-asparagina.e ~ierocap.u1e8 at poth 
'.' 

dose levele of 0.250 Iu/sm aud 0.500.IV/p. TUIIOre progre.sed\'in an es.entially 
-. l .. l ' ... 

s1llilar maASler for those treateel vith L-asparag1Daee .alutioD or t;-upara-
. 1 

ginase m1croeapau1es at.dDs •• of 0.250 lUI,. or 0.500 lU/si, .s for those 
> • 

1nj eeteeS w1tb saline or control a1.croeapsu1es. The resu1ts obta1ned in tbis 

s.ri •• of exper11lents hkve been suaaar1zed in l'1aure. 1 & 8. (A tabu.1at1on 
, • 1 

" 
of tbb data 18 ,1ven in Appan41x 4). lt ean "be sean tbat aU thel .i~ ~n 

1 • , • 

tbe .ix esper_ntal sroups 4~~ vitb • tNdiaA sUrY1-'.1 tiM of 17.5 days 

. ' 
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for those injected vith saline, 18 days for the 0.250 IU/gm L-ssparaginase 

solution group, 18 days for 0.500 lU/gm L-asparaglnase solution group, 18 

days for the $roup which recelved microcapsu1es contain1ng no L-asparaginase, 

20 days for the 0.250 lU/Sm L-asparaginase micro capsules group, and 19 days 

for \tbe 0.500 IU/gm group (Figure 7). Thus, these results lndicate that 

both L-asparaginase microcapsules and L-asparaginase solut~ are lneffect-

ive in inducing regresslon of the 6CJHED lyaphosarcOllla 111 a1ce previously 

1mmunlzed to L-asparag1na.e, even at a dose level of 0.500 lUI". which 1. 

curative in non-1iimwnized a1ee beari1l8 equivalent tumor lA:tad •• 

1 ;, 
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/ 
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DISCUSSION 

The resu1ts presented here (Figures 4 - 6) demonstrate that in non-

tmmun1zed mice, L-asparaglnase Ddcrocapsules at the lover doses of 0.125 IU/ga 

and 0.250 IU/gm are therapeutically more effective than the equivalent dose 

of L-asparaginase ,sorlution apinet the establ1shed 6C3HED lymphosarcOJII8. At 

a dose of 0.500 IU/gm, both L-asparaglnase solu#ion and L-asparaginase micro-

capsules are curative. These observations are related 00 earliel' Jcnowledge 

~ tbe pbY.iOlog~al properties aad iD vivo effeet. of ~e two enzyme pre­

parations in non-ÛIIilUIlized mice. lt bas be~ shovn t'bat a single i.,p. 1n-

jection of L-asparaginase microcapsulea lovera the plasma L-asparagine 

concentration to z.ero' for a significantly longer perlod of time than a single 

l.p. injection of an equivalent dose of ~asp~aglnase solution (15. 16). 

This may be an important factor underlying the obs~rved difference in tumor-

inhibitory effectivenus of free versus the microencapsulate4 fom of L-
~ , 

asparaginase, at subcurative doses of the enzyme. This enhanced efficacy in , , 

the physiologiesl action of L-asparagipase microc.apsules .. y be explained by 
, , / 

the iD.creaaecJ stabil1ty of tbe atcroencapaulated o\fer the .olution form of 

l ' 
the enzyaae, and the protf1Ctive fuuct10n of the m1c:rocap.ule aembr~ in pre-. 

ventins the 1;'apid raoval and inactivation of ,the foreign enzYM by the body·. 

defenae _chani_ (13, 15, 16, 22). 
/ 

o 

JU.ley bas 4eanaatratect (23) tbat the c1earanc.e of L-uparaginase 

frOll the .circulation of tu.or-bearJ. aic. 18 
1 • 

the prueace of t.he ~ yirua vh1ch 1.8 carried .. a COD.t-tuant iD the 
i - /' . 

6C3lIED l)1lphoNrcou.1 A. a rault of thia ~iaWi_" tiley crecJitecl the pre-

.eau of thi. virus clurin, L-upar .. ~. tbèr..". as belq an 1JIport.aa.t 
<,of 

COIltributiDI factor to the cures of .. t.abU .• 1wd, L-asparaaiua8e-... itiv. 

aeopw... Our r_ulta (J'iau_ 1) a~ .hw t.bat alter t.t>. '.jec:tton, of 

-l 
...... i 
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L-asparaginase solution, the balf-lite of L-asparag1nase in the blood of 

tumor-bearing mice was 3 t1.mes longer than that in non-tumor-bear1ng miee. 

However, the presence of the LDH virus probably ls DOt an important eon-
1l\' 

sideration in the case of mieroencapsulated L-asparaginase therapy wherein ~. 

suc cess depends on a differeut mec'banism of action: as long as L-asparag1ne 

can dia1yze efficient1y into the microeapsu1es to be acted on, L-~parag1ne 

will continue to be removed from the extracellul.ar fluid by the L-aspara-

ginase mterocapsules in the peritoneal cavity. Our deaonstration (16) that 

there i8 no signif1cant L-asparag1nase ~tivity in the blood of antmals 

treated with L-asparaginase aicrocapsules i.p. susgeste that the LDH virus 

probably plays a 81D811 rOlefihany , in effec~t1ve 1Ilicroe.ncapsulated L-as­

paraglnase therapy. 

. Four major mechani81U have been proposed to accOUDt for the develop-

ment of res1.tance to L-asparag1nase tberapy. Tbe Urst tbree mechan1sms 

involve changes in the tumor ce II population as a resolt of L-asparag1.ne 

:' ~ deprivation: 

J 

(a) There 1s lIIBrked increase in L-asparagiq.e synthetase levels in the tUllOr 

cella, p~obably by ~ -.chad .. of clerepression of L-asparagine synthet ... , 

.. .0 that the tUJlOr cells are DO lOnser depeDdent on' an exogel1OUS supply 

of L-asparllg1.ne (24 - 27). ln tb1.s regard~ Gallo, et al (28, 29) have . 

showA tbat !u .... p.ra'1rlaa....-res1.Ullt cell.· COIlta~n redueed 'level~ of an 

" . .. paraginyl-tRliA .peeles vblch tbey propo'" aoru,Uy &ete .s a co-

repre8sor for L-up.'f-aitte blof)'Dtbeti8. 

(b) the proce •• of llUt4tioal vbereby L-.. p.raglu ......... lt1ve ceU. c:.onve~t 

froa L-asparaaJ,ne-4epeudeace to L-up.rag1Ae-1n4epeD4eace l14y ouur. 

Thi8 followec1 by .electioD in an, L-.. par .. tAe-fr~ riua .y ~t1llat~~y 

1 

leM to the d.eYelDpMDt of L-aparag1u.ue-r .. 1st&11t ull populat1one (30,31). . . 
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(c) Another mec~~sm of resistance might involve the development of more 

efficient means by malignant cells of extracting L-asparagine from 

the plasma, erythrocytes, or other normal bost cells (32, 33). 

Bowever, in the study reported here L-asparaginase-sensitive 6C3BED 1~ 

phosarcoma cells ~~ch bave never been exposed to L-asparaginase treat.ment 

vere used for transplantation to reciplent animals wbich had already been 
) 

immunized by repeated injections of L-asparaglnase solution. This esperl-

mental procedure makes 1t very un11ke.ly tbat development of resistance 

to L-asparaginase tberapy observed in the immunized mice could be a con­

sequence of Alterations ln the propertles of the tumor cells themselves. 

The p08sibility existed, however, tbat the repeated injections of 

enzyme in the animals may have brought about increased leve1s of L-asparagine 

synthetase activity in normal ~ cells, particularly thase of the liver 
( 

and pancreas which bave been implicated as P088ible\regulatory sites for the 

homeostasis of plasma L-asparaglne levels (34, 35). 

may respond to plasma L-asparagine depletion by increasi synt-~e818 of 

sufficient quantities of ~08enous L-asparagine 

L-asparaginase therapy. Three liGes of evidence seem to suggest tbat 

thi. va. probab1y not an important consideration in the present study. 

(1) Ve' bavé sbown (36) tbat injection of an equiva1ent dose of Ervin1.a car­

otovora L-asparaginase, vhlch i8 1",.mological1y -different from E. coli 

L-asparaginase. was able to dep1ete ptaa.a L-asparagiue ~ration 

to zero l.eve1 ~D C~/HEJ 1Id~ '1mmunized to the E. ~li enzyme. 

(2) Otller studies (9) have demon.trated tbat tUlllOr-bu.r1na ~e, previously 

ialuDized to E. coli L-asparaaioase, reuived s1m1lar benefit froa the 

tberapeutie: activity of ErviDia carotovora L-.. p~ra,1.D88e as dU DOIl-

1 mmun1. zed , tuaor-beariug .tee". 

(3) There have also been several clinical reports (31 - 39) tbat L-upara­
,) 

ginase tberapy cau be sucee.sfully CODt1.uued vith Erw1.nia c:.arotovora 

/ 
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L-asparaginase in patients who had deve10ped resistance to the E. 

coli enzyme. 

(d) The four th mechanism respousible for the loss of potency of anti-

-t~r activ1ty of L-asparaginase solution 18 the development of host 

tmmuD1ty to tbe enzyme after repeated injections of the,eDZyae (7 - 12). 

IIuIIoral antibodies to L-asparaginase have bee1)l attributed to cause a 

reduction in the catalytic activity of the enzyme and, more import-

ant1y. a drastic increase in the clearance of: enzyme from the c1rcu-

lation. 

The latter mecban1sm would a180 seera to explain the loss of 

therapeut1c effect1vene8s of L-asparaginase solution in the present study. 

In the case of L-... par~ginase 1Iicrocap.ules f however, re.ult. to date 10-, . 
dicate ibat microencapsulated L-asparagfDase stays within the m1crocapsul~ 

Where it acts on L-a.parag~ diffu81ng in from the extracellular aed{~. 

L-asparaginase doe. aot leak out ioto the circul1ltioD; where tt may be 

boUDd by c1rculatiDg alltibodi.es and rea:rved rap1dly. For L-a.paraginase 

.tcroca~.u1ea to be ph:, aiologicaUy effective even iD t#e preae.nc.e of c1r-
1 1 

culatilJ8 auti-L-asparaginue antibodiea therefore, i.t 1. flludaentally 

1JIperative that: . 

<a> 1Iicroeucap.w.-ted L-uparag1:aue dou dOt' act vu a .ecbaDÛII tbat 

uee.dtatea ~e of ~,.. froa t .terocap.u1.. iDto the cir-

eulat1oD; ad 

(b) the pr_ace of JaIoral at:i-~ 

clirectl,. ~fect the catalytic 
... 

( " 

\ , 

d" 7~ 
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That microcapsu1e contents do not·1eak 1s supported by the 

following f1nd1nge. Permeab111ty etudies in this 1aboratory (13, 40) 

have de1lOnstrated tbat microcapsu1es are not permeable to macromo1ecules. 

Earlier observat1ons~(13. 14, 16) 1ndicate tbat there i8 no detectab1e 

L-asparaginaae activity in the supe~natant of microcapsu1e suspension, 

preparee! as described, when the sU8pensi~ 18 left to stand. Micro-
51 -. 

encapsulsted Cr-1abelled .hmoglobin (H.W. = 68,000), a _ch S1IBller 

prote1n than L-asparag1nase CM.W. = 130,000), does not leak out alter 1.p. 

1njecU,on iuto an1wals (13, 14). Us1ng the Ouchterlony 4OUblVffUSion 

techuique. DO precipitin line is detectable betveen L-asPU.agi\ micro­

capsules and ant1serum prepared agaiust free L-asparaginase (41). In 
~ 

vivo ev1dence for, tbe absence of leakage of -.1crocapsùle contents ls pro-

~1ded by the absence of assayable lev~1s of L-asparag1nase activity in 

the blood alter i.p. injection of L-asparîlgiuase lIIicrocapsules (16). Ir 

&sparaginase 1Iicrocapsule. recovered frOli the peritoneal carlty up to 
If 

6 day. poat injection wben 'observed under the 1I1.cro.eope have an intact 

lleÛrae (16). It bu been .how (Su App~ix ci of Chapter II) that 

p~ t-.. paraaine cao he _inta1ned at zero eonc:entration for a .1.J­

nificmt periocl of t1ae aft~ i.p. iDjee~1on of L-uparag1114se II1crocap.~e. 
1 

tlhleb bact beesa cro .... Utlked vith glutaraldehy4e. BiDe. slutar41clehy&le 

treatMnt 1uolub1.l1.z .. the ea.üpsu1ated euJIIe by cro ..... l1Dkias lt CO 

otber eacap.u1ated prote1u, t.he' po •• lb1llt., of ~ l •• k ••• froa ,the 

-1ÛCrocap~ 18 h1.ahlY ua11k.e1y. AU tbue obaerYat.toD ___ â: that • 

1e&b&e wcbu1_ 18 DOt " .tu qua AOIl to apla1a tbe fa Yi. act1;ôa'-of 
1 

1.-uparq1.uee II1.c1'000jHJu.1u 1A DOII!-1.I_D1Ce4 .tee., 
) 

lIor! et al (42) at.o t that. ta .arkecl CODtl'ut to 1.-..-

t.a Ir_par.pn ... dU DOt 10M .,. 
, ,\ 

• 1 

\ 

o 

/ 
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catalytic activity after incubation vith various proteases, thus sup-

porting the idea that micro capsules are not permeable to large mole-

cules such as enzymes. In the case of 8dcroencapsulated catalase, in 

125 \ 
vitro studies (43) using I-labelled antibody and the teclmique of 

complement fixation showed that ant1bod1es do not enter micr()capsules. 

Furth~rJIIOre; more recent experiJDents (36) have shawn that wh~. L-aspara­

g1nase m1crocapsules are incubated in vitro vith plasma couta1u1ng 8Ot1-

o 
L-asparag1nase antibod1es for 30 minutes at 37 Ct' the L-asparagine content 

1n the plasma vas found to fall to zero. Assay of the L-asparagtnase 1 

activ1ty of the microencapsulated L-asparaginase after incubation vith ant1-

L-asparaginase serum showed that it .did DOt losé Any catalytic act1vity, 
=-

iu marked contrast to simiLarly treated L-asparag1nase solution. These 

results may be interpreted ~O 1Ie8D that: . 

<a> there 18 no leak.age of L-a.parag1nase from the aicrocapsules; and 

(b) the presence of humOral antibodies outside the 1Il1crocapsules does not 

affect: the ca~ytlc activity of L-asparag1uase 1nside the micro-

capsu1es vh1c.b ~ vitro continued to. act effect'lvely OD pla_ L-
, 

, .. par-aine iD the eurrOUAding ~1U18. i 
, ~the 11.aht of al1 the above data an4 tbe ~trat1on that. 

i.p. injecieà 'L-.. par~e a1c:r~su1e.s are phys101oaica11y aucI tbera-

~ 

able 1:0 a.pect tut t~ lde of aicroea.cç.ulated L-~ar .. .1.Dae a1.&bt 
- .. 

elrCUllVeilt the problea ~ed by the pr...ace of eireu1ù1aa aatlb041ee. . . 

BoveYer, rentts obtaiaed in the preNat: st04,. (Fipree 1 , 8) iDdieate 

that t.-upar.qia.ue treat:lleAt élU'lIOt 1acJuc~ thé rep'ee.1oIl of the 6C3JŒD 

! 
1 

1 

.. 
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1Y11Pbosarcoma transplanted into hosts prev10usly 1_mized to L-upsra-

giDase according to the schedule described. 80th L-asparagiD8.8e SOIUtJ.011 

and L-asparagi.nase Irlcrocapsules vere foand to be J.neffecit1ve in caus1ng 

tu.>r regress10n in 1_mized 1I1ee, even at L-asparag1nase doses vh1ch 
, 

are curative in ~1wnm1zed animale. Because of the UI18lt))eCted,Dature 

of these observations, a detailed 1avest1sation iuto the physlo1Dglca1 

bast. and possible meehan1._ uoderl"itI& the 10 •• of therapeut1c actlvlty 
1 

Off L-asparaginase llicrocap8u1es 1Jl i_~iNd hosts vas iJûtiated. A report 

of these studles vill he presentecl ln the fol1ow1.as. chapt« • 
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APPERDIX 1 
., ! 

Ilet1K>d of counU"" viable ceUs ;In tua>r <eU 8U8J!eUSj.op ;, 

< .. ~' The setbod of counting the concentrati.m of viable t180r cella '1" 
as foU.DR. To 0'.2 al of cell SJlSpension 1f8S addecl 4.8 a1 of a 1:2000 so -

, , 

utioD. of _thy~ blue in ..... lian lHDaerfs at pB = 7.6. The aixture 

" sbaken. a drop placect .A.n- a ~cytOlieter chaaber aat the ~ of unsta ned 

1 
J 
J 

• J 

(viable) cel18 ccltunte4 ~th1.n 2 a11lUtes of addina the JletbyleDe blue 801 tion .. 
1 

i 

) 

The 11UIIber of viable cells i.n tbe tu.or ceU suspeoaion ... c:a1culated ais follows: 
) 

Let D :: nuaber .of viable cells eounted i11 a valu. of 0.9 cub. _. in 1he 
beIIocyt~er chaaber". 

f> 

Tben concentration of viable cella present in the original t..,r cell 

sU8peu1on :: Il le 25 ceUsl 0 .. 9 eub. _. , 

:: Il S 25 le 10 ce118/cub. _. 
T 3 

s:: D * 25 x 10 x 10 ceUs/al. 
T 

\ 

(vhere 25 ..z di.lrut1.on ~lICtor). 
, 1 

i 
'1 
1 / 

• 1 

, < 

/ 

1 

··11' 

IJ 
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APPEl!IDIX 2 

1. 
It can he seen tbat there vas 110 tu.>r regression i.n non-

1,.,."n1 zed lllice after inj ecti.on of saline or 1Ilicrpcapsules coutaining 

DO L-asparaginase, as control. However. therë vas complete dis­

appearance of aoy palpable tumor after trea~t vith L-asparaginase 

solution (0.500 IU/ga body veight). SiJI:11ar tu.or regressi01l vas . 

to si,ve ..,. idé. of t~ reaults observed after 
" ... c 

treatae1lt w1.th a - , 

glv~ experu.e.taJ. preparatioa. 
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. APPUPIX".2. 

3 DAYS AFTEl nEATMEJII 
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ABSTUCT 

In v1ero .tudie •• howed thae incubation of hypedpw'u, aDt1-

1.- sina, •• arum w1.1:h L-a.p,r,.IJna.e .olution inhib1tecS the eatalyUe 

activ1ty of the L-uparas1nue .olution br 70%. vberea. there va. DO 

.1Dhtb1tioD in the eatalyt1c ac:t1.vtty of L-.~ra,1~e a1croup.u14u 

after .1milar 1ocu'baUon Vith hyper" .. un. al1t1.~.para'1U1e •• r~. 

C3B/lŒJ a1ce, 1_mbed to 1. coJt L-up.r.,1.aa ••• '~ eacb ,1v.o-.a 

i .. p. injection of !,~ 'coli t-upara,1ra&" solution or I.~ L-upara-

• • a1eroup.ut.." ~ Vie DOt 111j.eted vith aDJ L-u,._, 
prep. at1..oU, .. control. Altar 1DjecUon o-f L-upara,1aa.H .o1ut:.1oD 

ue4 Idee. vary loti t.vall of b~ L-Up ••• 1UH act1vity var. 

t,han r.put,. 41 .. ppear-S trOta the cirealatioll. Jfo L­

..".ra,1.uIa act11f1t,. appaare4 1a the blo04 alter Ûlject1ot:l of tdero­

aDC.p.u1aUd L-.. parap.aae iDto l_udHd~. fflo4t' L-aparaa1Date 

~a1. v.r. 1owJ: ta ~1zM 1I1u tba in -JIOD-~i:ze4 lI1ca after ' 

1Aj~~ ot L-.. ,ar~e Hlut1" 1'bar ...... DO .1pif.1caDt 41ft.ruee 

U tbe "b04t' L-uparas1Ut. t.v.1. Ûl ~a1.ud ao4 Ûl AOD-I_aniAd, 

.ua &le:.. iaJecttoD of L-up~ .. 1DU' alcrocap.ut... for up to 2 "y. 
po.t 1Aj~ttoa; aftu t1a1. ,..i04, "b04y" L-..,.r .. t .... lAw.lI ver. 

1 
1 

lw.- .ta 1WCm {sM thM 18 ~f.""~.. 1'aa. p1aaa L-.tIp._,_ 
n , , 

~ 1 . 
CODCIAtt:.cioA. ~ iMUftÙ..t au. COUU AOC .. 1wc .. 4l:JDUUiatl,.' a!tar ûa-

, 
1 

J_ttoa of. t-...... taaM -UittoA or t:.-u,.. .. Ij1 ... 1IUrOC&llulN. "ft 
_,' , l, 1 

_ • ., .... of ' .. Cl, ml .. ~ wtJIat~ IaJee&ioa of .UOIU. ~ •• 
. 1 • 

\11·· .. tdaocap.u1.M ~ ~ _11t1Ai t.o t.a: tisa pta.a L-Mpar .. .. 

U8Ccot.-:JolI c:. .... ~ .f~ "",' la -'" .$ ,. ..... co ... colt 
'" ~ ...- , 1;-,..,.."'" ......... ,~ .. _.,.~ cou. .,...".. ....... ..,~ or 

1 f .. 

#.~ ClOU, ~ ........ ~ .. ~ •• :a.. co ........ ,~' ••• :Le 

> ;-.-1 ~~i<' 
'" 

\ 



{ 

112 

"-
.. paragine leve1 to zero!!,' injection of equivalent do ... of Erw1nia car,,:, 

otovora (abbreviated ,- Erw111U) Lwa.paraai1l48e -.olutioD or ..Erwinia 

L-a.paragiDUe m1crocap'a4u va. effective in 4epletiq the pla ... 

L-aeparagitue content to zero. llec1proeal e:xper~t. iD 1d.ee ta­

Ullizecf to Erw1nia L-uparaa1n .. e .boved tbat illject1DD of equ1.Ydnt 

d08.' of E. eOliL-a.p~aaina.e .olutioD or E. -coli L-uparas1ÙU• 10 

mieroe.p.ule. cou14 lover the plana L-a.paras1.ae laYel to zero wh..... in­

jection of Erv1n1a Ira.paragiu •• "olutioD or Erv111ia L-.. par~111Ue 
o 

1d.eroeap.u1e. cou1d DOt. lJ1jeet1.OIl of !rw111ia L-uparqiAUe 1I1ero­

cap.uto prn10Ully upo.ed to E. colt L-.. par .. t.uua .alut1m:a decreue4 / 
1 

the pla", vupara,iu .lav.I to zero 1.A 1I1c:. 1 .... mtz~ .to E. co~1 L-upara- ? 
~ \. " 

giflUe, but DQt iD.1Uce ÛllllUn1z.cl to !rw;1nia L-.. para,1Aue. Injection 

~I ~_ of microeap.uIe. c:.oJltaiûq- botb !. coli aDeS Erv1nia L-upara,ina.. -

.---------- ' 

/ 

1 

~ 

lover • pla ... L-•• paraa1u lAYd tO zaro t.D ~ iwunizacS to E .. coli 

typa of cellular r .. poue ta 1Aj4IC1~ _-,,-_rtoualy 1ItH!1f1~ .ure­

cap.u1e. vu COIIpar..t 1A 1lOIl-~1H4 G\4 1 .... 1I:ed aû.. 1'01l1.b1e 

.-chaDi ... tbat ..,. _~ the iub11it:t of a1.croaDC&pnbu.s ~ , 

p •• ,1.UH ta 10wer the plMu t,;-.. ,. ... lu CODCMtrat:toD iA .ua 
, 

.pae1f1u1l,. œwa1H4 te» the eGCap'u1&taS &UJIM ue 41tc ... ~/ia l.tpt 

01 the pr..-nt 4ata. 

1 1 
/ . 

\. -, 

I,/l~ . - ' 

1 

. ", 
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IJrrRODUCTlON 

The rationa1e bebine! the .u88e.ted u.e of L-a.para,~ m1erocap­

.ulu in; lieu of; L-aspara,inau .olftiOD for azyme therapy of the L-a.para­

,i11e-dependeot 6C3HED lympbo.arcoma ha. been di.cu .. ed 1.1\ prev1ou. report. 

from tb1.. !,lboratory (1 - .5). 1t bu been .hawn that becau.. of the incre-
, \ 

a.ed in vitro and 1.11 vivo .tabllity of the m1cro~ap.ulated ov.r the .011o. 

ution fora of the enzyme, plata L-a.para,ine 1eve~ eat1 be maintainecl at 

.~ero eoncentrati011 for a .1pitieanUy l..on&er p.rtod of t1ae in aiee 1aject-

ed i_p. vith L-upara,1.nue microc:ap.ule. than iD tho •• 1uj.ctect 1.1'_ with 
• 1 : 

an- equivaleot do.e of L-uparaaiua.e .olution (3, 4). Hicroeacap.ulated 
1 
/L-a.par'8ina.. bal ben .hOVD to lM! more effective than L-a~p-.J".si11Ue '01-

uti.or& in .uppr."1ns .the ,rowth of the 6C3JlED lyapho.arCOlU VbeD t, 1. ,tven 
o ; 

-recà1t experi1le.11t. 4G1OD.trate4 tbat I11eroa.cap.u1ated Ira.paraaiu.. at 
'" / . 

the. treatMD1: of •• ~abl1.be4 6C3JIED 1yapbD.&rcoma tapl..aAt. 1u aon-tm.as1\ued 
p 1 

1II1c. (". Bovevu ~ furtber .tudu. iD4t.:.tect that L-up_aliDua 1I1.c%'0-

cap.ut .. , like L-U9araa1.A&l. .olut1.oD, vu, tberapsut1c:.al1y iuffact1ve . . 
( . 

tA is14uc1ac rlP'.~.~ of •• tablt;be4 t..-or. ~ tA Jd,.ee wh1cb W 1'%'e-

Viously bMD 4 .. m;1~ vith r.p .. ~ #1jeetiou, ~ L-u9ar~. ~vt1oD (5). 
; 1 

AI dUC"'" 111 cSecatltta CJaaptu .III of CbU t""u, ~1111 10 •• 1r& thar.,eut1C 

9Ot.cy of I;-"P&r~. ~ :LA ~i.u4 1I1ee vu N .. 1itIat .., 

~c .. .., CftU 1IOt 1ta .,lai ... by tbe ~ .. l r..uU • .y .. i1â~ to 

11Iù clalpCa' ~ ••• 11 ... ,,1.--1:_ .... can'ifd ouc. tO. 

~ daa ,.,~~ "'"f«" ~; 4d ~~_uc actJ.Vtty of 

.....,.. ........ ..." ..... U·l
" J"'" -'" ... to ........ ,...tt..t. ...... -r :. . 

Mf ....... _J.Aja<dIû" 
.J 



o 

1 

'. 

174 

.. 

f0nDal femsle C3H/lIEJ a1.ee. ve1Jhiua about 21 sa. vere pur~bued 

from JaeuOD Labarator1e., Bar Harbor, Ma1a.e ao4 maillta1Ded oD • ctiet 

con.i.t!ng of Pur!aa Hou •• Chov &ad vater acJ libitum. 

\ 1 ) 
Eoze 

1 

(a) E. coli L-a.parapaue (L-a.par.,1u ad.4ohy4J:'ola., SC 3.'.1.1) va. 

purebued il1 v1al.. of .500 IV 4ID4 1000 -m AI .. 1yophil1u4 pr.parat1oD. ~ 
trom lutrU!oul Biochew1eal Corporat1.oa, C1eva1a4, Ohto. TIN .pec!f:1c 

~ , 

act1v1ty ot th!. alYM vu 312.3 lUI., 'for Lot 10.4905 aa4 320 tu/ .. 

for IDt Jio. 7819. / 

(b) kV1Aia carotovor.a L-..,_.,4" ••• v .. o1tta1De4 iI1 viall of 10,000 IV 

.. _"n.arOUI ,Ut of Dr .. '0. 'traut. of the "t~l ~r 1aItitJt., 
. {. 

/ IetbetcJa, HaqUDS. 1.'be .pecifie act1rit1 of tIN lyophilu4lld pr ... 
! 

,.arattoA "("tc~ .,. tam U) v .. 130 luI.,., 
1 . 

tU coateDt. of thM. vial. vera J:'ecoAItituted tA .terit. .a1:11sa 

p.arqiaut bu ~ 4afiucl .. tut MOunt of .. ,.. 1Ibtch vU1 ,liber.ta 

i.o ~.14. of ~ pc 1If.saut. at ,,0,,,. ~ odIervtN .,.cifU4, L-

..,u .. ûwe .-t1o...s iA ~ .t.sw rat._ to J.,-atpa' .. fa.N •• d,YM 

'1 \ 

(,a) 1: .. uU ..,....,. ...... « lrrd.aU ~. ~ •• 'If tiUroe.p,ftlMs 
/ A .. 

. / tIIaa tdcftN.,.,.,- ... If ..... ., dM .. cP·, ......... (1.. 6, n td.ti 

..... ~~" ... _ ~ u·, ...... Ua CJaapt .. Il ~ ,tJatI ~ .... Ù. _ 

1 " , 
\ 



,; 

) 

If 

Ii .bou14' b. DOt~ tbat , , 

\ 
unlel\ otherw1..e .,eci.fied. L-•• ,ar.~na.e 

i.n the 't.xt refer to 1l)"lon micro capsule. 
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/ 
m.1.erocapsule. mentioned 

J 

1 
contaidng E. colli L-.,.para81~se, pr~ared exae~ly .. c:te.cri"ea 

in Chapter II. /, 

(b) !. col! tr .. ,ara,g1:ou. a1.c:riJd,apsule. for 1.ts~eetion of 10 t1ae. the 
" f . , \ 

usual L-.sparaS1Das. dose of 0 .. 5 lUI". bocly ve~t~ 1000 W of lyo-

ph111zed E .. eoli ~~par~~~e va. d1s.alve4 directl,. 111 '2 .. 5 ~ 
10 ~ 'MÎIIIo,lob14 ~olut,1D1l to fofh1cb va. tben aeWed aGOther 500 lU 

--' 

E.. coli L-.. parasJ,u. •• .olut1oD. 111 a vol .. of 0.3 al vater.. The 

., . rest of tbë procedure ~a. carr:U4 out .ccorcl1 . .,. to the Mtb040lon 

4 .. cdbe4 10 Chapt« Il ... 'M1c~oeaP.u1u ~.,ar~ 111 thf' va,. bave 

qprox_tel)' S tu.e. t~ t;..~par •• i... aetirit)' p~ 111 tba1l vbe1l 
\ 

prepared by tt.. sta4ar4~ proi~e. 

CoAtrol nyl.o:D. a1c:roeap.ul.u coa.ta1111aa t:IO L-aQara,1a.ues Colltrol 
1 

/' Ce) 
l ' 

1111011 a1eroeap.u1e. vere prepar-S br the .taDd4rc:t ~b04 ucept tha~ 

0 .. 3 Al of vater LtlItea4 of 0.3 al of eu,... 801ut1osl va. a44ed to the 

" 

l'r!parat1oa of .uroe.e.esu1a. vith .sitter.- .urt&C41 nopeŒt... 

(a) Collod1oD vupar .. tu.. afcroc.aptulaS$ '_~1a ,col 
~ 

Jd.eucq~. var. 9r.,.u.t J'Y iAterfacu1 prec1,ttattoA u 

~t.4 pr0u4ur. (l).. OAly ~ts. 'fol ••• Dt 1:'aa_t. var. 

80 .. tg 9'".,ar. .. 1&ra- ,UU Dt at.ero.capf9- aada tiM.. (Su 

/ 

)) 

~1xl~;.. . .: "-
(J' Z~U uzOcov~. L-....... ja ... td.cr0U9ftU. .,. ... U el MU. 

\ 

1,,-.. ,., .. 4_ .... 1aICto1U lMaia ~ora L-.upu ...... -.cORJ-' 
l '. .. l ' , C41f'-- ... tu-.c,,,: ....... 4eMt:üe4~ .. ,.,... .. 

- \ 

.1 f, ' 

/ r' -, . 
~ "1·' aj , 

'. /-" 
\ 
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/ 

« , 

va ..... yeCJ -for l.ts exact Irupar.,l1Wfe act!vity ~' The rà1.èro-

capsul~ ~ ... pen.ioi1 va' eentrtfuge4, the 'UP~yA4UDt reaoved, . 
and dn equal vol~f.E.. coli' L-uparasiuae soluttcns. (150 m/al) 

~ '\. . 
--wa. added.. The .... peu1oD' vu l.a.eubatecl at rDola teaperature for 

30 1Il1nutu vith COI1~1ttUOtd .,1tatioa to allow E. eoli. L-a.para-/ 

g.taue to a4~rb DD~O, thë t~fac/YOf t~ ~roeap.~." ~ 

.upenaioD vu ce:DtrtfusecS, ad the .uperaat&t _ C011ta1a1a& the E. 
, 

coli eu,.. retaiae4 for future we. ru' 1rv11l1.a carotovora L-a.-. ' . 
par .. ta.u~ a1croc.ap.u1a espo.e& to E, èoli L-a.,ara,iaa .. ..,lut1.oD 

/ ' 

var. thea ~bèct _ 0Dce vith .aUGe a4 ruuapeD4e4 to the odSi1sal 
1 ~ • 

vol.... l'bu. Ilicroup.U1u var. ~jeet.& at .a do •• corutpOAdtq 

carotow'ora vatpara,tu.. 1I1ero~plUu." 
~ 

/ , 
... / 

'Cc) M1crocapsu1u COI1ta~iai both! .. colt' aa4 Ervia.iÂ carotovora vatpa-

rasi .. e: 'aparate .olut1Du of 1, coli act ~nia ca.rotOvora 

. , 

. / 
L-upar .. 1Au. fi". prqar..s. -.cb baY1JIa ara 1.-.. par .. :1°I" act1vity 

a 

of 2000 W/~, 0 ... 1' al (- 300 IV) of ~h auYM tolu.tioD v .. 4t.-

..,l • ..s 1A uN ~aJo&tD .olutioa aàd tIN .ta04a-4 utJlo4 for ,r.,.r1A1 
- l ' . 

vupara.f~· •• atéroup.u1a. vu ,fo11olM41 Â SOI sUr0C:A,.ut.. n .. -
, - t;} ,..ioD N .,r.,.r4kf ht4 qprosûMtal, 2 t1.t ~ .... ~.jtua. 

KCly1t, fHJr 111 chu sm.. ".,ar..s ." CM .t ... 4 pr0ce4ur ... 
./ f/ 

, . / ~ 

A11 af..cl'oc.,.t4u .... ta daMt '~u. tMS"4t ....... t.tDIIM iN 

-.uHco". to ..... dIat ~ .rite ....... w11 1iIw4# ... ~ .,..-
1,/ - .. ' -

.. t'Mt of &Ida ~.,.._loIa .,.. ..,. tM~ 1ft .,......,..., .... .-t.tty 

~ .~~·'~Il ~ .... ., 1 .... if ~,.. ,- C1Ie_"CI'W~,,". 
, \ A ;. 

1, ~..., , .. 

1 1 /' • 

,1 -_:. .. 



• 

• 

ln 

injection, 

Ixp,r"'ns.l PIAs··ur. 

, . X-lliaell .t •• ..... f' ~ IOtH 1. p. Vi tb t.-:-'PU .. 111a .. 'Ol~UOll 
or I.-a,plr .. in ... a1crocaplul .. at • do •• of 0, S lUi .. body W1l1ht ,~n 

th.a. at\lii.a, unl ... oth.n,b. not.d in '"' tut, CO"'1"01 i_unilMi 

ml-c. vtr. not 1ftj eQud v1 th any 1.-'11)Irlltnll' pr.puatio"l ("u"tr •• t.~"), 

""&y' of th. l. .... 'ar .. i" ... activ1t)' i" th. blood, "body" .ftd 

tftl~ pr.parat10". w.r. d.'.ralned Icco~lft1 to th ••• thod, eS •• crib.eS 

ln d.taU 1ft Chlpt.r Il, 

/ 
!.-U"",'DI U"U j 

, A •• I)' of '1.... 1.-",lr .. i". va •• bo ,.rfOI1lH 'QCOri~ 
th~ proc.dur. outllftH ift CMpt .. Il, 

\ 

~ 
J , 1 • 

lUo. ver. Hch li"" • ai",l. t'Pt s.1\j'Qts.~· of lt,li" (10 tU) . - .... 
colS. It .... ..-r .. in ... or 1)1,., " .. (~O~U)' of INini. 'Qaroto~ra . of l, 

L-aa,.r .. t~a. dla.1M 1ft 0,' 1al ·at~l'tl ... l~._ at ""k17 ln,.n,le 

for. vetk., '10 cl.,. b.ton tb. at'~t of 111: ..,.ri1lRta~ t"~ "'f' r 

IIC..!' boo.t.reeS .th th, coftUpoMl"l ~lIt ... ~tq.~ .olu~tOft - • " .. 
. , 

t \ ~ ,. 

. " 

. 
." . 

\ 



, . 

\ .. 

.. 
'. \:. ~t~ 

1 
/ 

III 

(~,~ tU) of 8, coll L-'.pa~ .. 1a.'1 IOlU~10~'o~S,4 ~ .. (2.' tU) of ~lftla 
Qaro~ovou 1.-.lplI' .. 11\.1I 10~uUoa, IUi' which we~' not UI~ fo~ op'l'i­

IIlnt. atter l_unilatton "'l" booltlflcl vi. th 2.'\ lU of L-alpf .. 11\a ... 

101ut1oa IV'~Y 3 month ... ,. 

.' 
",k 

COU.stton of gU-le,,","l.l, ~ IIMt, Il 
! 

10 d.,. b.lon th. soUectioa of anti'.~\I1a)/ i_Ufthed 1Iic, "~e 

,bOO.t.ftcl w1th 2,' lU ot th. ialftualli:na l.-alparaal1\a ... qlutloth ·ln the .. 

Itucll •• ) l\yp.~1Muft' 'l\t1 •• ~a WOI" ·obtal1\~ froa 1Iic! wbicb had bltn ~ 

uahed Il d •• ~~1btcl .boVI ov,1' a pl1'10cl of about 01\' yea~. 

saU.ettel '''l'e ItOI'ed. at -'20°C uat11 fUel)' fol' u ••• 

PIl91\ISUUOn of '951-J';'''''p.,uÙ\a.e ans'b04x lD •• tu 
Th. pr,,'n9' af 1.-.a"fqJ.1\a.. anUbody ln th. a.l'. of iuN.ni .. cl 

, 1 

~ ~ 

<aa~,,·l. val .l"ayl coaftf1lH by 01\! 01' 1101" of th. f0110"'na t.ehnt~~., i/I 

( 1 • 

(a) Oucht.~ lot\}' t.ch1\1que of elouble dUfu.1on 11\ two tU .. eaaio1\1 t, Thl. 

" t .. t 1, ba •• cl on the fonatlo1\ of a ~u..ti.l\ct pnclpitaUon lin, '10. 
~ 

.••• i-.olU ,.1 .,cliva wh,a aa aaU .•• n ancl lU 1\ow)1opu. antibo4y 

coûln. 1\\ optùaal pl'opol'tion., the pl'octclul'e Uiacl •• .,ataUl,t . to 
, , , 

th, Oft. cltlcl'1bè by cap""b'li et al (1). A 11 S~ .. tial'olt lolud.oft 

(lIhl'i1\l D1qftOlt1cI Hoech.t .Phat'Me.uttcd." Mont~ .. l, queb,c) Va. 

'~lpa~~cl in 0.01 M pbo.,hate-lw.ffe~_ •• lt". (Pa.) '(pft • 7,.) .ncl ' 
, 

tl\, .o1utlol\ bute« 1ft • \ ... 1' of l»OlUq wat,1' \R\tll th. apH •• 

•• ' c-.let'ly clillol'f4Ml. Witb a 10 111 I&l:Ololtoal ,i,.tte that M.d 

.'n Mat~ 1'" • ha ... \unet: 11_\ '-'41 • .(", \,t:~OI' to u,~, • ,ltl • 
. . 

of th. bot ... ~- mutloll va •• ,1'''' -vo.l7 01l -, ,H~t" ... n., 
'If • .. 0 1 \ -.J 

.1tde. whiob ..... 'tO~ t'Il • 'LD ~.otlOpbDl' .. t • .tlcle boleltl'. (tlab,r 

.;. 

\ . 

-"", 
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/ 
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Scl'ftttt1c Co,. MDt\tua~, Q\l'~Cl) "lth va .. U"., Th, .. aro., ., 
\ 

, 
119 

alloN to .'1 by .taftdl1\1 at t'OO1l t..,e~atur, for 10 al1\ute., Wella >, 
, 1 0 .., . "l" tbe" cut ln the .. a'l'o.e ... U. vith a elte anel the .. ato" ft. _ 

th. ",U. "'. n.,vecl b, -,uctt01\. ,",th a .. ,.-rate 'a.t,ur ,t,.tt, 
..... • .... ! 1 

101' .~ch cU.Itere"t .qp~e. th. c'I\tre well .al fUled vtth \JftdUuted 

t, • .:" IIrua, a"el ~~,11\1 co"c"t~atio". of the &t\ttalft ~01u~101\ (~a1\ltl\l 
frata '100 lAI/.l t.o 11,' \lI/al) ftl'e plac_ ln the pertpheral ",U., 

1 • 

lb, 'fltctat\tI vê. aUowecl to 4tffuli tft a LU hua141ftl4 cb_ber 
, 

(l'laber Scll1\t~ftc Co, ) at l'ooa t"''l'atun fol:' 24 bo\ll" to aUo,; 

fol' th. 4eVllop .. ftt of, pl'Icl,itatlol\ 11fte., Tbe .lld .. ",ra , __ r.ed 
. . 

11\ 'IS (,R Il 7,4) to •• h out U1\boU1\cl ,ntelft fna tbe .. uo., laye .. , , 

, , 

WlI" the1\ ÙMr.ed ln 4t,tilll4l vater fol' 1 boUI'I. cMql1\l the vatel' 
\ 

3 t11l~. d\ll:'lQ. thta ''l'tocl, A VIt ,teee of ftlt,r ,a,e~, tb, ••• 
. ' 

at •• a. the .Ud... va. -"l,clel- ov.r the aUrfac~ 01 the .Uel.,. and .... ' 

th. ,,,el' _. all~ to dt, U1\dtaturbed, \ t'he flUer ",er "a. re-
, 1 

.vtd. _ tbl IUrface of tb. .1141,'.la ~tl\.ed vith dtatUlacl) wt!1' 

. to r .. ft. U1 a4bll'lat .ltbel" of the ,...r, Th, pr,eclpltattot\\·lt,," 

''''1'' .tatfted 'Vitb a.O,SI aolutlo" of eoo. .. 1. l'lue 11\ 101 v/v acettc 

&01d &ft4 .SI v/v ,tMnol tft di.ttll. _ter, 'ftt .1td ... 1'1 _lb" , 
~ ~ .'. .... ~ 

• ,1 -~ 

.t~. deataùlll Y1 tb th. equ~u. _ett~ .c~d - _\,,"01 ~Vlftt, the ût." _ft allQvM ta .Q i1\ tH Ùt .. t HOa t.eratun, A tnl'c.l \ \ 
'l' • 

etal ... .ute .bo~ tl\. ,"Idel of ... 't·L....,.nal .... u.tlbMy 

Ù the tut .• ~ t~ I~ 'll ... ,..ta l,' -

' .. at .. ("t..dt~c~") b ••• luttutt.{ '''ta .,roo",," 1. a Vft7 • __ . ~ 
, 1 • 

• tt~~ \ __ 1,~ ,for. u.tl\oQ .e~ect101\ _el 1. bat. " ihl o\llt-

.atlGA that "Jt,,"QJt .. coat" vith M1~. _titi_ ou ..... lu­
\ 

J 

• 
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( _ ,ti" Ù vit\\ '~loaoUI &1\ti .. ~. Urtcted to t~a~ a"tt.a~1 

~ Oft. tba fythrocyttll lurfac., Tb., lOllovt~ .a~l\Oc!. IlOcltfied ~ froa 

Stavit, ( 9) t va. UI" la tha •• ItUtU. •• fOf l tha prapa-rati~a of ,.' ,. . 

, ~O ",lof 'a 0-,51 1"."nl1o" of ft=alh o-r .;\tlf&14'~'· - ftttH -11;\'" 

rH blood C,UI, tannH a"d coat4td vt~h L-alparqina.a, Ift.fl~t 
\ -

f~t!bly d~.,", or f1.1ttel ab .. , l'ad ~l.ood ctllll~ we-rt va.hetl ',tl.'1 
, . , 

"itb 'IS (pH. f •• ) and 10 al of • 11 v/v IUlp.ft.lon of th, _Ihtel 
, 

cella vne PI"PIt'~. 10 al of fl'IIM., p-r'PIfM 'anatc acid (11'1,-

tiab nrua Hou .. , Montraal, Qu,bac) dilut.cS ~l'O,OOO ytf{ PIS ",rt 
, . 

addacS to th. 10 al of lX cell .\llptnlloft in a ce1\tfifua' tuba .. 
0' 

Tbe COl\t.at. of th. tub, "'l'" autel anet incubatè at " C fo-r ex-. 

actly 10 .inut .. : Th, taanH caU l\lepedon tao pr.,al'- R' d,nt-
. 

l'ifuaH ami "",hecl 2 tara fitb PIS, 'rb.e .Iup,~aat.nt ft. 'l'..oVH 

a"d PIS aet~è to 'C"e,u.,e. tbe c.ll, to tb. o-rt,atnal conc.nt-raUon 
. '1 

11 (v/v) , '1'0 coat th, ta"llH ~ed blool ceUI vith afttil.n. 10 ,,1 

of tba ta1med c.l1< IUI,.".10n ven aix. "tth 1.0 "lof l.-alpa'l'a-
- 1 

Il.a~a aolution (100 \li/al, cS11ut~ vtt" PBS>' ucS lncubatH fol' 10· . , 

, .' al1\\lt .. at ~ t..,aratv" t'ba COftteata of the tube. Vll'e a1atd 

, tia .. et:v-rt1\l tb. incubation ,ettod. 1'ba\U\l\H c,ll. coated v1t~ J 

1. ... .,.r .. iM .. vera cantrilqed abd vaebad 1 tia" vith colet 11 

1l0'l'Ml l'abbtt "nia (NU? (Gl:ocl ,111~ ItQl.oa"cal Co .. , 'r" tllocl, 

Nt" tort) ta PIS (pH.' .. .\).. 'the cella "ft re.u ..... _ 1n lX NU to 
~ 

.~_ a 0 .. SI i~.p ... l0n of " •• eiUI_" ,celll.. l cl'l'Op of tha .• "1, ... 101\, 

of " ••• 11i1atel" ah_, -rH \1004 caU. wu .tnd vith 1 cln,- of aatt-
) . 

L ... pal'qlu" _ttltna on a elU.· to check fol' cal1 ... lutt1\&tlo1.'h 
"" • 

U the 1.11.' .... luttut10ft t,.t •• ,oatttva. th" tlt-raUoa of th' 

t .. t .. ~& •• oU'ri" ou1;.. ro~ "01\ ...,1, of tût •• na, OH "'" 

" .. 
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of .1.5 tub .. ~~2 x 100 _) ••• et u\\. À doubUfti .t~\lt101\ lert •• '\ 

of tNa t •• t .el'UI\ ln O., III vol ... of II ., wn. ,npal'Ht ,tal't-
a " 

, 1 ~ I<lf 

of the 4tluent. 11 NlS. lu.tead of ,.rua, a. cont~l, Thu. dtlutlonl 

of te.t .arua ral\lld fro1ft 1110 to lI81.9~. Tf> eaeb of- tba tube, 
~ 

~I th,n adelael 0, l al of cte )0.51 n'~l\l1tt.adn Ih.ap r,d ~loocl e~ll 
a"lpanalon. Th, contanta of tba tu\\ .. '''l'e _tl'd. tbo'tOqbly aM 

left undtatûl'beel. at 1'0011 teapuatur. over1\1ahtt Th. pattern. ~f 
.... -"" 

b .... lutil\ation "'te nad accorcl!", to th. p.tt.~'ft -dt •• ttlina ot the ceU. 
o " •• 

in the tube.. AppencUx 3 IhOVl a typical appllra1:\ce of patte~'ft. 

of h ... ,lutinaUon. The 'I\.potnt cholln va. the lait tube 'hovl", . 
, 

an .ven carpet of·c.ll, wi~h a .Iiaht rtna at the ed.e, Tht h ... -

.,lutination titre va. txpre •• ed •• th. r~i~foc.l of th. dilution 

of anU.trUll pre •• nt at the end. 'Point, rre.hly t.Nn1l •• tee .ave antt-
, . 

body titre. of about '.120 to 20.48Q by tht. 'ttchntqut, . . .. \ . 
(c) Inhtbttiot\ of t.-llpa~ .. tl\ale adttvny~ 0.1 al of th' autta,nte 

aoluttoft (L-a.paraalna" .~luttO~lth acttvlty of 2.' - 3,~ IU~1) 

' •• tncUba'. With 0.1 al of te;t IIr\ll 01' 0,1 al \\OrIIlI _u~ •. , . 

•• 1'\111 at 37°C, Th~ .ùtu.,. R' .. nattcl fol" 10 1I1nut •• "lM the 

llaayed d.t'ttct"j, ~or tu t. .... pvqtn ••• ~ettvltY~ th. P~"t\c. of 

.ntt.-L ...... r .. t... &nUbocl, t'ft "tha t •• t .er. t. r.ve~ecl 'by a •• -
w 

cr .... 1ft th. 1. .... ,.I' .. t ••• acttvttJ. of tb, alatute co'fttatntq th. 
• 1 

t •• t •• rua. •• CCMl'pUH to the 1. .... ,arlltn ... a~tt.~ty of th' .ta­

tuH Colltalfti.", .1:'IM.l .oua •• er. • 

lB USD ,siUII "Sb INt-kII .... ' .... ~ , 
• 0 - • \ 

... AU,quota of 0.1 wal of ............. IOluttoft wlth .ctt..,tt, of 
1 -
1 

1 

, 1 

\' , 

---
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" 
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~Ut 3.0 If~ O~ 101 L-•• ~~ .. 1fta.~ .iQ~Q,p~Ule '~'P ... l011 w~th '.otivlty "', 

~, . of'~ut I.S IU/.l we~e lftc\l~attcl at nOc fo~ )0 .1ftut •• vi'tb dlffua"l:. , 
, 01 ~ " t If 

, 'VOluM' of e1~her u.t~Ckll hyptrt';'~' lÏ\t·t.er.t COU:lCtecl froli' .tc~ ', ... .' 
\ ~. ~ t 

uniaecl to L-a.puqlfta .. ove~ .• ,èri,d of ol\e y.arlol' 1\o-rul ao\l~' .~_r\l •• , 't b • 

{" • ~ a , ll. .. 0 , 

Tbe l'eaotion .1Kt~e. wen th'l\ a •• ayel! cUrectly fo~ th.tl' L-a.p.af .. ~1\1... ' 
'f '. ." (. . 

acdvtty .ft.~ the iQcubitloft plI'1od. Thl- vol .... of .~~. uNd ~n tb~.~ ./ ," 
. 

Itudle. rl1\IId froa 0.010 ail ~ O. ~OO 1111. Wlth the ... Uer, :volu ... of -. ~ , 
Itook aftU.el'UII Ol'f'Onll .e~~, 0.,010 ",l, 0.oas·~111 or 0 ... 0$0 al. ~a11~.: 

~. . 
.1 (atldld to _kt up • t~t.l~volUle of 0.100' -.1. ... 1n "cb ca .. b.lo"" 1n-

-- .. ':" R ~ 

cubat10ft vltb ~he .. -a.p.~aà'il\~'~ P~'~U.t'101\1" ~1. "t, dOt\e bec.ul •. :~' 'l ", 

1t RI n.a •••• r)' to haVI a totll ,..,11 'vol .. of at l~.ltj 0,200 .1 f~l' 
, 

th_ QOfttil\uou.-flo~ I .. IY .. thoi' fol' L"'a.,.r.,il\&~. Ictlvity. 'l'b. X "ln-

btblttoft of \--lIpar .. tft .. ' acUvity by &ftti-L-... ,.~qtft ..... rum "" 
1 

. oalculatad a. followa l 
f 

.. • " ... parq1" .... etivlty .fur 1ftcubation vith InU.Hua. 

,- 11 l.MllltU ... -[t!; ù "100) 

.. Nonal tic" .ncl atel t...lftllttCl qat".t 1. 0.01:1 L-II~r .. tftl.~ .. . 
"'~. 1ftj,ated t.p. vith ofte of tb. fol1ovt:ql" 

1 

(b) II'wiÙI c.rotovor. L-alparqill'" 1\)'1.0'1\ alcroc.P'ul.", 
6 

(o..) ant.ù& e.rotovora L ... pa~"t.M" ~lou a1c'I'OC,pI\ll.e, pnvioull1 .. a. to a .olutioft of 1.. ~oU L-alpar ... lllall, 

(cl~ ~outrol. l\Jlo'ft 1Ilenc .... \&l ... coutat.fti:DlftO t.-a.pat .. it\"" 

.\ 
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\ Yttb 'M'-L-"'.",'n ... "f" 1 rl 1 ~ -. - -

Th. r .. u15' oUai.ftM ~th L-"P'I' .. ~ft ••• ·.oi~ttol\ lt. ,r ... rt5.4 

ln T.W.. l, tt 'c.n, b. ; .. ft~tblt t~. rlllduÀ1IlL.,.,.rattft'.' .cttvtty 

in "th. ri.ct1on "txtun .S •• ch ,~ïl\at1on ". •• ~way. lover for L-&.par,-
- , .JJ 

aiu.. ~luttol\ th.t hlet ~ ••. ft lncubatld vlth aftti~t",",.r .. '"". "rua 

sban "lth control ftorllll aou .. IUua.. Th •. Mxia .. il\hibttiol\ of I.· .. par.· 

lin ... 'Clttv1ty ob~.tn,d "tth hyp'1'1_u". ,.rua " •• 701 11\ tb ••• ,.tujl •• ) 
~ . '. 

~v.n ln'Intlbody gCI" ('lIUrt 1)_. Inh1b~t:Loft of "L ..... p.ar .. tn •• ~ Icttvtty -

. una.cl .f~01I 411 to 701 'OVIII' th, volwlI of .ntt,.rua ..,loy. ln tb ••• 

• t\ldl... It .houlet bl noted th.t ,"XÙlua 1l\h1bi5101\ 6bt.lft.d Cor rii;'-"" 

1.· •• p.r •• 1n •••• uua coU.et.cl 11'0. Illa. ""ieh h~d r~c.iv.d r.p~at'~ . \ . . \ 

tnj.ctiol\l of L-IIp.raatn ••• \ .olu~toft 0'1'1' a p'l'lod of 01\' tIOftth, tn.t~ 
, -

or Oft. yau-. "" ~51. 

'l'be rtallltl obt.'t1\"'.'w1~b l.-.. ~ .. 11\&" ai~.P'ul •• Ife .~ 
tft table 2. "l'Il '''l'k.~ cofttrllt ~~ th. r •• ul.te tn 't.bl. ~, ·th.~. ~. no '~I­
IUteant' dilfarec. 1ft th. L ... pùqtn •••• c~t"tt,. of .f..':~~lpar ... tl\'" "taio-

~ \ , 
~, ' . 

Clp.Q1 ••• lt.r tftc\lbaUon vltb ,&ftt~·L·.,,,r .. lft." ,.rua or·~I\O~l .ouat ''l'ua, . i ' , 
) . ,.~ 

'taure l .bOva that ther. VI' 01 tftbtbttton tft th, ca •• of 'L--•• Plr_tult . ~ .. .. ' --- ' Q. 

cCl'ocap.\ll •• at &11 dll~tton. vith Intt.er., t . ' 

\ 
, . 

\ . 
!lood J, .... "l'y&U!. '95\yi SZ 

( . \ 

Pia.' 1 .ho. tMt .fc.,r l,p .. tftjecttol\ of L .... ,.I' .. t ..... '01-

utt~ tllto ~t.~ 1ÜC •• vt17 10v,\1 .... 1. of t.-I'PR .. tft .. ~ .~t~'9tt,. vtrr 
IItHQ1cl iD tht bloocl Uia 50 a ho ••• ft.~ tftj.ottOlh t'b ... ~ J,-a.Plr.~ 
'\ 1 " 1 1 

, . 
, ' 

,l 
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'Mu"l Tt'" .ttt~ '"J_C''''' '-''' 
\ ' 

'œtY 1 
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Bach .. & the Mau of 1-4 '!JI.uaù.s alcI 1Qject.s wltb AS ad .ac~Uleed at 
the !:adlc.~" tiJle fAtuval. 1 5 r 

_ Bach •• the ~ of 2-4 t..mll~ mc. l1\jecttcl vlt~ AH a1\Cl .. c~lflc~ at 
1 the Udteated t~ ,~~u.. ! 5 

Baèh •• th .... al. fo~ l QIltnat4Ml. ~ •• 'lIO_e IaCl'lflet4 .t tbe tA­
, ü,cated t .. tQten&l. 

, 

r .. - '\ 

Bach A • th. MU of 8 1\01l-~t.aed aie. il\jected \~th AS ud Rerilleed at \ 
the t.Mlcated tlM 1attl"Nl. 1 

Bach 0 • the MIll ~ ..... aoa-taa.i. ... Id.ce blected vU:b AH aDCl nc!'tfi_ 
at the t_i.catt4 tm. Ùltenal... 5 
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It~ •• aut:ivity ift tb. W.ood •• '0.10 total ... oc~utd:q 11\ tb. 2 bou~ . 

• ... 1., Tb'~t wa. ftO t.-•• paraaiftà .. acttv1ty d.t.tta'blt 1ft 'blood • ..,1 •• 
\:0 

" 
tanft •• 8. 16, 24, 48 O~ n hOUl'1 aft.~ tnjection <Fi;urt 2).. Tb •••. 

- ,. ~, . 
ob.enationa u. 1ft .~bd eontl' •• t-:t0 ~ •• ul.t. obtatned 1ft,! no~-i.unt •• d 

, 

alee, The ... t.- l.-.. panal" ••• acttvity 1~ the bl00d Ift.1' t .. ,. injection ~ 

of an ~qu&l do.. of l.-a~pat .. tn •••• olution pal' .. body fttabt ia n01\-
f__ '. 1. .. r 

. ~'"'tltd aicl va. 1.32 lU/al. ancl t.-a_lt&ualaa .. act:ivity eou1~ It111 b. 

Jet.et~ill tM ,blaod up to 32 ~u~. polit llljecjtlQl\ (PtauH' 11). I.e fo. 

'fton-t-.uniaè aice, tbel'a VII 'ftO det.et.blt t. ... 'par .. iftl •• ,.ct1v1tY _ 1ft 

tb. bloocl of lm.miltd alct iQjaut~ ir-p. ntb t.-aa"l'ql'ft •• e .tc~ocap.ul,. 
. \ . 

fol' th. du~.UOQ of th •• ~ Ituclie. (15 4.,.1. l'ilur. 2) _ No l,.-a'parqi"'" 

actlvity ",a. foun.d. in th. bloOd of coftt'l'Ol i_u1\btcl atet w.hieh vu'. 

'ftot tnj.ctecl vtth l.-alpa:l'qt" •• , ("Ut\t~ .. t~n), durll'1 tb •••• tudl •• , 
\ 

~ \ , , 
. (l'tau" t) .. 

. ~ 

Th. t._.~r .. i1\& .. act1v1ty reaatnlq ln th. "bocly" hOllO"Mt •• 

(,~epartcl a. d.,cl'tbtd Ul\dtt Mat.~t.l. and M,tboc1. ia Chapt,1' Il) of' 

non-i_u,,:laed aic, .acl'iftctc1· ùDId~.tely yt"el' inj.ction ?f l.-.. p.r ..... 

aiD'" .olutlo1'1 01' t.-•• pa~ .. lft1 •• 1Ùc~o~.p.ul •• VII t.lttn .à 1001 in tb ••• 
" 

.t\lCll... l'tau~. 3 ,hoVl that tbe t. ..... p.r ... 1na .. activlty .'HYM in tht \ 
~ , 

''bocly'' of ·taunlaù aice "C~l~lcù ~ediatel:1 alter i,p, lnjecti01\ of 

L-upullina .. 101ution va. oftly 631 of th, ''body'' L .... pn .. 1l\& .. act-

, lvi"ty in QOt\-t_:mt .. cl aie. 1~ ectad wi th an .qutvalent do.. of L-a_pau-
, \ \ 

aiDa.' 101utiot\ and aacrifictld after a ai.ilar UlM int.nal.. On t'he \ 
~ \ ... 1 

otb.1' bancl, aftft t.p. iùjactloD of 1.-aQuqin .... 1C~~ap.ul •• , thet" 

. -r 1\0 .1p1f1eUl~ dUf_ete in" th, l.-a,pal' .. it\l.",~ 'aet~vlty l'~llÙ"I in 
\ . . ' . 

" \ 

" \ 
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• ... .. N Il JI, 1 4 • • 10 '1 '4 ,. 

'houra. Ttme Ifte,. In,ecUon ,dey., 

F,lGURE 3 

TiID. cour .. of L .... par .. 1na.a aet1vlty'r .... 11\11\1 ln the "~ody" of u.unlaed 
, a1c. af~r on. of' the follovina 1.p. -injectiona: . 

Bach & • th. ..an of 2-4 ~unbed me. inj ecte<! w1th AS and .aer1Ueed «t 
tWi il\dlcated tt.. int.rval. ' 

/ 

Bach. 1:: th. aun of 2-4 ~iaed aice lnjected vith AH and laeriUced at 
th. indicatee! tt.. interval. 

r 

Bach". • th. value for 1 \lfttreated t ~nl.ed 1IOU.. .acr1flcad at th, in­
dieateeS tiJM lnt.rial. ' 

, 
bch A • th. M&ft of ft non-~nl.ed aie. lnjeetacl vlth AS and .ecdUc.cl at 

the lndleated tt..' interva~. ; 

laeh 0 • tb ... ù of 4-8 l\Olt.-i~ni.ed aiea injectee! wtth AH and laer1fieeeS 
at th. lncllcated tS- itltenal. 

Valu •• for non-~i.ed aiee vera taken froll 'taure 4 in Chaptal' Il. 
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tbe "bocly" of l_U1\llecl aie. aa capared to non-11111lUniaed ",ici.' inject.cl 
c' • ~ .. , , . 

vith an equlvalent do.a of L-alpar .. lna ••• icroc.paul.. for up to 2 

day. po.t inject~on (rtaur. 3). RoWlver. in th. poat lnj.ct~on per­

iocl of 4 t~ 8 day •• L-a.par.,ina ••• ctivlty r_iuina ln tha "body" 

&pp •• red to b, lover in i_\I1\1Iecl aice than in. non-1aIauniaecl 1I1ce .t 

tha correapoftd1na tl.e lnterv~la (l'taure 3). Thel'eaftu. the "body" 

L-a.p.r .. ln ••• ·l.vel. vere .i.llar in iaauniaed and in ftOft-immuniaed 
. ..".., 

aice (l'iaure 3). Thel" ven no a •• ayabl. lavel. of ando.enoua L-a.para-

all\aae actlvity relllin1na in th. "body" of control illlllunl .. cl .tce for 
il 

th. duration of the ••• tudie. (Fiaure 3). 

Plaama L-a'paraalne l.vel. 

rlaur. 4 .hoWi that after i.p. injection of L-aaparaaina •• 

.olution into t.muniaecl aice. the L-•• paraain. concentration ln pla ... 

.ample. va. 0 nmole./ml alter 1 and 2 hour.. 13.8 1UIOl'l/lIll alter 4 hour •• 

and 20.6 ftmO~,.I.l aftar 8 houri. The pla ... L-a.paraaine concentration 

w •• back to noraal 16 hourI .fter lnjectlon, and ramained at,thi. lav.l 

for 3 dayl <'laure ~). lt .hould be polnted out that th. "1'0 L-aap.ra­

ain. content in th. 1 bour .nd 2 hour pl.... lample. probably repr ••• nt. tha 

re.ult of onaoina L-a.par-ain •• e .ctivity .tl1l pre.ent in the blood at 
\ . 

the.e ti1Dl. (Fiaura 2). lnja;tlon of L-a.paraaina.a .tcroe.p.ule. i.p. 

into immùnlaed miee dld not re.ult in a lowarina ~f th. pla... L-alpara­

aine concantration to .ero in any of tha pl .... lample. taken .fter inj.ct-
"-

iO'" (Fiaur. 4). A tra"lient decr_al •• hoWlVlr. to 19.0 rimaiel/al va. 

ob.enld in the 4 hour al1Çla (!.1aura 4). Apa't't fro. thia, the pla .... 

L-alpa~aain_ laval r ... ined nor.al for tha duration of tha.a Itudia. 

(15 day., '!aure 4). Thare va. no a1anificant chana- ln th. pla ... 

, , 

• 

1 
-1 

1 

1 
1 
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'ria cout •• Of '1 ............. Ùl. l.ftl.. i1l '-.mi •• , .s.c. &ftR 0". of 
tM follow!q ls' .. wQ1ecth.i~ " 

ladl .. ,. th. __ of M twrJll1 •• ale. baj4f6ied vith a .... ci'lflç" at 
the t_icated u.. i1ltWftl. 

kch • r th. MD of 2-4 ~ -ale. ùj.cted vith AH .. uerUlc""""'t 
t'b.. lMlcatè t:!M. iAt.u."ftl. -

lacll •.• t'Ile 'Al •• fol' l -.a.ated. "!?mta ..... RCI'Ulced at the, il\­
cl1cat. tiM tAtU"Ml. 

Jach Il • the MD of 4 .... 1 ... 1 •• atce 1"Qject" vith ~ acl /~U1Ctd .t 
. t'b.. 1adlcat4lCl tlae iatenal .. 

- . 
... 0 • t'he .... of 4 ___ ~ aiç. Üljected vith .aH ~ ~ctUlc. at 

. tH 1Dd1cat_ ts. tatenal .. 
, '1 

'lal .. fo~ ..-t_1aed, a1.c4l .... taira Ina ftaun 6 la QalptR Il. 

\ 

. \ 

• 
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., 
, l. .... pa~ .. tt\~ l.~l1 tu Ul\tH&~ecl. _\Illl~. aie. du~t_ tht. p.~tod' .1_ 

" f 
(l'tauH 4). Coaeold.t&at eOfttrol .tuclt •• wiib ftOa-1-..l\tl_ 1Ù.e. ecm-

ft~d t~t t.p. tftjecttoa. of th •• , .aayae p~.pa~.tton. d.pl.t" th. 

pll'~ L-.,pl~ .. ta. eoateat to •• ra, 

o Praltatna~y .tudt.. .howed that .atth.~ L-a.pa~ .. lftl.a 101-
\ " \ 

"tton uor 1Ùc~'l\eap.ullte 1.-..parllt" •• a tt\jactecl t.p •• t • do.a 
1 

of $.0 lUI .. bocly vetcht (whtch 11 10 tiM. th. Wluù do. a Itvea) could 

loftr th. pa_ t-.lparqln. l,val to .aro ta ·l1au1lt.ad alea (l'taur, S). 
~ . 

. , 

li. tr.n.tet d.cr .... to 13.4 maola./N 'R' ob"nM~ ho-..~, when 1.-

•• p.r .. lal •• lolutlon va. injecte It tht. do •• (Ptaur' S). 

Praliaiaary .tudia •• bov.d,tbat tbere va. no lilatficlnt 

dtffereuee la pl .... L-a'PU'qta. level. tu __ uala. a1\~ aftU' l,p. 

tftj.et1Oft of _CO~lodiOQ I.-llp ... 1 .... IÙ.c~ap.ul •• ln.t.-ct of ft710u 
_ G 

L-a.pe~ .. tM" .telOC&plul'l (!'." 6) _ Colltra1 .tudl,. .bo~ tbat .. 
t.p. ·lt\iactlou o~ collodlOll L-a'PU'lItlll" atcrocap.ut •• tnto ~­

li--m1 • .a aie. lowv_ the pl .... L-alpu .. t"e e01lefttr.tlot\ to .11'9-

'-
St. Ua, ual. 1. .... pa~!l1_la dar1vacl' froll 1. colt .nd !rw1ula caroto~~. 

t 
1 ( 

, Ii vai '.hOft la l't&ur. 4 tbat la aiel ~tlacl to !, colt 

1.-a'~lIt .... , t.p. Ù\jectto" of 1. colt L-a.pa~ .. t+.a lolutlO1l or 

B. coll 1.-alPUaalaa., a1croe.p.ul .. could aot: lowu: tba pla .. L-a.-
1 

pu .. tua coac.,tr.t1ot\ 11plf,lcutly. Bowever, 1.p. ~actlon of au 

aqulval.at ~o.a of Brw1u11 cal'Oto1lOrl (abbravtltad hlHOn al lrv11lia) 
<\ ~ • \ 

1.-uparq1M.. IOlutt01\ "'. foUl\cI to ba affective tu daplad.QI the 

plI" ...... pu .. la. laval to •• ra fo~ 2 .&78 1a tb .. a aic. ~l.ad to 1. 
< ' -

colt ~ar .. l .. e (P~e 7). Afta~ tbta, the pl ..... t-•• par .. ~ l'Oia 

to 6.3 ..,1 .. /111 ou d., 3, _and wu DOnal oa da, 4 (Ftp" 1). Allo. 

/ 



c -\ / • 110 
ta • 

" 

~ ..;a 0 
f 
1 

0 

if' 

'''- j 

\ 

; .~: 

'~7z= .. 

&/ 
\ 
\ 

"AI} H lui .... 
-Ali 

A AI) U/ o Ali 04' • b.w.. 

1 1 1 

1 2 3 
Tlm. aft.r Injection td.YIl 

( 

\­
\ 

!1QU11 ~ 

. ) 

1 

J 

.. 

~ 

/ 
.0 --

~"j. - ~ 

'" 
1. 
4 

" 



il 

ï 

-'--fJ ~ 

'i" 

1 

J 
,# 

\ 

.... "",..-
'~~~--~-~--~;..o ____ ------------O .------ " 

c .. 
JlO 

i 
CtO 
.:.. t , 

0 

• AM CoIcMIlo" 
,O ••• ,... 

• 1 ) 

1- 2 3 

.1 

. .., 
T'~e aft., Injection Cday.) 

nG!ll 6 
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\ 
.1 

\ 

fla_ ~ .. tàe laela tu.. 'DJ'" alee dt. 1.' .. t..1ecttOll of e011041. 
~ -.1et:OcapllGl. .. (a). \ 

, 
\ lacll •• the ... ' of 2 '_1'" atce Mc.ri!tce4 at the iDl1cate4 tia­

latenal. 

Val .. fol' t-'_ ld.Ce 1D.Jecttld wt.tll .,lA AlI Wh t.œ fna haan4. 
l '} \(" " , . 
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\ 



a 

, l' 
7 7 N' 

• i 

,7 

."'"" .. "'" te a ... ' L ....... ' ....... 

: :t·,,,,. 
A.' , o AM' 1 ... " 

4 s e 7 

Tlme an., l''Jectlon cd.YI. 

l'IGUU 7 
, J 

è " ! 

196 

o 

, 

P1.-~r .. iDe leftl.. ln ale. i-.ta. to 1. coli L"'aparqiM ••• ftu: 
oa. of the foUoviDa t~p, ùject~O'M: 

, 1 

Bach .. .' the ~ of 2-4 1wgÙ..a aie. ~ect ... vith ErvlDJ..a caroto-.ora 
L-upuqiDue eolutioll (AS) ad .. ~iflc" et the ùdlcated tble 
tatenal, 

Iach • :: the __ of 2 t 'otaed 'ale. ~ect'" wl:tb -Brwt.ata cuo'tovora 
L-UPU: .. iDue alcl'OUpaUle. (AlI) aDIl aacrtf:lced at the tadlcatea 
ttae tatenal • 

. ' Val ... for 1_1 .... ale. 1slj«t" vttb 1. èOl.1 AS or: •• coll AK vue talt_ 
fre. npre ,4. 1 

L 
!,. , , 
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. l ' . , 
l~.etlôu of an .qulv.lent do •• 'of alero.ne.plulated Irwint. L-•• p.~.-

. ..' ~ 
alnal. low.~ed th. pl.... L-a.pa~aaln. to. ~.ro conc.ntratlon for 3 dayl 

in th ••• Ide. (flaur. 7). A!t.t thl •• th. pla .. L-a.puqin. ~o •• to 

14.' NIOl •• /al ou day 4. ad ft. nonal wb. th. qat pl..,. 1...,1 • 
• va. tak.u on day 6 (l'taur. 7). 

In ~.clp~oeal'exp.rtaentl ~th ale. t..uniald to Irwinl. L­

a9lrqina ... pr.U.illary Itudtel incUeatéd tbat n.ither l.p. iftjectlon 

of Irwinla L-aaparaaina.. lolutton no~ Erviu!a t-•• parlllna •• a~cro-. -

cap.ut.. va. able to lover tb. --pl.... L-a.parqtna b~l to .. ro on 
. . 

da}' 1 aft.r inj.ction <Ptaur. 8). On th. oth.~ h.nd. i.p. lnjection 

of an .q"1valent do •• of .itb.r 1. coli 1. .... p.~ .. ln ••• lolutlon o~ 1. coU 
_ A 

L-a.p.r .. 1na.~ .icrocaplul.. val eff.ctiv. in d.pl.tina the pl .... 
Î 

1.-a.par&l1n. cont.nt to '.1'0 ln thia Iroup of ale. (Ptaure 8). 

Coftt~l up.~_nt. w1th uon"~i.ed aic., c.rried out 

eOl\coa1tantly wtth th. above exp.r1aent., .bovè that l.p. l~.ct1~n 
of 1. coli Ll •• p.raalna •• aolution, 1. ~oli 1.-•• par~ina ••• 1ct'oc.p-

... ul ••• !t'v1n1. L-.... u.II1na ••• ~lut~Ol\tor Irwinl. L-.IP.'I'&li~.a .ic~o- ~ . 
1 -

e'Plul •• , lowu. tb. pl .... 1.-•• ,.rIl1n. lev.l to lero ln all c •••• 

on day 1 po.t i~.ctioft. 
\ 

. 
P~el1"DU1 .tudi ••• bo .. th.t 1.p. inj.cticm of lninta t.-II~'I'.'" 

alDUa a1.cncçaut .. vbtell bid prevlo~ bea ~ed to 1. co!l 

L-llparql..... IOlutloft (accordiua ta the pl'OCHurI. d .. crlbed ln 

Kat.l'l.t. ad Hethocl.) c.uaacl • deél' .... ln ,la_ 1. .... par .. lne l.ve1 

to •• N ou ci.l l aftu 1njection (l'taur. 9). Ou tM ot"" haDd. iD alee. 

jvb1eh had pnvtoul7 bMIl ûauD1 •• i to arvlnia !.-..par_tua •• 1.uj.ctlOll 

" ) , 

/ / 
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\ 

lm mun'I.d to Irwlnt ... • •• p.r ... ~ ••• 

""" i p.p~~----------. '\ 

........ 
• .! 
1 
c: 

..ASt 
• AM ( Erwlnl • 

l' 

~AS} 
OAM E.coU 

.1 f 10 

~ 
.:.. 0 AO 

f 
... o 1 

Tlme after Injection fdays) 
l ' 1 

l1GUU/8 

Pl.aaa t.-e.apa1: .. iIle l.'ftll in aic. iPWU\1aecl to 1nri111a ca1:'otovo1:a L-aa­
puaalDa •• aftu Oll. of tha follovi.a& t.p. tajecttOIlI: 

~ 

Jach ... :: the ... ' of 2 '.-mt.eclaie. ~ectecl vith Inr1llta cuoto'lOl'a 
t ... .,. .. taa.. 101uttoll (Ü) ncl .. è"tfleed at the indtcat. ta. 
11ltÙftl. " . 
~, ~ 

Bach • :: the aean of 2 1_mtaecl alc. ~ ectecl "'-th 1rv11lia cuotOVOl'a 
-L1..,uqillU. a1~apaul.. (AH) ucl "c1:'Uicecl at the iD111catecl 
t!ae iDtvval. 

Bach A = the "", of 2 "'_mi'" aie. tnjected vith 1. coli AS ad aC1:'iflced 
at th. 1Dclicated ttae lutenal.. 

. \ 

Bacb 0 = the ..ara 91 2 '_ta. IIlc. t~eètecl vith 1. colt Ail ad AC1:'1ftced 
. at th. Wlcated t1ae Pf1al. ' 

" '1 ' , - -
~ . 

. . 
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, L~ ____________________ ~ 
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rlGOU' " 1 

J 

,J.a.t.. ~ .. l.1l. left1e :la 1I1ce __ ta- to 1. colt t-upu .. taae. 01' 

lrwtId.a ouotcrtoft ~~ ..... aftw t." ÙjectloD of lrwta1a CU'O~ 
ma L-upanataua alCl'OCapnl .. pl'wloult apoawl to 1., coll L-upua­
ataue liOluttoa. 

~cb • 01' 0 • tM .... of a '_minci _ce eacrl'Utc" at the f.Dclicatfld 
tSM tatenal.. , ' '. 
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of Irwin'la I.-a.p&~aaina •• aicrocap.ul.. upo.td to 1. coli L-a.pa~a" 

aiaa •• 101ution va. GOt abl~ tO,lover th. pla.~ L-a.pa~ .. ifte conc.nt­

ntion to •• ~o on day l .ft_r injection (l'taure 9). Control RP.r~ 
1,..1 •• 

• ,nt. 'Vith non-t.uniIH aice .hove«! tl\at l.p. lnjection of tM.' 

typa of alcroe.p.ul.. raduced the pl.... L-a'paraa1n. concentr.tlon . 

PT.limlnary Itudl •• vith alcrocap.ul.',contalniaa both 

1. coli and Erwinl. L-a.paraa1n... (pr~p.red •• d •• cribed ln Materi.l. 

and Mlthod.) .bowed that l.p. injlctlon of th •• e .pecially prepared 

microeaplula. va. able to lover the pl.... L-•• ,.rlllne eoncentratlon 

to •• ro on day l in mica immunlled to 1. éolt I.-..par&lin ••• or to 
l'> 1 

aieroc.p.ul~. luto control, non-t.aunl.ad'alc. al.o lowared th. 

pl .... L-a.parllin. levll to •• re on day l alter lnjection. 

Kl.tOlO~tcal It~ia. 

200 

StAll.r cellular react10ul to l.p. iujected atct'Ocaplula. nre 

•• en on day 1,: 

(a) in aoù-t.aunilad aic~ receivlq aft iujection of ona of the foUCNin&-
( \ ~ .. 

control alc~cap.ula.. E. coll L .... par .. ln •••• lcroe.p.ul... Erwlnla L-
• 

a.paraa1u •• 1Û.ct'Ocapaule.. or Erwtnia L~upar .. ift'Ie alet'Oeaplul.. tut , 

hael hl' uPo1ad to 1. cou. L-a.~~ .. l1l&.e .olutlou; and 

(b) in (1. coli) :t.auniaacl 1Ù.ce ~ecelvl1l1 au tnjectloll of eithar contt'Ol 

1I1crocap.Ùl.. or lnr1u1a L-a,p«&li ... e 1Û.eroeapaule •• 

In a11 0,1" the.e ~ •• ~ ~.l~· ta.fl1trate ob,erved .arouncl t'Ile 1Ù.crocap.ule. 

va. typlcal 01 a fo~ù&u-~~ r .. ctiou, CO'QI1~tl-aa pl"1aad.l.y of ulutroph11a 

ou 4aJ 1. ru. boat r .. peJ .. vu p\"Obably t\OIl .... pecillc lu _tu. aud va. aoUllt~ 

, l ' 
• 
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Pl .... t.-..,uq. 1.-..1.. m 1d.~. 1_8\1 .... to 1. tolt t.-upu-atua. O~ 
lnrfAta ~tcm)~. L-upuqiMa. aftv,-l .. l'. 11Qecttoa of 1d.~ncatau1 .. 
~Ollt.lI\l ... botb 1. colt .. lnla1a caro~O'ft~. ~laUa. ~ ,- . 

.. eh • O~ 0 • ~ .... of 2 t-aotnd aice _"!fiC*! .C tH 1.1Wi.cat4ld 
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... talt t~e alc:m»Cap.ul.. t~.t,"a, ",anle .. of t1a.l~ -coat_ta. 

ln hOlltral~'. • dilf.rut C~ulU' ~ .. pou •• _ •• " Ga. day l ta 

,(1. coli) 1_mJ~ed aiee 1Qject,..s 1.p_ Y1~b 1. coli 1.1'1"' .. t ... 

alcrocap.u1.. O~ Enrilli. L ...... par .. t ••• lIicJ:Ocap.ul.. tbat 0 W bH1l .. 
eço.ed to 1. coli L-a.par .. i1\01 .olutioll. Thll'e val an Ù\Cr .... 

i~dft.itJ of e.li. at'OuM th. aicrOc.ap.u1.a and tn addition to 
! • 

neutl'ophile. th.ra va ... lUI_ tofUtratioD of lyIIphocyt •• in tb ... . 
• peciae1l.. t'lda lnflltration of l.yapbocyt .. ' va. a",d.flc 1. that 

, . . • / p-

it val ot\ly 1 •• ia au1al.l. wh1ch ha~\ bau _~f.aecl .. ~"at t~ 

,actflC typa of ~I,.. pre.at vithtu 01' o~ the aurfac. of 1.-•• ,..ra-

lii\... a1crocapau1 •• - , 

Q 
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, , DISCUSSION 
. \ 

a •• ulta obtaluecl iu tb •• e atudi.. d.-ou.t~at. tbat tbe~e 

1& _~ked lUh1,blt1~u of th~ catalytic actlvity of L .... paraaina.. in . 
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f~ee .alutiou ûte~ Incubation Vit,h .ilti-t.-ajpa~ ... lna& ••• r1!II ('table 1)" 

TM. b.hlbition. however, va. Ùlcoaplete. eveu ..Je~ condltiona '~f 
'fi 

atlbody ~.... The b.ablU .. ty of antiaerua to co-.pletely Inhibit the 

catalytlc activity of L-a.paraaiDa.e ia lu acco~ vith othe~ fladiuaa 

Oll tbe .lfect of al1ttbodi'e. ou~,... tba~, Act ,011 109 .olecular welaht 

aubtlt~.e.a (10). aeport.4'Y .everù otber iuveat!aator. (11 - 14) 

Ù80 iadicate that iuhibit!ën of L-a.~ .. ln .. e activity by autibody 
- . 

ta tlle01lplete, the -.axiaua inhibition re~rted rq1ua fro •• 5 - 53% .. 

Acco~iua to t.he _iaatlon .checlole de4ribed in the.e at.udies. 
~ -

f_miutloD. of aiee Ol'U' • perlod of one w>nth a180 reaolted in the pro-

d1lCtlon of antiaua which inhibited 45%. 1Iowaver. va ,have found that 
Î , " 

.oH potee utia.a wblch 1nh1bited 70% eould be obtaÙled vith • .ore 
\. .. ~ ( .. ~,... 

Pl:O~O~ ~laa~iO~·".ëbedul.e ov.~ a pe~locl of one ~~~ This 

probably repr .. ~t. au mere •• ed avidit.l of' àl:'tibody aoleculea 

pNCIuced dter prolonpd '" bœmi .. tion. 1'his f11adiua la not p~ul1U' 
. '. ) 

to p1:Oduct.ion of antl"'L-a~par .. i.naae autlbodi.. d:Qce othera have 
. 

follllCl that the iIlhibitiq power of utta.ra procluced .. ataat the 
.......... , l " 

~ ri~ucl ... e (lS) aDd t~ainU. f16) &Iso h\c;r ... e ~ tbe 

co~ .. of ptolonaecl t.auat .. tlou. 

' . 

la .uW coutraat to reàul.ta obtaùaed vith L-•• parqin .. e 

8OlQtloa. t'ber. wu M lahtbltlO1l of the "tal.'ytle act1.vity ~f L-upara­
Q 

Î 
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ginase mlerocapeulea ineubated vith anti-L-aspara8inase serum (Table 2). 

This observation indicates that in vitro: 

(a) there ia no leakage of L-asparaginase from the microcapaule.; and 

(b) the pre.enee of humoral antibodiea in the surrounding medium dots 

not affect the catalrUc action of L-aeparagin.a •• inside the miero-

capsules. 

These findings are related to thè. protection afforded the enlyure by t~e 

microc.apsule membrane vhieh 1& seleethely impermeable to 1Mc:\olllOleculea. ' 

Thua, in vitro,neither ia there leakage of L-aaparaglnase from nor entry 

of antibodies into the microcapsule. 

The maximum L-asparaginase ac.tivitY found àn. the blood of 

immuni&ed miee after i.p. injection of L-asparaginase solution WBS only 

7.5% of the maximum blood L-asparaginase activity 6Dserved in sim~larly 

treated, non-1_uniaed mice (F1aure 2). This may be attributed to 

the presence of ca~.lytically active anti8en-antibOdy complexes that 
.. \1 

had not yet beeu eliminated from tha circulation. The lero plasma 

L-asparagine conee,tration found in samples taken 1 and 2 hours after 
.\ 

injection of L-aap.~aginase solution (Figure 4) ia probably a result 

of the continued in vitro action of these catalytically active ~une 

Complexes in the blood and doea not raflect ttle act'U&l in vivo plaS1lla 

L-asparqine concentration at the tae of bl.eding. 

The observation that the L-•• paragina.e actlvity reaaining in 

the "body", ~~1ately after i.p. injection of L-aspal'a.ginaae solution. 

vas lover in t..auni&ed t.han in ~on-u.unia~ (Fiaure 3) 1& .,st 

11kely • cona~qu.Dte of inbibi~of the native en.,.~ by humoTal 

.. 
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antibodies present in the "body"- hOlDOgenate. On the other hand, after 

i.p. injection of L-asparaginase mierocapsules, the L-asparaginase 

activity remalning ln the "body" of I111J11Unlied miee was as high as 

that assayed ln non-illlllluniaed miee up to 2 days post injection 

(Figur.e j). This finding suggests that the presence of circulating 

antibodies also does not inhibit the c~talytic activity of L-aspara-

ginase entrapped within microeapsules in vivo, up to this t~e. 

Measurement of plasUla L-asparagine levels after i.p. in-

jection of L-asparaginase solution into illl1llUnized lIlice (Figure 4), 

show that the native enzyme was incapable of suppressing the plasUla 

L-asparagine to any signifieant extent in these miee. This finding 

provides the physiologieal basls for explaining the loss of therapeutic 
<v 

activity of L-asparaginase solution in 6C3HED tumor-bearing, tmmunized 

f/ mice, observed in earlier experiments (5). The inability of Lrra­

,ginase solution to suppress the plasma L-asparagine level in immuniled 

miee i8 dlrectly related to the inhibition of catalytiè activity of 

the native etl&yme by humoral antibodies (Table 1) and the rapid clear-
. 

&nee of injected enlY1lle from the circulation (Figure 2). Moreover, 

sinee 1.p. injection of 10 tÙlles the usual dose of L-asparaginase 501-

ution was unable to lover the plasma L-asparag.1~e concentration to lero 

in the present studles '(Figure 5). the shortened half-lite of the enzyme 

in the circulation ls pr.obably the 1DOre important influence. Many other 

studies (Il - 14. 17 - 19) have also related the 10ss of antitumor actlvlty 

of L-asparaginase SOlution ln immuniaed bosts to the presence of humoral 

antibodies which both inhlbit the catalytic activlty of injected enzyme 

----------------------------.. _~ 
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\ and cause a dramatlcally accelerated removai of the enzyme from the 

circulation. 

The f inding that i. p. lnj ection of L-asparaginase micro-" 

capsules lnto i1llllluniaed mice also vas unable to suppress the pla. 

L-asparagine levei si8nific~tIy provides the physiologiea,l basis 

to ex:plain the 10s9 of antitumor aetivity of L-aspauginàse micro-

capsules in the treatment of tumor-bearing, iœmunized miee, observed 

in experiments deseribed eariier (5). However. sinee hUlDOral anti-

bodies do not inhibit the eatalytic activity of L-asparagina$e 

mlcroeapsules in vitro (Table 2) and the aetlvity of L-àeparaginase 

mieroeapsules remained high in vivo fbr up to 2 days post injection 

(Figure 3), the plas.a L-asparagine results obtained vith L-aspara-

ginase mierocapsules wete somewhat enigmatic. This is particularly 50 
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in the light of extensive supporting data concerning the absence of any 

signifieant leakage of microcapsule contents in vitro and in vivo in 

non-iaRunhed ànimals, as reviewed in detail ln Chapter Ill. Further 

etudies vere therefore carrie!Lgut, to in'f;estigate possible aechanisms 

that .. y e:xplain the inabilit, of microencapsulated L-asparaginase to 

deplete the plasu L-asparagine content in mice ilmunhed to the encap-

sulated enayae. 

Tbere are at lent 4 possible aechanlsas that .. y account for 

,the l:atter finding. The liltelihood of each of ehese as the probable 

explanation will be exa_j n_ iu t~ in the discussion following. 

<a> The possibility existed that circulating anti-L-asparaginase 

antibocU,es ln ~ni&ed aice .. y in1ù.bit the catalytie activity 

, 
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of L-.sparaginase .ieroeapaules. However. the in vitro results 

presentee! in Table 2 showing that there is no inhibition. do Mt 

support this possbiUty. Furthet11lOre. in the in,vivo situation 

thefi _",as no decrease in the L-asparaginase aetivity remaining 

in the "body" of immuniaed. as compared to non-imuniaed. 

aiee for up to 2 days after i.p. injection of aicroeneapsulated 

L-asparaginase (Figure 3). 

(h) Repeated injections of L-asparaginase during the illauniution 

schedule .. y result in inereased levels of L-asparagine 

syntheta'se activity in boat cells, partieularly those of the 

liver and pancreas which have been i1Ilp1ieated as possible re-

gulatory sites for the boaeostasis of plasaa L-asparagine levels 

(20. 21). lt ls possible that these bost ce1ls respond to 

L-asparagi.ne depl.etion by increasing producti.on of large quantities 

of endosenous L-asparagine at a rate sufficient to effeettvely count-

eract L-asparagi.nase therapy. Bowever. the folloving 4 Unes of 

evidence se81l to suagest that this vas probabl.y uot .. crucial 

factor in the pr~seut stuciy: 

(1) It vas not possible to lover the !plasaa L-asparaaine concent-

rat~i011 to' zero even after injection .of a1.croetcapsulated 

L-asparagi.nase at 10 t1aes a dose lib.icl:l 1s already in excess 

of tut required to effective),y suppress t~e pla_ L-aspara­

gine concentration (Figure S). 

(2) There bave been severa! clinical reports (22 - 24) that indi-

cat~ that pl.asu L-asparagine cou1d aucce&afully he .clepletecl 
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, 1 

w1tb Ervinla carotovora L-arparqioa.e, wh:lch la t.waunoloa1c.lly 

distinct fro. E. coli t-.sparqin.ae (25, 26), ;(~eaic 

patients u.miaed to the E. coli en.}'1I~y/ / ') 

. /. 
Studies by Goldbera et al (19) ha~~so de.ln8trat~ th.t 

._..-beuill8 aice. pT.vi.".l:: ~iaed to E. cori L-upa .. ::_ 

E 
.... e. recdved siDdiu beneU' .~roa the th .. ~t1C acUvity 

of Ervinl. carotovora t-asparqlQa'a. a, d:ld no~~i.ed. 
1 T ) 

t r-bearing .iee. '- ~j ( __ // 

In the present atudy, Ervini. L-asP.rql~8e ~olution vas .. ble 

f, \ ~ 
" 1 1 

to .aint.in the piasaa L-.sp.rqi.... .t lero \~~.tl0 

(Figure 7) in aiee u-miaed ta t~e E. col~/ eu .. That \hese 
", . \ 

latter reault.. vere .s a COllsequel'lCe (il the ~ologica1ly \ 

-distinct nature of the en.yae and DOt a p~perty peculiar to \t. 
1 

vas 'tUlecl o.ut by the resuIts of reeipl'ocal exper1aenta pre- ( 
\ 
\ 

aen.tecl itt 'taure 8. In these ex.per1.aenta vith aiee 1aaunbed \, 

"'" qatut the Erwin!a enaya8, it vas found chat injection of ',,-
, 

Erwi.rda L-uparaginase ln the 80lution 01' alcroen.capsulateël 
, , 

fora waa wable to 10wer the Pu... L-uparaglne to zero 
\ 

coucentr.Uou. but E. coli L-ùparaai_ae eolution eould <Fiaure 8). 
1 

Therefore, theae data 1ud1.cate tha~ the i.J.bU~ty to cI.plete the 

pJ.asaa L-asparag.ine ta aero concentr.t:lon vas prgbably DOt due to 

aa. lnaUl'W)UIl~ble produc:~10n o~ L-a.paragine by cells :lu the t.uniaed 

.bDat. \ ' 

(e) A' third po •• ibU:1ty to he conaidued 18 that \u' arder ta effeetively 
.' 

deplete the p~ L-uparqine cOllCentr.t~OD. to aero :lu t-mhed 

\ 
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1Iice, particularly under coapro1Ùt8ina conditio's -of increased 

endoaenous L-aspara.aine production, it may be essential that 

L-aspaug1n.ase exert its action intracel1ularly. Rovever, 
. , 

diffusiona1 restrictions iIIlpoSed upon the enlYlle entrapped 

vi thin the confines of the aicrocapsule _brane do not 

allow for such an effect. Thus, the rate of dep1etion of plaSIIA 

L-asparagine by aicroeneapsulated L-asparaginase under these ( 

circumstances lUy not be efficient enough ta overcolle tbe bost' s 

compensatory aechani.sms for maintainina a normal· plasma L-aspara-

gine level. I..uitially. this hypothesis appears to be in accord 
- J 

~th the experi.aental. reau.lts obtained in the present studies. lt 

adequately explains why in aice ÙlllUnbed ta E. coli L-asparaainase, 

Erwinia L-asparaginase i,,\ solution cao. effectivel.y suppress the 

plas.a L-asparaa1ne concen\ration. whi1e E. coli L-asparaginase 

entrapped vithin aierocapsulea cannot (Figure 7).. lt also 

ezplaina why in aice illlluniaed to Erwini. L-aaparaginase, E. coli 

L-asparaa1n.ase in solution is· effective, while Erwinia L-aspara-

ainase entrapped w1.thin 1Iicrocapaulea is not (Figure 8). Bawever, 

tbe followi.ua 2 Unes of evidence do not support this hypothesis: 

(1) Erwinia L-asparaginase aicrocapau1es· are effective :ln loverina 

the plaSlla L-aaparqine concentration to lero in aice u.um.led 

to E. coli L""' .. parqiDase ~:lgure 7), and 

(2) E. coli L-aaparagluase aicroeapsules are effective in aice 

~iaecl to Ervinia L-asparaainase (Ftaure 8) • 
.. 

Thus. the dJ..ffusional li.it.tious inherent ~ tbe 1dC'l'«>eDCaps~ated 

j 
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1 

fom of the enayae &180 do not sees to be a crucial factor in the 

present studies. 

(d) Finally, the fourth possi,J,ility" that win be considered ia that 

L-asparaginase anUaenic' deterainants Illy be present on the surface of 

L-asparaginase microeapsules. thus cqnferring certain surface pro-
, . 
perties to the 1Ilicrocapsules. ln the iauniaed aniaa1, recognition 

of these surface antigens as beill8 idenUcâl to ones to which it had 

been exposed, .. y eUcl.t a boat respODse that in soae vay rendera the , , 

catalytic action of L-asparaginase aicrocapsules ineffective in vivo. 

Two ways by which this may be brought about are: 

(1) A. decreased permeability of the aicrocapaules. This .. y be a 

(2) 

significant factor in the ilmluniaed bost because in addition 1:0 

a foreign-body x:eaction to the 1IÙcrocapsules,wb.ich results in an , 

infiltration of infl.aaatory cel.ls and the depoaition of proteius, 

auch as fibrin, onto the surface of the 1Iicrocapsules (4), there 

ia also the added. presence of, hUllOral antibodiea and a large 

nuaber of t.luuoc01lpetent cella &round the aicrocapsule surface. 

Dallage to the 1Ù.crocapsule 'lleabrane ra .. result of u..ne phenoaena~ 

This .. y result in entry of hUllOral antlbodies lnto the micro­

capsules and leaka&e of aicrocapsule :contents into tbe circulation. 

Either of theàe 2 effeçts woul.d iuterfere wi.th the abi11ty of L-aspara-

ainase aicroc&psules to lover tbe plana t-aspaugine level effectively. 

partlcularly under conditions of increased L-asparqine synthes1.s •• ln 

. the rell&iniD& discussion, 1 ~d first like to consider the lik.elihood 

of\ the presence of antj:ge1dc detera:.lJ:um~S 07 the SUTface of L-asparaginase 

\ 
\ 

i~ 'i 
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aicrocapaules pTepared by the i.llterfaeial pol.yaerbati.on technique. 

This will. be fo11owed by • discussion of the pOsstbl.e vays in which 

a bost response to the presence of surface al'ltigens .. , explain the 
tl 

10ss of in' vlvo action of L-aspara8inase llicrocapaul.es_ in thé iaRulliaecl 

hosto 
. \ 

Presence of anti.genic deteta1nants on the surface' of L-asp!raJinase 

ai.c rocapaules 

Since L-aspara8inas~ is cheaically a poly .. iue containiqs 

free &aino groups, It may ruct chemi.cally wi.th aebaeoyl chloride 

durlng the process of interfaclal po1yaerbatlon, fon.11l8 part of the 

_brane structure. In fact, Chang (1) has prepared artiflcial cell 

_branes cODsisting eotlre1y of cross-linlted proteÜl and sebacoyl 

chlodde. Alao. heaogl.obin bas bem show (l., 21) to be incorporated 

ln, the structure of ny10n aicrocapsules prepared by -the standard aetbod. 

It 1& thus p~ssi.ble tbat L-asparaglnase ... y he cross-linked, togetber '" 

wi.tb ha.oglobln_ to fora a structural. cOlÇonent of the aeabrane. 

Another pos81b1l.1ty 18 thau.L-asparqinase molecules .. y be physically 

adsorbed anto the, surface of L-asparagiuase ai.crocapsules duri1l8 t~ir 

pTeparation and vaahlng. ln effect, therefoTe, L-asparaginase aol.ecules 
. 

on t'he surface of the ai.crocapsules .. y present theaselves to the boat' s 

~e system as "intrillsic" anti.gens (cOlIpOllent of the aeabrane struct-
tl .... • 

ure) aod as "e:xtriuslc" antigeDS (adsorbed to tbe aeJlbrane surface). 

1 The proposa! heTe 18 sa.evbat aDalogous to 'the presence of surface 

antigens ou tar .. t cella irtvol.ved in various eell-aediated ~e 
\ 

Tesponses. 

, , 

\ 
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That the iaRuniaed bost reeopiaes anc1 responds to' the 

presence of bOllOlogous antigens aS8oeiatèe1 vith the mierocapsules is 

aupported lndirectly by the followiug histologie&! observations. As 

desc.ribed in the pTesent study. the cellular lnfHtrate seen in immun-

iaed lIiee injeèied vith meroeapsules bearing homologous ant1.gen8 i8 

distinctIy different to that seen il' non-t1llllluuized miee or aiee ÙDIIlUn-

iaed to ~tigens which do not rr08s-react vith those. present on the 

neroc.paule surface. The cellular infHtrate in the former case 

consistee! of neutTophils. lymphocytes and other lyaphoid cells, a 

histologie picture not unlike that seen at sites of eeU-mediated 

1.aaune re.act1ons. Tl)e presence of a large number of eirculatill8 

"sensltl zed "lymphoey tes in ialun1aed aiae as early as one day after 

,. 1.njection of L-asparagina8e aicrocapsules 18 pre8waahly attributable 

to the booster dose of the iaamizing antigen that vas given 10 days 

.. 
prior to the inj ection of L-asparag1nast? neracapaules in theae studlea. 

More direct evid~ iJIImnolosical recognition by 

the boat of the presence of ~h1na ant1Sena on the surface of 

L-asparaginase a:1erocapsules st:qa froll the followina de1lOnatration. 

I~ p. illj action of E. coli L-asparqinase 1I1erocapsu1ea iuto tice 

~i.ed agait18t E. coii L-asptlrqinase .el.leited aD intense, aceeler­

ated production of humoral anti-L-asparag!.nase 'alltibodtes. sillllar to 
1 

the aeeondary antibody respJ,nse obaerved after injection of a booster 

dose of L-aaparqiuse aolut:1on ("ae.:>ry phenoaenon"). 

tt vas otùy because of ~ laek of tille that other t.aunol'ogtc 

atu4iea. fOT exaçle uai.ng the techldque of t.aunofluorescence, ven 
f 

not perforMd to confira the presence of L-asparaginase anttaen:1e 
\ 
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d.terainauts on _he surface of L-asparaainase mcroeapsules. However, from 

the foregoing. it may be sundaed that the presence of anti.getLie deter-
D , 

Ilinanta ia a d1sti~t possibility. R.ecognition of these surface ant1.genic 

deterainants may result in iDaUltologica1 event" vhieh tOlether vith 

1nfl .... tory reaetione ~o the aicrocapaUl.e. th .... lves. uy affect 

th. :I.D vivo action of L-asparq1.nase nerocapaula in at lea.t two 

way •• as will be diacussec1 in .are detail balov. 

Decreased permubility of L-asparaginase merocapaules 

Accordins to th1..s hypotheda, there l..s a decTeale in the 

permeab il it y of lnj ected m1.erocapsules as a result of immunological 

and :1nflammatory cellular :infiltrate, protein depoait1.ou, etc. around 

the surface of inj ected m:icrocapsules. This decreased permeabil1ty 

.. y be suffic1ent to reduce the catalytic efficieney of the a:icroen-

capaulated enlyme. Thus, partlcularly under cO~i1~ons of 
/ ,\ 

L-asparaglne production, the rate of removal of, ~-.. ~ .. ra-
, 

iucreased 

gine from the peritoneal fluid may not be rap:id :~ouah to overcoae 

the comproa:ising effect of an iucreased synthes:is of L-asparaaine into 

the boat' a systea1c eircu1ation. 

The increased cellular density observee! hiatologica11y 

around ncrocaplules recovered from mce i1Imun:iaed to the specifie 

ant:i&ens present within or on the surface of L-aaparq:inaae mcro-

capsuleslends support to this theory. AInother line of evidence vhich 

Adda strona support to this bypotheais. l.natead of a damage-lea.kage 

hypotbesis. 1& that L-asp&rqinase levela reaainiDg in the "body" 
1 

of baunued mce are as h1.gb as the levels assayed in uon-~U1'lbed 
, 1 

aicj:e for up to 2 day,s post inject1.ou (Ft.aure 3). Pertiaps it should 



• 

be antioned hue tbat the &bUity t'a \ •••• y the L-•• paraai.n.se 

activity 1:'eaaining in the "body" of i.sunbed aiee injeeted vith 

L-a.parqinase 1Ùeroeap.ules does not confl1ct vith the idea of 

• decreased aierocapsule pen.eabilt.ty since h01llOgenh,taa of the 

tb'ues prior to .ssay would disperse any cells and prote1.n ~U. 

aurroullcUna the .tcroe.paule. 
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Three .. jor .tteapts vere ude to alter the surface pro-

perties of L-asparaginase microcapaules ta test the liltel:Lhood of 

the decreased permeability hypotbeais. Flrstly, lt vas reasoned 

that perhaps aicroeucapsulati.on of E. coli I,-.sparagin.se by the 

alternate technique of interfact.l coacervation a1aht_ decrease tbe 

probab:Llity of L-asparagtnase beina pr'sent on the surface of tbe 

IÙcrocapsule _brane. Collodion aicroccpsules containina E. coli 

L-uparagf,naae Iliaht not., therefore~ elicit la ta.moloaic re.sponse 

in bosts :J_.Und to E. coli. L-aaparaglnase and. as a result. aiaht 

he expected to func:t:Lon effi.Cl6D.tly in vt..vô. tn this rea_rd, Poznausky 

and Cbana (28) bad already show that catal.,e a1cro~capsulated 

vitldn collodion aicroeapsu1e. va. effective in reduciq 1.njected 
1 

perborate lev.1s :Ln a1ee'l.baunia~o eatala,e. Bowever. -the reaulta 
1 

praaentecl in 'iaure 6 indicate that l.p. injection of collodion l.-àspara-

~ \ 

liU.se IÙcrocapsulea dic! not auppress the pl.... L-a.parqine con-
1 

c_t.ration s:l.p1flcantly. This fiDdina does 1lOt. necesBar1.l)' conflict. 

vith • c!ecr .... ed per8Ubll1.ty theory, however. One pos.1.ble explanation 

18 tut the atf.genic de1:~t aUes of ~he L-•• parq:tnase .,le- 1 

"cu1e~ UDllka t.he catal ... .,].ecule. -.y he Qposed ext~y 01l the 

\ 
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surface of eolloclion i.-asparagiaase aicrrocapsules 80 that the 

host can react to their presence. 

Secondly. the finding that Ervinia L-asparaginase 1aicro-

capsules could effec:t,!vely lover the plaSma L-asparagine level to 

zero in aice ilaDuniled to E. coli L-asparqinase (Figure 7) led to 

the idea t.hat, if one vere to adsorb E. coli L-asparaginase onto 

the surface of Erwinia L-asparaginase 1IÜ.crocapsules. per'baps the 

Erwinta L-asparaginase aicrocapsules vith these, paxtieular surface 

properties would no longer be effective in lowerins t.he plasma 

L-asparagine to zero .in these aiee. Although histologlcal studies 

showed tbat aiee ÛIIIIllnized ta E. coli L-asparaginase did react to 

tbese lIdcrocapsule$ in a 1U.l1n~r qualitative1y sùrllar ta E. coli 

-L-asparaainase -.lcrocapsules» Ervinia L-asparaginase aicroca.psules 

exposed to E. coli L-asparaginase solution ~re still found to be , 
. / 

capable of lowering the pla .... L-asparagine concentration to lero in 
1 

~I < 

mce ~uniled ) ta E. coli· L-asparagiD&8e CFlsure 9). On the other 

baud, injecti~n of these aicrocapsules lnto ~ce ~l.ecl to Ervinla 

L-asparq1nase. did not lover the plasu L-asparagine concentration , 

to lero (Figure 9)! Again, these pre1ialnary dat.a do not necessarily 

TUle out a decreased permeability concept. ~e possible explanatlon 

for the results obtained in these experiaenta 1& that· e.xposure of 

Erv1nia atcrocapsules t.o L-as~agilUl8e aolut1~Q _YI not result i.n 

Adequate w.a1t1.ns of the surface antigenic properti.es of Erwinia 

L-asparaatnaae aic:roeapaulea. 

ADot~ ld.D4 of experiaent vaS carrled out. in vb1.ih bath 

\ 

\ 
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E. coli and 'Ervinia L-asp*aaillase vere Ilicroea.capsu1ated at the . , 

s_e Ume and in concentrations equiva1ent to those used in the 

separate microencapsulation of each enzyme. In this vay. bath 
. , . 

E. coli and. Erwin!a L-asparaginase antigenle detenainants would 

1 
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presuàlab1y be present on the surface of this type of meroeapsules. 

It was reasoned that inj ection of this type of 1IÙ.crocapaules into. 

a1lÎ1U.ls i.mmunized to E. c9li -or Erwinia L-asparaginase sbou1d elicit . 
an iammologlca1 response to thea simi1ar to that aounted to micro-

• 1 

zlIo. 1 If ' capsules containing the correspondlng type px ,enzyme antigen. 

the permeabll1ty of these 1IÙ.cr(),!:apsules •• to decrease as a result, , 

then plasma L-asparaglne levels should not be lowered to zero in 

eitber group of islunb:ed animal.s. Bowever, plasma L-asparagine 

levels decreased to zero after i.p. injection of these Ilicrocapsu!'es 

into bath groups of ~bed miee (Figure 10). These resu1ts cannot 

he explained by a decreased permeability hypothesls. 

! moloaically=induced d8llage to L-asparaginase 1licrocapsu1es . -

Another 1IeChanism tut atteapts to explain the 10s8 of 

in vivo activity of L-asparaginas: aicro~apsu1es in aice :i.una'nized to the 

a:icroencapsulatM enzyme la that of "fmwmo10gica11y-induced daaage" 

to the aicrocapsules. It ls proposed hen tbat speci.fieally 
\ 

\ 

8ensit~ lyaphocytes recognize the presence of hoaologous (intrinsic 

and/or ,extrinaic) antigens on the surfacè of the IÛcrocapsu1es and 

thus cause activation of ~ series of i.-olo.ical eveuts. Theae events 
." 

~ 1 tUI11 CCl cawie ~ to the 1Iicrocapsule llellbrane, PFt1.cular1y 

At pOiDl:a vhere crosa-1 inked protein ~1ecu1es fora part of the structure. 

1· 
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The result is that certain areas of the mezabrane become perous, 
1 

allowing the entry of liumoral ant ibodies iuto the microcapsules 

and release of enzyme into the surrounding medium where it may 

be bound to circu.lating humoral antibodies and removed as ÙIIIDUIle 

cOllplexes. It should be pointed out here that this hypothesis 
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of possible leakage of L-asparaginase microcapsules after 1. p. 

injection iuto ÙIIIIlun1zed hosts does not apply t-o non-iDlDunized hasts. 

As discussed in Chapter III, 1dcrocapau1es do not leak sig1iifi.cantly 

in vitro or in vivo in non-illlllunized mice. 

The ÙlllllUue mechaniS1lls that may be involved in causing 

damage to the microcapsule 1Dembrane are not known. but ./"" 

perbaps one can specula te that they are si1Dilar to those that 

bà.ve been ilIlplicated in causing immunologie injury to tissues 

.carrying membrane-associated anti.gens (29 - 32). The latter 
{ , 

phenome",ôtl involves c01Iplex interactions of various cell types, . 
s~b as neutrophil.s, lymphocytfs, and macrophages. and soluble 

factors, such as lymphocytic factora, co-.plement: and humoral anti-

bodies. Such ÙIdlWlé phenomena are very cOllplex in nature"and their 

- ~patholo8ic mechan:l.~ of action are still Dot yet precisely 

defined even for b101ogical cells. Bowever, the hist:ologi~ pic~e 

observec:l around mcrocapsules recovered from. lIlice ÙIIIluniled. to the 

surface antigeD$ of thesEl aicrocapsules 18 s:iJrllar ta tbat seen 

,in cell-JIeCliated Ùlll,llune reactions involved in tissue ihjury. The 

a4ded presence of a bigb anti-L-asparagiuase antibody titre may also 
" 

be an u.pol'tant fae~ot:o ADother factor that .. y be involved is the 

1 
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'. 
release of potent hydrolytic enzymes, such as cathepsins and other , 

lysosomal enzymes, as a result of neutrophilic degranulation at 

sites of antigen-antibody interaction. lt is postulated that the 
-~ \ 

proteinaceous areas of the microcapsule surface mày be particularly 

susceptible to attack by these potent 'proteolytic enzymes causing leakage. 

According to this damage-leakage hypothesis, the results 

obtained using microcapsules winh different surface propertiee may 

be interpreted as fOllow\1 

Antigenic determinants may be present on the surface of 

collodion L-asparaginase microcapsules. Host recognition of these 

Lmmunizing antigens led to Lmmunologic damage of the microcapsule 

membrane, vith subsequent inactivation and removal of enzyme leaking 

out from the microcaps~les. As a result, collodion L-asparaginase 

microcapsules vere not effective 'J.n suppressing the plasma 'L-asparagine 

level (Figure 6). 

In experaents with.,. Erwinia L-asparaginase microcapsules 

which had been exposed to E. coli L-asparag~nase solûtion, the host 

immunized to E. coli L-asparaginase recognizes the presence of 

(extrinsic) E. coli antigens on the microcapsule surface. Subsequent 
.. 

activation of ÜDmune events in the host led to immunologie damage 

of ~e microcapsule membrane. This caused release of an tmmunologically 

different (Erwinia) L-asparagina~e into the circulation. As a 

result, this type of mierocapsules effectively lowe~ed the plasma 

L-asparagine level in mice ÜDmunized to E. coli L-asparaginase 
• 

(Figure 9). On the other band, inje~n of .rthis type of m.icr~capsu1es 

J 
.. 
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into mice immunized to Erwinia L-asparaglnase evoked Damune mech-

i5mS but, this time, because of host recognition of (extrinsic 

219 

and intrinsic) Ervinia antigens on the microcapsule surface. Hov-

ever. damage tG the microcapsule membrane with subsequent release of 

Erwinia L-asparaginase cannot lover plasma L-asparagine b~cause of 

the presence of circulating anti-Erwinia L-asparaginase antibodies 

in these mice (Figure 9,. 

The results obtained vith microcapsules containing both, 

E. coli and Erw1nia enzymes can easily be reconciled according to 

a damage-Ieakage hypothesis. Immunologie recognition of the presence 
\, 

J 

of (extrinisic and intrinsic) surface antigens by hosts previously 

Umaunized against either one of the entrapped enzymes would resuit 

in ~unologic damage to the microcapsule membrane. Subsequent leak-

age of physiologically active Erwinia L-asparaginase into the cir- . 

culation of mice immunized to E. coli L-asparaginase would lower the 

plasma L-asparagine in these mice (Figure 10). Similarly, leau,ge of 

physlologicallyactlve E. coli L-asparaginase into the circulation 

of mice immunized to Erw1nia L-asparaginase would also lover the 

plasma L-asparagine in these mice (Figure 10). 

It ls iJIlportant to note that a damagé-leakage mechanism, 
1 

though attractive. cannot explaln the findings that "body" L-aspara-

g1nase levels vere Just as high i~ immunized as in non-bmamized mice 

for up to 2 days post inection (Figure 3). If there vas significant 

leakage of aicrocapsule cont~ts during the tirst 2 days post injection. 

one would expect the "body" L-asparaginase leve1s to be lover id 

/. 
,'" 
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immunized than in non~1mmunized mice. 

ln short. either a "decreased permeability" or a "damage-
, 

leakage" hypothesis cau explain the plasma L-asparagine results obtldned 

in mice immunized to E. coli L-asparaginase after i.p. injection of 

E. coli L-asparaginase microcapsules (Figures 4 & 5). and in mice 

immunized ta Erwinia L-asparaginase after t.p. injection of Erwinia 
1 

L-asparaginase microcapsules (Figure 8). Unfortunately. the results 

of subsequent studies uslng collodion L-asparaginase microcapsules (Figure 6) 

and Ervinia L-asparaginase microcapsules tbat had been exposed ta E. coli 

L-asparaginase solution (Figure 9). vere not defin.1.tive enough 

ta exclude the likelihood of either of the 2 proposed mecbanisms. 

Although the results obtalned vith microcapsules contalning both 

E. coli and ErvinJa L-asparaginase (Figure la) can best be explained 

by a damage-leakage mechanism. nevertheless, one cannat overlook data 

abowi.n& tbat ';body" L-asparaginase levels reaained as high in iaDunbed 
1 

as in non-~ized aiee. at least up ta 2 days post injection {Figure 3) ~ r 
The latter f1nd~ cag. ooly be interpreted aecord:1ng to a decreased 

pe.rmeability aecbaniSDl. Thus. from the data presently available. one 

cannot as yet define the exact detailed aeehanisa(s) whereby L-aspara-

ginase aicrocapsules are rendered physio,logically ineffective in aice 

'_mized ta the meroeacapsulated enzyme. Bowever, these studies do 

sugest tbat antigen1.c properties associated vith the surface of the atcro-
1 

capsules and the bast's ability ta recognize and resPood ta their 

preseDce, play a prcfiiainent roie in any 8uch ~ba.n:l_ • 
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APPENDIX 1 

Preparation of collodion L-aSparaginase micr9capsules 

10 gml hemoglobin solution (hemoglobin substrate, WOrthington 

Biochemical Corporation. Freehold. New Jersey) was buffered by the addition 
.. 

of tris (hydroxymethyl) amlnomethane base (final concentration 0.06 K). 

then flltered through Whatman No.42 fiIter pape,:-. Collodion (cellulose 

nitrate) solution vas prepared by evaporating collodion U.S.P. (E.R. 

Squibb & Sons, Nev York. New York) to 20% of its originai weight and made 
J 

up to its ori.ginal volume vi th ether. To a 150 ml glass beaker surrounded 

by iee the followtng were added: 4.2 ml tris-buffered hemoglobin solution 

containing 500 ru L-asparaginase and 42 ml of water-saturated ether con-

taining 1% (v/v) Span 85 (Atlas Ch~cal Industries. Brantford. Ontario). 
" 

The mixture vaS iumediately emuls1.fied for 5 seconds. using a "Jumbo" 

magnetic stirrer (Fisher Scientific Co .• Montreal, Quebec) vith ~ speed 

settiDg of 7. 
J ' 

Witbout stopping the stirring, 42 ml of collodion solution 

were added and the reaction mixture stirred for one minute DOre at the 

saae speed. t'be beaker vas then covered and allowed t.o st.and unst.irred At. 
" 

o ' 
4 C for 45 minutes t.o allov the cellulose ester to gradually precipitate 

~ 

at the interface of eacb microdroplet. The sup~natant was removed and 

50-ml of a-but yI benzoate (Eastman Kodak Co •• ~cbèst.er. New York) con­

taining 1% (v Iv) Span 85 vere added and tbe a1%ture stirred. for 30 seconds 

At. speed 5. The suspension vas then left to stand uncovered. and unstirred 

o 
at 4 C for 30 ainutes to allow tbe etber to evaporate and tbe outer sur-

face of tbe aicrocapsules to set. The sup,rnatant vas removed and 42 al 
l ' 

of 50% Tween 20 solution (Atl.as Cbea1cal Industries) added. The microc.ap-

sules vere dispersed in the aqueous .ediua by stirring the suspension vith 

the .Juabo st1.rrer at speed 10 for 30 seconds. The speed vas decreased to 

--a • 
,- -
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5, 50 al of water added and stirrin.g çontinued for another 30 seconds. 

The suspension was then further dU.uted vith 200 ml w.ter ~ allOW(:;-v 

to sed:t.ent. The supernatant was reJa9ved and the aicrocapsules washed 

repeatedly vith 1% Tween 20 to get rid of fragile aicrocapsu1es and 

any residual n-butyl benzoate. The aicrocapsules vere then washed vith 

saline to reJaOve the l'veen 20 and resuspended in saline to produce a 

50% microcapsu1e suspension. 

r 

\ 

\. 

1 

1 

-= « 
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APPENDIX 2 

Demonstration of the presence of anti-L-asparyina.se antiJ?04ies bI the' 

OuchterlonI technigue 

In the present study, the Ouchiteriony double d~fusion technique 

in two dimensions vas carrlèd out on slides coated wi.th .... rose. The eentre 
1 

weIl of each s11de vas f illed vith the t,est SenJa and the peripheral vells 

were filled vith different concentrations of L-asparag1nase solution (AS). 

The ~eaetants in the separate wells move toward each other and a t..uno-

specifie, precipitln line forma in the agaroae aediua when antigen and its 

homologous antibody combine in opt1Dal concentrations. The figure belov shows 

typlcally tbe preclpitin Unes tbat develop when anti-L-asparaginase sarnia. 

collectèd from animaIs tbat bad been 1_m1zed as deacrlbed, vas placed ln 

tbe centre, weIl. 

~ 
. 

s= test serum 

1 = 12. 5 pg/-.l AS 

2 = 25 J1g/rù~AS 

3 = 50 pg/m1~AS 

4 = 100 p,g/al AS 

5 = 150 pt,/ml. AS 

6 = 200pg/1a\AS 

, 1 

o 

-
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APPENDIX 3 

Appearance of Sfpical patterns of heaaggluttqation 

The appearance of typical patterns of hemagglutioation 19 shown 

ln the figure below. 

(;;'0 ' 
'~ 

ê) 
1 

F~8 1. A,ppearaoce of patterD8 of he.mwIutination. Top row-left 10 ript +++.;-, +++, ++. 
+. :1:, reactiODli. Bottom J'Ow-left ro ript ±. -, -. 

(taken froa ~tav1tsky, A.B •• (9) ). 

In a strong reaction, the cella fora a cOJllP&ct gran\ü.ar agglutinate or a 

diffuse "earpet«' of agglutinated cells coveri.ng the bottoa of the tube. 

Weaker positive reactions are ebarac~rized by a aat of cells vith folded 

or ragged ~es. A negative r~tion coasists of a discrete button or 

saall ring of ce.lls in the centre of the bot toa of -the tube. In a doubling 

dilution series. a 'aradation betveen the appearances of positive and negative 

reactio1l8 usua.l.l.y oecur 1 ovkr, i - 3 t". The eadpo1.nt cbo.en in these 

atudies ,vas the last. tube sboviD& an even carpet of cella V1.th a slight ring 

at the edae .. 
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GENERAL SUMMA.B.Y 

.. indicates elaims ~o original work vith L-asparagiDase micro-

capsules in particular. 

*1. There was no detectable L-asparaginase aetivity ln the blood of 

miee injected i.p. vith L-asparaginase microcapsules (AM) for up 

to 16 days post injection. In aarked contrast. after i.p. inject-

ion of L-asparaginase solution (AS), L-asparaginase actlvity 

quickly appeared in the blood witb the highest concentration 
, 1 

oceurring after 4 hours, and was cleared from the circulation 

with a half-life of 4.4 hours. 

*2. It took 2.5 to 3 da ys for "body" L-aspar~ginase levels to declint: ' 
, 

ta 50% of its original activity after i.p. injection of AM, vhereâs 

nbody" L-asparaginase levels fell vith a balf-life of 2 hours 
l 

after i.p. injection of AS. !hus. these results showed that AM 

retained catalytic activity for a s~ificantly longer period of 

ti:me than AS in vivo. 

,.!) 

*3. Plasma L-asparagine vas 1118.1ntained at z\ero concentration for 8 

days after Lp. injection of (oylon) AH as ca.pared'to only 3 days , 
after Lp. injection of AS. 

4. lt ls conclue/ed frOJa (1) and (3) that AM C8.J1 effective1y suppress 

the plasmi L-asparagine levei vithout enzyae leallug out fra. 

the aicrocapsules into the blood. 

S7 
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The greater ability of AH to 1I&intain plasma L-asparagine at 

ze~o concentrati~ ma~ be explained by the increased stability 

of micrôencapsulated over the solution fora of the enzyme, and 

the protective function of the microcapsule membrane in pre-

230 

venting the rapid removal and inactivation of the forei.gn enzyme 

by the body' s defense mechanisms. 

*6. Although 20% of the catalytic activity of injected AM vas still 

retained after day 8 post injection, plasma L-asparagine levels 

rose back tovards normal on day 9. 

*7. Histological studies pf microcapsules reco~ered st various tmes 

J 

*8. 

from the peritoneal cav1ty sboved tbat a foreign-body reaction 

vas~unted by the bost to the i.p. injected AM. It is proposed 

tbat the progressive fibrosis observed. around the microcapsules 

resu1ts in a decreased permeability of .J:he mi.crocapsules ,to sub-

strate and provides a lIIOrpbologica1 basis to acco1mt for the 

findings in (6). 

Subsequent exper~t~l data show tbat i.ncreasing the in ~trq 

stability of AH, by cross-linldng tbe eD%yae 'vith glutara1dehyde 

after mi.croencapsu1ation, did not further mcréase the ability 

of i.p. injected AH to 1IIlintain a zero. p1as1l& L-asparagine COn­

centration. This finding is consistent vith t~ hypothesis of 
( 

decréased pérmeability of the JÛ.crocapsu1es in rlvo, as proposed 

l ' 

J 
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, 
in (7). This result is also thrirst m vivo demonstration of 

the physiologiea! action of eross~!inked AM and provides further 

support that a leakage mechanism is not a sine qua non te ex:plain 
( 

the mode of action of i.p. injectèd microencapsulated enzymes. 

*9. There vas no increase in !iver L-asparaginase activity after 

injection of AM, in"contrast to injection of AS. Pre!tminary 

data suggest rather that a pro!onged depletion of L-asparagine 

and/or pro!o~ed increase in L-~spartate and ammonia !evels, in 

the plasma, Brought about by the sustained action of AM, cause 

a decr~se in (endogenous) liver L-asparaginase activity. 

\ 

*10. It was demonstrated that i.p. injection of AM, like AS, was capa~ of 10-

ducing complete regresslon of established 6C3HED 1ymphosarcoma 
/ ~ 

.J borne in non-immunized. syngen~lc hosts. -, 
11. Subsequent, more detai1ed st1lJdies ~ere performed to compare and 

\ , 
analyze the tumor inhibitory effect:1vene$s of various doses of 

free and micr4encapsulated ,forma of L-asparaginase/~n causiog 
Il 

tbe regression of estab1ished 6C3HEDllympbos~reoœl iDplants in 

non-imanmized Mee. 

Althougb the in:1tial rate of tumor regresston vas more rapid in miee 

treated vith AS than :in those ueatfed vith AH, 3 days after èither 

type of .treatment, tumorê vere no longer visible in a11 nee 

treated vith AS or AM at a11 doses given~ 

Il 

'Î 

• 1 
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*13. A dose of 0.500 IU/gm bq.dy---weight of either AS or AM was found 

*14. 

to be curative. Six days after treatment vith AS or AH at tbis 

dosage. mice vere sacrificed ~nd post-oortem exam1 nation revea1ed 

no Mdence of lymphosarcoma at the site of tumar implantation 

or at other sites in the body. There was no reappearance of 

the tumar after treatment for up ta 100 days after tumar implant-. -
ation and all animaIs were tumor-free at this time • 

. ' 

tlowever, some tumors reappeared after treatment vith doses of 0.125 ., . 
, . 

lU/gm or 0.250 IU/gm body weight of either AS or AM. Tumors re-

" 
appeared mor" quickly in aniaa1s t~at received the lower dose of 

0.125 IU/gm of AS or AH than in theiae given the lh1gher dose of 

0.250 IU/gm of AS or AH. 

*15. For a given subcurative dose, tumors reappeared more quickly 

in those 1rlce treated. with AS than in those treated with AH. 

*16. AlI animaIs treated vith 0.125 IU/gm AS were dead lJy day 35 after 

tUDlOr i.JIplantation, whereas 27.3% of tbose treated vith the 

equi.valent dose of AM wer.e 411ve and tUllOr-free up to 100 days 
( 

after tuaor ~p1antation • 

. 
*17 • 75% of a1ce trèated vith 0.250 ml,.. AS vere alive aDd tu.or-free 

100 days after tu.or taPlantation, as coapared to 91% for tbose , ~ 

treated vith AM after the ~ p~iod. 
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18. It 18 concluded from these results (15 - 17) that microencàpsulated 

L-asparaginase at subeuratlve doses i8 more effective than the 

equivalent dose of AS in the treatment of established 6C3BED iym-

phosareoma implants in non-immunized mice. These differences in 

therapeutic poteney correlate well vith the physiologiea! pro-

perties and in vivo effects (2, 3, 5) of these two enzyme prepara-

tions in non-immunized miee. 

19. Experiments were performed that confirmed the proposa! that the 

LOB virus decreases the clearance rate of enzyme from the circulation 

of infected hosts, and thus is an important contributing factor to 

the therapeutic activity of L-asparaginase. In our case, a 3-fold 

increase in the balf-life of L-asparaginase in the blood of tumor-

bearing mice injected vith AS was.observed. 

*20. No L-asparaginase activity was detected in the blood of tumor-

bearing miçe after i.p. ,injec~ion of AM. It is noted that sinee 

the mode of action of Lp. injected AH does not depend on L-aspara-

ginase activity in the blood, the LDH virus probably does not play 

an lmportant role in the case of aicroencapsulated Irasparag1nase 

therapy. 

*21. ~Urther studies in mice vhich had previDusIy been 1_mj zed to 

~asparaginase indicated tJt bath AH and AS vere 1pcapable of 

induclng regression of tbe 6C31ŒD lyaphosarcoma 'borne in these hasts. 
, 

The medi.an survival tilDes for tumor-bearing, ÎJIIIalD1zed mice treated 

1 

1 
1 
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. 
vith 0.250 IU/gm or 0.500 IU/gm AS or AM were s1milar to those mice 

, 
given saline or microcapsules containing no L-asparaginase, as 

contraIs. 

22. ft ia concluded from these resulta that bath AM an~ AS. even at 

a dose level which 18 curative in non-1mmunized mice bearing equ1-

valent tumor loads. are therapeut1cally 1neffective when admin1s-

tered to hosts previous1y immunized to L-asparaginase. 

23. Studies vere then carried out vitb immun1zed mice in an attempt ta 

*24. 

exp1a1n the physi~log1ca1 basis unde,rlying the 108s of therapeutic 

I}' 
potency of the enzyme preparations ln ,these mice. 

lt waS found that more potent ant1sei,a', could be obta:1ned by prolonged 

ÛIIIIlUD1zatio,n over a per:1od of 1 year :1nstead of 1 month. Th:1s pro-

bab1y represents an increased avidlty of antibody mo1ecules produced 

after prolonged immunlzation. 

*25. Incubation of hyperimmune anti-L-asparag1nase ser~ wifh AH did 

not inhibit the cata1ytic activ~ty of AH, ln marked contrast to 

sim:1larly treated. AS which was inh1.b1 ted 70%. 

*26. In vitro, the L-asparagine content of pla81ll8. was effective1y dep1eted 

to zero by AH in spite of the presence of ant::1-L-asparâgina.se 

ant1bodies in the surrounding medium • . ~ 
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The &bave results vith AH (25, 26) suggest tbat in vitro there 

is no leakage of L-asparag:1nase fram the 1rlcrocapsules and the 

presence of specif lc hUlbOral ant1bodles 1.n the surroUDding llediu. 

does not affect the catalyt1c activity of L-asparaginase baide 

the mi.crocapsules which continue ta act on plasma L-asparagine 

diffusing 1n. 

28. After Lp. injection Qf AS into :1.mImnized miee, very low L-aspara-

\ 
glnase act1v1.ty appeared in the b1ood, vb1.ch vas very rapidly 

removed from the circulation. 

*29. No L-asparaginase act1vlty appear~ ln the ~loo4 after i.p. iDject-

ion of AH into t .... nized mice. 

*30. Wbereas "body" L-aspa~aginase levels vere lower :ln 1aa1n1ze4 than 

in non-i.-unized JI1.ce after injection of AS, theJ:'e vas DO sign1.-

f!cant difference in the t'body" 1rasp~rag1.DaBe levels il1 1wum' zed 

and in non-1.DIanmized mice after injection of L-asparag:1nase a1~o-

capsules for up to 2 days post iDj ection. 

31. The pl.asaa L-asparagi.ne concentration iJi 1W1!mf zee! aiu could DDt 

be lowered' signif1c.antly after Iniect10n of AS. rus 1.s relatecl 

*32. 

. . 
to Che resu1ts obtained 1.11 (28). 

1 
Despi.te the fiDdiDgs Ûl (30) that: "body" G-asparas;1Due level. 

\ 
remai.ned h:1gh for up to 2 days after 1. p. lnj ection of AH, 1I1to 

1 . \ 

/ 
\ 
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i.JIDunized IIdce, the plasu L-asparagine cou1d not be lowered 

signtficantly after injection of AM. 

33. The results in (31) and (32) provide the pbysiological bas18 

to explain the 10S8 of therapeutic activity of AS and AM respec~-

ively in tumor-bearing, immunized DlÏce. 

*34. The plasma L-asparagine ~el cou1d DOt 

~ 
be suppressed significantly 

even after l.p. injection of AS or AM at 10 tillles tbe usua1 dose 

of 0.5 IU/gm body welght. 

35,. With the aid of Ervin1a carotovora L->asparaginase, further studi.es 

vere carried out to investigate possible mechani8J8S that -.y explain 

the 1nB:,bil1ty of AM to deplete 1 the pla8J118. L-asparagine content in r 
a1ce t.Dunized to tbe microencalieu1ated enzyme. 

*36. Vhereas in mce t..unized to E. co11 L-asparaginase, Inj action of 

E. co1i As or AH coul.d not suppress the plaaa L-asparasine sisa-- \ 
\ 

1flcantly, tbe injection of equiva1ent doses of Ervin1a AS or AH 

was effect:f,.ve. 

*37. Ileciprocal experilae11ts in aice 1,..mized to Erwinia L-a.paraginase 

showed that :1njeeti.on of equivalel1t doses of E. eo1i AS or E. eoli 

AM coUld loveT the plaslu L-aeparagine to zero. 

j / \ 
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*38. Bowever. injection of Erw1nia AS or AM could not lover the pI.a.a 

L-asparagine to zero in IIlice 1mmunized to Erw1n.1.a L-asparag1aaee. 

39. Other studies were .180 carried out using L-asparag1Dase a1.cro-

capsules witb different surface propertiea. 

*40. 'Injection of collodion E. coli AH al80 vas unable to lover the 

plasma L-asparag:1ne concentration to zero in ''.!l'lIni zed to E. coli 

L-asparagiJ1ase. 

*41. Injection of Erwinia AM prev10uely exposed to E. coli AS decreas-

ed the p-lasma Iraeparagine to zer,o in IId,ce :f..-un1zed to E. coli 

L-aaparaginase. 

*42. Bovever, injection of Erwinia AM prev:iously exposed to E. coli AS 

dU not l.ower' the plas.a L-asparagine to zero in du 1 .. mized to 

Erwinia L-aaparag1nase. 

" 

~ i43. Injection of JÛ.crocapsu1es contailliDg bath E. C01~ and Ervinia 

t.-uparag1asee 10wered the p1asaa L-asparagine to zero in 1I1ce 

Injéct~of JÛ.crocapsules coDta1.n1Dg' bJtb E. coll ad. Erw:11l1a 

L-~parag1Da8e a180 lowered the pa... L-asparaatn.e to. zero 

in aice iMlm1zecl ,to Erv1nia L-uparasJ.nue .. 

J 

,{ 
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*45. Histologieal atudi.es ahoved tbat s1ailar cellular reaeti.oD.s occurred 

in response to.t.. p. 1njeeted lI1erocapsules on day 1: 

<a) in uon-t.auni.zed 1Iliee recei.ving an injecti.on of oue of the follow1ng-. . -

c~trol llicrocapsules. E. eoli AM. Ervinia AM, or Erv1n.1a AM 

exposed to E. cOli !!:-asparasiuse solution; aÙd . , 

(b) in (E. eo11) t.DnizecJ lliee receiv:lng an 1.njecti01l of either 

control! aicrocapsules or Ervinia AH. 

In all of these cases, the ceU imilerate observed around the 

ai.crocapsules was typical of a foreign-body reaction. e~1st1n8 

priaarlly ~f neutrop~ on day 1. 
1 / 

*46. In contrast. a different cellular re8pon.ae vas seen on day 1 i.n 

(E. col!) ~ized llice 1.njected t.p. vith eitber E. eoli AH 
1 1 

or Erv1n1a AH expOfled to E. coli AS. There vas an 10crease 1.n 

density ~f cells aroUDd the a1erocapsu1es and 1.n aclCliti.on to. 

n.eutropb.1l.8. tbere vu a t la~ge infiltration of 1)'11pbocytes in tbese 

apecÛlleDa. Thi8 lYJ1l)bocytic Wijtratie ta 8USCestive of a bost 
- 1\-

f_me I;'f!eponae to thetle Jdcrocapsules'. ) 

47. The re81l11:8 abave (4S.. 46) '1D41eate that the prec1oaiD8J1tly 1,.- ~ 

pbocyUc 1.nfiltJ.t;e observee! in (46) v .. .,ec:U1.c in tut it wu 

1· OD1y •• en iD .~. ~h hM beeo t.,u1l1:&ed aaa1aat the specifie 

~ of .. ~ "esent vithiJl ~ cnJ the eurfece of AH. 

*48. 

~ 

~. p. iajJt:toa of: B .... U. AlI iAto Ille. _1-ur ... _ .: co11 

_ L-upar_iu .. e11cit_ .ail iat .. e, .c~]er.utc1 pr~tioa of) 
\ 

1 
/ 

1 
~ 
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haoral ... u.-L-uparaaJ.nase _1~ s!ailar to the secoadary 

antibody response observed alter 'inj ection of a booster dose of 

AS ~.,.,ry pheDOlleDOD1
'). This ~e responae suggeats 

the bost recognbed the preseuce of 1-.ni.~8en1C 
aS80c"i.ated wi.th the surface of the aierOcap\.ules. 

tbàt 

detendnants 

49. V~i.ous possi.ble ucbani8118 that aay explain the i.DabUity of AH 

to ,lover the pla8118 L-asparagine coo.centrati.on 10 aice specifi.cally 

.. lm1 %ed to the llicroeneapsulated enz)'lle are discU88ed i.Jî, the light 

of the present data. . 

1 

. \ 

\ 

\ 

/ 
/ 

1 

) 


