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Yhe purpese orthh m-k‘hu been to omxrelate the level
dmmumamuthasmuaum.
| The 3 is conserned with the historical
Wummogwmmmumm
csuse alterstions in the level of ensymes in sexum. Reascns are
given far studying the seven seleoted ensymes: acdd and alkaline
phosphatase, S-muclectidase, glucoss-6-phosphatase, phosphoglucese
iscmerase, aldolase and m-c.ttr&c dehydrogenase, .

- Pext I s devoted to & review of the relevant properties
of each ensyme and the methods availsble for its determination,
Details are given of the methods used in this lsboratory, together
with the experimental finfings which led to the development ef new
methods for the determination of alkaline phosphttue,\ ghicose-6-
rhospbatase and S-muclectidase, Attempts at improving the

sensitivity of the existing methods for acid phosphatsse are also
described. |
Bart 1T gives a review of the litexature related te
alterutions in the sexum level of these selected msymes. The
results of our investigations are Mtad, and they have been
correlated with the clinfoal eondition of the patients, Kinetio
studies have been und to 1nmtisat‘e the origin of serum alkeline
phosphatase in pathologiesl oonditions. Having establised that




 be taken as an indidation of dlsease in the liver, these and other
ensyacs have been used to investigate tha existence i site of
seocndaries in women with cancer of the breast, L
" Discussien.  In this weotion the ccnditions whish

influense the relsese of ensymes abd their removal frca the
eirouleting blood are discussed. S

' 'Appendix. '~ Blochemicsl and ease histordes and '
dstailed results of the easjme determinstions on the
individual cancer patients are given in this section,
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ANTROIUCTICH,

- !h!.sworkhnbun directed towards estsblishing what
uutul :lnfantien can bo obta!nea a'en the study eof serum cuynn
in wc-tn vﬂ.th oanoer of the breut. The correlation between the
clini.cl.‘i. ocnﬂition of thc pati.ent ‘and a:ltentiom in the lmh of
difrmnt msnu hu been m‘tigttod and athnptt hm 'bm
ludef.o nnkthopoaitimofnmtamﬂthm intho
mlmlntdiffmtm-. Inon‘!orto utabnuhth-
ocuutm which caise ¢levations in some of the less m-m
mmsyu-, these have been studied in diseases other than
cancer of ‘the breast, o | .

Euyu- ave ;rotum with catalytic properties due to
thedr powsr of apscifie sctivation (Dixon and Webb, 1956). They
are produced s & result of cellular sotivity, but are independent
of the pressnce of lving cells for their operstion, In
apecifying thet all susymes are proteina, the definition exelndes
glutathione and ‘_‘oﬁ"né‘é comsymes. ALl the enxymes so fer cbisined
i a pure state have heen found to be proteins and there 4s much
40 be #aid for confining the definttion to protein catalysts
‘exhibiting the property of specific 'wﬁﬁtiﬁx{ of » substrate,
This also exeludes cytoam O which 1s a protein cstalyst but,
acting as amamlnot as an activator, can be elassed with
‘other coensymes which work only when they thesséives are
activated by specific ensymes. |
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mmlwmkdnlingwithmmomﬁmdahut
entirely to tho process of ﬂnoholﬁc fmastatun snd 1t i m-
thinwwkthttxﬁhminm&medthotm'm 13187&; i.th
laormam;m*maofmmmmmmmu
"inyuut. o . ‘ |
. Embmofemmlmwbomu
the u.rly studies of digestive ensymes. xtmu (1815) fcum!
thltﬁmhmubemvn"iﬁfommmw*
glutimamwnﬂcxtrwto& from wheat, &yanmdm(wj})
n’uo npnntoa sn wtiva m&ue from rbut ad mmud tln
pmmarambttancehaﬂngsmmouundﬂa., In
18h6hgemufomdw1aninb1¢odmdurhamdwbmthe
first person to estimate enzyme acﬁvity in thne t-wo bloloaial
fndds, Ini%l’uhlmthinmmdamtmm”thmm
suylase astivity in urins and m that paumtl vdth soute
pameatitu bhave hish urlm*y wham mtiﬁty vhm mma vs.th
mmlpcramorpatienta mmmmm». Kom.
thmrom, the first person to use m;yn mmmm as a
dlagnostic aid,
| L Maworthemmcmmumawmnm
fermentation led to mmm.nmbmorm |
mm,ofeamtmt spw; pbsphlt‘ utm. 1n1907
Susuit, Toshime and Takabashi extraoted an euyws from
‘taladiastase which would liberate free aloohol or sugar and
inorganto phosphate from esters of phespharic acid,  Sevessl



years lster Robison (1922) fomd a phosphate-aplitting ensyme
present in yeast juice that would hyarolsae glwou mnnphuphte
to libmta sugar and’ inorgenic phosph-.te, uhioh in the. prnm
of calotun Sons would precipitate as insoluble caleium nhnphm.
Robison (19a3) tlan laoked for and found & -smm msvzty in bone,
which he calle&plwlphatuu In‘lS%Wm&RnbimshoM |
that blood plasma contaiued a phosplatau. astive in an tlhliu
medium, similar 4o that in bone. wwxm'aumerymww
that a marked plaans. phosphl.hsc activity was uaocntod vith
ostecblastic bone disesses, the door was opensd to the study of
pmvmmmma..m. o |

During the last thirty years tl;éra has besn & great
sdvensesent in enaymology startingwith the isolation, emongst
others, of the glycolytic and Kreba cyzle ensymes from miscle,
liver and other tissuss. When Yarberg and Ohristian (1943)
| dewonstrated aldolase activity in the serum of tuscur-besring rets,
 theymade the ﬂrstimportautstapintheah:ﬂyofmsmlm

. cancer and ather tisaue«»ﬂaatmctiva a:hmea. : Sibley amd

Lelminger (1%4%e) demonstreted abnormal levels or aldolase
activity in the serum of canser patiemts, - !_t’hﬁy of serum
 enaynee was tius extended 4o the giyoolytis m:v-i-. where.
previously 1t had besn restricted o the phosphateses end.
digestive enzymes; the trensaminases, dehydrogenases lnﬁ others
followed, until at the present time more then twenty ensymes have
some diagnostic ussfulness,
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Altmﬁmninthemlmhinboﬂyﬂuidluy
rmmmoaﬁmwcmumﬂa. Alnonsyu
1mmwwmmmmutfrmwmmwm
ormomﬁtnihmwcﬁon,mmvmlvrmdmm
mmwmwmmmananﬂmwm
rmmmmmmmmun.mmw-mmm.

o Am‘u-mmlmluymultﬁoumot‘
three thinsn (;) mctm,ty in & particular organ, such as
the high amm andm.m mlau founa m mtc pnmtnu;
(u)thammeormmmmwﬁmumm -
myocardial infaretions or(a:u)amlmmtmmr
uxmtmnchmin,uanmobotmcﬁoncrthecmbuo o
mctmummmmmypnmorm |

phmplutua. ,
With the ramerons emsyn aotmmm new at ihc

cliniosl bioshemist's disposal, some dlscrimination has o be
vuaeuhvhichmmsviugwthomnmblo -
information sbout the patient, D

| memnummnsmmmmaiﬂdea
into two types, B‘in‘u;rthmmthnnvmhgiwintmtzon
about dhuaeianpmim orgm. 1.0. thaym organupocifu.
‘A good example of ihis is the tertrate-labile scid phosphatase
mmtmmmmufmwuhmhmmmwm
ruwbc. Soconazy thm mthuoofudoanmms.on. m

‘a8 the glycolytic mynel,which give mromtm about the



Nmmww:mmmmmmamﬂ
ﬂ%@mwﬂmwm';mmmummmmmd
mzmwm g3 semwd jsom uy mm w Laatay. aos &rmmm mm‘
mqamwzmrammmdmmtwmm
‘mm‘nmqmmunmm~
osommmwmnmu mmuom wcmm";,’
B R T Ty v————
wsmwwmmmmmqmtmuomsmﬁh
mnamﬂwmmwdmummmw
otwm*muwwumm;om o
| ’mnmwwm Inoqe
,mtammuﬁmm'mmmmmvm%
' vrﬁ USSQ BWY WOTIBIIY JOTMOTINRT Wv weeq m Lpnys
,unnﬁwswnmm%numwmzommm
‘e31s ‘eoudsead ey3 jnoqe PeFe3q0 oq ueo wﬂwﬂm ‘uﬂnmm
: ogmmmmcqom;omymtumoxq
. o . STgdrey wago. e's‘
Mmmeammsmwmm‘amw%omu
.mw-dmtmvosmmomux tmmaqmu
“Emj3L SATIONOTREX JO m'-mmtﬁ-x o su. pawyd Lxeygnid owy 3
- UOTIVIq? £q poyeery 3Ewexq o3 30 mmo JUSPEOGID-CUORIOY Y TA
=4mtswdvomqmmmm4-to.;&wumm |
, | *uﬁ.mmn.nd
v W owventp ynoqe wegs Foyyex auaried SY3 JO UOTIFIUOS TwINRS

¢



loss obvious, Metastases in either the bone or the liver osuld
be responsible for elsvatod levels of the ensyme in serum, The
source of this serum incremant has besn imvestigated by the use
of different substretes for the determination of ensyme astivity
end by kinetlo ctudies.

S«Nucleotidase is a substrete-spesific phosphatase,
. dotive st r 7.5 on mpiootma with & phosphate group attashed
to the ﬁﬁhWitmoftMpmtuc. The serum level of
thnmsyumlbm‘-w.dmmﬁncﬂbnﬁthm
phosphatase since it has been shown to be raised only in liver
Aisense (Dixon end Purdom, 1954 Youmg, 1958). A series of
cancer patients hu been followed to assess the wvalue of this
determination in differentisting between bone smd liver

Acid phosphatase has been used in the disgnosis of
canoer of the prostate for meny yeers (Gutmsn, Sproul and
Gutman, 1936). The specificity of this test was improved by
the discovery of speoific inhibitors for prostatic and red cell
acid phosphatase (Abul-Fadl and King, 1949), and methods
involving the use of these were soon forthocming, Attempts
have been made to improve the sensitivity of the latest methed
for the destermination of prostatic scid phosphatase by King and
Jegatheosan (1959).

Total soid phosphatase levels are useful in following

14



the progress of women with cencer of the breast, A fow.
differential nb-tﬁte:-tndies have been carried wut in an
- attempt further to fresticnate this breast componsnt,
a:nmi-s-‘pxmpmm has bean shown by Swansom'
(1950) ¢o be an ensyme found only in liver, snd it has been
reported 4o be reised in the serum of patients with liver oell
dsmege (Eoide and Oda, 1959). A 1ittle work has been done on
this ensyu‘to, ‘;nvmmtq its use in the diagnosis of liver
o Bodmlv (19540, 1955) showed that the glywolytio
ensyne phoephoglucose iscaersse was userul in the study ef .
women with canger of the breast and men with cancer of the
p?oatato._ Gmtiﬁod use hea bean made of this as an index
of mpme and these results have been compared with aldolase
levels a.tw on the same patients, =

- Serum isowcitric dehydrogensse has boen included in

the study, becsuze of the recent claims to its ;p&ciﬂoiw for

15

liver disesse (W_oi:‘m. ‘Spenser, Sterkel and Williams~Ashman, 1958),

and results cbtained with this ensyme have been compared with the

phosphatases snd Swmwleotidsse, .

... The thesis is divided into two parts, In Part X, a-
short survey of the relevant properties of each ensyme studied is

given, The experiments desoribed in this part are confined to

work esrried out to devise suitsble methods of determination or to



16

wmm anu&om“tmtm
amamtmptimtauthmaﬁwmm
‘mumuummnpmamtmumurczm information
mthcpctimtstuﬂioﬂ, mﬁof tha eﬁsﬁnglitm‘hnamtha |

mymmmod. cmhnimmdrmuto them
detuni.mtion of vﬂ.u- u thuo diunu. ’
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PART I ’

IHE PHOSPHATARES

In the years 1907 to 1913;-'u7en1biooh¢nbt- presented
evidence for the enmootinemuthatmldnbmte
phosphordc acid from a grest varieiy of phosphate esters. The
ensyme was called phosphatase and in 1936 Folley and Kay preposed
a scheme of clessification for the ensyme which depended upen the
type of substrate hydrolysed. Since then the non-speeifis
phosphomoncestersses have received the most attentiony it is now
usual to olass the ensyme sotive m;w\mwﬁhuﬂiwhr
- than 7 as alkaline phosphatase, ﬂzﬂo a04d phosphatase denetes
the ensyme optimelly active at upKMtW. M are a few
substrate«specifio Mhm«tman vhiohv are optiuliy sctive
at pHs charecteristic for each meyme,  SeNucleotidese end
glucose-Guphosphatase sre two of ﬂzen enzymes which will be
discussed here, together with s0id and alkaline phosphatase,

In 1923 Rebieon found a phosphatase present in lumen
bone which would eplit glucose~G-phosphate :Ln an alkaline medium,
Since that time, alkeline phosphatese activity has been demonstreted
in 8 wide variety of humen tissuss; it has been found in all animal
cells except hyaline cartilage and the tunics of vessels (MacParlane,
Patterson end Robison, 1934). OCertain tissues contain more allkaline



phosphetase than others; bone, liver, kidhey cortex, intestimal

micoss end lestating mammary gland are perticulsrly rich sources.

Blood serum nommally contains & samall quantity of alkaline
phosphatase, |
et ﬁ
 The first stteupt ot purifying alkaline phosphatase
was meds by Martland snd RBobison in 1529. They prepared an
aguecus extract of rechitic bone, allowed it to sutolyse $a
ohloreforn water for seversl days snd then precipitated he
annyne byv pouring the ext:mt into a solution ef 75 parts aleohel,
2 parte other to 1 part aqueous estract, Arwetrong (1935)
prepared the enzyme from an agueous exiract of dog fasces by
amcnium sulphate prmpihtion; Schmidt end Thamnhauser (1943)
treated an organic extract of mmm phesphatase with
trypsin to ulma the mym’,i.nto -oamm; At m then
proeipium with amonium sulphate, There are cbjestions to
protealytic relesse of the enxyme and Merton (1954) was able to
extrect alkaline phosphatese from calf intestizal mwooss and cow
memuery gland with butancl, He then preoipitated the ensyms
with acetone. Meny ’w‘kllmr :a.ttuptg at purification ‘hm"beon “
ryp@toﬂ;‘(lﬁatmu, 1958} Schales a;ldAM. 1959; Ahmed, |
Abul-Padl and King, 1959). The most resent report is by |
Binkley (1961) who as cbtedned & thirty thousand fo1d
purification of alialine phosphatase from swine kidney,

18
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' ‘These methods are unsuitatle for the purification of
alkaline phesphatase from serum since there is & relatively poall
atount of enzyme in the presence of & large emount of protein.
Howsver, electrophoreais on both starch and psper has been used
to advantage in the purification of the serus emsyme.

of A s -

A3kz1ine pmsphmaa 15 activated by ugmm-

(n-dtum. 1927;, me and tny, 1931). SaM is the optm
cmmtrution t‘br thia mt:‘mm thm ham bocn roports of
actintien by other a.tmm eatiam, but they are less
erfmm ﬂun angneaim (Rocba. 1950; Almed ana mng. 1959).

| The atrongut inhibitors of alhl:lm pbaphntm
are pmspmte and arsomte Sons (Roche aua !‘hod., 19&3).
Bodandw (1957) found thot bile acids inhibit bone ond kiamur
ulhalina phosphctua bt have no effect on the enzyme from
intestinal mucosa, Other activation snd mwm‘ studies
have pmamea imonc]usive results because af the a@mw of
the mzyne prepamtions It is not posaible to distingnish
with axw oertainty the tiaaue source of serum alkaline -
pMaphataae by the use of speciﬁ.c inhibitors 8s it is with

aocid phosphatasw
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' The rate of hydrolysis by slkaline phosphatase depenis
on the nature of t he substrate. Delory snd King (1943), using
dog faecal alkaline phosphatase, found & relstionship betweon pK
values of the phosphate dlssociation oomstants end the optimum pH
of the ensyme reactiom; the more ach the phosphate dissociation,
the move slkaline is the optimm pH and the greater the amoust of
hydrolysis in a glven ﬁuc. ;
| Tims the optimm pH for the hydrolysis of Sl phanyl
m.w, in mte;bioMtq Mw is 10.1.. : m- 'mmu
ummxymm mdamremsufanuﬂmlmmph“ﬂ%e
in vmnsl but‘fem at pl( 8.5,

The pﬂ’ optimn for ums‘na phosphatase ut!:‘vi-.ty has
been shown to vary vith initial substrate ammim, the type
of Yuffer, the type of substrate end the source of ensyme (rono:
and Ky, 19355 Velker and King, 1950; Zi:ttio and Della wmiu.
19505 m-m. 1955; Motmok, 1959). | ‘

In eddition to sffecting the optimm pH, viristions
in the initul substrate consentration osuse elterations in the
shape of i activity curves for Alialine ‘phosphatase (Motsok snd
Wyma, 1956: aou, myma Archer, 1951; m. 1957:
kiotmok, 1959)0



The nature of the physiological substrate for alkaline
phosphatese. 15 not known, so consequently the ohoise of artificial
substrate depends upon the ease of dsteruining the reaction
products. The two most comonly used phosphorio esters axe
B~glycerophosphate (Bodawv, 1933) ‘and phenyl pho-phﬂe (Kins
end Amah'ong 1934}, o | |

‘The eose with which phencl can be determined
oolmmm«m by using either Folin Ciocaltean (1929) reagent
‘or awino antipyrine (Kind snd King, 1954), coupled with the
 epeed at which phenol is Tibersted: by the cuzyme, make it &
pertioularly useful substrate, The determination of .morganu.
phosphats is used to cbtadn & measure of the eﬁy_uq,,agtivity in
‘the metheds using p-glyserophesphate; this involves a high
sontral to account tor ‘the phesphate ecntent of the am.' o

| Other methods ud.ng,‘ut;érs whiuh'mmte‘ casily
Qetermined substances on hydrolysis have been developed:
p-Mitrophenyl phosghate has boen used by Ohmors (1957) ead
. Bessay, Lowry snd Mk (1946) . Bray and King (1543) used
phenolphthalein phosphate, and Selignan et sl. (1951) developed
& method which depends on the determination af free f-naphthol
from B-naphthyl phosphate by an asodye technique,

 The Gevelopment of spectro-fluorimeters has led %o

the introfnotion ef methods based on the messurement of



fiuéi-eségnt products of hydrolysis, ' Moss (1560a) hes used
- and P-naphthyl phosphate as substrates for s methed ef this
types B

' With the presenmt homfcihl-availability‘ of hexose
p!ﬂSPMtcs', the possibility of thedr use ss substrates for the
determination of serun alkaline phosphatsse has been investigated.
Alkaline phosphatsse is an example of an enzyme which will act on
a murber of olosecly-releted substences and which earries cut the
sans reaction in all cases, -[The vate at which hexose phesphates
are hydrolysed by the enzyme has been determined to ses if Gne
was gpecific for serum slialine phosphatase, Use o‘f_such s
substrate would involve the measurement of a substrete-specifie
| alhl:lna phosphatase activity which woild be aifferent from the
speo:mf‘.’w aotivitim detenﬁned 'by the use of Wlo).ogical

o Buhstmhs-

 Glucose-6-phosphatase is the oily ensyme that has
been shown to' have specil‘.tc sctivity on & hexose phosphate and
this ewme ie optimally cotive at 1 &,5,

‘. A method bas been worked out using & hexoze phosphate
sibstrate and it has been ocupared with phenyl phosphate to see if
sny distinction oould be made between tha }vpuplsoaphatasaenﬁa seany
in bone end liver disesse



Investigation of Hoxose Fhosphate Fsters for use
as Substrate fm the Dotmi_mt:.on Qt‘ Alkuline

The pH actiﬁty ourves in carbonate-bicerbonate buffers
were deterained for & muber of hexose phosphate substretes st Sel
awcenh‘a‘c:.m, and the :m:l.a.tive rates of Lydrolysis under cptimum
cmﬁitibzis were compared with the vate of hydrolysis of phgn&l'
phoaphate of the same molarity,

| The phosphoric esters used were godium -
a-gzyoemphosphate {ge-P), dipotassiua, glucose-i-phosphate (c—1-1>),
bariun glucosesGephosphate (G-6-P) and barium frustose-6w-phosphate
(#-6-F). The barium salts were dissolved in hydrochlorio acdd
snd & little water ves added,  Adfition of godium sulphate ceused
precipitation of barium 2 barium sulphate which wes removed by
centrifugation, The pil of the supernstant wes sdjustod to
neatrality and the solution then mofle up to volume, 1 ml.
substrete snd 1 ml. buffer {C,1% carbonatesbicarbonste, King snd
Weotton, 1959) vere inoubated for 3 min. at 37°%  Additien of
0.1 ul, enzyme solution (e serwn of high alkaline phosphetase
activity) started the reaction, which was allowed %o proceed for
15 min, Adfition of 10% trichloracetic scid stepped. the resotion
and preéipitated the protein, - . Ynorgsnic phosphate was ammm
in the filivate by the method of Pisks and Subbarow (1925).

The plis of the reaction mixtures were determined at
37 with a glass electrode and these values were pletied sgeinst units
which are expressed in terms of jmoles substrate utilized/min./l.



fig.|

pH Activity curves for hydrolysis
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The xesults are shown in FAg. 1, snd under these Oond&tiomtho
optimm p for phenyl phosphate is 9.8, G~4<P 9.1, B-C-P 8,9, -
F-6-P 8.8 and G-6-F 8.7, | | |
Thentaof}wﬁmlyshafmmmw
diffarent enzyme solutions was determined undex optimm |
eonditions for esch ester, Fhenyl pbuphte vas lvdralynd
mtnpmly. w&tmmmtwﬂmww;t
thz'oo-ﬂ.fthn of this nt-, nn& a3l other esters were tvﬂmlyua
at sbout wm the rate of phenyl phosphah. !heu remlts
sre ccnsistent with Delory and King's (1943) ubamatm that the
hw'rtbaopﬂnupntm matwm:mmmtof)qmlym
Glnoose-1-phosphate was chosen aa the sibstrete and
o metiod for its use ves Geveloped. |

| nmmmn of Sm M.kalim mmun Ammy

Moo!.ﬂ.a u:uau.m phmphsusc bydru:wna
glucone-~phasphate (G+1<P) end » meamire of the snuyme actividy
may be obtained by the d&termﬂm of the liberated plaopbma
or glucosc,

Inorganto posphate ia mmﬂae&by éhe vy
scusitive wethodl of Delsal and Manhourd (1958) which Gevelops
mnmmmmu n‘buffm&pﬂorlpwuhmtu
acid mma of with strong sulphuric acid, as in other
methods,

i
{
H

This method mey be adapted for the determination of -
substrate-apeoific glucose-6-phosphatase (see Chapter 4),



Besgents, |

Ssabonate-bioarbonate tuffex. (0.1 M)pll 941 (Kingama
Weotton, 1959). -

Glucoss-j=phogphate, . (10 wi) 572 mg. dipetassium salt/100 nl.
kept at &, . o

Sylnhopaldoylio acid (10% WAV).

Acetate buffer. (2§)2.5 g. CuSO, SH0 and 46 g, orystalline
| OH,CO0Na, 3,0 eve dissclved in 1 1. -acetic scid, The pH is
adjusted to 4,0 with sodium asetate crystels,

sulphate) in w% neutral suhydrous sodium sulphits) 2 g. Rhodel
are disselved in 80 ml, water and 10 g. hydveted sodium sulphite
sdded (more pure than snhydrous and equsl to 5 g. of i), The
solution is made up to 100 ml., filtered and stored in a dark
bottle at 4%, '

Stogk phosphate standard (1 ud?/lld 2,19k g. potassium
dihydrogen pho-phatt pure {A,R,) are dissolved in 500 nl, distilled
water. The solution is preserved with a few &rops of chloroform
and Xkept at 4°,

GAaYy (6 as.?/nl.) 3 ml, stosk
solutiom dlluted to 500 ml, with water, mixed well end kept
at l&“c

Method. |
Zest. 1 ml, substrate and 1 ml. buffer are ineubated at




37 for 3 min, 0,1 ml. serun s added snd the sclution ineubated
for 15 ain, The resction is stopped, the proteins procipitated
by the addition of O. ml, sulphosslicylie acid, and filtered
wmmm.s:'nmm.~~ R |

Coptrel for non-ensymic maromu ma fres mmm |
_phesphate in serun and substrete. .1 ml. substrate end 1 ml.
. buffer cre incubated as for the tests After 15 min, 0.4 ml.
sulphosalicylic £0id ic added followed by Oyi ml, serum, the
solution is then fltered, | |

W na. f1ltrete (rormtmm)m
1-1.mu-maaa-atcsn.umuwm. .

‘Standard. 1 ml. standard, 0,2 ml. -ulpbmicylic aold
st 0,8 nl, water addod to 3 ml. acetate buffer,

Blank. 0,2 ml. meumu.an.nm
sdded to 3 ml, sostate tuffer, |
'momm-ammo.sn.muwum
0u5 ul, rhodol sulphite, and mixed well after sach additiom.

Opﬂulmm«mmamwm.mum _' .
speatrophotometer at 880 mi, o2 in a Moelmw oolormm
uthmmmmsosummm.

Remuilts are given in texms of micramoles of ﬁ:tnta
utilized per min, per litre of serum, These are the



Internstional Fasyse Units recommended by the Sub-Cemmission on
Clinical Frzyme Units of the Commission on Clinical Chemistry,

1 ml, filtrete 3 0,0k ml. serum
iy ) 6 ) . . )
x 5§ X 5} 3 1990 moton/mtn .

Ulﬂ.ng mmmn utmmmummmm. |
mavityafmmm&tpmwbhodmwm
tha resulta with tho'c obtlimd with phuyl pllolphto m-mt-.
n m ain aversge of 68 maq/msn./l. for the estimations’ mm
gluccse phosphate ss mibstrate and 133 umoles/min./1, for phwl
phuphto- substrate, !‘hu s‘!.wmd phupute 4s hyidrelysed at
0.5 tiuav'-m rete of phenyl phosphate, '

Ve esmlhhodammlmgcmm-mww
12+60 (imoles/min./1. withnmcf” and B.D, ofﬂ. Ve were
unable hMtome &muﬁou of yuies of
wmlymormmmmmbymnuummm
phosphatase ocourring in @ifferent disesmes, There is no
obvious advantage in using mi«-pmwn u nmmto in
prefm to pbm mtc despite its Mokmul mm.
tiuceve W the name weofm-otiﬂtywﬂhm
~substretes, | |

In arriving st the form of detemination which was used, the
~ following factoks wure investigated experimentally:

R N
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Phogphate Determination. Glucose-i-phesphate is seid-lsbiles
congequently the elassical methed of HMske and Subbarow for ’pho-phdc
determination is mnsuitable, since the additlon of the strongly acid
amhmmolybdntarngmt manteudywwyah of the
-ub-mte amng the phosphate determination (Fig.2a).
Tb’ method for the ﬂetmtﬁon of phosphate in sostate

\mfmr &t pit 4,0 of Delsal and Msnhovti (1958) has been used for the
doterninaticn of the reaction prmn The resction mixture gontains
(p.cotate buffor, o sample of mmta after precipitetion of the
fpmtcins. 5% smsonium malybdete uul Ml m!phitc which sets as
mm.mgagm.f This mixture da sufficiently sold fur the
| ’fomtlnn of thu pwspmumma mp:u 'm net strongly ucu
emugh to emc hw&:vly;h ot‘ the mmto (mg. a). ' The presence -
cr 5 x 1@ 5! cappn in the but:er hu'tm tha colmn' Molopmt,
wmahimommemznm. m.mum-som.

| Tho 11:!10&@ mu :!.n e:t&wtinn ﬁ.th phnphte mtrati.on
S.s mmm. 3,, mmamwhmm tlnt
thm wes 15 mtmiuum vy ama-gm. -

mg_amm The maommty of phosphate in alkaline
solution and the acid labiiity of G-1-P neceszitates a careful
chioice of protein precipitant, since it mst be acid enough 4o
ensure that all the phosphate stays in solution, but it mst not
hydrolyse the sybatrete. The m’am used in the origimal experiments
was too atrnns}yloﬁ. 80 othorrnzutu mamthodlhadtoh
.‘htnatiptod.
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fig3
Phosphate Standard Curve
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fig4
Effect of cos N acetic Acid
on Glucose-I-Phosphate
at room Temperature
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. The method of Hunter (1957) for deproteiniing blood was
tried, This depends upon the adjustment of pH of the solution
with 0,05l acetic acid 4o a value suitable for the preeipitation
of the protein by host, l.ee 5E 53 Then the solution is heated
for & fow nimites in o boiling weterbath, The scstic acid did
not affect the substrate at room tempereture, but it 444 cause
Kydrolysis at 400° (Figs &) end so was abendoned,

- Other acid pmtein pzeaipimte were investigated, 108
Solutions of tolusne. sulphonte, perchloric and sulphosslicylic aoids
were allewed to stand with buffer ey mbstrate at room tmntm,
4 ml, u:pﬂ.a:mra vemoved at mmm;peﬂodctéom and
were. ﬁmsﬁgated for free Wnia phosphato. - Of the. anids trhﬂ,
only uulplmuncyl:lo acm 14 not oauu m‘bﬁute byﬂro].y-in at room
tamorature rorut lsast an hmr. tl'o ensure that no exrTor !.- ’
:lntmduma into the method beosuse of the instability of substrete
ananaciaumm, the aulphanlocylic acid Mdbe adlded to tho '
oon'mltuboimeuutalynfteritmbemadddto the test and
1 n‘la sanwlu of filtrete ahould be. tmfon'ad nimltmmly
to ﬂzem-bewfterumu mmt:\onh callplato

e : sis.  This wes linesr over the 15 min, rezetion
pema up 30 mdn, (Fig,5); after this there was alight
deviation fyon Mty. :

mwm mm.mmmnuamu.
mwmuﬁvﬁtym investigated., The giucose oxidase
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f19.5
Progress of Hydrolysis of G-I-P
by Alk.P estimation of Phosphate

61 and Glucose

phosphat
Glucose

Mmoles/ |
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Time in min



nethod of Huggett and Nixon (1957) vas used to determine glucose
in the mlplm:ﬂicyncacmmtmto mwtbemyumct:lou.

_ Glummmlmalwutowm
mﬂglnoenioaoiﬂ.‘ m«mmmwm
-ﬁm«mmwmothhnmﬂlbhm«m
Inthhutho&g—dﬁniddimismhtyeumm,
theintmsityw'auahtspropmﬁmltothe mmtotglucuc
itally present. o

W. 1 ml. of filtrete is mized with 5 al, gmon
. oxidase nngant {125 ma. glucose om. 0.5 ns. pm:d.ﬂuo ua
’0.5 ml‘ 1% g—aia.niai&inc madu up to 100 ml. in Onﬂ~phuphata
buffer, pi. 7.0) are imuhnte& for 30 uin. st 3P, The -oauuom
sxe oooled and the optical densitios mﬂ i s pmmm

_ wioﬁmtw vr).th mxm v:lolot 621 filter,

A glwose -tm:-dhm"us./m)maamtorbhnkm
’ tmtcdniﬂhﬂ,ym!ﬁwmnlu mudmhmot

umcles gllucou/m./z. | |

Besults,
-~ The pmguss of hylralysie of C<1«P by sexrum a:xmm.

' ph'qhtlac was followsd over 30 min, by the determination of both
- phosphete end glucose and the rmlts are shown in Fig, 5.

eau be seen that both determinations were linesr over the périod,
but the glucose results were slightly lower (537%) then the
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phosphate,  Since the glucose oxidase method s Meauy .
specific for glwon, these results. suggent th¢ presence of
i-pmtaea in the mubstrate, e.g. snother hexose phesphate.
Detmimtion of gluovse and phospluto was carried out on »
the filtrates from 10 different sere and the results are plotted
" in Wg, 6, It osn be seen that eaieu;tia.ﬂg the same result is
obtained whether glucose or phoapuge,aa taken as the measure of
enzyme. activity, "
It was mma to d&mtime %ht estimation of ghm.
_ dinoe it om no aavmtages w tbe phouplmto detems.mtim |
The method mlwl a longthy imbution f«e the glueose oxidno
reaction aml th;s cma!dnably mleugs th.e tam tm ror the .
~ method, mmummwamauwmamm N
mariuvolvwadeep oommmcmimmhmm
thuon oi' mu wunts of amym m:.vlty miaai tb:lu

largebwkgwmﬂlm mmh. S

mormmw m-pMmt fmruindnmtho |
wlooitycfmmmtionhmﬂmmh o
‘omnmtinn. Itm:mﬂatthabm&mingnftbu mtw
that the rete of resction incresses. nth inareasing substrate
consentration il o mextmm 1s roached) afber thix further
addition of substrate fails to affect the resction rate,



Henrd (1902) interpreted these findings as a maturetion effect
of the enzyme by the subsirete; he proposed the formatlon of
an unstsble engyme-substrate complex which bresks down o yield
resaction products to mccount for this etfect, |

Michaslis and Memten (1913) oarried out & mathematical
enalysis of the reaction proposed by Hemd and this has been
the foundation of the grester psrt of ensyme kinetics, They
defined the Michaslis constant (Xm) which s the dissociation
eonstant for the snzsyme-substrete complex, The megnitude of
the En gives a measure of the affinity of the ensyme for &
-particulsr substrate, thus a low x- indicates that the ensyme
binds the wubstrate strongly, vheress higher constants are
evideos of low affinities of the enxyms for the substyate,

This ecnstant can be dotermined graphically by severel
methods of plotting resction velocities detersined at
aAfferent low mubstrate conoentrations, Ome of the mowt
oonventent ia that desoribed by Jinewesver and Burk in 1934;
we have used this method of dstermining the Michaelis ecnstants
for alkaline phosphatese with phenyl phesphate, glucose-1~phosphate
and Benaphitiyl phosphate, |

The Michaalis mwammmtummmmm
~ phosphmtase astivity from human bone and liver were Getermined
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with phenyl photéﬁﬁté and gincose-d«phosphste tubstﬁtda.‘f ﬂ |

:l:vity urves were plotted for mh aubnmto comtntntion
(5&, 2ud, fuM, o, 750k and O,50M) end the maximm velocity at the
eptimm pH was used in the Lineweaver-Burk (1934) reciproesl plot,
Motgok (19%9) has shown that the pH activity ourves fer alkaline
chosphatase ars not similer in shepe for all concentraticms of
substyete, He has also shown that Micheelis deustents (Xm) for
phospbateses determined st gonstent pif give uarelisble results;
‘the velues depenfing on the ectivity of the ensyme sclution.
fhis erroy is mby datuuxﬁ.ns the astivity at the optimm
ﬁlfwmhmmmﬁmafmmtommwomum
the Xa 1s independent of enxyme sotivity, |

‘Fig, 7 shows pil eurves for slialine phoshoiase astivity
in the liver heno@emte with glmo-s-pmsyhnta m‘bsmte in
 veronal-bicarbonate ‘butfers (King md Delery, 19&0).

Pig, Ba shows the plot of the reciprocal of sach. mm- ,

1 oancmbrat:lm egainst the mi.prooal of the ¢ptioum velocity at
that gencentration, m manﬂ 1ine ot’ t!w mh shm polnts
,smumymmeammm meyme, | Fig. Bbahhn
reaiprooal plots for the two alkaline plaspbatues with

vhenyl phosmata as Bubmte. . The buffers uua for thege
determinations were eavbonate-bicarbonate (King and Wootton, 1959).
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fig. 7
pH Curves for liver
alkaline phosphatase
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Reciprocal plots for
bone(x) and liver(o)
Alk.P with G-I-P
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It can be scan from the graphs that under these eonditions
the bons and 1iver gave the same apparent Mischaelis ecustamt of
0.5 with phenyl phesphate, and different ecustants, bone ik,
liver 2, with glnosss~i-phosphate, It wes thought that
Knetio studies using glucose-1-phosphmte -ight Yo used to
charasterize the sexun : Mnmommm o
hyperphosphatisseata L

" Four sers were investigated in this manner. ' The pif N
conoatration, 01 ml. sérus was incubsted with 1 ml,
sibstrate of sppropriste concentration and 1 ml. Wuffer of
sprropriate pH. At the end of 15 min, the resction was
stopped, and the smount of phosphate liberated dstermined, |
mmmwsammuummmeaum,
end the Michaclis oonstants determined grephicelly (Fig. 9).
The sera investigated were; »

(1) D,G, 120 X, A, Units (ﬁaﬁummé jmndiee)s

(2) 8.8, 60 K.A. Units Smm of pmmo with
bone secondaries);

(3) LI, 45 KA. mu(mmumo:m);
(&) 3.c. 36 KA. Units (hyperparetiyroidisn),
Apparent Mchaelis mmt. of ult, 1.«;. the sm as thoss
previously found for bene enxyes, wers found in each case,
The clinical dstails ca thess patients indtsated that in
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fig.9
Reciprocal plots for

Alk.P Activity in 4 pathalo-
gical sera

G-[-P substrate




cases (2) and (4) the serum alialinis phosphatass 813 come from bone
end the results are therefore what might be expested from this type
of patient, But in cases (1) end (3) there was considersble liver
Anvolvemant and it is 1ikely that there was at least.some liver
alinline phosphatase pressnt in the serum which this methed failed
‘to demonstrete. For this reason further stulies on sers aleng

mm&:mmm#hmmt-orm

mmummamwmmm,um
p-naphthyl phesphete ss mibstrete (Moss, 1960n); mrmm
vintmttylftholhmtoﬂ &Mphtholmmdial-putro—
rmumw (lou, 19&)@%% mtmhm
aatmma o in the previous esperiments with phenyl phuphnte
aaa ﬂmﬁtuphuphnte. The tissue. emu weore then added
tomuammmmmﬁaawmmmmh
’usiug the method of Smithies (1955) ‘nu easyme was eluted from
the gel by uomtm it with haffw, md mmm mtmts
Mmdonthuammwmﬁom. o
| ztmmmtnmmmﬁommnmm
w»mmmm&m«mmmmm-umwn
mhtivel\v umltmad. mu- the ti.nm extracts had been purified
m&uw,mllmﬁm&wibhduﬂrmumnvnuum



Zound for the iniivifual tissue phosphatases {ses Table 1) and-
these have been used for conparisan with Xa values of phosphetases
recavered from starch gel after elestropharesis of pathologioal -
sera (Moss, Campbell, Auagnostou-Ksksres and King, 1961 a and b),
'.m;ese remults m extremaly enocursging, since electyo-
phoresis separetes the enzyme protein from the other modifying
factors present in sexum, and 86 in one simple cpereticn a
relatively pure enkyme no]ntion h obtained. The volume of
mmhﬁmmmmemmmgelumly1 ~ 1.5 ul, and
it is, tharefom, nooasaar,y to hnve a w'y m&t:tve tcobniquo
to mm the ensyme mmm -pmmmry pmm3

,, Qg™ conoentration 5 ).

Bone o o100
Idver | 0.067
W . | _ " o . 0.103

Intestinel mucoss | 0.090 |



' It ves thought mire socurate to determine 4he points
required to defins the peak of each pll eurve ratber thes meke
& single estimation at a pH appropriats for each substrate
concentretion, Oarbanate-bicarbonate buffers were used with
‘substrate comvemtrations mnzl.na fyom 5wk to 0,25 =
p-naphithyl phesphate, wunmmmmms»a

with respest to magresium, ‘ . |
715 10 shows the Linewesver-Burk plots for points
_Muﬁm’u this way on ensyms soluticns receversd froa starch
gel #twdmmhwmfrmap‘tm with Figet's
disesse, and & tisoue msuata cmtaining lnmbena azhlm .
pu.phmm It can be seen that the Xu for both ensyme
mmmuom s, This ia ﬁnmnwﬁthm
umtion ﬂat in Pagut's mmo the m&uﬂ m nmm
pmmhtub h s mm:!.t of metiﬂty a!’ the cuteobhn-
Results will be givm in Part 1I for other pttm.s:l.cal sm’

treated in a similer wannar,
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o Mlmd,&nmnmdko‘bhonh%h) rm.em
phoap!ntase sotivity in erythrocytes snd pu-n. The _’
t‘ollolring ym-. Dewth (1925) fmmd tha ensyme in P— umn,
and this was W in 1935 by Kutscher snd Wolbergs who
traded the source of thiu mEyme activtty to t!n pruute
gland Other workers have ' demonstrated acid phonphttau
mm.tysnmnymmm macoum (1%1). |
histwhuniml teclmiqunn, demimstrated its wido diltribution.
Walker ot al. (1954) think that the ensyme is present inm a1l
cells at some stage of their 1ife. |

A.M.—&Mm&& Titaua a.cm phaaphttuea can bc
npmtaa by Aifferentisl iuhmtﬂm by mim mbatamn.
mahdlmdmng (1959) wﬁodmtmextmdwﬂudymm
‘mibitim of acdd phosphatase firom uythmewtas, prostatie
‘tissue and other sources. They found complete imhibition of
the prostatic azyme by I.(*)mte end f£luoride, mm red
‘oell acid pbsphatm 1' quite umffoot-d by the M lﬂl only
slightly inhibited by the latter, Formaldehyde (0.9%)
complately inhibits Ted cell acid phesphatass ut has no effect
on the progtatie encyme; 4t csuses 30 - LOR inhibition of the
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cnsyme from liver, kidnay, sples snd norml serm, It wes
found that eﬂvla.luhol, tmmﬂyoolicwu, ersenate and
sxalate hhihittlammfa‘hth red aelhmdthepmautc )
taazumexum. rhmmnommnr-nywt:utm
of weid phupmm by 2dvalent cetiens bt copper oeupmo:y
mztammuumvhmnet aﬂecﬁngmtu '
aoupmpm (Abulhdllnﬁnng, 19&3). '

Methads for the Detmiution of Acid Phosphatese =
Aﬂim& 4 g m' ‘
. l‘he nd'hodn amihbl.e for thn dctmimtm d’ a.cid

phospiatase are the sam in prinniple .- thuu for dh‘lim
phntxiu%ue, and thvuploytm seme substrates. mma
Mwufpﬂﬁmhmthdhﬁmhﬂ&m&ﬁnmnm
times are ususlly longer, sinde there is eompsratively less
acid phosphatase activity present in nerval serus,

_ mubam have bmm to identify the souree
cfmmiﬁplwmp mmw&mmm
(19&6),mundm-tmnmuo inhibi¢ prestatic acid
phosphatase, m, Sweetser and Wnite (1951) used
rm«mummm.mm.umm :
ummtmntommmmmm‘ nm
‘mm(ﬁ%)mthoﬁratthumM“
m«wmmmsmwmmmwm |
phosphatese by n(fp)m-mto. nng ol J-pm ($959)



the prostatic component, o
Babson and Reed (1959) advecated the use of
‘we=naphiliyl phosphate as a specific substrate for m&tatu
_acid phosphatase, since they showed that it is mot hydrolysed
by the red cell enryme. They have assumed that the
contribution to the totsl serum scid phosphatase:. from other
sources may be neglected; however, it has been shown by Campbell
and Mess (1961) that there is an enzyme present in the serum of
of women with cancer of the breast with bone secondaries whish is
not inhibited by I{+)starirate but will hylrolyse «-naphthyl
phesphate, 1.6, in this case the substrate is being hydrelysed
by & non~prestatic, non-exytivooytic acid phesphatese.
Msthedy as used in this leboratorye
(Kind and King, 19545 King and Jetheessn, 1959).
Serum is incubated with phanyl phosphate in an acid
modium and the smount of phenol libersted in & fixed time is
taken as & maw of the eusyme activity, Phenol is determined
| cdudmtﬁcﬂlﬂ ‘Eaerson (1943) found that it condenses with
amino antipyrine (AAP) to form a compound which is mauea toa
wmqnsmmtupmmufmumm oming
reagent, '
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J7 ' '
J,s,. *

5

OH,

' Incubation of & second tube eontadning 1 arop o
g tartrata in a&nﬁm to tho cthor mgcutl ntmtu ﬂu non«
prostatic aoid phupb.hu aot:mty. Subtrection of the optical
m‘-ityvo‘t‘_th# from the first tube will give the prostatic fraction,

| m(w nl.)umoam ml, mwu (m-u)
and 4 nz. amummr(m M, g A9) hunmhthst 37°.
'm«eh.awumorsﬂ.m(a.mummmm.H
uxumo (e.g)wmmpnuao.zmumm
; mmw 1-1.m(o.6$)anu s x,Ire(«'m)6 (2,4%)

mmm.nthmm.mmma»mmm
: mtdy in - plntoohctm coleﬂutar rith an nm-a won

s samm., Remltsmgivea mmgmm unit-, t.o.,.,"
mlmsann.,mtoou.am | o

L Mtutic ucidphuphnhse lun 1ts m&ﬂivm
mm;mmunw:fmnmuyumm solution, The



agia phuphumoa n'm other sources are sinilarly, thwehm

quite so mmy, S.mcts.vstoa; phtelot acid phonp!atm appm

to be the most stable in this reepaot This iastabmty of the
osyme at plyuioioy.oal temperature and pH oould account for t}n
Inown. repid d.tuppme of the ensyme from fhc cdrculation,
cmhl.atobe tammthahnnﬂliagof tpoom !’orm&m
of serun enxyme sotivity, King and Jegatheessn (1959) fousd that
sers. nheuldbe pwea zn the refrigerator at o° drmediately d‘tw
mmtmmm al.ot. m-mndbodon-u soon a8

possible after takﬁag the w. thess
’mmmmom.m mmmbrwmm.
Mlsﬂl mofmhigbnﬂpheathMmtmt#
mmtes, it is Smnfblc ‘o m M‘ﬂ -poem fox
htcminiag tm tem serum sauyme sotivity, |

: (By the mmn of ihe phenol-
aming entipyrine voleur)

'.Ehamhﬂts ofthenm&m for taxtrate~

lebile acid phosphatace in the method Qi’,’ King and Jegeatheesan .

(0 « 0.7 KA, units per 100 ml,) and the conssquent small
- difference in colour between the tubes determining tetal and mon-
prostatic enzyme sctivity, prompted us tc txy to isprove accurscy
by increasing this eolour &fference, Ve did this by increasing
the smount of the reaotion m.xtum five tiales; we then extracted
the eoloured quincue into & smell volume of & sutsble solvent.




Selsotion of Solvent

A serdes of standards was prepered conteining
1om.mmu..umtmormmm; a small
wlmochsdmtmmwthonmmm
‘shaken, !‘brenﬂtsno.hwninhbh&.

| TABLE 2, Selection of Solvent.

Ether Nom

Chloroform m,mmmmm
sinks to bettem,

cmmmmm Bqoal dlatribution of caleur petwoen the

Toluens = Quite good ~ & few Makbles were present

Ethyl scetate  Quite good

Butyl slochel Good

Batanol was chosen for use ainge it is equally as good
s solvent for the quinone as amyl aloohol and has a ma» pleasant

'Amsotphmlnﬁduﬁsm;m‘pdedw‘ﬂn
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' times the volmes of reagents with conoentratioms ef phencl renging
from 10 = 50°ug. mmmmm.nww\umm
after the aMdition of the colour reagmts. 10 mi, of butansl
mthcnu&hd.tho-a:utiw-nnmmthc opim _
densStios of the orgmic M-m then messred. The results
are shows in Fig, 113 itmhmMMhauw
mmmnmmmmuuthowmm
th.m.miwwum.mspma

‘-Itmmwihat'm'omlﬁmmmhm
htnmﬂnbutmxmm.qum-m,mnm, therefore,
mmwy to mtr:lt\asc the sclation to mmmo the npmtinn
of the two zwu | | |

. The vesction was carried cut in 50 ml, esntrifuge
cups, 5 ul, substrate nd 5 ml. buffer were incubated for a
fow win. at 37%  AdMticn of 0.5 ml. serum started the reastion
which was allowed %o proceed for 1 hw. After this time 5 al,
NeCH (0,5M) >tcoped the resction; then 5 al, N0, (0.5§) were
sided, followsd by 5 ml. AAP (0.6%) and 5 ml, KFeON, (2i4%),
The solutions were carefully shaken between oash addition. JFor
the mmnatm of the pwmw;u fraction, 5 drops N-tartrate
were mwuﬁx ﬂwmmw uxﬂ mibstrate, A omtrol was rum
twuch.wiminwb&chth servm was added after the additicm
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of the NaCH, & 50 pg. stendaxd wes xun with esch bateh,

The colours of she sclutions were resd with an Iiferd
624 green filter in s phetoelestrio colorimetar after the sddition
of potasstum ferrioyanids, 10 ml. butenal were then added, the
tubes well ehaken and centrifuged, The butanol lsyer was
rexoved with a Pasteur pipette and the optisal density measured,
The results were caloulated in K.i, mmits far beth iotl of
readings snd then compared (Fig, 12).

Results. o |

The average values for 21 determinations dy each method
were caloulated. There wes sn average of 2,26 K.A, units of
" fotal astivity caloulated fyom the colour of the aguecus
solutions, and 2,46 K.A. units from the erganic extraots The
aquecus colours gave an sversge of 0,66 K.A. units of tartrate-
lsbile acid phosphatase, wiile the erganic extrects gave a
value of 0,61, o |

It can be seen, therefere, that for total aotivity the
butancl eolour gives values a little higher than the aquecus
colour, wiile for the tartrate-inhibited fraction the butencl
mmmn;ghw‘lmtmmwm. This
dieorepancy in the resalts, together with the Aiffieulty of
bendling 40 m1, ef solution, led us to the semclusion that the
provedure Vs unsuitsble for routine purposes.
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Mntcotbyﬂrﬂ:uuoprhnphttoby um

ph.lplltue was atuas.ea at as.rrm tanpuatum, lnd oo-pu'od

with the rate at 37" The tempersture of the water bath was
raised to 40° mdthenins imzmnttuptoﬁo" Mnaaa
tlrtnte-hbuo u!.d plmsphattu mtivitﬁn were Mom:lned by
m method of Xing nd aeg.them (1959) after 15. 30 and
€0 -un. sncu'mm at uoh fapmwm.
© Fig, 13 shows that up o 50° there is & linesr
nlattonahipbetvm length of inmubation and smount of
hydrolysis: Above this temperature there is deviation from
linearity, presumsbly dune to denaturetion of the enzyme by
* heat. It can be meen that sbove 50° the tartrate-ladile
enzyms is mere sensitive to heat than the total soid
phmphtue.

- Fellowing Babsen and Read's (1959) elaim that.
e~naphthyl phosphate eould be used as a specific substrate for
prostatic aoid phosphatase, investigations were made into this
by adapting the oolor:hetrw method for determination of pbml
for the estimation of wenaphthol, The prineiple of the eolowr
resction. is exactly the same, but the colour produded is slightly
less stable than the quinone formed between phemol and amine
antipydno.v

- 59



. ummm,msmmw'uﬁmmt |
rod cell aoaa phosphatase does not hydrolyse w-naphthyl puspbate'
mrtoom A1 mwmmnormamw-mmm.
units of wuuv with phenyl phesphate, but it had no effect on
the -r-mphi.m sster. Using an Wn*‘ prostatic scdd
’ -p&tue the total and tartrate-inhibited entyme astivities
were then investigated with both mibstrates, Ve found thet the
ansyne mlé hgdrolyn sach m&s‘tﬁto :ln the lblm d’ urtuto,
and that m:mm of tartrate in beth mﬁm mixtures lnhib
this ectivity, ‘ - |
L Vithea omparedthohyﬂmlyﬂtofthc mmtntn
'by serum acld phospmtm, determining both the toﬁul and pro-tath
freactions, Ve found that the results o’bu‘.'nm! with e-n&phthyl
phosphate pnralleled these with phenyl plwapht‘tc; a small p&'ﬂ.ca
of the total ensyme sctivity in normel serun was inhibited by
I{+)=tartrate; the remainder hgaml.ma ‘both substyetes equally
well, In mmesotmrmthe bmat mremn
considersble acid phosphatase activity that was not inhidited by
tartrate, snd is clearly noneprostetic in origin, While «enaphthyl
phosphate 15 useful bocsuse ef its dnebility o be hydrolysed by
red vell anid plwaplutase. 4t i3 not entirely sp?aci.t‘ic for tho |
:mmﬁc enzym, ‘



o Netiod;

7 pavantage was taken of the fact that e-naphtiyl
mothod wes Wmapmmmm
fluorescene intansity of the liberated e-naphthol (Campbell -
and Noss, 1961). This is more sensitive than the eolorimetric
method, and it was, therefore, possible to reduce the incubation
time from 1 hry to 15min,  The results with this method were
essentially the sime as those cbtained with the eolorimetric
dvternination of the free «-nephthol, It was found that
'mzpmpuuuwmmou.nanumtummmm |
M*N -
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o Sliucleotidase
Iniyoduetion.

S-Nuoleotidase oatalyses the dephosphorylation of
micleotides which have the phesphate attached to the £ifth esrbon
atom in the ribose redicel, Although the enxyse has beoccws
nown as S-muolectidase, this terminology is not strictly eoxrect,
since from the name it might be expected that the phosphate group
is attached to the nitrogenous base and mot to the glycosidio
part of the malecule, It should be called S'-mucleotidase, tut

to oonform with the literature the usual nsme S-mucleotidase will
be used here,

wi, NH,
| + H0 l
- ladcot’ dcso

\/\ \/
| ll\ I Il \\

SN AN
[
uo—_t’v-——-ocu,, O H5 POy +CH20H
N
OoH “ H " " / H H

o oH o OH

A denosine - 5'- Phosphale Adenosime
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In 1934 Reis descxibed an enzyme present in the brain
of at and redbit snd in the retina of the freg, xat, rabbit and
calf that would liberate inorgesnic phosphste from musele adenylic
acid and inosintc acid many times ere repidly than 1t would from
yooat adenylic acid or giyoerphosphate. Becense of the attsohmemt
of the phesphate group to the carbon in the £49th positicn en the

 pentose in adenylic and imosinic acids, he called this ensyms
5-micleotidase, Reis (1937) provided further oonfirmstion ef

the apeqit‘?,pi#y'bf this enzyme for S-micleotides by extending the
14st of phosphate esters thet ave auly sloviyhydrolysed by it. He
attrituted this slight hydrolysis to the presence of a small smount
of non~specifis phosphatase present in tie extracts of calf brain
‘and horse nerve that he was using s the acurce of ensyme,

Gulland and Jackscn (1938) found that varicus snake
vencms were rich ssurces of S-mwlectidase unotmtsminated by other
phosrhatases, They extended to 15 the mmber of esters of
~ monophosphoric soid that were unattacked by the ensyme and thus
gave a further dewonstyeation of 4ts speoifiocity. With the
discovery by Natcher snd Welbergs (1935) of mte-gpecific acid
phosphomonoesterase sotivity in human semen, Reis (1938) and
Moz (1945) Jooked fer and found S-mcleotidare sotivity in ike
semen of bull, bosar snd rem, In 1949 Gemori cunfirmed the substrate
specificity of S-maclestidase by histochemioal techniques using



6k

s1tc0s of tiasus prapored from various ergms of &ifferest satmsls.
Ho found different pettems of distribution of phesphatsse
aotivity when the sudstrete was adenceine-S-phosphate from those
with sny other phosphate sster as substxrate, .
Heppel. and Filnoe (1951) wmmmamaur

S-muclectidase fyom bull semen, and were sble 10 resove the slight
sotivity towssds yeest sdenylic acid that had comtaminsted
memzalian preperstions of the enzyme in earlier work, They
extendsd the muber of S-muolectides investigeted and found that
the eneyne would also 1iberate phosphate from nicotinemide-ribose-
5t wphosphate kmmmu ,mdootm), uridine-5'sphesphate
end cytidine-5'-phosphate, thus further dsmonstrating its high
They found that the pH optimm wes pHf 8,5 for this 5-miclectidase,
Reis (1950) dmwonstreted the wide istritution of the enzyme in
human tissies. e found the highest setivity in the wall ef the
scrta, md here thers wes little contémimtion by non-specifie
phosphstase,  He also found high ooncentrations of the nsyms in
the thyroid, testicle, brain sud paseress., The pH eptimum for the
Sezuolectidass from these tissuss was beiween 7.5 and 8,

 Kaye (1960) using dialysed oobrs venom feund optimm
S-mualectidase activity between pil 6.8 and 7.0 in eontrast o the
sarlier work on other suske. vanoms, wiose pH optims were between
8.5 an 8.9, He was able to demcustrate mhancemnt of activity
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wmuaps-.mmmamnmm &u‘totbmld‘
:zuimwhiahhaﬂbomuh-mtohixﬂmibiw

neppai end Elmee (1951) found that lsa"'thiut‘d a
S-mcleetidue propm%ion from tull semen, while Ga unalln hed
no eftectonthamfmthis souroe. ll; utiutimmld
~ bemmwtmmwmz’.mwcammmmu |
~ egain be overcoms by the alditicn of excess rg zmu- (1950)
has shown that m &mdmm-e in snake venom e:lmsitn sotivity
in the shsense of bivalent hna bt the dmphmvhtim rate &s
mm-abythuaammuua *, 0a?*, un®* woa"' ”&Mtd
that 1 anamg"’mpmm Aneibitors, Xaye (1955) stutted
thncfreotormmthesonaohm&uofmhm

nm (1950) mma the 5~wo1~otmn uumy ot
‘Mm lm!uu tlnuen. e mmm wt&nthh of tho nn;yn
‘b.vllg mm.e mmeqbut aid nbt state the mmmuamoa
mmupmu In‘l”BM -nawa mtmmtb
sotivation ad mr:mm by metel m of S-molectidese m
mmwmm Mnm:ltsmmmmm
were essentially the ssme, mmmma«mm
stutied was M, wnd thire wes strong -etmn«byxu” ond only
slight sotivetion by Mg at this ooncentretion, Yeung (1958)
bas ‘fo’tmalcﬂ.‘vatiai'by ilgz’ at &Ougmmtim of the enxyme
found in serum, so it is likely that the variation in Reis'



results is dﬂﬂ to difference in concentration ofls . Almed
and Reis (1953) found no snhibition by cxcess phosphste lens,
mmto muMmm-mmmm‘..‘

Yhen investigating the mam}m; activity in
blood and other humsn tissues, the m—:paoiﬁo alkaline
phosphatase activity at pH 7.5 has to be estimated, Dixon and
Purdon (1954) took the hydrolysis of f-glycerophosphate at
P& 7.5 es giving a measure of the alkaline phosphetase sstivity
at this pH in the Semulectidase-ecutaining samples, They =
subtracted this velue from tho tetal activity cbtained with
"M»-E*th wibstrate, Sisdlarly Atmed and Rels (1958)
~ used phenyl phauphia as the Msmtg to mm« the llhlm
phesphatase, Both thue methods give m'omua mltu, since -

pegiycarophosphate is Zwamlnaa by monespeoific sikaline
 phosphatess more siowly thm aﬂmnim-é«phnphh ani mx
phoaphate moxre qmlak]qr, £0 'in the’ ﬁrstme t00 low values are
| mbtncted gmug 100 high values far the Semucleotidese sctivity,
the reverse being true in the seccnd case, _ .
| Young (4958} overcame the problem by pre<imoubating
the sexum with 0,001 L ethylensdiamine twtrmscetic scid. This
insotivates tmmpmmmtmmm on the
S-moleotidese, Almed snd Reis (1958) suggested making use of
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M1%* snmpition to suppress the S-mcleotidase activity and tims
obtain & measure of the hydrelysis ef adenosine-S5-phosphate by
alkaline phosphatase. We have developed a mothod slong these lines,

- The method involves two ensyme deterninations st pH Te5e
Firastly the sum of the alhline phnplntwe and S—mwhoﬁun
sctivities on mmy-pmphm 1s «tma, aa then by
inhibiting the S-miclectitese with nickel the alkaline |
phuphutun is Aatcu!md mtay ﬁﬂa the m azbsmto.
thmmormmmmm gives the Semclectidase
sotivity, To conforn with Young's methed (1958), the
resction mixtures ave made AOnM with rwspect mmmi
whidh sctivates 'borth axynes, The J.sbmtua phuphta a
determined oolorimetrically by the method of Delsal and
Manhourd (1958) to give a measure of the mm wﬁ.ﬂvej'. -

W (o.o:. n. i m)
o (qoa:): aiusolw 3#7&-
18 u‘l. 0.1 II W and mk:e up to 100 nl. vd.th water,
These solutions should be hopt at &° .




M(znp&o): Inq 1.oramcemma

are dinsclved 2.5 ge cus%.ﬁ 0 and &6 g¢ pure ory!tallm.‘ '

CH COONQ.%O. The pH ia cdjuatoﬁ to k.ﬂb}‘ the addition

wwmmzomm.
W(%ﬁ 5 g. Amonium molybdate
‘m&llﬂlvaﬂhiwn¢m‘teranﬂfﬂtm«o o
W(%Mﬂ(ﬂwm
mmu)inﬁmmmmmwasoj); 2 g Rho&ol
m&“wlMﬂh&bmtBOlﬂ.."WNﬂ103c hyﬂﬂm a
n.esosaaaea(mmfmmmmwmau

53;«1*).; muwsmumwutoom, rmma

and stored in & dark bettle st A,
Btock phosphate ptandaxd (1 »g. pbespumn/nla)z
2,19 g. potmiuu dmarom phesphate pare (&.R.) are

lssclved in 500 nl, woter and preserved with » r« m

ofohlom!‘mmdhptinthawlda

ndnyd (10 HE. P’”M‘lg)l‘ oo

1 nl. of utmk stmdard 13 di:mtadto 100 nl, with water,
The aolution iu mized woll and pruervcd with ohlmrou

6
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Tor each detcrmivetion a test and a oomtrol tube are
Zeghe 4.5 mle veronal uffer, Oui ule Ughl, snd 0.2 al,
 Contyol. 1.3 ul, veronal buffu'. o.'c =l g0l 0.2 al.
‘nmamo.z nl, sexum,

mmmmmmw hbnmphcadiu;
weter bath u: 37" for © fov nimtes, aud then 0,2 nl. sdenosine-5-
.nhosphteis%&tomh. i‘herewtionhuuonﬂtopmcd
:mrmm.,mmnau‘orwzsmmmmeaum
The tubes are cmtritugad and 2'ml, of the supumtant uséd for
lthe phwphlte mmﬁon.
WM Zul.efmpmtmtmndAdto
3 . acetate mrm, and 0,5 5, moniun nolybaata added,
'rouma by 0.5 mls a-amz suzpmm The tibes sre shaken
aadleﬁ tmiowa. Ehexﬁmtionatmminmuw
intUnimSPﬁwspwmmm |

Standard. o 1 ml. 10 pg./al. standard, 1 ml, 10K
dm,eommum.oumaomumwmmmmm
reagents ap for the teat mamaz uolutiou. - .

‘w.' 1m1.wmz-.u1. Wm,aoon sna.. umto_ |
glm’tcrmatheoozmmts. | ‘
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Galoulation.
Resulta axe expressed in toms of microemales of substrate
utiliged per min, per litre of seum {International Units per nm).
. The 2 ml, of'mpmmtrcpmmho.i uz. sicum sad
tharefore

Reading of Test=Contxol 1006 1 1

Internationsl e ekl . x , -
‘ 1O X v X oom X =
Units per do  poading of Standard-Blank 0.8 30 3¢

Tw ‘

® ———— £ 108 pmoles/min./1,

s ; C : .

Eowadia. |

We established a normel venge of 2-15 with & mesn 6f 7.7
end 8.0, of 3.9 for 20 healthy lsbaratary workers, The precision
of the method is 1,6 ymoles/min,/1, caleulated from duplieste
Ssterminations of 16 sers by means of the formila §_q,_
muwmummmmmmm s
n tho uber of poaru

This mothed was used to ixvestigate the S-mucleotidsse
aotivity in the serus of petients with various disesses, The
remults will be Macussed in Part IT, |
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. Partially wurified agueous extracts of luman sorta were used

as the source of Smmolectidase in inhibition and kinetic studles.
The aorta was takemn at sutopay, and after removal ef th- intima
and adventitia wea ground up in 10 vol, wter ﬁth-mdhuputh
and mortar, and then left for 3 days at room tempereture with a fow
drops of ohloroform, The solution was then centrifuged and the
| supernstent wsed as timav extyraot, Th:h enzyme solution vas used
iu the wtudy of the properties of }mlm- sinoe it is free
from any alialine phosphatase activity, shown by its inability to
hydrolyse phenyl phosphate, and thus avoids any complicetions
which may arise from its presence,
For ostimation of serum activity fresh serum was used.
If it was not possible to carry out the test o the same day,
the specisens were kept at 47 to preserve the sctivity,

Mmdmﬁmofpﬁwﬂmummmﬁdmum

| wwrwthammwmmmmam .

Mooﬂ&u& an A«5-P gave a penlc ut T’ 7.5, with & 1 nil ﬁnﬂ.

substrate concentvetion (Fig, 14)., This pH was, therefore,
adopted in the metbod for deterninstion of the ensyme activity

" in serum, since it wes estsblished that S-mclectidese from all

buman tissues hed the ssme pH optimm (Res, 1950).
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fig.16
300 Progress of hydrolysis of A-5-P by 5N
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The relation between snsyme concestration (varied by

taking serial dilutions ef aorta extract) and amount of hydrolysis
wes linesr over & range 1 = 3 times the normal serum activity
(Pig. 15 & and b).

This relationship wes slso linear when &ilutions of a
serun of high sotivity (240 jmoles/min./1,) was used (16 X nu-ﬂ.).
Fer activities bigher than $his, & shorter incubation time should
be eaployed,

sropress of Hyoro AL ‘

This was linear over the 30 min, Ansubation pexriod and wp
t0 120 min, There was slight daviation from linearity when the
incubation was prolonged up to &l hw, (Pig. 16)s -

Inhibition and Kinetio Studies.

As previously mentioned, the hydrolysis of A-S-P at
pH 7.5 by acrta Semeleotidase is innibited by M2 The
percentage inhibition was determined by incubating sorte
extract with A-5-P and concentraticns of niekel ehlaride
renging fram 100 sl to 0.1 al; the activities tlus cbtained
were sompared with the activity in the absence of niokel,
It was found that inhibition beecwes 97 complete when the
ooncentration of nickel exoseds 10 sl with a 1 s substrete
concentration. These results are shown in Fig, 17 $awhiah
the neiative log molarity of niokel is pletted against

pmcn‘!'agc dnhibition, ‘
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degree of inhibition of
5-Nucleotidase
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Lineweaver —Burk Reciproal
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figl9
Reciprocal plots for
aorta 5-Nucleotidase
with and without Ni**
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Graphical Determination f1920

of inhibitor constant for
Nicke! inhibition of 5-N

= Ki
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The Michaslis constant for sorta S-miclectidsse was
dotexmined by measuring the velocities with a series of substrate
mchtfaﬁm varying frcm 1 = 0,01 s and the results were
pletted by the method MWMMUS}Q; '8 constant
of 0.1 s was cbiained with 3 enzyne preparetions of different
activities. Tho results sre shown in Fig. 18,

The type of inhibition by 17 'mes aimilarly dwtermined by
| pletting I/v sgiiust 1/6 with end without nickel. ' It was
found that V max. was altered by the presence of nioksl whereas
Xm was not, & vesult consistent with non-competitive =

inhibiticn (Fig. 19). R B

The inhibitor constent was dstermined by plotting the
results by the method of Hunter end Downs (Dixon snd Webb, 1958)
(Fig.20) wheve & _ T""‘" ' 4s pletted nguut sibatrate ecncentration
8. 4 = concentration of inhibiter, « = 1 vhere v, is velooity
in presence of inhibitor snd v mmwmu- abme,'iﬂ: |
‘the sams substyate comoentretion, It can be seen that i &
“is indepenient 6f substrate concentratien, another fact ml T
1s ocnaistent with nonwcompetitive inhibition. o

.. The effect of varistion in alksline phosphatase astivity
on the determination of S-micleotidase was investigated to ensure
that at high slkaline Mm@qanpmmtim thore wes nb



competition for the substrute between this msyme and
S-micleotidase, thus giving su apparently low value for
S5-molectidase, ’ '

' amwmmmwm
.mmnmmmmmmg |
cmmorwmmnumm | |
mmmammmws-mwm |
mtvity. | The total md llhlim pbsphmo miﬂms
were d.tm for noh tolutim. Tlu runltl l.re ahm
anug.zt. . |

The allaline phesphatase mmymumum
%Mu/idu/l‘.mdumbdmmmwhtm%
Bed no signifieant effect cn the S-nuolectidase sctivity, it
wngsumwmm.ﬂ.mhmmm.aadmwn'
_ammmmmm o |

Inmmeanmapttuhmswmmm
umw*ummmmwmmm

tube. m- mciyitate was imtwud to mzre ‘that thu

mmtmammcmctormmmmmiﬁtyln |
"tbcmtmnwuwoamlimitmwm
 ennym; m«,mxmmwummm |
to canaa thia pmipiution effect were mixed in the pmpcrt&onl



Effect of Alkaline Phosphatase o-0 Alk P+5-N activity

on Determination of x x AlkP activity
5-Nucleotidase | A a 55N activity
1200]

Ic-Byy

1 1 1 1
Ol 0.2 0.3 04 0.5

ml of bone alkaline phosphatase
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mmmnmrwmmamorms-mmuu-w
glve & total volume of 9 ml, The precipitate which formed was
rmmwcmmﬁmmﬂm‘thmmpmdhmir.
_Mhthhmdthammmtmmmwamm
t.pnmmmtghttommm&m.

The original serum sample, the supernstant and the
~ precipitate were then aumtmtoa for total Semuolestidese
mmmmphmmmtyummmm
manmmmmmubym;ammormmm |
supernatant had been mveﬁ during &lalysis, and this
‘solution exhibited 67% of the total activity shown by the
originel serm semple. The addition of nickel again csused
’anhibiamofthes-mminmmxm. There
was no activity in the precipitate nﬂ:exf din;nh.



b | Glucose-6-Fhosphatase
. Glucose=6ephosphataze is a substrate-specifiec
phosphatase present in large smounts in liver, Swansen (1950)
was the first to prepare the enzyme in a purified form;
several workers, Gord, Oord snd Sokmidt (1939), Fantl and
Rome (1945), Brob-Eshn and Miraky (1948) and d¢ Duve et al.
{1949) had previously provided indirect evidence for its
existence while Snveatigating the nature of the liver
" phosphatase whioh hydrclyses glucose phosphate, but they
sl used cruds Liver extrects with high activities of other
, snxymos, Swensan's Wﬂm hed high maﬁty taum
ﬂnme-‘—photphte 'dth M m&vity ‘bmds othar B
phosphate estera, | . | |
| waaonmawakw (1957) uhonatm slmu-é- -
Wmeuaﬁmmmmm.  Pixon snd
Wetb (1958) suggest its use during the preparetion of lub- N
unwmzmumaumormmtmwm B
fractions by mimmmen.

‘Swanson (1950) Pound gzmows-m-pumo tobe

mmly labile to hest and cbserved that most of the miﬁtj
- wes M after a short time atmtaq:mtm. 5ho,

tharefore, carried out a1l her experiments at 50 %o avoid



insctivation of themzyme during the reaction pericd, Swenson
found the optm 28 to be 6,5, in agreement with Fantl and
Rome (1945)s This 4s the pH at which acid and alkeline .
phosphatase activity is at & minimm and provides further
evidence for the specific nature of glucese-Gephospliatase,
Lengdon and Weakley (1957) have been unable to demonstrate

any metel cofactor requirements -

- Koide and 0da (1959) reported the presence of .
zlmo-»&phuphttm in the serum of petients with liver
aiumoalthnush the ensyme sen scarcely be detected in noymal
serun (Bruns, 1954), Since the enzyme is present only in
1iver, they suggested adopting its use in the investigation

of patients with liver dsmage, They dssoustrated arigein
 serum glucose-6-phosphatass sctivity in dogs with experimental
liver dsmage, produced by the injection of carbon tetrechloridse,
which wag sccompenied by & decrease mﬁw enzyme ectivity im
the liver, They found that the serum level reached a peak of
5 « 20 times norwal six hours after the injection and returned
slowly to the normal level within seven days. The seium
trensazinase levels were also studied in these dogs end 4t was
found that peak: aetlvifyfm veached three days after the
injeotion, In view of this, Koide and Oda (1959) suggest



that gluococe-G-phosphatese is & more sensitive index of liver
damege than serum trenssminases.

Motheds.

These results encoureged us to investigate the use of this
as & liver-specific ensyme, Ve adapted our glucose-i-slksline
phosphatase method (mee Chepter 2) for use with glucose~6«
phosphate and citrete tuffer at pH 6.5, and wo compared these
results with those obtained by the mcthod of Koide and Oda,
They used a 20 rll concentration of substrate, 0.2 ml, serum
in & 1 nl, resction mixture snd they incubated the teat
solution for 1 hr.at 37°, |

Ad@ition of trichloracetic acid stopped the reaction and
inorganic phosphate snalysis was carried out on & 1 ml. sample
of filtrate by the method of Fiske and Subberow - (1925),

The results by both methods were meost disappointing,
Swanson (4 950) reported the extrems ssusitivity of the ensyme
40 heat and, despite determinstions being oarried out

dmsdiately after the blood had been taken, we were unsble to
get satiafeotory results becsuse of inactivation of the
enkyme during the incubation period (Pig. 22).

This diffioulty could be overecme by redusing the length
of the reaction period and the tempersture at which it ia
esrried cut, But the serum needs apecial handling;
separation and cstimation as soon as possible after it has been
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teken, ‘This is unsuitsble for use in a routine laberatory, snd
1s difficult even for research purposes, so further investigation
of glucose-6~phosphatese was not underteken. '
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5. - ZHE GLICOLYTIO ENZYMES,

| awu 48 the tern applied to the ensercbic
bnawmofcaﬁmﬂuh(ghmoorglmm)ﬁthm |
pmmumumtemtmmmtmwmg zt"
originally referred to glycogen breakdown in miscle, but it how
m.maapnutm; mmmorgwni.
ohbmtcmmspmenwamea,mhmmmod
bynalycolyticmyu

B Maoqumeofﬂmmnutonm:

Phosphorylase Phosphogtmmwmsc
Glycogen ————et G-1-P ——t G-O-P
Phosphoglucose [
Jsomerasc
riose
MPW‘ v—-z F-1:8-divP = F-G-FP
! Aldolase Pkaspl‘of,ructokim&

F’gru'vic Acid



wmg and Ohristisn (1943) proupted the stuly of
glycolytic em.ynes in diaeue with thoir work on aldolase
levels in the serum of mur-bcar:lng rats. :smley and
Telninger (19452) extended this work to human subjects end
sinoe then serus phonphcglumo hmrm and pbonpmglnoou
mtuelcwln b&tmehﬂahabmmby_mm '
mbﬂ Wommmmwmmmm-
in the perum of patiants with cancexr and other diseases,

Introlorton.

fmetou-éophosp\wu (r-s—r) m fmt demcnstrated by o
:amamza” |

ﬁo ;pwpared m» m mi.m minl ﬂ.uuu
and tmma that th- th di& not mh awhuau but
tttd.noa m cqunibr.im nhtm of nppmulx 708 &-6—?
and 307 F-é-!’

m mw wan Mthny «11.& plmphokmu
incmerase, but Slein (1 949, 1950) demonstreated the presence
of an W,mmqmﬂﬂdmmm of lohmann's

Wum,mmmhm "
about the dntercanversion of Mhp-puu (eoe-r) md -



1Me that caused the interconversion of Po6.P and
mannose-6-phosphate (M-6-P), To avoid confusion, Slein (1954)
saggested that the two ensymes should be called mere
dnacriptively phoapbulncm isomerase and phesphomannose
isomerase, '

" Phosphoglucoss :hmue bes been found in pes
meal (Tanko, 1936; Somérs and Oosby; 1945). In 1951 Cord
and co-workers showed that the enzyme is present in most
snimal tissues but 4t received 14ttle attention until
Boaan-xq (1953%) demcnstrated considersble phosphoglucose
isomerase activity in the sers of several spocies, inoluding
 The equilibrium point of the reaction depends
~ upon the experimental conditions and source ef enzyme
(Lohmamm, 1933).  Values between 30 and AG% P-6-P have boen
reported; Bodansky (1953a) found squilibrium st 40K FatmP

rortbcammp.,,‘v

Pho:phaglma umm has not yat bm
isolated .m a mre state, Slein (1954), using sumontws
ﬁ.ﬂ.ph;te Momtion m& Rmum und Gird (1956), using
acetone pmctpihtim, have o‘bt&imd a lix-fom miﬁntien.
The enzyme hag been shown to be ula‘biva];} stable st room



- Sk

umperam. but is rapidly imctintad at tesperatures sbove 5°

(Banum mﬂ am. 1956). They havc am mo that the
mparedmmyam hm-tabzottm |

unnmthmanmmif:. moptmmpﬁu7.8m

Gb-P mhmute und 9.0 wmr-s-r 1. tho m’bltuto.

Vhen serun is added %o gluoose-6-phosphate (G-6-F) st p 7.5,
the pho.phoglucm hmmc preunt 4n the nmm mt- the
Ge6-P o fructose~6-phosphate (v-é-r). _The P-6-P thus
‘formed is determined by Ree’s method (195%) for frustose,
besed on the Seliwenoff yeacticn fer ketoses.

Method, .

mmw mxa muu in 5; 0. ml.
-mumato Ok ml, aalim:lnthemﬁonm.; ‘this
is phced in & water bath at 37 forl few mimtes and 2 ml,
of buffer~substrete mixture (moml buffer 0.0715 ¥, ;pB 7.5
and G-6-P 0,0025 ¥) previcusly warmed to 37°, is added, The
“'resction is terminated after 30 min, by the addition of 2,5 ul.
trichlorscetio acid (10% Wﬁ) The solution 4s filtered snd s
2 ul, semple 1s taken for fructose determination, Amﬁm
- tube for each set of dotermutimhpmpmdbym&nstho
trichloracetic acid to the diluted serum before the buffersd-

substrate,



Colour Reactimn.

2m, rsminol (0.1% \*'/V) and 6 nl, BC1 (10 ) ave
o.ddnd to 2 xl, of ﬁltmte. the tubes are well shalken aml phcad
ina.ntm-bathateo °formeﬂy1§n:ln. l'hotnbum
then oooledmd the opt:loaldmit:.e-or ﬁochnrry
nolntions are road in a photoelectirio colorimeter with an
Ilford 623 green filter. ,

A P-6-P standard (50 ug. frustose/ul,) and a colour
resgent blank are similarly treated with resoroinol and HC1. |

Since the reaction resches equilibrium at 40% P-6-F
under these conditicus, with this molerity of substrete & maximm
od'ﬂnbps. mumut“éwrcanberomdmﬂ. of reaction
mixtwe, BSpecimens with lew eusyme activities will form leas
than thh pg. wmmmmmtzmmmmumu
‘the omdlﬁﬂmpointﬁnwtbem Ifﬂ»kug. of
.mm:e is fﬁmd dm-inz thc 30 nin. incubn'tion pers.od, the
: test st be repoateawith 'y me.tam ﬂﬁution ot‘ serm, .

Bodanaky (1953b) hes shown how enszyme astivity mey be
expreased m\ply in terms of the smount of substrate changed
at sny stage of a reaction, Be has applied this treatment to
the expression of phoaphoglucose iscmerase aetivity (1954a) and
defines the unit as the reciprocel of thet concentxetion of
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fig.23
Graph to show Bodansky’s Table
for converting ug.fructose into
phosphoglucose Isomerase units
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substrate expressed as miliilitres per milliliire of resciion
mixture that will cause thé formetion of 25 ug. of n-u.tm as

F~6-P:1a3o’1n. perul. ar matinnuixtm t:c-o.oozn-c-s-r
atpu7.hat37. | o o

" There is a umu' rcht:tomhip botwoen rate of resction
and ensyme aqtivityxp to iﬁé ccnversion of the substrate.

' After this ihere is dmoressing devistion from linearity, and
Bodansky hes eonstructed & table welsting pg. of fructose to
units, This is shown grephically in Hig, 23.

We have recaloulated Bodsnsky's units for phosphoglicose
iscmerase in tems of Internstional Units per litze -
nwlea/biu./i. His unite m Wﬂ in texms of pug.
fructose per 0.0& wul, of m per 30 min, Wm

1mmyunitasx-~1x xmﬁmleq/nim/ls
180 30 0‘0&. ‘

= a,s; xntmum mwl.

We mdortthepg‘ Moummtablercremmimto ~
Bndmakw units and then miltiply br 463 for conversion to |

o Intmtioml intta, Bodansky's norwal range of 8 - hnmits
C 4s equs.ment to 37 - 180 Internationsl Units per litre,

Ve have ettﬁbnahea a mml mgvo m 30 hnwv
Mmterymmn of 12 - asnodnmszmit-,vith ununof
20 and standard deviation (3,D.) of 5.5, This is equivalemt
to a range of 55 - 130 Intmtimni Units per litye.



o8

In’cur hands the precision of the method ves 5 umales/utn./l.,

caloulated from dmncate dstcm:lnutﬁona on ten sers by mam of
the formda r_ﬁ:;f where & is the difference 'between duplicatu

andnthemm‘bwc?‘pdna o -

Boamslwfmmﬂ thntmimmumeam mm.tyrorshc. |
at room tempu-mne snd for at leest 2 weeks in the 1« bau. | !’o
esure thet there was no loss of antivuy while the apem was
waiting fer estimation, the blood wes separmted as socon es possidle
snd the serum plsced in the dsep freeze at 15", We have found
that the enmyme retsins its ootivity for at lesst 5 months
under these conditicns, , | o

| The zesults cn the patdents will be given in Part II,

nndngamoyot the semm enx:;me level in other diaaun,
itnummthmem&mmmmto&y
. 1Wdofphaphmmu mputiMH S.nmtoml
failure, !‘homlml#themmranmmm |
mwc,mﬂuulmaa'ﬁthowummﬁwm
nmmamtoriuamtum-ﬁnmmmmﬂod
cmtimmwemcormmwwﬁmewﬂby
the kitneys,  Botansky's (195k8) cthod for detersimation of
the wuayme n serum was sdapted for use with urine, |
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. fig.24

Absorption Curve showing
the effect oftreating urine
with charcoal

400 L
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0.5 ml, urine is 'sui»ié':m'tea.for'the‘m@a plasse and
the method then carried out ';;m. as for serum, Resilts axre -
expressed in terms of micromoles of subsirate transformed per
mlmtepw%h%lumofm _ , l
A normal range of O - 15 pmolev/min/tomm.
eatabnahed foxr 20 healthy 1abmtm workeis M-putieatu with
non-gancerous aimws, all with normel serum phesphoglucese

i.sme 1mh.

2t vas found tist theve were varisble smounts of aubstances

in the urine which rescted with the colour resgents, thus giving
erronecusly high results for enzyme aotivity, 20 it was necessary
to include o control tube for each speoimen,

Attempts were made to mve these sibstences by treating
the urine with acid~vashed ehmrom

Abgorption curves were pletted for the oalmm ia the urine
cmtrolbefmanduftwnbmultmtmtm&thuem& ,
compered with & frustose standard ourve (Pige 24). It can be
scen thut the standard m m ablo:qation poﬂm, one at 410 it
and the othu:r at 430 mu, The urine befm tream viﬂz
cbmml has 8 rach h:lgber pesk at 410 mu. than st 490 muo
when compared with the standard, Shﬂdng with scid-waghed
charcoal followed by filtration removes some of the impurities
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‘and the shape of the cuxve is zuch more Jike the standand, the
peek at 490 mu. becoming mere apparent, However, this treatment
444 not campletely remeve these impurities and, as they are less
Amportant at tpso'nq.,;tm wave length at vhich the optical
dennities ave read, than at 410, this prossiure was not

adopted routinely. :‘

" éﬁ;&tmn curvos of the siandard colcar under different
heating conditions were also plotted, Xt wvas found that the
tmpmﬁ;te‘and the durstion of the heating were both inporhnt
factors in determining the shepe of the absorption curve
(Pig. 25 a."ﬁna b).  Consequently the heating oonditions were
rigidly controlled,

T was found that there wes little phosphogiucose iscmerase

" aotivity in urine, urless the pstismt hed proteinuria, in whieh
case some isamerase passed into the urine along with other
proteins, This is in egrecment with the results of Keup and
Imzmen(i%v) who studied the level of aeveral snzymes in the
urine of humens end rats, They found that even in the presence
of high enxyme 1evela in tha serum them wes littze dmmtm.‘lo

' activity in the ur.tne. ,

There wes no relationship betwoen the level of phogphg-



glucose dsomerase in the serum and the level in the urine of
patients in the diuretic phase of repal failuve,  Fluctuetions
in the eerum level of the enzyme were cbserved in early
dduretic phése vhile the uﬂmﬂ'éﬁtput of the onzyme was constant
47 the patient hod olsumimris, This sppcarance of ensyse in the
urine contimied after the seruu level had reached normal limdts
until the smount of rrotein in the urine became negligible,

In the light of these results we did not contimme these
inveatigetions of urine,
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6. Aldelese
Meyerhof anﬁl.olum (1934) aiscovered sn enzyme in
rebbit voluntary muscle and in yesst which catalysed the
 reversible cleavage of 1 molecule fructose-{16-diphosphate into
2 molesules triosephosphate. The stages of the reaction were
elucidated during the next few years by Meyerhof and Kiessling
{1935), Meyericf, Lohmann snd Soluster (1936) and FMischer snd

Baer (1957). = They found that the resction is catalysed by
two enzymes, MQ and tzﬁ.onpluophntc isomerase,

b oPosM, e
oH— € ——— c[ —0 '
OH— C—H ALDOLASE CH,O0H dihydroxyacetone
H— r —OH v +
H—c | cHO CHOH

| [ Triose |
CH, OPO,H, H _c':._ oH = C=—0
o Phosphale

CH,0POH, Jsomerase CH,OPO.H,

Glyceraldehyde - - Phosphale



 idke the oth&‘emmbrrm‘mam
glycolpn, ulbmehmatinpucﬁummmm.
mmmtmmwuthonuthunshntc
of cubotuﬂ:nto ntabonm It is present ins uoln‘bh
fnrminthecytapum,umthaothwumof
glycolysis. !‘hamymhndwbmtbunﬂinymtby
lmrhof mxom(w)h)mamwwswmrtean'
inwmplmta.

Werburg snd Christian (1943) showed thet masele
_aldolese was not activated by metals, but they found that

the enryms fyom yeast vequires bivalent motal ions for its

function, indiceting the existence of two types of aldolsse,

| mnuh ﬂ.&ohn u s M@&v npaeiﬁa myu ana
raqul.m: the presence of tmtou-ﬂé-ﬂipbuphh (¥oE) fm‘
the motimtomﬂta the right, rutharmsonw
ccour in the oppestte amnm, aamomm must be
premt. Hers (1957) found an aldelase in liver m«n acts .

on fructose-1~phosphate (F1.P); in view of this, Dreyfus. .

Sehapire and Sehapira (1958) mggmaa using Mrfomtial
mbutnta stuiies to trace the sourge of the meEyme -
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vhiohoomminm Onzythamnaohsemtm-tudhd‘

:lnthhmmh

Sibley md Lelninger (1949s) found the optimum pH

for sliolase activity to be between pH 8.5 and §) this result

agrees with that of Herbert gt al. (1940),

Meyerhof and Lolmenn(193h) estimated aldoimse -
activity by meaguring the sllmli-lsbile phesphate groups of
the triosecreaction preducts, . This method is mii@le ander
carefully controlied conditions, tut fs inconvenient owing to
the necesaih of performing meny blank detemminations of
inorganic snd slkald-labile phosphate,
| Warburg and Christian (1943) used a spectro-
photometric method based on the roﬂmtion of' Mphoupbopyndm
' mo].mm (DEN) by triose phnlphate deh;ﬁmgm“ m the
Fesence of mmmuﬂ&m and armto. Sibley and
Telminger (1949} heve found thet thh methof 4s unreliable
whmmaﬂtwtheuuyafmmmmnﬂa, Mngto
‘thamume of othw mma mpuble of reducing DFN, o
twmteaammmd !‘hndopmdu on thamnt
'wmommwbymmmrmuymmm
- of 2th~dinitrophenylliydresine on those phosphates prodwed
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&uring the inoubation of the ensyme solution with FIP, In 1948
Dounce mneywmbnma a method based on the colwﬁntr:le

107

determination of wmmthydo romd :rou tho t:'.lou phnphltu.

Jmnuthln &% _g. (1 956) utiutad uw.uo a.ctivity in the

mwmw mmmgthe ugm lbau'ptm ot i

the tr!.eu hvdrmous at m m.

mmhea ofSibWand wmmw (194%) can be
applied to enzymes from varicus sourdes and is meh less subject
to errors than the other methods, I¢ u,the_f@ oomn:& used
for serun sod has been used by us in our investigations.

Serum ia incubated wAth buffered mibatrete sud hyirazine
which fixes the eldehyds and ketone groups As soan as they ave
formed, tms eliminating the sction of triose phuphlto o
isomerase, The resction is stopped with irichloracetic acid,
and & ssuple of supernstant is treated with alkaii followed hw
2:M1n1twpmnmuum. I‘\arthormm:leu of alkald
pmduau the mmﬁw colour or zsh-dinitropbmlw
540 mi. The intensity of this oolmr 4a Mraoﬂy mmom
to mm oconcentration,



108

Buayme Resotion, 1 ml. Tris tuffer (0.1 M, pi 8.6) is
mixed with 0.2 ml, serum and 0,25 ml. hydrasine (0.56 X,
TH 8.6), 0.8 ml, water is added and the tube placed in a mter
bath at 57° for & fow mimtes. Additiom of 0.25 ml, FDP
(0,05 M) starts the ensyme¢ resction, which ia sllowed ¢o
proceed for 30 min, 2 ml, 10F Trickloracetic acid stops the
reaction after this time, ‘msommu'mmseau' |
1 n.ofmmtum#wwlmmm
'cmmlmaammmm,wuwmmm
ammynm tut, mept tlnt mmm»rmuamm
‘unm the reaction has beem stopped with trichloracstic acid,

: w mmtmwxmmmm
m:a. mz.m(o.vsx) s,.mwuz. mtm. "
mmmumummmmmmwww,
wuam. 1 ml, zzwmmmmum (0.1%) &= sdded to
mmmamymtmmam;mmmumsfﬁr’
10 min, mwmutm7m.uwa(o.75mnmm )
10 min, um tha intmuyofﬁze purph onlmiamﬂm;'
photoeleetm aommter mah & 540 m, fiiter (mord 625

mmfmu‘).

neagured is oi‘tmhwm:mctureandpummluoftm“
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‘phosphates are not readily svailable for use as m. -Wa,
o standard curve is nevessary to relate per cent trensmission to
the amount of FIP split, This is prepared by submitting serial
ddlutions of some source of aldolsse to the analysis just
described, the oolour reaction being em-s.oamt on 0.5 ul. of
supernatant, The alkali-lsbile phosphate (ALP) 4n the
supernatant is deteruined by measuring inorgsnic phesphate in
two 1 ml, samples, cne of which is allowed to remain for 20 min,
at room temperature with 1 J NaOH which liberates the phosphate
from triose phospiate. The solution is then neutrelised with
x@o#,mmommummmuw -

| ¥he AL of the control is subtrected from the ALP of the
test, thus giving the ALP corresponding to the triose phosphate
 profuced by wasii euzyme consentretion. Fron these results a
standard curve is constructed relating AIP to units (Pig. 26).

"m. 81bley snd Lehninger (1949a) proposed thet
1 unit of sldolsse activity should be 1 wl, ¥DP split in
1 ho.by 1 nl, serum under the conditicns of the test, %o
convert colorimeter rudmgs on 1 ml, amlu of Mt:h:lamctu
acid mmu to unita of activity, mimm ALP nbmt-d
per sample are tramsformed into pl. FOP split per hy.per m),
of serum, '
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" For this oaleulation 22,k ml, FIP ® 1 pmole FDP
= 2 imoles triose P ® 2 moles ALP ® 62 g, P
Theeoloriutu-raﬂim of the triose chromogen per

1 ml. seple ave then plotted against ul, FDP, yielding s
ltmm‘(?:lg. 26), ‘

Reﬂoﬂhmtunmhmdmdmﬁﬂythcnumwh
eldclase as is foud in serum, md therefore hwnolyud -m' |
are unsatisfactory specimens on which to estimate serum '} |
nao:ne aetivity (811:103 and Lebninger, 1%9:}. xr it is

Mssible to per.!'om the uw on m:h w:\mus, thoy
should be kept at ~15° in order 'b preserve ﬁmwtivityg _ “ |
The enryme in steble under these oonﬂuim. ut loses 1 | i |
aotivity Af Jeft for any length of time at reon tmpmtm

Lm of 2 - Sunitums sstablhh-dm [ urm
of 20 Mﬂw mmwr,ymms !M.s h somewhat lom
‘than the renge of 3.5 = 8 nnits gl.m by the aﬁgimi antlm'a
| Sibley ad leminger's aldohu untts, m.mm/s:‘.
can be reealaﬂated mm ofimtiond. Unﬁ.ta m nm.
molen/min,/1. by use of mappwopnﬁe Mer. | Inthiu

cese 1 aldolase unit eguals 0. T In‘tmtiml Units per litre,

AN



Therefore, our xenge of 2 - 5 Sibley and Lelminger Urdte is

oquivalent to 1.5 to J.8 International Units, -

We have studied the sexum aldolase levels ina
mmber of patients with cancer of the breast, and the results

of these investigations will be given inPar$ IX, -

"2
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In the prum of an adequate supply of oxygen,
pynivate is oxidized to carbeon dloxide end water. This process.
takes place by the eitric acid cycle of Kreds which cperetes in
the mitochondris., Zgo-citric dehydrogemase is ome of the -
ensymes oontrolling this oyole, and this snd melie =~
dehydrogensse have received the most attention from werkers
studying serm enxyme levels in disease in this group. Ve
have made & few determinations of the first of these two
‘ensymes, to supplement the information gained ficm the
phosphatases and glycolytic ensymes,



1.

EEA

 Thiinberg (1910) discoversd an snsyme whish oxidised
oitric acid; be oalled it oitris soid dehydrogenase and by 1929
head found 3t in most snimel tissues, moulds smd bacteria. Martius
and Knoop (1937) ahewsd that the vesction iuvelves several stages.

CQIOH' o coIon co'ou a
cH, CH OH%C%H.
| o -H,0 " +H0 :
OH—C—COOH 22  C—COOH ‘H— C—COOH
o +H,0 | ZH,0 |
CH, CH, cluz
COOH | cooH COOH
Citric Acid cis Aconific Acid 50 Cibric Acid
+2H* n -2H*
co’ou colOH
C=—0 (I: w0
|
CH, e E92 H__C_—COOH
| + COy |
Crz CH,
COOH COOH

oc Kctbgtulm-u; Acid

Qualosuccinic Acid



115

It wvas assumbd thnt-»onloa\wdiﬁb 2043 was produced by ensymis
dehydrogenaticn ond this spontaneously lost carbon dloxide to
form a-ketogiutordc meid,

Adler gt 81, (1939) showed that the emsyme system
required triphoephopyridine micleotide (TER) and Mn®* for its
activity, In 1545 ‘Ochoa and Weiss-Tabori, werking with acetone
powder of pig heart, showed that the meeond stage of the resctien
wes 210 ensymic and reverasidle, Itmnot-élurlt the same
enzyme ves responsible for both reactions until Moyle snd Dixon
(1955, 1956) showed that & single protein possessed boih
iaocitric dehydrogenase end oxalosuocinic decarboxylase
 motivity; ‘hey'called this protein the iso-oitrste ensyme,
| stm,cmioﬁs and Flaat (1957) were umable to isolate free

 exalosuccinate during the dehydrogenation ef the iso-citric acid
and in view of this suggest that it only exisis in an ensyme-
bound form during the resaction and as such is not a true
intermediate 67 the Krebs oyole,

Isg-oitric dshyirogenase is found in all animal
tissues and requires TEN for its sction, In 1932 Anderson
found an isp-citrio dehydrogenase in plant tissue that
required Aiphosphopyridine mwoleotide (UEN) as soensyme,
Further evidence has been presented for the existence of a
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DEN dependent ensyme (Kernberg and FPriger, 19513 Plaut and
Suns. 195#). ms two gg-citrio dnhydrogeuns are aatmtea
mmmmmm-:m; thoDH\Yspeomo msym:l:
t-una inthamitouhondriamdtlum -poom.c s a.solublc
cusyae fomd 1n the cyteplam (Dizon and Wetb, 1958), Seall
mtsutmuttwmwmmmmmmlm
(Wolr-on ana mummm. 1957)

Tolfson and Wmimmnhm (1957) pablished a
‘method based on the incresse in optical density et 340 mgs, -
o5 TEN is reduced by the hyfrogen produced during the enzyme
reaction, DBowers (1959) simplified this method by eum:nnts.ng
the au‘um blank, and reducing the samplc sige to 0,2 ml,, thus
cutting the volume of serum neocsssary for & Mamimtimby
one-fifth, He stuiled the fastors which influencs isgecitrie
dehydrogensse sctivity and mede certain sdjustments to improve
acourenys We havaun&thh method 4n our stally of the msyms,
Bell and Baxon (1960) htrodwadanthodbuedon
the colorimetric detemmination of the phenyliydrezone of
a-ketoglutario scid formed Guring the ensyme veustion, m:
method is similar in pr&nﬁ:ﬂa to that used m_-,u;o '
trenssminases (Redtman m,w.ws?). ~ The suthors
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eonsider it more suitsble for routine analysis than the spectro-
rhotometrio methods, since it ean be applied to batches of
gpecimens and does not require an ultraviclet photaméter. :

The oversll ensyme resotion is
Isg-eitrate + TN — > w-ketoglutarate + THUW, + OO,
. The suibstrate and coenzyme are mixed with the serum in a
suitable buffer in a cuvette and the production of TENH,, is
followed spectrophotometrieally at 340 ma,

Mythod.

Serum (0,2 nl,.) is m 0 2,2 al., trds wurfer (o1 X)
yl 7oy oonmwng M01, (c.m ) and 045 al. m (C.001 X))o
' The sddition of G4 ml. Ase-oitrete (0.1 X) amrtn the ruotioa
‘and tho solution 1s maam:,y trmremd to a cuvette of
3 ml, upae&tw. mwmmmamuyurm
&t 340 mis in & spectrophotometar, resdings being taken st
1 = 3 min, dntervals for st least 10 mis, The temperature
at whi.oh the motion mcurs is reoomd ror convmim to
wtiﬂty at 25 in the mtian.

Caleulation,

Bowers units are in terms of millimicromoles cf'mz



formed per ul, of serun per hour ab 25°, . We havc expressed

our results in International Uaits per nm, 1,e, mcromoles
'.t”’mia formed per mimte per litre et 25 + To comm"i Bowers
unilts to Intmtiml !In!.ts lt is nesessary to divide by 60.
o mmowmimefmm st 340 mu. is 6,22
for a 1 em. light path, IfV = total volume of resction

mixture; S, ‘the volune of serum and Tf the tesperatwre factor |

.tor oonvm:lon to 25°, then :

Intemtm.t A O.D./m. S A

u’A' | --x--moles/nin./l.f
G2 02w

L 'Milations of sm of varﬁm mw mentmt:lom =
me camw mt at tamperaturen rangfmg :t‘rm 18 28° and
s tugpmm ooettiotent (010} of 2,3 wes esteblished m‘
thin mse. m mwenion to mtivﬂ&y 2t 25‘ .'m the
oaleula.ticn.

-
|-
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Normal Bange.

Our normed renge of 0.5 = 3.6 ymoles/min./1., with &
mean of 2,0 and S.D. of 0,86 for 20 healthy labaratory werkers
iesn ;ittle higher than Bowers's range of 40 166 units |
which when recalculated #‘epmmts 0u7 = 2,7 International
Undts, | S

The precision of the method is 0,2 jmeles/min./.,
ealoulated from duplicate determinations on 10 sers by means
of the Mwh} Medhﬁediﬂmmbm&upnoﬂu
and n the mmiber nf paj.r-

| I0D is unstable at room tempersture; Welfsen snd
VA1l4ems-Ashnen: . (1957) found thet 1t would retain its activity
for ouly five hours under these conditicns, but they found that
it was stable for meny days at 4L°.  Bedansiy et al. (1960)
report that the enzyme leses its activity after twenty-one
aays ot «15°  Our mmm do mot mupport thls. We have
feund the ssme aotivity 4n apecimnn aﬂzer ﬂ.w mth: at -
915 . Qmmtinepmee&uumbmnngthe sppoinennm,
therefore, separation as somm poass.ble and then storsge
at -15 until the detem:hutionwas omied oud, | o |

Ve hwm investigated the serum ICD level in petients o

with various diseases and the results will be &mnﬂ. _ﬂ,n
Part IX of this thesis. | :
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.'L‘he riu :!.n the serun 1evcl af &-ﬂ.tﬁc do!waromuo
(xop) m been w-n eaub.u-hea in pertain type- of nm- disease,
‘but thﬂre is apvarently no such riae follm.ng memnd
infuvtim, It Mbmmponedthatmurdimhruhin
1D sotivity (wmo, 1958; Wolfson st al., 1958). Mm,
ﬂ.tmaghtb.npoctoamttmmxmzorthnmmu
rise almg with lactic delvﬂrogmse, the &anwnimu anﬂ
aldolase t’ouowing 2 mearam infuvtioa, ir it ia ummed
that incresse in serux wme activity is related %o the release
of ensymos rmm dmged ﬁam. ‘ }

‘Strandjoxd, Thesas and White (1959) foun! that XCD
is relessed into the clreuletion from injured heert miscle
efter experimental myocardisl infarotiens in degs. They bave
shown that &t ia released sbertly after the infarction and that
the m ensyne level is only briefly raised, Thay have
obearved thet there 1s aleo & razid ramoval of the esyme from

“the eirculation of the &g after injection of m prepared from
pig heart. It was found that the rate of elme was
unaltered by hepatectomy or nephrectony, |

Ve mdurtnok a study of the ltability er ICh of
mmmum. w.wmemta from
pm;-mrtem -pecm of‘ the two tissues end inveatigated their
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fig.27 -
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A | Heart © and Liver x
|CD.

00

o

23°C

50 |-
N
=
= r
I3
o ,
2 1 1 1 1 A
I 2 3 4 5

B hours—

100

75

50

25

[ ]

Temp. in°C



:fahtive activities o.fter exposure to room temparature (‘23°)' ,
and after 20 min, in a water bath at various temperatures.
The results arve shom in Fig, 27. |

N A. shows that the heart extrect steadily lost its
activity when left at 23° and after 5 In anly 207 ef the
original remained, The liver extract was stable for 2 hyy
4t d44 begin to deteriorate after this, but 58% of the
original activity remained st the end of 5 b

"B uhows the efrect of m:poning the two extracts
to difierent temperstures for 20 xin, The heart extract
steadily deteriorated with tha rise in tempereture, mil 1t was
uoqphtoly insotivated after 20 Mn. et 5%, The lim
Watsact&vityuptow mmchubm o
Mtuua untu it was oomlotely Mt:lw a:l‘ter 20 min,

at 55°

We then maua tha ef!‘eot of mlmged inoubution |

nt}? :Lnannttmpt to mctivatethehamw«d

Muin the aotivd.ty ot‘ the nm, ﬁth . v:ln %o frwtiomtm'

thasmmyn. wowemeamﬁmmbytbmthﬂd
afsmm, Dubuc, wmmm (1957), snd mece saline

aolntions of thess powlers dnd incubated them at 37°. 0.2 ul,

awleumawﬂ.ﬁm&mnnt mmmmmnmmuym

122
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' Tha mults are shmm .'mFis. 28. It ean be seen
. that the heart extract was rapi:“.ly inactiveted after expom
to' the tamperatuz-e and less than 9% of the origiunel estivity
~was retaincd after 1 hre i.naubation. . " The liver wes stable for
15 min, end then slowly-bcge.n to deteriorate, but 357 of ‘the
originel activity still remained efter 4 hr, '

. Yhe experiments suggest thet heart and liver IUD
are isoenzymes; they have the seme type of activity but
’dit‘fw in thoir protem structure, since they differ in their
stability en mcmn‘e to heet.  The extreme heat J.wility
‘orhemwnaaﬂxlexplaintheabmceofﬂﬁsmymeinthe
serun after myocardial infaxcticn, | .
| Vreblewski and Gregory (1961) heve shiown thet |
_Mia delvdmaemb (IIH) can be separeted hzto i‘;l.va du‘fereat
protein frwt;a.ms b;r m gel aledtropms.s. They have
shows hat the fraction which is mainly resent n liver 1s |
easily destroyed by heat, o that the laot of eny uwmut
| ’m-ofzmmum‘wummagmu espledned en
'_the gmnaa of ..eat Iabi".ity of this ensyme from the diver,
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- fig.28
“Stability of Hearto
and Liverx ICD at 37 C

s

100
75
>
=50
3 l?
-
O
O
$25 -
| | - | —0
I 2 3 4

hours —»



‘ParE® 1 | N

| mmuﬂnuﬁMh&mmmauPu%LtMGmuehnh
have been ntmtod in tln sera of patients with a variety of
auuﬂumumwwammnmmmaMMmzmmuwmmmn
which imream in the serum auyn sctivity oocur, Partioular
attention hag been paid to the specificity of each enxyme for
disease in certain organs, moreprwm«mt:&mor
tests which will provide suximm information sbout the patient
with the mintmm muber of investigations. Having estsblished .
the ensyne patterns for disease in oertain orgms, particulerdy
HmmmnMMfmhummMMmMnmmunduabuhﬂw‘
meatmting the sites of mmmu in brmt cancer
P‘taeatn.
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. Robison's (1923) discovery of high alkaline phosphatase
activity in bone prompted the investigation of the effect of ..
akeletal disease on the level of the ensyme in serwm, Kay. (1929)

~and Rcberts (1930) found a mexked incresse in the serum slkaline
_phosphatane level in patients vith some types of bune diseese, .
It beosms obvicus after work by Frenseen snd Maclean (1935) and
Gutman, Iyson and Quimen (1936) thet the inoreases ecour enly in
ostecblastic disesses such se Paget's disssse, rickets in children
and osteomalaoia in sdults, hyperparetiyroidiss and osteoplastis
Roberts (1930, 1933) investigating the serum allaline
phesphatase. activity in other diseases, found incressed levels in
petients with Jaundice due 'ba obstructicn of the extra-hepatic
biliary trect, He found normal end only slightly elevated values
in A1 othe_;r types of jeundice, and he proposed the use of the
deternination of serun slialing phosphatase 4o &lstinguish
obstructive fioa other types of jauniice, His results were
reproduced by Armatrong, King and Herrds (1934) and by Bedansky
and Jaffe (1933) who cbstructed the ocamon bile duct in the dog
and cbserved a rise in the serwm alkaline phosphatase, which
MMJ& returned to normal after removal of the ob-tmctio#.
Bodansky snd Jaffe (1933) found the distinction between the serua
alkaline phosphatase in obmm end other types of jaundice
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lsss clearwcut than Robexts had shom. Others suppcrted these
findings, but it was concluded from these early stuiies that the
determimation of serum alkaline phosphetsse affords & sensitive
criterion of the antem'ty' of the intre~ and extre-hepatic
.. in cbstructive Jmlﬂieo the sexum alkaline phesphatase
levels axe uswally over. 30 King-Armstrong (K.A.) units, and in
hupatmnulor Mﬂ',w,mlﬂd! Are usually less then
this, This arbitrary dlviding line is useful in prectiee, but
ancmslies mey cocur, Raised serus alialine phosphatase levels
are seen An hepatic metastases, sven without Jamdice or bone
imlmt, but & ncxmal level dmnmt exolude liver . .
secondaries, . I .

. Mmmwe:ommmmwm
elevation of serum allksline phosphatase umnty in disesses of .
the liver and biliery 'h'wt The ntmtion theory vapond by
Aymatrong st a1, (1934) and supported by Herbert (1935) snd

‘Outzen ot 21, (1540) proposes that the serum ensyme ariginates

in bone and 3s actively secveted into the bile; any incresse
in the m level is attributable to intre- er exirashepatic

~ dbstructive retention of the snsyme. The evidews for this
memum&mmm»mmg of alkaline phosphatsse
in bone, the elevation of the ensyme level in ostectilastic bone
dnease, and its prosence in the bils. This tusory corvelates
80 well with olinicel experience that it has gained wide support,



The socond, or hepatogénio, thesry proposed by
Bodanaky and Jaffe (1933) and Bedansky (1937) supposed that

the ensyme was produced largely by the liver and that 4t leeked

into the bloodstream from injured iiver parenchymal cells.
Nost cbservers have feiled to find any proportionality between
the extent of hepatocellular necrosis and the degree of rise

in serun alkaline phosphatase sctivity (Gutmau, 1959). This

school of theught nw_mppoéta‘ the ddess of Winkelman and
Sehiffmann (1939), who auggeat thet the serum increment
depends on two factors: the extent to whlch the functionel
state of Jiver perenchyms is preserved snd the degros of
obatruetion uf‘thrﬁiliuy'mot. -Clinical mﬂ experimental
observations elso support this theefy, but umtil the reutes
and mechanisms of glhaline pmsphttase transfer t&ouxh the
liver are olarified, it 18 imposaible to say which is oorrect,
The kinetic properties of tissue alkaline
phosphatases have been studied 4in an attempt to fdentify
the source of the serum increment seen in
hyperphosplatasaenia,

128
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i'he use of ll:lchtelis Gonstants m the Inveﬁimt:lon of

of alkaline phosphatase by starch gel elestrophoresis described
in Purt T was applied to ten pathological sera, The
Michaelis constants of these enryme solutions towards
f-naphthyl phosphate were determined, snd the resulis
oompered with the constants for individual tissues
(mee Table 1, page 45), in en attempt to characterise
the serum inorement, Results of these investigations
and other data ere shown in Table 3, |
~ For the purpose of this discussion, we have,

. An génurel, lgnored any contribution from kidney alkaline

~ phosphatass, sinoe Schlamowitz and Eodansky (1959), using
immmochendoal techniques, have shown that its effeot is
negligible,
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For patﬁélogit:al sera a ‘vélu‘e of C.11: aﬁ. ,‘muld Se expected from
specinens in wiich the phosphatase hm&nlyot‘bme origin, vith |
lower values for those with oontri‘butinna fron other soursces,

Values below 0,09 ull,, the Km, for intestinal phosphatase, infieste
the presence of liver ;phospba.tu’é whose Km, is 0.067 i, Ve have
divided the xesults into three groups: 4, those with Ko, valuei
vesenbling bone; b, those which resemble the liver mzyme; and
G, those lylng between these two sxtremes. |

‘In Croup 4, the K, of 0,11 for the sevun auayme of the first N
patient, B,C,, is in agreement with the dlagnosis of Pagat‘a dhmo,
anél the assumpiicn that in this condition the serum alksline phosphatase
is of bone origin, 7The second patient, ¥.G., dled from metastatio
carcinome of the bPreast, and at pns‘tmrtm vas shown to huve
extenaive bone secondories v:hile ha:r liver m perfectly normah
A Ku. of 0.1 ul, for the wrtian‘v pmma aewm Wma might,
thez'ﬁm, be eapacta& from this patian‘t The 'bhira patient, 4,0.,
was & cese of carcinoms of the head of the ponwress, At the time

of determination, normel m»ciwic dehyéroganase {1¢D) ana
tuz’bidity tosts demonsirated an tmd-mod liver, while the redsed
Semclsotifase (5-N) indicated that there was cbstructimn of the
bilé duct (see section on 5-N and I0D)., m R, of 0,094 mggcufd‘
that the reised serun phosphatase hed resulted from & feilure o
mmte the nomal bone m-m, with perhops some contribution fyrom

intestinal phupbatue which would weount for the oonstant being o.
1ittle below the bone welue,



. The wcond group of pafiehts all huvé Im, ‘e, which ind!nato: .
 lver as the gource of serum enxyne, The Jaundice, elevated -
glutamic pyruvic trepsaminase snd JOD levels suggest 1iver cell
damags, which resulted in the velezse of alkaline phospbatase
into the bloodstream,

+ -In the third group of patients, it appeexs fyom the Ka,
values that: the sexum ensyme is of mixed origin, there being
some contritution from the liver, as might be expestsd from the
redocd 10D levels indicating liver oell damge. The first, -
patient, H,W,, in this group was suffering from conjestive
caxdiac failure with seconldsyy liver demage, as indicated dy
the raised transaminase apd ICD, © The normel 5-N end lack of
Jaundice show that there was no cbstruction of the bile duot,

280 the noymal exoretory pethway was open end the fotel serum - .
 inevement only just outside the normal renge. Since the Fm..

‘valus g6 0,080 tl,, midway detween the constants for liver and

bone, the liver component mist be relatively small, B.RH,
was & -oase of lymplosercoma with boneam! liver secondaries,

the contributions i"rnm both sources resulted in % eonstent midway
between the two. The last case in this group s & second
investigation of A.C; This gpecimen wes token a month affer .
the first one, Guring wiieh time the patient had hed an
OPmt,icn.-l The bane ensymo had been relessed, as shown by the .



135

&rop from 96 to 56 K.A. units for th‘e"tctai_ saﬁm alkaline phosphatase,
' The now reised ICD and sbnormel turbidity tests indicate o spreed of |
the disease to the 11\?32‘," thic 43 reflected in the drop in Em. from
0,094 i to 04083 nlf,, caused presundbly by s hepstic contribution,

' These ten oommples Semomstrate the possibilities of applying |
pensitive teckniques to the invesiigetion :ﬁ’ the source cf rsaissd
sermm engyme levels, The negessity for carvying out some form of
purificaticn of the enzime is shown by the mgcess of this method, -
as compered with the failure of the method using serum and
glucose-{<phosphate, os described in Poxt ¥, ‘
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Thare is a small smount of acid phosphatase present
in normal circulating blood, and in diseases imvolving certain
organs there is & characteristic rise in serum level of this
ensyns, The best known eondition is canser of the restate,
Gutman, Spreul snd Gutman (1936) were the first peeple to

'Mmu the olinical importance of acid phosphatase, when
they ddsotvered that bonss Whish were the site of metastases for
prostatic cereinoma bad acid phosphatase activity wp to one
hundrod times that found in normel bone. In 1938, the Gutmans
‘reported inaressed acid phosphatase astivity in the serum of men
' with metastases in bone from prostatic csmcer. The detersination
of this ensyme activity in serum was promptly sdopted as s aid in
dlagnosing cencex of the prostate and in following the p;thnt'a
progress &mwing the course of twrapy, Wooldard and Dean (1947)
sssessed ths inforsation previded by this test, and it was oleer
that, when treatment was suocessful, an imitisl high level fell
to near normel within thres or four days after swgical castration
or within two to three weeks afier the institution ef oestyogen
therspy, During a remission the low levels were masntsined and
scmetines, but not always, rose again with relspse. Fatients
whose serum acid phosphatase level d1d net desrease failed o
respond to treatment,
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" s well as the contribution to nomlllm acid
phosphatase from the prostate, it is likely that omm«ytu.
splesn and liver are sources of some of mmm.(wmm,
1959) Zucker and nomm (1958, 1959) have um *that blcud
plntcletn liberete acid phoaﬂn‘haa Mﬂng elettm lnd thh mst
"allooonbri'butotoﬁwtetu muwmmteamm.

Thare htriuinssm midpbuphatm S.n
e-tsoblutﬁ.c bens ahenen, mh as cho-k‘a m Anl

'Wmmu (su1tvem, Gutnan end Gutman, 1952; P
Woodard, 1956). Klevated said pmpmm levels are Weu
assoelated with bone metastases, and K:mg ma Jegaihnun (1 959)
fomd elevated sold phesphatase levels iamwithcmot -
the Trast with bone wnd liver sescndarics, Perber (1952) ;

xeported inaressed seid phesphatese astivity in the spleen -r :

‘& smll girl vith Guncher's asese, whils Crosker sod
Lanting (1960) have found that it 1. . ahmmmam of thc |

sl cells found in Gaucher's dissase, They found that

pa'bimtm with the disease ohmr 8 nna to mﬁﬂﬂmte S.meau s.u ,

 serum acdd phosphatase,

o ‘We bave used the mm of nng.na :mthmm (1959)
v_for the Mmimtim of promtic wid phuphtue anﬂ hava
oontsmaatomuummntm fbrthadimuotcanm .

of the prostate,
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10,

~ Pollowing Reis's (1950) observations om the wide
distribution of S~mcleotifase thooughout omn tissuss, Dixen
and Furdom (1954) investigated the activity of the msyme in
serva and mmﬂitﬁthﬂhhmphuphmo sotivity in s
nmber of diseasss. They were adle to show that a high
allmline phosphatase level in liver disease was usally
acocepanied by a S-micleotidase yalue increased as much as
one hndred-fold, wherets that fxom bone disease was notb,
They, therefore, sssumed that bons wes not & iikely source ef
serum S-mcleotidase,

Yourg (1956, 1957, 1958) ecnfirmed Dixon snd Purdon's

finlings that S-miclectidase was zet reissd in bone disease, mnd
ho extendsd the stuly of the enxyne in varicus $ypes of liver
disessze. He fod that m chetrustive jmmdice the levels of
alkaline phespbatase sl S-xuclestidase paralieled sech other,
but after velisf of the dbstruction the S-mocleotidase fall more -
rapifly than the level of the alkaline phosphatase, He also feund
that the overell d{istribution of values in patients with
hepatobiliary disease wes fairly similar for both enzymés, In
cases of hepatosellular jaundice thers was not a large increase
in serum Semoleotidase; most patients showsd elevations of less
than three times the upper limit of noarmal,  Infiltrative lesions
of the liver were found to cause a rise in serum S-miclectidage
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while sindlar lesions in bone d3id not affect the serum level;
'contﬂry to the vesults obtained with alksline phesphatese, .
B Brom his results, Yoing concluded thet:the liver ds
the most 1ikely mource of the increese in serum Semuclectidase
levels found 4n hoputobﬂiuw ‘@insase, and eonsidered tho
" estimation of this énsyme to be st lesst as sensitive as:
alkaline phosphatase in detecting biliary treot obstruction,

- vmmwm&mm.muwwmmnm,
ofumtybﬁvepuﬁmts, m«rmm;m-oamm
pbosphmo. i'a.uagthc ;'esu:l.tn of theas dgtqm;mtiou,
together with other bioshemicel and elinical findings, it has been
found that the serum S-mwcleotidase level is reised only in liver
disesse, wheress alialine phosphatese may be raised in bone and.
uwa:umo . Thess results miumamtwﬂhthoﬂwngs
of Dixon end Purdom (1954) and Young (1958). . \

. Fig, 29 shows the retio of alkaline phosphatase in-
K.A, units to Semclectidase in ymoles/min,/1, in these patdents.
It oan be seen that in liver Alsease the majority ef the yatios
fall between 0,5 and 2, with anly a few values eutside these limits,
These exceptions may be explained by the fact that the level of both
enzyses has fallen with trestment from initial high values, but the
level of 5-melootidue Mhmmidlythanﬁhnmpblphttuo
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An example of this is s patient who was sufferiig from cbstructive
Jaundice, with initial velues of 96. and 83 for alhlino phosphatase
and Semoleotidase yespeotively, giving a ratio of 1.  Several dsys
after ralief of the obstruction, these serum enzymes were again
determined and the slkeline phosphetase lavel was 58 while the
Seniclectifase had fallen to 22 units, thus giving & retio of 3 : 1.
But, as omn be seen from the figure, the oconsions when the ratie
is above 2 in cases orl!:rwm mrai-e - However, the reverse
4s true for bone disease, mdmtiosxmgmztoéhnwbm
found &tﬂns this study, ‘ o o R
" Ve have net found 'uw cages whers reised serum alkeline
phosphatase levels resulting from bone diseass are soocipanied by
sbuarnal S-mclectifase ¥alues, although there have beai cne or two
instances where the S-nucleotidess has besn normal in the presence
of & raised alkaling phesphatsse and bioshemieal evilence of Iiver
disesse, Mii, wes A cass orwmm jmm« with Liver '
dsmage, with redsed serum trenssninase levels and ise-citris
@me- values three times the uppar limit of normal, ' The
© alkaline phosphiatase was Just outside the nerwel renge (15 units)
tut the S-miclestidase varied between 3 and 6 units thpoughout the
ten dayl' serial study, giving xetios renging from 3.8 t6 5.
7 Of the cases of liver discase stulied, 6% railed to shov
raised Simcleotidass levels, These included a case of Jaundice
with mitral indompeterice, a sase of hypertension with foterie scleras,
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a woman with Jmumndioe %o was thirty-two weeks pregnant, and & case
armnringhpaﬁm. o o

‘ | m.mm:m-w-mtummmu |
Malhlino phuphctuolweh inthruplm

, Amamofobaﬂuetiwéunﬂu uuul’w

emimafthewwml Itomba-mt}atthﬂ :
pro-opwntive leveh ot the ho mymn ran o.’muly tozcthu-. ,
but that at'ter the operation the S-moleotidess level fell move
rapidly then the alkaline phosphatase, B was suffering fyom
ebatruction of the bowel following an sppendsotomy,  ¥his .
Patient again showed the two ensymes paralleling esch other,
although the rise in S-mcleotidase was not as grest as the.
memmmmmh chumcor S
oateoperom and am'm the normal seum ma«u&«, o
lovels in the presence of & reised allaline phosphatose
origimating mbee,
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Serial enzyme studies  units umoles:
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TABIE 44 §~_.--," 2]

BEmtES (i e (x~mn-w=> b pamms
Sorml 2- 15 8 1 2- 13 "9
Bome dtsese 2e 7 1 3-95 M &

Chepatitis . 10w 45 25 3 -.12.",51'?‘.. .23 3

Priwyma .

&m‘:ﬁs 10+ 90 W 6 = th-t60 70 8
e A 3ot 65 8 19e1m T 85
Extrs hepatic |

obstruction - 30 -250 96 12 30 - 310 104 12

The rangs of values found for Semuclectidese in different
dluonse states is shown in Tadle 4. It con be seen that the values
for varicus types of liver digesse are similar to those for alkaline
phosphatase also shown in the table, slightly higher levels baing found
for the latisr enzyme, while in bone disesse the phosphatase is usuelly
mch grester (Fig, 31).
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The range of values up to ealy three times the upper
limit of normal for ‘=mucleotidese found in infeetious hepetitis,
as opposed to figures sixteen times outside the nomsl range which
may occur in obstructive jaundice, suggests that the scrum enzyme
is not wholly hepatic in origin, an assumption nade by Dixon and
Pavdon (1954), Kowlessar et al. (1958) and Young (1958). Ve have
found grossly elevated valucs when the exoretory function of the
liver is impaired either by intra~ or extra~hepatic obstiuction,
These findings are similar to the cbservations of others for
alkaline phosphatase (Gutman, 1959) end contrast with the levels
of the transaminases and iso-citric dehydrogenase which are grossly
elevated in hepatitis and ure normal or only slightly raised in
ocbstructive jaumdice, Ve hsve found that when extra~hepatic
obstruction is removed by eperation the level of both Senucleotidase
and alkaline phosphatase return to normal. These cbservations
suggest to us that the subsirate-speciiic S-nucleotidase shares
the same excretory mechanisms as alkaline phosphatase, and any
impairment to this function results in abnormal levels of the enzyme
occurring in serum. Thus a rise in serum S-nucleotidase is a good
index of liver dysfunction, and is more sensitive than alkaline
phosphatase, since it is not raised in bone disease,

Based on these assumptions, we have extended this study
to patients with cancer of the breast to evaluate the use of
S=mucleotidase as an index of hepatic metastases,
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 Iso-Citric Dehydrogenase in Diseass,
, ~ The disoovery by Wolfson snd Willisms-Ashman (1957)
of iso-citric dehyirogmase (I0D) sotivity in serum and erythrocytes
of homns snd rets pmnptea_" the stndy of this a;syme :i.n 61-&56.
mlfnhn‘.v Spencer, Sterkel and Williems-Ashmen (1958) studied the
serun ICD sctivity in two nired and fifty patieats,  They found
that tho enzyme lmlu seldom to:u ont-idc the noml nnce, unless
hapnticmeagsemweunt.. ' Inﬂ'eues ctup%foriytm:ml.
were seen in patients with.hépttﬂia, m& in patilmts with hepatitis
eomplieatang infestious mmclwm. In pwul d:rhouis the
ammIcnmumwwitm.nthemmlrmge mamnem |
elevated more then tiree times the noruel mesn, even :Ln»hop,ltio | _
ComA., - mymrmmmmmmwmlme in
exmu»hnpntia a‘bstrwtion of the oommen bﬂ.c o;ct In sbout
EGf of the patients studied with :u.vn metantases m uugaom
diseese the serun IOD mtiﬁ.‘ties Were' wtor than the upper limit
of normal, A wide variety ofmaumt tnmurs did net cmo
elevations of serum ICD, but :l.tit.'m m:edtheyoonaidcrthut
involvement of the Yiver is Mieatud. ’ N

L MWrmswmvm«inmbaaﬂa vith
a wide variety of infectious, pulmonary, mtrnintntml, |
cardiovasoular, urological and neoph:tio ahmem m o
specificity of this enzyme for disesses involving the liver h.u
been further demnstreted by White (1958), Baron and Bell (1959)

“".



a.nd xorppoh. mkka.u md ?ithnon (1 959).

" Ve have mvmzmea gg-oimo aelvﬂzvgonau 1ew1-
"mnmducme mahammzm 1t !ntherhm'of m-orour
eoncer petients to see if it aids anything %o the informtion
.pravtded by p!maphoglum umu. B-mnlootiauo md
alkaline pxmphmu sbout the m-g-ny of the nm. o

Sm m-eimo éohymgmu (mn) levels were
-moasnmmmt-, the majority of whom were suffering
from Liver dinease. w.mmrwmgsornumgg.
(1958)tmm1m1wwmmmmmmem |
mlm,mtmmmoruvwaiam,mm
wmmmmumemm-,mohuwmu
hepatitis, The rauge of I0D levels zavmm amm B
".umudmmmusamm, 32. ' R

6
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Range of levels of ICD inliver disease
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- (vnits nwlgu/ﬂh.ﬂ..) | |
‘. Norme.l range s °¢5 ".3§5 . 20 -
be‘.:structiva S S - B :
Jaunﬂici , 1S5 =35 o 8.
cixrhosis 1.5 ~ 12 7
Hepatioc ‘ ‘
Garotnoea 2 -3 | 8
Infectious o | -
" hepatitis 4 =60 ' 10

Toxie hepatitis L =10 5

Yot one of owr mmputieats with m-hepntio
ahmti:n Jmﬂm. monpnnatea by malimny, had mn levels
outaido 4he normal renge, arinaingwhioh apou with Wolfm
',__t;.g. (1958) and Karppols, Niidkita snd Pitkanen (1999).
| mmtoneotmawenmuorprmnor
metastatic hepatio oarcinoms had bnornsl ID levels,  Tids ds
‘umﬂmmsc%mmawmrmﬁg, (1958), but the |
Mwofmesuwo&hmn. Wohwmluﬂadthta
mhodmminapatientﬁthmmatnnm ‘ '} .
mm,m:mmmzmmmmmm.

Values from within the normal range to thwee times
theupperlimitotnbzmlmboﬁfmﬂinmmuot
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oirrhosis, The dsgree of elevation depends on the acutensss of
the disease, normal levels being found in slowly-progressing
cirrhosis and higher values cecurring in acute phases, ~ High
levels of the easyme ave found in hepatitis, but they soon fall
aftar the peak of 1ctmm1mhthemmlm scme time
before thommimu‘ From thess ruultcn have eonclvﬂ.d

19

that & raised serum Z{G’D is wot.tivo qt‘ severe liver calllmge. B
Normal levels ocour in eirrbosis, hepatitis snd cancer. dtpming L

on the phueofthomma, 80 it is not possiblo tounmnto .
“ammuhmmmmmd | . B
o nm.nmermtmmmmmum
Wmution provided by the tmu, 1m:lmﬂ.trly glutmu
. pyruvic transeminage (GRT), The results of simltsnsous
determination of these two enzymes in patients with liver disesse
are plotted against uohother‘i(fﬁg. 53, It canbe seen that,
except for a small muder of cases, the two ensyme levels are
elther both narmal or both raised, The exceptions are patients
mmmmmmwmmmmmwﬂmm
’nmmbmmcw. o |
Stranjord, Thomas and White (1959) studied the rate
of dmdmnea frmthauimht&maﬁwinjccumnf
pu:‘iﬁ.ed nnplux - they found thet xen disappears more guickly
than the transaminases. So.mwmtmmm
mmmmtophueornmmm. it might be expected
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| fig 33
Simultaneous Determination
of ICD and GPT
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that the lavel of I0D would fall repidly with improvement in the
patient's conditicn and ‘reach the normal range borm z-awmv
s cntlplete. In rio case of acute liver disease dldwo .
mountu' @ raised 10D with normel GP-T. |
Serial Studies of JCD.

| During urial atuﬂiu on patim with acute nm
diuaae, ﬂnohntienssnIGDJ.mlsmmyamuarw |
mmm ia GRE, Thds 45 well illustrated in Fig, 3&.4.
Tha patzent was & bcby who m born with mtr»hepatic obltxmﬁ‘n
»J&mﬂiﬂe vith :‘u.m oell ﬁnﬂugﬁ; over. ths utwtrﬁve da,y :tueb'
tlulmhbfthetwomwsalnnlwpwaﬂahdu&athw. .
On the mﬁmaayouwaupmmmmw;
tlwmmmmmmnauaadtbhbyiqwmeaamm L
operstion. This is reflected by the £a1 axmmaem .
o Noﬁaerg (1°61) ina atuay of serum enzymes .m
ioteric eonaitiom ‘suggests the use of m ag a -upplmtuy
test to alkaline phorphatase and the transamineses for the
dagoms of liver asesse. e has found that 1t glves added

ﬁnfmthninsp&hlcmaoflimdm, nd we sgree with
this. ‘ w‘ have found it uneml in ceses of seeonduy :u.m

ammml mﬁmﬂm&amge-ﬁhelptoexphmm
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rise :In ep-T whioh also occurss

. Serial atuﬁiec on two sueh speciel ceses are shown in
ris'. 3#. B was & case of carbon monoxide poisoning which caused
musole necrosis followed by demage to. the liver, Initielly the
mwmmveremeammhemumthonomim.
The lovel of glutamioc oxsloasetic trenseminese (GO-T) fell
l'taaaﬂy during the eleven Wa of study, tut there was a
| secondary rise in GP-T on the fourth day, snooapanﬁ.ed by a sherp
‘¥ige in I0D, inddcating ldver dsmage, By the cleventh day, both
GO-T and 70D levels were normal, while the GA-T was still alightly

| O was o patient who bad mffered o small cordias
hzfmticm aeverel am before the fivst enzyms aatmmtions
were nade, Af post-mortem the nmm found to be fatty with
congestive changes, shich would eccount for the mady alcntad
engym® lavels ahmi:otheﬁsure

Seram Semieleotidase lavels were estimated in the fifty.
patimts studied; the levela of the two entymes are plotted againat
sach other in Fig. 35, It can be seen from the figure that in
obstructive jaunddce and hepa.titia‘”the two endymes oamplement each
other;  largs elevations in S-micleotidase cemurring in the first
cese in conjundtion with normal IOD levels, and in the second oase
high ICD activities are accompanied by slightly maised S5-micieotidase levels.
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Ebere vare five canes of liver damage with rained
transaminases and ICD, but with normal Semuclectidese,  All
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bzt one of the patients with carcinoma of the liver had abnormal

levels of both ensymes, indioatmg liver cell damage and either
8 lealmpge of S-micleotidase fyom the oells or impaired
excretory funetion, |

In eirrhosis nnmllmls of both easymes occurred

hthnimtivephaseofﬂwaime,mmmeptompatm;

in sotive phese hed raisod valuse fer both ensymes. The
exception had e raised S-mclestidsne and noymel I0D,

4 varioty of diseeses hed narmel levels far both
ensymes;  they inclnded miltiple iyelons, polyarteritis, bone
metestases, myxoma, nephritis, osteoclestoms end malchsorption
syndrome, These results indicate thet the estimation of IOD
in _conjuncﬂon witl.i« sfmclgaoimane.cm‘be'nsea to advantage 4n .
the dlegposis of seversl types of liver dissase, particularly
hepatitis and obstructive Ja@aioe.
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12.

' Some breest cancers depend upon & supply of sex hormones
fortheirowﬁme&mﬁh; in these cases removal of the source of
these endocrine secretions may result in olinical improvement, The
patient is usually tmtqd initially by oopherectomy or adrenslectomy,
and olinicsl improvement following this therspy demonstretes the
hormone-dependmt nature of the csncer. In these cases, if the
petient's condition should lster dsteriorate, ablation of the
pituitary may be performed with some oconfidence that the treatment
will be macoessful.

It is somstimes @ifficult to assess the effect of
endogrine ablation on the progress of breest cencer, and any
addition to the usual parameters is valuable, We heve followed
the serunm levels of several enzymes during treatment by ablation
of the pituitary by the implentation of meeds of radio-sotive
yttrium by the method of Fraser gt o), (1959), in order %
investigate their walue as an sdditional index of clinical status
and es an indication of the presence and position of metaastases.

The serun levels of six enzymes have been studied in these patients
in the hope that several ensymes in parallel would provide a
olearer picture than isolated investigations of individual ensymes,
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n»apbglucose umnu, has besn used as an indication
of the pream of metastases, Baamnlv (1954b) showed that there
is oomidarable mocution between mn in the sexun level of this
" ensiyme and the growth of metastatic tumours in bone, liver snd splem.
Otherwrkeraiaveﬁmthat itumuedinmuziitlinfmﬁon
(Bing, Castellanos and Siogal, 1957), leuksemla (Imola ma
Delory, 1956), hepatitis (Bruns and Jaccb, 195; ‘Bing gt al., 1957
Ward, Kruguen, Giles, Jacob and Bedansky, 1958), and various
myopathics (Sohepire et sl., 1955), These cbservations indicste
that @sstruction of sny phosphoglucose iscmersse-rich tissue will
remilt in & rise in the serum ensyme sotivity, It is not mown
whether the increase in serum glycolytic ms,wbﬁhomg in
oancer, comes from the hogt tissue or the fumour 11:-01:‘.
,Mhmmmmapboglmum».m, wehavemouu
mamweiﬁcmwtommmmimofthcm
of metastases, @ S o

Alkaline phosphatase is M"fo be in high concentration
" in bone and 1aver, henoe a rassed serum level in cencer of the breast
" ;Mcat“ a spread of the disease %o either cne or otheroftheu
orgins, or to both of them, In thess csses there is a variety of
© faotors which could ceuse & rise in serum alksline Phosphatase,
Metastases 1n bone may stimnlate osteoblastic activity, in an
attempt to repair the dsmege done by the inveding cancer, or the
cancer 1tself mey be of en osteoblastic type, Alternatively,
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osteolytic mecondaries may break down nomal bone snd relesse
alksline phosphatase into the blood plasss.

. Iaver metastases oould cause an increase in serum
allaline phosphatase, ﬁthea' from the relesse of ensyme from
dsmnged liver cells or by effecting a Feilure in the normel
exoretory mechanism for the ensyme.  IThis latter may result
fron intras or extra-hepatic cbstruction, or fram a functionsl
fallure of the discesed colls, R -

It can be seen, therefure, that detemination of -
alkaline phasphame by 4taelf does not provide infomﬁan of
great lpeciﬁcity« 'ﬂ«c ihink thet dts value can be graatly
increased by -Mimm determinations of total wid ’
pholphme and Mﬂwtutu. o ' o

L mmaapmwmemmmwbcmm
in osteoalastin bane dlsense (Foodara, 1959), a2 Burstons (1959)

 has demonstrated hittmhmmz.:\y a hi@n acid pbolphttm sctivity

~ sssociated with osteoclasts. Ve have, mu-m. usod this
engyme in conjunction vith alialine phospbafase as an index of
bone metsstases, and have iuvestigated the carreletion betwsen
osteolytic seconderies and elevaticns in the sexum level of aeid
phosphatase. Ve have ssmumed that a resed acid and/or alksline
phosphatase with normal Semiclectidase i3 indicative of bone |
m.. The liver is also a rioh seurce of scid phuplu.tm,
and & coniributien to the total seim activity from this organ
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cemnot be completely ignoved, althovgh there are fow reperts of
ruuawiﬂﬂnuphuuinnvardheue. R
 5-Nuacleotidase has been taken together with alialine
phosphatase as an indicstion of secondaries in the liver. The
reports by Dizon end Purdom (1954) end Young (1958) asmme that the
cbserved 'mtiaaa’ar, this emsyme in liver disease are caused by
reloass of Semclectidese fyom liver cells. Reis (1950) hau
shown that the on:;'n is widely dutr.i.butd threughout thc hmn
bedy; end vhile, undoubtediy, scae %mmotimo is relessed
-mtunmanm,umtommzmntmm, ‘
elevations are éawby o failure to excrete the ensyme, fia |
have fouﬁhigh conoentration of the engyms in fluid from s
bildary fistuls and our cbeervations of moderste increases in
serua Semwleotidase in hepetitis snd of gwou slevetions of the
myne in ‘cbstruotive. aawm. a pattm niauar to that -hmm
by a:lhlm phosphatase in these different liver discancs, nuggelt
tomthttmtwammsmthsmmtmmtm " In
sapport of this, ¥aehstein (1959) has shown mtuhuioa:uy that
the concentrations of both S-moleotidase snd sikaline Mph‘hlc
mhighﬂnmuueauctnmﬂbno emmmz. mdlwinum
pmmchml oqllu. It seems .wcoly, t&nra‘ara, that thn Mu
mB—molwtuaumnmdewﬂect-ﬁMamm o
a mmrummmmmmmmmmnm,
cen be used as sn indicetion of bnpatio utumu.



Wc howe tuhnn L Y mul s»mcmm with s.nmuod.

. lmh ot ma cna/u- slkaline ptmph-tuo as su m&cat&ou of
Nututues :lnbu. and nhcdulhlm phup}ahao vith s ‘_ \
rliotd S-meleotmao és @ s:l.gu of 11’"!‘ mwlvmt. If the
levoh otau tmoomymamabmthoirmpcrlhztncf
nozml,mth&nhﬂ hAhlythatboth‘bommde |
mae- are pmnnt. ' -

. Vemw iuvo:tigatcdthclwol of fsg-citris
dchyﬂmgme in these ptt:unts, to usou its use u an
indication of liver “acmdmea, follewdng tha olam 'by
‘é"on‘nm &t ,g. (1 958) of its npaeiftcity as an ind:loation of
liver éim.

. WMMMWthmm
early part of this study, but its datumimﬂm was )

u:mtimeam it bm appmt that the mmlta udaoa L

nothmg to thn wmts.on pmddod by phuphoghwou
hMMQ

- By the Mmﬁm af ﬁnm mmaa cnzynea
we hope te be abl& to dhﬂmtsh bune, uvor m& soft tismue
metastases to cancer of the hreut. m the presence of esch
otherg . | |
| During this study there has been clsse co-cperation
with Dr. G.!'. J‘upnn Reghtm to befmor Russell Fyraser, and
thecliniemincmg.ofthoputhntl. Behuudenn

160
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indepsndent ecsessment of clinical progress by the measurement
of vieible ;hssei,.rldioloy, studies of odloiun netoibonn and
haematology. mammrwmmnmwuthm
uumtmﬁdmmwm&outﬂn uign:lﬁmof |
the serum enzyme dsterminations. | |

Eighteen patients will be diroussed hers, The g!cup
is compriged ofall thoxa onwhom«m made ademwm-mtmnt
study ax;ﬁ have sufficient clinicel dats to naaeas the response,
We have excluded pame of the petisnts ot the beginning and end
of the two-year stuly period, beseuse of insufficient data $o
present & ectplete picture. “

N The patients have been Givided alinically :um six.
groups ou a basis of objective cancer mnmsa o treamt.
m.wmshmmanmhﬁ. |
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SA o ﬁclur:lmpmmnt Nonewluiom
' - Respomleys 4 B . Clesr lmprovemmt in some lesions,
S L v--butmomnappurmz Omm

" Canoer arreat

<" Improvemsnt 1:1 aome lesions,
‘deterioration in ethers. Cversll

Mixed Respondwa S
' ;. picture = no change,

- lxmmt :\.n some luion-,
appesrance of new ones, ‘
Onuiu ptclm'o m'rimtion.

 Non-respanders
o All mam aﬂnwoé. a
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Table 7 shows the groups into whi.qh the eighteen

- patients ha.ve been classified,with iha position of metastases

_ as asseased elinically.‘v Seven patients were classed as

| mp@us,'mmmAmaommma; six were
classed as mixed responders in group D, and five patients feiled
to respond and so were classed as group F,

_ Each patient s dlscussed indivisuelly in the
eppendix, For the caloulntion of pretreatment aversge
enzyme levels, the valuss found in the week imediately
following the pituitery implant have been included with those
detcruined before the operation. The condition of the
petients m‘bam assegsed fron & clini.ctl point of wview
into periods of remission snd relepse or failure $o vespond,
end everage ensyme levels for esch clinical state caloulated.

In Figs, 57 end 38 the mmber of determinations
which have been used to mummmmh
in each clinicsl state are shown in brackets.
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The average levels of phosphoglucose iscaerase,
S-micleotidase m! aoia mi alkaline pho.pbntm ror these
oightem petients in thwes awmt clinieal mtm
pre-tmtmt, reuhsm and relapss or t‘u]m'. to rospond
are shminm. 36. Thsmzelmhfcrphuphoglmo \
iscmerese and acid pho-pume on the wum patients are .
shown in Figs: 37 sad 38

It mbcmmrag. 36 that thuldnhot |
phosphoglucose .tsmmo mz. with clinical improvement and
rise to sbove the pwh'umt levels with rchpn or
mlm to mspond. mmm» in thege patimta failed
 to show any change between pre~trestment and response levels,
but it 414 rise abnrve thﬁ up;:er limit of noymel with clinical
deterioration. Aocid l.nd alkaline phosplnta‘u flﬂ.ed to show
anyuisnmm altmumd\n-ing myormmw
~ phases, .
| For the individual patiemts (Fig, 37), six of the

. mmzponﬂmh&iﬂthlpmwmoum levels
R mmmuudurnm.mmmurmthm
was & signifiomnt fall with clindosl W %o
patients were followsd into relspse, and they both showed =
increases sbeve the pre-trestment level of tils ensyme, The
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thumn-mpwder-mMaMﬁthMtofﬂm
ﬂimc, md tlaro vy :uttlo nimﬁmt ehaago in the J.ml
mmmmmmmofmmwm@m -
‘Table 7 shows that all the eightem patients iuvmti.gatod hed
mutic cancer and of these M.E. and R.G. were tha onl;r -
putmta on iaan we m unable to dmmto tbe prum

of metastases by raised lweh of pholphoxluml hmo.

The utmtm in aold phospmtue (mg. 38) m 1m
uimiﬂomt | Itmpmathnt,ofthefourmz statet, |
phou:hbgluoua :hmma gs.ven the baw m:loation of‘ tha

eu.n.iool muam of the patim

e 'We have found that the cosbined Stud&‘bf serum
Jevels of ecid end slksline phesphatase does provide a good
inddoation of the presence and extent of bone secondsries mv |
general, although we have no found M‘ponfbhtomthi
levels of serum pwspmmu to dhﬁmhh utno]q-uc from
ostecblastic sesondardes, The levels of both enEynas have

besn dstermined in the eighteen patients under m.iammn. .

: _mﬂyrmefthmmemm»mm&maiumm

bone and three of thau, A8,, .M, em& L.G., M m). lﬂclu
of both phosphatases. The rm-cn, n.c., haa hnpn.tlc

metastases which caaxud an inoresse in alialine phosphntul.



170

Initially the acid phosphetese in this patient wes normel, but
the serun activity increased just before death as liver
involvement increased, This organ could have been the source
of this serum increment, since there is quite a high concentration
of acid phosphatase in liver cells,

The other fourteen patients all had bone
secondaries of some sort, and all except one (I,G.) had
inoreased levels of either acid and/or alkaline phosphatase
..f some time during the investigations, [Eight patients had
osteolytic metastases and five of these (I.H,, M,R,, E,T.,
D.S. =ad ¥,P,) bad sbnormal levels of both enzymes, Of the
remaining three, R,G, had inorecased levels of acid phosphatase
only, while E.W, had an sbnormal amount of alkaline phosphatase
in her serum, with normal levels of acid phosphatase, I.G, hed

normal levels of both engymes in the presence of osteolytie
lesions.

Two patients had osteoblastic secondaries, L.L.
had a reised alkaline phosphatase only, while 1.5, had increased
levels of both enzymes, Four patients had bothesteolytic and
osteoblastic metastases, and three of these (¥,B,, C.W, and .G, )
had reised serum activity of both phosphatases, while M,E, had
normal elkaline phosphatase and reised acid phosphatase levels,

Alterations in serum enzyme levels mey indicate a
successful response or a deterioration in the condition of the
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fig.39
Serial enzyme studies
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mti@t. but we have found that ecid phosphntaie dbes not provids
as relisble an index of progress as does phosphoglucose isomerase,
An exsmple of serisl studies of serum to%al asid phosplatase is
ghom in Fig. 39, 1In this patient, the trestment wes sucvessful
and ber response is indicated by a fall from slightly reised
levels of acid phosphatase to values within the normal renge
during her period of remission. Her subsequent relspse wes
obvious biogshemically from & rise in all serum enzyme levels,
incluling acsd phosphatase, . "

Our wwim wi.th Mmmu and allaline

phnlphatm i.n patimtu with bone and lim étumo was yepeated
4n thamdwityorbmt oanmpat&mtnwitbbm m&.um :
secondsries, Serun :Lso-oitric dolwdmgmu (IGD) lm:ls were
umd as Mﬂitzoml h:lochwioal Mdcnco to mpport our ﬁn&inga

| SeMucleotidase wos dsternined in twelve out of the
Wmﬁma m& in ten orthase thn mmnwn elso

 studted, Outofthatwolveputimta, sm!ndonnioul -

svidence of liver uocmda.ﬂ.ea. In four pat!.mts, P.P,, MRy,
»”W. and D,C,, the 6linical evidence was suppoxrted by blochemical
ﬁnaings of sbnoruel levels of S-meclectidase, The level of |
xcnmmmmmmeﬁm tbmepaﬂantusndthuﬂwun
reised, These patients had all been in Grade A remission, and
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theﬁae in the serum level of thesc two ensymes cocurred as |
thetr clinical eonfdtion began to dsteriorate and the disesss
epreed into the liver, ‘
. - Of the remaining three patients with liver

vuoemaar:len,, when assessed fyom a olinical view point, one
of them, TuL., hed normal S-micleotidase but elevated LD
levels,  In I.S. the dissase only spreed to the liver at the
begiming of the terminal phass, The patient dded st another
bospitsl end so we were not able to follow $his deterioretion
biochemicelly. The level of ICD had beoccme slightly sbnormal
on the last two ocossicns of our iuvestigations, indieating
that the diuue was atfecﬁng thc um. ‘buk at this stage -
the &mlmt&ae hs& ot 'becmo s‘bmm-

. The mvoatigution of serum mmmae 1eve1a
was only introduced half-wey through the study of patient A.8.
The first mmummmaammmurmmm.
but this rmamm:ummamawmaumm
into relapse, ICD was determinsd on two occasions and normal
levels wore found both times, SR
| Of the five patients with no clinical evidence of -
liver involvement, two (R.G. end ¥, @4} haed bone secondaries’
inddosted by raised levels of acid end/er alkaline phesphatase,
with levels of Semoleotidase which remeined within the normel
renge. |



ATk

memmmngpctsonts ofthi- group of

mwaummuumuors-mmotwnmmm- -
Some part of the time during which blochemical S.uvntigstiom

memledmt,mmnm ame.butthhmmt
spparent from olinicel chsesrvetionse On- patient, D,S.,
died suddenly and no post-morten was mrriedmt. | Theother
two, I.H. mﬁE.r.,mdmmmhdon, so atthia :tngc
1t 10 not possible to cay whether the elintoal or bicchewdcel |

umamntiseormct Ihnver,siwebothanzymmmued,_

ithlmlymtmwmmnumntadfmmdmoofm

sort to the liver, but vhether it is malignant or not remains

. rig,isoQMaawiﬂamham'lmlsofM

pho:phtm and S-m.mleeﬂduo in two yatimta. & was. patimt .
No.16, MGy, on vhom ﬁlipi‘&uitaryﬁmlm‘baﬁm treatment vas
unsuccessfuls She dled marlytmnth after admission and at .

pmmr&mm found tolawmmﬂnrymﬁhsinhwbmes,
sirensl glands and myooardium,  Hex 1iver wes perfeotly clesr,
as was vinﬁicgted biochemically Ly her persistently normal
| &molcotidum L

B was patient No,§, C.W., who ves in remission .
whm the first investigetions shown here were carried out,
mq months later her oondition hed begun to deteriorats .
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fig.40

~Serial enzyme studies
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clinically md this was refiected by & rise in sevum elkeline
phosphatase and S«muclectidsse, The levels of tho two snzymes
remained elevated until hex dsath six weeks later. The
‘sbnormal Senucleotidase indicated hepatic metesteses which

were shown to be pmﬁent at post-mortem.

In the two exaples under diseussion here, Case 4
had noxwel Jevels of ICD throughout her illness, and in Cose B
the raised S-mucleotidase was aocompsnied by reised ICD,
providing further evidence of liver inwolvement in this
patient,

The spectyophotomeiric determination of ICD in
the serum of cancer patients may not be poszible because
of the precipitation of ewoglobul:!m whﬂe the specimens
are kept at -15° awailting investigation, \ Use of sush a
specimen causes turbidity of the reacticn mixture and,
therefore, prevents the measurement of the increase in
cptical density as the coenzyme is reduced,

However, we mede scme determinations on fresh
specimens and the pattern of elevations of this serum ensyme -
is similer to that shown by S~mcleotidese,

Fige 41 shows the similteneous determination of
B»uwloctiﬂasg md ICD on breast cancer patients. This
~ diagrem shows that, in general, the two enzymes are either
both normel or both reised, However, there are exseptionst
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four determinations are shown on patient L.L. who had clinicel
evidence of liver secondaries, This was indiosted biochemically
by redsed ICD, but the normel S-melsotidase 3id net substantiate
this. There are two determinations on I,8, when the diseess hsd
started $0 infiltrate into the liver., This was indicated by am
incresse in I0D, tat the patient then meved %o snother hospital,
8o that ve mré uneble to follow the compiete deterioration and
31d not observe a rise in S-mclectidase. The rassed
S-mcleotidase with nowsal ICD was & dstepdnation on patient
Neo.7, E.T., whose alindcsl eondition improved with treatment,
The improvemsnt wss reflsoted by a fall from moderately slevated
values of the two enzymes 40 velues within the normal renge.
The levels of ICD fell more rapidly than d1d the level of
S-muoleotidese, thus giving on one cccasion abnormel values

of ohe ensyme but not the other.

| Apert from the two patimits with olinical evidence
of liver seccndaries whish were inMoated bdochemically by
dsg-ottrio dshydrogenase but not by S-moleotidase, the fwo
enzymes appsar to previde the smme infornation. In view of
‘this, o suggest the routine use of S-micleotidase as sn index
of liver metastases in these patiemts, since it dees not depend
on the optical olarity of the sexun for & successful determination
as does ICD,  In ocases of disagresmsnt between clinicel snd
blochentcal findings, or to provide further confirmation, 10D
2y be a useful additional teost.
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Sanm Aldglase
.Wwwmmmnmww N
m#Mumelngnts. They found that th.-uehu
ocntent of malignent tusur is ver; lew whan compared with
misole on the seme lpmiel;but-thty m that the sexum . .
content of the ensyme in rats with Jarge Sumours wae grestly
 Sidley ond Iahninger (1949a) confirmed Warburg's
cbaervaticns ¢n incressed serun sldolsse levels in rets and
also cbsarveld increases of the serum enzyme in patients with
cancer and otiter disesses, Sibley and Plessher (1954) and
" Bruns end Fals (1954) reported greatly dncreased activity in
- the serum of patients with soute hepatitis ut normal values
in portsl oirrhosis sud cbetructive Jumddce,  Schapira,
 Demos, Sehapirs snd Dreyfus (1957) found that pstients with
progressive misoulsr dystrophy had incressed serum aldolese

ectivity, sl White (1956) bas found dncresses in the ensyme
 lovel dn patients with myvcerdial dnferotion ant dernstomyosttis,
Baker and Gevan (1953) reported incresses in serum eldolase in
most patients with advenced prostatic emoincms. Xt is clesr
that incressed serus aldelase levels indicate the existence of
tissue demage, but owing to its widespread dstribution, its
use in the dlagnosis of cancer is limited.
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Using the method of Sibley snd Ishninger (1949s),
described in Part I, ihe sldoluse sotivity wes determined in
one himdred and twanty sexs from fifteen csses of cencer of
tho bresst, to assess iis use us an index of response to
treatment by pituitary sbletion, The resulia were compared
with levels of phosphoglucose isomerase determined on the

same spocimens, and the Cindings on esch enzyme were related

" Significant elevations were found in only 187 ef.

the aldolase determinations, which agrees well with Sibley snd
- Iehninger (19498), who found raised values in 20% of the =
one hundred and four cases which they studded,  However, €6% .

‘of the phosphoglucose iscmerase determinations ware sbowe the
upper lindt of normel, and these figures showed a better
correlation with the petients' condition than aid the semm

that surgioal removal of twiours fwom rets caused a fall &n

#erum aldolase, We were unsble to demonstyate a similer fall

- in response to pituitary sblation in the fiftesn patients

- stulied, !ha mesn prew and post-sblation levels were -
determined for beth aldolase and phesphoglucose iscmersse, snd
only a slight drop in sldolase activity from 3.1 ¢o

2.5 ymoles/uin,/i. wes found, Neither value is outaide the

o~

It was cbserved by Sibley and Iahninger (19496)

180
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norml venge and the figures cannot be considered to be
significsnt, The mean phosphoglucose iscmerase values
gave @ mch better indicution of the miccessful response in
these patients, falling firom 270 to 180 ymoles/min./1, after
' During serial stuldies on the levels of serum
aldolese and phosphogiucose imomerase on severel patients, it
was cbsorved that fluctuations in the levsl clm nsyme
wore reflected by the other, but again it was found thet
aldolase 334 not give 23 good an indloation of the patient's.
clinical atatus as a4d phospheglucose isomersse, On né-
accasicn d1d we £ind a raised serun alfolsse level with a
normal. phosphoglucose isomersse, Fig. 42 shows serisl .
_umas on three of these cases; - In 4, the early abaovmal
devels of the two enzymes fell following treatment by
pitultary sbiation, but the clinical. response wes not as .
drematic sas might be expected from the fallin the serum
- aldolase levels.  Unlike phosphoglucose isomerase, the
‘aldolage activity falled to ¥ise sbove the upper limit of
normel whet the gondition of the patient deterformted;
B is an example of fiuctuations in the levels of beth
- enmymes, in which aldolese stayed within ‘the normal yangs
while phosphoglucose isomeyase levels were cutsids it, . The
succeasful xespocnse to treatment is Mmd by beth cﬁnyu».
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' The levels of the two ensymes olosely parallel each other in .

Case G, and, apert from ono or two-early dsterminations, =
sbnormal activities of both ensymes occurred in the serum, .
The contimied imweese in activity reflected the 8scline in
tie patlent’s condition, o .

© Since both enzymes arc widely disteibuted .

throughout. the body, any inoreased glycolytio sctivity by

tumowr tissus or bresidown of normal tssue by imvading
cancer cells, which results in the release of glycolytis
enzymes into the scrum, will cause 2 rise in the level of
both aldolase and phoephoglucese iscmerase,

. Ve have conclufed that 4t is unsecessary to .

pexform estimations of both enzymes 2nd, as aldolase is
not &3 sansitive an infex of the petient's conddtion es
'phuphogluc#»simue, we have &iscontimed its
estimation, |

“ . From these results we conclude that the 'sexrial

- determination of the levels of scid end olkaline phosphetase, -
Semcleetidase and phosphoglucose isomercue in serum can be

used {0 advantage in the biochemical inveatigation of the

sites of metastases in women with caneer of the bresst. By
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the conbined use of these four enzymes, it is possible to -
indicate the pressnce of lesions in bone, liver or soft

tissue, I these biochemical data are interpreted in

‘the light of clinicel findings, they make a'wseful - '~ .
additional poremeter in the assessment ef the response %o . . |
treatment by the implantaiion into the pituitary of seeds -

of yttrduam 90,

184
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The smsll amounts of enzymes normally present in
the cireulating blood are provided by the physiclogical break-
down of cells, and as this i & contimious precess there must,
at the same time, be & contimmous insctivstion snd/er excretion
prooess. It follows, therefare, that a rise in the level of
serun enzynss will result from either incressed relesse of
enzyme or dscreased removal, It is the balance betwoen these
two processes which determines the serum level of activity ef
esch ensyme: tut little is reslly known about the moshanism
oz‘jthomarmmfr&tumhmthoymmea
relesse of enzymes in cancer, with experimemtel evidmos to
suppert each one, It is probable that the serum enzymes are
released from several sources,

In 1543 Warburg and Christian reported that five
of the ensymes involved in glyoolysis were present in the
serum of rats snd they found that the levels of two of these -
aldolane end triose isomerass - were cnsistently raised in the
serun of rats bearing lsrge tumours, They coneluded that the
tumour 4tself was not the source of sxaess enxyms, but that the
enzymes night be released from musele as the tumour acted as a
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blologloal paraaite, mth wum toruuurh!g -
sldolase activity, Sibley snd Lehninger (19&9 . ana v) rem\d f .
Jarge swounts of aliclese in other nomsal tiasuss, sich as
liver snd kidney, and they suggested thmt these um alse ‘
be sources uf’ummu]dolue‘ It mnboemo‘hdau tht o
high cnnomtﬂﬂm af glyuolytie ansyua m wll Gilt!‘ibutid

throughout the 'uuuen of tho ‘boay, md bruk-dm ot sy of
thenﬁamnmldm:lt uaulnaeorminto the
'blood stream, |
| W(wm)mmmtmmmmm |
mmmnmwmm-mmhuwm
iam-nu. md dutxuction of m tissues by the imuu
tmroouldnwltinth-mwtbmintotbo |
ciroulatfon, Sikley (1958) has foun: that the sldslase
ccam'b ofbloodﬁnn&ﬂinhamgawlom-m slgniﬂoanﬂy
bisbrtluatlut ofnﬂwmwdrmntthmtm. It
is, tharefm, ponibla :rar both thu tulmn- and thc hnt tum
to be the source ef' the :lmmud glyoolaua enmu in nm-.
An inorease or up to 17 times the noml lml of
phmhoslum ume was aemtuted by nmmy [C 958)
mthesmofmm: gimé«utlwlwrzu 'fhhm
associated with & decvease in tha um content of the ensyme,
but there wos no hiutologim widmo of M:lntto vell
neorosis h%holimor:bhtalmnh. Thene findings
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could be e:phined Qithcr ‘by dtmtion 1n ﬂa peuenb:ulty of
theodlnuwuohmgeinthebinﬂingefthammﬂthm |
momanammmaamawnmm«msmm
ougin of’ m mm w:uenh. . :

mwmummmnmmzm
&Wummunnnmmotntmﬁmmml
timaina&tummthchmzrcr it- host.

white (1956) pu'hxhtﬁ that the w :tn serum
mmnmm*mmm«m@amwupﬂm.
the' yutimt'a m'otm intuko, which ia uman: ingufficient to ‘
mpmtwrwth mmrmmtmwmmngu‘
amhmummynmmtotmrwammtm
dissases, Mothiummhaamﬁmh mfooamgu
mm.&ndatinnstwuthorem;mmm;m
m‘mm;mnmmomtwmmem; |
the urine, Notable exceptimms Were the patients with lver
metastases, Maﬂumsmemmammm N
obscmdinpaﬂmt:ﬂthmsmwmrdma
similar atet, N

nm-mamm(wsa) balteve mtnma
ohlngea in mmmt a complete m—apuaﬂa reaction
mtmpmozmmtmm.mtyorm«m&m.
manmmmmmammmmm ;
eholineatm, which acocmpanies the rise in glutsmlo
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oxaloacetic transsminase, lactic déhyirogensse and aldclase
:oum myooardial infarction and cther ascute am-., R
. m‘gf a mnpecific reaction to stress, They think
that, whils release of esyme fron damaged tissue could explatn.
the rise 1n the serun level of some, it does not sosount for
the fall in the level of others,
~ The now nll—kmn and characteristic appsarance in

~ the nmuf,gmmw transaminase, whish ¢cours

after & myocardial infarction, end ths high conoentration af
' this enmyme in heart tissus, is & good example of tissue
necrosis releasing ensyms into the eireulstion, The rise in
lactic dahydrogenas nase, which alse sccurs, oan be similerly
«xplained, but the sbsenoe of any Snoresse in iso-citrie
dehiydrogensse (J0D) sctivity sppesrs not to £is into this
puttim. mmmummam- meyme,
Bowever, : Stranjord, Thouss aaamu (1959) showed thet ﬂme
vu an increase in m Icp utiﬂ.ty domelintely after
experimental myocsrdial infarotion in dogs, but that te serum
level repidly returned to normal, 4 similer rapid dissppesrance
of the ensyme in ‘the humen subjest would explain the sbeence of
our exporiments on the heat mmty of XD from humen hears
nndumm’nhwamww&oatmm mmfrmham
tissus is rapldly inactivated at 37°, mm.mmw |

for its rapid disappesrance from the oiroulation,
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'rhese o:porimts duommte the imortanoo of the
rate of insotivation ef the enzyme on the serwa level, Seversl
peaple have $njectod purified enxymes into the cireulation and
have moted the rapid yste of clesrence, But where do they go?
Stranjerd et al, (1959) found that neither hepatectomy nor
nepln'oetw affsoted the rete of clearssce of ICD or lastic
dehydrogenase injected into rats,

' The experiments by Armstreng ot al. (1934), in which
they tied off the common bile duot in dogs and 20 csused & rise
in the level of slkaline phosphatage in serum, demonstrated the
excretory pathway for this enzyme, but 4t has been imcossidle
to asoribe a similar route for othere, In later expariments,
Frenkl and Nerritt (1959) found some transaminase and laotic
dehydrogensse activity in the bile of dogs, but were unable to
demonstrate any relaticnship between the level of engyme in
bile and the serum lcvel, Carbon tetrachloride poisoning
produced a vise 0 ten times the upper limit of normal in the

serum of dogs but the enzyme level in the bile was unaltered.
Injsotion of purified anzyme to a mantration of fifteen times
the normal level alsc railedtopmdnoe on imreaaointho’bila
+ enzyme level, despite the fact that theau enx;yxua are rnpid:ly
cleared after injection.

In our studies we have chosen enzyms which have ‘beén
shovm to be concerned in several of these different nechanim



of velease and removal which result in changes in the level of
activity in the serum, '

Our work on the kinetic properties of alkaline
phosphatase demonstretes that ‘both increased release of enzyme
and decreased remeval can result in hyperphosphatesaemia., The
bene-11ke characteristic of the enzyme in the serum of patients
with osteoblastic bone disease, end the appearence of an
sikaline phosphatase with a Michaelis constant similar %o that
of the enzyme purified from liver in hepatic disease, sgain
shows that damsge or weraativity of an organ will result in

an outpouring of enzyme into the serum.
However, the kinetic studies on patients with

obatruction of the common bile duot show that in these instances

the increase in serum alkaline phoaphatase is caused by a
feilure 4n the excretion of enzyme with bone cheracteristios.

We have demcnsirated the inocreases in serum
S5-tmoleotidase in liver disease and if, as we think, this
enzyme does share the swe:ahtoryp&thmyu alkaline
| phosphatase, then the parallel estimation of the two
phesphateses wAll indicate whether the increase in alkeiins
phosphatase is the result of increased release of enzyme into
the serum fxrom bone or deoressed removal,

| Phospheglucose isamerase has been used by us as an

inddcation of the presence of motastases. It provides an index
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sz does serum aldolase, of the releese of glycolytic nnmeﬁ' =
from either the tumour ftself, or the host tissus, or from
normal msole. Despite the fact that both the origin end

the fate of this enzymo are uncertain, we have demonstrated

its use clinically and consider that 4t is & useful additiom

in the study of patients with cancer,

Until the facts about the relesse of enxymes into
serum sud their removal have been elucidated, their
physiological significance cannot be fully realized. .
Meanwhile, however, we huve ghown that the meesurement of
the level of enzyme activity in serum can be an advantageous
addition to the clinical study of disease. .



- Rach patient is considered individuslly in this

appendix ‘and the vesulis of the serum enzyme determinaticns
‘are given in terus of umoles of substrate utilised/min./3,

‘Enzyme ~+ ibbrovietion  Nommel

(m« o/ c.)l

Alhlimphosphatue  mer . m-%
&cid phosphatase 'Vlmmr. o 1.8 6.2
Prosphoglucose fanerase T 16140
Aldelase U oAaaa 1.5-3.8
Sdcleotitase 5K 2-15
Iso-citric dehySrogenase 20D 05 « 3.5
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10,360
11,3460
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340
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8.,6,60
19.7.60
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B L 'J..‘he‘,patieﬂ‘i: vas first seen in February, 1960,

She had bone and a0ft tissue secanﬁaries» to caneer of the
breast,  These lesions were apperent biochemically fyom.
rajised serum acid and alkeline phgaphaf:aae end phospho-

gluoose 4somerase, A pitultary operrtion was cerried out

" a month later and her gonfiition began 4o improve, @ma A
type of remission was maintained with oleer bone recaloification
when copared with pre-implant X-rey pictures, and the breast
mess becsme smaller, A second pituitayy implat was cmrrded
out in May, as it was fond that sblation had not been omplete
the first time. Her condition comtimued to improve until her
death in fugust, vhich vas silden snd due to causes other than
oancer, . The serum level of phosphoglucoas isomerase
reflected the elinicnl lmprovement and it hed rencked the
nomsal range by August, The phosphatases, however, 4id not
show the expected fall, and both remeined above thelr upper
limits of normal, This patient was followed Suring the early
part of this study, and we did not determine the levels of
serum Semwsleotidece or iso-citric dehydrogenase, Ssrum
‘aldolase remainell within normal limits the entive time, snd

aid not provide any useful information about the clinicel
condition,



Date. Al . deld XGL =
27,4260 42 ka0
22,260 5 58 70 6 1.9 o
‘ , Pre treatment
23, 2,60 49 6.5 W 10
5,.‘3.61  TuPIANT o -
b 361 56 60 1S 6 23
6. 361 65 92 9 2.4
8, 5.51 ™ | 5,4 400 ‘ 6 |
17. 3.60 8% K8 87 5
2%, 461 56 7.6 106 6
Clesxr reaission
2y 661 M hel 160
Grede A
6. 8.61 63 4O 135 5
11, 9061 56 5.6 160 6
12, 9,64 63 5.4 M N
13, 9.64 63 6.5 9 8
19, 9.61 5 5.0 158 -]




. This patient was Pirst seen in Decmmber, 1960,
at which time she wos found to have osteoblastic and onteoclytie
sl soft $issue secondaries, Theze lesions wore not apparent
biochemically, s both sedd snd alkaline vhosphatases were

noreml, She mas seen again in February, when thers had been |

a rise in acid phosphatese, but all the other ensymos remained
within their nomal renges, Seeds of yttrium 90 were
implarted into the pituitary at the begimning of Jiarch sand

her oonfition iuprovedl, The serum level ef asid phosphatose

fell agrin to within normal limits, end has remeined there

exsept for two isolated occesions.. The normel levels of .

other enzymes were maintained throughout her Crade 4
remission,
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Date. Ak, Aeld, FGI. 5N, DD,
28461 25 .2 160 b 24 )

29461 305 1.2 155 k1.9 o
2.5.61 200 . B3 130 8 e trostunt
5.5.6 - IMPTANT

6560 275 7.7 200 18

8561 270 74 160 18

10,5.64 B0 7Aoo 10 13 )

17.5.60 210 250 43 43 O\

2ho5.61 320 7.4 295 3k

26,561 435 7.7 200 36 3.9

P56 50 Th D B kb | g
19,961 250 9.3 10 0

2,961 250 104 250 14

259,60 270 104 250 14

26.960 200 65 190 8
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" admitbed et the end of April, 1961, this patient
oane to Hammmith Hospital with osteolytic end soft tissue
aeconda:'les to cancer of the breast, At that time, the
praaence ai‘ 'bone lesions was indicated biochemieally by
raised loi& and alkoune phosphatase, and the slightly raised
level oi‘ plnsphoglucose isomerase wos in keeping with the
pmsencé of soft tissue metastases, A week af'ter admission,
seeds of yttrium 90 were implented in the pituitary end the
patient rosponded well to this treatment, - She went into
Grede A renlssion, but this wes not reflected by dramatic
changes in serum enzyme levels. Immedlately post-implant the
serum levels of S5~micleotidase and ise-citric dehydrogensse
rose, suggesting injuwry to the liver, This was accompanted
by & glight riss in phosphoglucose isamerase snd alkeline
phosphatoge. By September the levels of 5-mucleotidese had
returned to xioﬁna.l am‘l at the momant there 4s no clinioal
evidence of hepatic hiétaataaas. " s the rise in alkalim
phnsphata.se accor@anied the incresse in Serucleotidase » |
this could be a reﬂection of a feilure in the excretory
mechmmn of the liver, l‘"‘hore was e éu'bseg_uent’ a1l in the
lml of alkaline phosp}a‘caee to values similar to those
cbtained bcfm the pituitery operation by September, The
levela of acid phosphatuo and phosphoglucose isomerase
remained elevated,
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’ T™he patient was sdmitted in August, 1960, with
osteolytic and intre-oranial secondaries to cencer of the
breest. The first implantation of seeds of yttrium 90 into
the pituitary was caxriecd cut that month, and ss har olinieal
aondition impreved, the reised phospheglucose iscmerese level
fell %o within noowal limits. |

| Initielly, seum aeid s slkaline phesphatase
levels were normal, and, therefare, 344 not iniiocate the
 presance of osteclytic seeondaries which were spparent from
X-rey and clinical cbservations, Six weeks sfter the |
operation, both phosphatace sotivities were slightly
increased, ut these fell to ﬂthﬁthemlmem

" pemained there for sbout five months,

| In Mareh, phosphoglucose iscmerase and acid snd
‘alkaline phesphatases were agein yaised, indleating a return
of the disease %0 the bones and soft tissues, Thres weeks
later, Semiclectidase and igo-oitric dshydrogensse levels,
whish had previcusly besn normal, alse became elevated, -
indicating & spread of the diseass %o the liver, A second
pituitary operetion was carried ous im April, but this was
unsuccessful and the patiemt died thres months later. There
was post-mortem confirmation of beme, liver and soft tismie

motastases,
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be SUMEB,

mpnmmmwmtabyw N

in Novesber, 1959, The indioations of $he sucoess of this

type of ‘therepy proapted the implantation of yttrdum 90 b}?‘?, »
the pituitexy & month later, ~ On aduiesion, “"‘m"w“ :
md soft tissue sooondaries snd Grade A remdssion followed the

two operations, mhpmt in her elinical eoniition m
reflected by a retum to ‘the nomal renge from initially
elevated levels of acid and alkaline phosphatsse and phospho-

gluoese iscmcress, Serum aldolase remeined normel throughout

the study peried, The patient's condition begin o
doteriorste in April 1961, This was indicated biochemically
by & rise in 201d and alkeline phosphatass, By Augast,
phosphogiucose iscmerase and Semiclectidase had rizen sbeve

- thedr upper limits of normal,: A muﬂpimfuwhplm
was cerried cut that month and this produced & trensitory =
olinical improvément, reflected by a decrease u,mm'r}
ofﬂlthmmaptmmtm. This sesond

Mnsioum mlyimomymﬂ,byboc@w,th«mha&bcm]

&n increase in the levels of all the enzymes. The rise in

5-mucleotidase indloated the infiltyation of the disease into

 the Yiver and this was mibstantistel by abnarmal levels of
Age-oitric dehydrogenase ond Jaundioce,
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| w-bemmbmm mmmmmm o
pmm usomwso, at which time whe was in Grede A
remission following & pituitery fwplant an.n-em,, 1957,
Hex ouns.ul oon&lucn remained aaed untdl May, 1961, when
it 'begante Merlm‘u. . Mnhadcan.y she had .
fiuctuating elevstod levels of phesphioglucese iwmarsse
and ac4d phosphatsse, with normal slkaline phesphatase .
Suring the Temisaion period, The relspse was inficated
by & rise in alkaline phosphatass end Somuoleotifase in
April, st which time she had a B,S.P, vetention of 2%,
suggosting o spread of the discane %o the liver, There
mummmo in the level of al) the wsymes e the
&sense progressed and sevum Jao-citrio dphydrogmase also
‘beoans elevatod,. providing further evidence of the presence

'wmmmmmmuvm Death follewed two
mm um- anit ﬂwm Wz post-morten mtson
ostealytie, ostocblastis and hapatic metasteses,
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Date. Ak,  Acid, I6I, S<N, ICD,

5. 4,61 14 9.1 300 16

13, b61 128 6.8 26 10,5

T bt ML 6.8 Mo 26 a7 |
24 b6l TUELANT
2o b6 14 Seb 46O 22 2,2

22, 461 420 104 430 17 2.2

s be61 120 104 275 .' W 1.7
29, 461 12 8.6 200 10 1.9 ) |

1. 5,61 156 6.8 235 11 Grade B remission
be 561, 156 81 165 b 2.2

B. 564 170 7.2 65 7 \

10, 5,61 170 9.5 138 15 /

29, 7.6 5.8 185
23, 9.61 8 6.2 165 7
.96 65 56 92 6

9,12.61 74 L5 % 10



- This patient wes first seen in April, 1961, at
whioh 4ime ghe hed extensive osteclytic secondavies to cencer

of the breast, Her pour alinical eondition was reflected by

raisol levels of sexun agid and alkaiine phupbam\w.
phesphoglucese iscmerase, S-miclectidase and jeo-edtric

dehydrogensso,  These latier two ensymes indioated secondary
growths in the liver which were mtwmmm .

observations, Seeds of ytirium 90 were implanted in her .
pituitayy two weeks after aMaaimanﬁ this resulted in a-
generel inprovement in her oondition, The patient has
romained in Grade B remission sinoe the operation mmd the -
serun levels of all the ensymes have returnsd $o normal.
At this stage, the presence of metastases in the liver
camot be confirmed, tut the biochemdcel indiecations for
thea are strong, mince both S-mucleotidase mm&m
dehydrogenase were raised, -
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Ne, 8, I.C. R ‘ S
This patient was first seen at the end of May, 1960,
‘She wes admitted with onteclytic snd saf't tismie metastases and
& pituitary operation vas carried out at the begiming of June,
-The only mmo level to be reised was. phesphoglucose iscmerase,
thanonnlacid end alkaline mtuo failed to demonstrate
theprmdfoam:s metastases which were sbvious from Xevey
‘emnivation, . Hewover, the raised rhoephoglucess isomerase 814
‘noate that the priuary cenoer hed metastasised,  The level
of this ensymv fell as her clinipal sondition impreved slightly
and she went into Crede D remission, . Serun sldolase levels . ..
‘remained normel throughout the investigsations,  The nesessity
of 2 seeond pituitery cperation was indicsted by & decline in -
‘the patient’s dlinical condition, snd this was performed in.
August, 1960, - The patient failed to vespond and she dled's - -
‘month later, " The last detemination of sexun snsymes shewed
an inmrease in phosphoglucose isomevese, but the phosphatases
s$till ramsined within their normel renges. | |
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192,24 RaGo

This patient was first seen in February, 1961,
and it was apparent from X-ray and olinical examination that
she had osteolytic and soft tissue secondaries, Seeds of
yttriun 90 were implanted in her pituitary in mid-Narch
and there was some improvement in her clinical condition,
although some new lesions asd sppear; thus she exhibited
& Grede D type of response, Initially, the only serum -
enzyme t® have consistently raised levels was acid "
phesphatase, Alkaline phosphatase levels were near the
upper limit of normal and ocoasionally just sbove it,
The level of phosphoglucose isomerase was alightly raised
an ene occasion before the cperetion, while Semoleotidase
remeined within its norxmsl range, the latter enzyme
providing blochemical confirmation of the olimieal
sssumption of sbsence of liver secondsries, The patient
died at the end of March fyom nonscsnoer cruses,



Date, Ak,  Acid, FGI. SN, ICD.

27 he61 907 52 20 45

9¢ 561 135 5.0 12 5

12, 5.61 IMPLANT

12, 5,61 170 k8 96 12 } Pre treatment
15. 560 190 5,0 170 b -

15, 5,61 18 54 320 3 6,0

17.560 175 W7 200 8 89

19,56 18 L8 480 10 54

23. 5.61 5.0 650 9 21,0 \
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M.860 8 475 17 } Grade D remission
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| oy 10, LoL.

© This pattent vas First seen at Hemersith Sospital

- et the end of April, 1961, at which time she had ostecblastie
secondaries end & large liver suggesting that the &isease had
§pr¢;;;1 to this organ.. & pihzitazyaperatim,m performed in .
midiay,  After this her clinicel condition improved and she
went into Grade D remission, On sadmicsion she had raiged
levels of sym, alkaline ftbcaphafbasev end phosphoglucone
156@3::56;‘ g";'aa’m:!.'é#l phosphatase levels within normal 1imits, and
%mlwtidasé levels near the upper limit of normal,

Fluctustians in ths level of all the enzymes wore cbserved
during remission, but thers wes & general downwerd tremd in
the phosphoglucose iscmerase and aihlinc phosphatase,
Seluclectidase foiled to confirm the presence of hepatic
metastases. . However, serum iso-cltric dehydrogensece was
reised and this 344 provide a biochemicel indlostion of liver

- involvement, = The patient ic still 4n vemiesion, so

confirmstion of these findinge s Ampossible at the moment.



Date, Alke  Acdd. XX, 2-H, I,
28,1060 49 34 T
31410,60 . X5

1414460 INPLANY

111,60 255 | Fre treatment
5411.60 61 200

B.14:60 XY

1360 s

16,14.60 S 20

1, 1.6 c 488

23. 1.61 w [ -
22, 2,64 5.7 138 18 | Grede D remission
2, 3.61 57 185 1 2,0
3, 3.6 BT I T R Y )
6. 5:61 39 B 7 17
10. 5.6 24 280 7 | Terminal relapse
early dngust DIRD J | .

® R ¥

¥y



No. 114 4,8, |
 nis patient wos s@xitted to Hamersuith Heepitel
8t the end of Ogtober, 1960, with evidénce of liver sud sof |

tissue metastases to cancf."r of the breast, Seeds of ytizdium 90

were jmplented in the pituitery at the beginning of Novesbcr,

and & Crede D type of romission ensued, Indtially, the only

envyme to be ‘elevatcd wes phosphoglucose 1somerase, vhile the
phosphateses vemsined mormsl thioughout the stuly, The
Setermination of S-maclectifase had nob been dnirodmced as &
rovtine ’hgvestigation_at the time of the operation. The
olinfeal irprovement in her condition was veflected by &
£a11 in the level of phosphoglucose isciersse; this rose
again es her conditiam begon to deteriorate in Mays
S—Meaﬂﬂés,e"ms Pirat &atcrmined ot the endl of If’e'bmé.ry,
und this wes Just sbove normal, but the level fell to within
 the normal range and remained thore ‘even when 3he ‘paticat
went into terminel relspse. - A few détecainations of the
level of iso-aiiric dehydrogenase were mede, but this enzyme
£8il1ed to indicate liver involvement. The patient died
early in August, 1961, |



Nes 12, T.5., aged 51,

Date, Ak,  pold; FGI, 5N, JCD.

2,12,60 428 6.8 -

5.12.60 135 7.2 180

6.,92,600 100 6,3 115 [ Fre trostuent
8.92.60 138 o
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28, 16t 220 60 110 Grade D resission
27. 2,61 6.3 160 2 2.2 j

To360 M8 74 425 5 24 '1 |

8. 3.61 192 70’&7 160 5 ‘h? Relapse
22, b6t 165 64 40 .7 b3 J
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This patient was first seen in Decexber 1960, when
ahe wos sdmitied to Humersnith Hespitsl with catecblestic and
soft tissue metastases, The presence of bm lesions was
inddcated by sbnormsl levels of aoid end alkeline phesphatases,
end an initial raised phosphoglucose isomerase provided
biochemical evidence of soft tissue metastases. A pituitary
cperetion was performed, and she went into Grelle D type of
renission for tiree months, During this time there was a
fall in ecid phosphatese and a rise in alkaline phesphatase,
There were no siginificent alterstions in the level of
phosphoglucose isomerass during remission, but the patient
relapsed in March sand by April the level of this ensyms was
more than three times the upper limit of normal, Determinations
of S-maleotidase and imo-citric dehySregensse activity were

- ptoxted in Felauary, ond at this time they were both noxmal,
There was a slight rise in the level af igo-eitric dehydrogensse
in Maroh, but this was not at this stage scocapanied by sn
increase in S-muclectidase,

The patient died in August at another hospital,
and t,l:m was post-morten confirmation of osteoblastic and
sof% tissue metastases. The disesse had spread to the liver
Guring the terminal phese, as had besn indjcated by serum
levels of igo-citrie dehydrogensse but not by the levels of
S5-mclectidase, |
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20,368 85 5,9 35 49
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2Bt AT 0 \ Greds D remission
284,64 85 7 305 3 3.8
29.461 100 6.7 510 30

1&5«61 ' 85 6.5 275 ‘17
445461 , 78 - B9 260 th
8,5.6% 4,3 2BC 13
16,560 115 6.3 380 15 3 )
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!hupatuat mnﬁrntminuamh, 1961. at whish

t.’ms she la& osteo]ytiﬂ and soft t&me m»me-. ‘Seeds of
Mm?onmimhatdmhupimwmtmum:wm
mmth,mﬂﬂﬂubmghtm-mounsmw
Atmﬁ,lmwmmmmsemmmlwd
moﬂywmg&mhﬁnthamﬂmmntwhth A
nhed. Ihasplnglmm houruo m above the upper 1imit
nrmnnalbat‘eu the apemtion, mﬂ thero vas mnimiﬂum
drm!utheamlmlof‘thbmutbpﬁimtmt
.'mto GM D :mduion Mclentmnc levels fluctuated
m tha np»er llld.t of wm m p!.tuituw opontion.
mammmrmmmmnmmmcam
bmsabmtumlantmmw,ntbiammuthe
MMApru Atthhtm, phﬂtpboglmuu 1mua,no1a
pmphmo. dem and Mw domdrssm vare
mmm,mummmmmszmmnwanu
disease to tha lim. nlﬂwugh the 1m1 of alkaline ‘phesphatase
mwlynurmuppwzmtnfw Thoramafm:ln
‘mmupmmlmhmumammm and’a rise
in nmm phsphatuey ﬂzselﬂﬂz !‘Wt:lw estecblastio
~activity rether thm mm :u.m :lmelvm‘t, since there
m‘mmmmxmhofmmm.‘ o
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_ ’.'ﬁmmmammtmmﬁtbnpatm
diod in a‘m.  Thore was no pﬁat—nnm. 80 it was msm-
to mmwmadummmumwm
indicated by S-mucleotidase and isoecitric dehydrogenase, .
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Date,
24.10,60

1.11,60

3.11.60
18.41,60

. e J .

EXY-

Acta,
' 305-

IMPIANT

FCI,

[ )

5
398

~ Pre ireotment

30,1460

5.12.60
. 6.12,60
22,12,60

610

1060

a0
540

15 ‘

7.9

i

390

275
350

220

29

63

Steady deterioration



Moo 14, B8, -
Thie petimt was first sesn in hmn 1960,
At that time she has -mam-nd liver secondaries to N
prisary osneer of the breast. On admission, the serum levels
of alkaline phesphatase, mi-mmo s phesphegiucoss
isomerase were elevated, while soid PMPh‘mﬂ’ was norml, - B
m. is the enzyme pmttmvhzohmmldapwt from a .
puthnt vith thil dhtﬁbutﬁen of metastases. At the ti.lt
of the opurut.ieu, thoptthm s verybmthhu due to s
chest thm, mhb ey alw hmm contributed to sexum
lml of puaphogluoou iscmersse. Ittﬂum 90 uoan were
hpmtod M her pituit-ry in thc m«m of tb nonth. but
moonditimmm mmmmommea
utypc?. !‘wm&saﬁwmmmtmmamm
fall in level of alkaline phnphatase and Semiclectidass, but
these rose m:l.n és she contimied to deteriorate clinimlly
M was a downmrd trend in levels of phosphoglucose hmerué,
but thu aidnnt mdathnmlmgoa Serum acidphosphme
yose above 'thouppwlildt #nml, a Mwhm is z‘ther
sumuim, 1u ﬂw ed’ ﬁu ab-m of fusm utumeu. o
Bnmw. c:'sm fhﬁ nther phughtueu iadi»te tlwk the lim
hvolvmt !.- qa.tta cmaiuuhh. thu orgen mey also udln
amwwmm‘t&u. ‘ i‘hipaﬂmt Ma fnvuh .zm'
the J.ut d-umlmtim, md thcra was put-mrtcn coammnon d'

the clinical and biochemical findings of hepatic md saft tissue
metastases,



6.2,60
12,2,60
16,2460
18,2,60
26,2460

243460
843460
11.3&50
14,3460
19.3.60

2h,3.60

Acsd,

~'24‘.9
het

48

5@

5 % [2

Oukr

EEN

ek
23

Aldel.
1.5

Pre treituunt

243

1.5

\_-

Grade F response



Mk&
anatimtmawtmwmb@mhgcf

FM, 1960, with soft tismue utasmu %o cancer of the
bmnt.mdmopmttmmpertm&mhwpﬁﬂhﬂglm
at the end of the month, The treatment was mmiccessful,
mdﬁ:opatientslnndamdo!‘typoofmpeuemm

atthemaofuamh. mmmtmawmma,mm
m 0 be elevated was ptmphog;uoon isomerase, Although
there wers no metastsses in the liver, this orgsn could have
mde & contribution to the serum level of this ensyse, since
at post<mortem C,V,C. were fomd &us to Mamnm
wommmhwmammnmmmmtm |
pm-atmmmmgmhmmmuorwm | N
mnu. -

223



Date.  Ak. Al B & I

3260 M5 126 195 9

he2.61. 425 | | |

762464 A0 - 22,0 185 12 2.9

10561 k05 20,0 470 9 29 | Pre trestmmt
15261 90 22,0 47 & 3.5

17¢2o§1 N IUPLANT )

17,260 470 19,5 thze 6 24

18,261 458 20 1% 9 24

22,261 176 122 5 /

27,261 660 9.5 152 9 1 } Grede ¥ respense
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This patient wes first seen at the beginuning of
Februsry, 1961, On admission she ws found to have |
osteclytic, ostecblestic and soft tissue metastases, An
' unsuccessful mp1mt~txon of ytiﬁi‘m 90 seeds was perforned
in the mladle of the month, Her elinical sonditiom
ocntixme 4o asteriovate, and nhauhmdaGMFtype |
‘ef mwmﬁl she 2ied at thnheglnn:lngoflhrch a

Inithlly, ma md alkaline phosphetase and
phesphoglucose tmue mc all mm, ‘and 5-mﬁlootidne
nud&eg-ciw ddwdrogmcwmml This pat.tem ot
ensyne lweza :h mtstent with th- ;;rema of m mﬂ |
80f% tssue metastases and sbsence of any iver tavolvenent,
At pnt-mrtm, thl pntlm vas foundl 4o have nwonﬂuv
‘mummmwmmm. but
hcrlimmqute mml. as was eapeetaa.



Boo 17, TN, aged 53,

Date
64460
20,460
21,4,60

26,460

Ak poa.
6
W9

43

7.2
5.2
6.1

oI,

550
385

Alfol,

;.é )

149
2.3

‘7 Pre treatment

2644.,60

16;5.‘0_

23.5.60

107

135

4,8
B2
W | |
59

EET

530

4.2

ﬁ §9
2.3

Grade !‘ response



| This patient was £irst seen in Aprdl, 1960, end
was fcund 1o have sef'% tissue mmm A pltuitery
implent was done at the end of that manth, et which time the

only rsised ensyme levels were phosphoglucose iscmerase ma

aldolase, The cperation did not benefit the patient, and
her responss was classed as Grade F. There was ne
signifioant altermtion in level of phosphgluooss iscuerase,
although serum AJ.dolau levels a4d retu:m to the noml
yange, Acid plmphtme minod mrm throughout; the
period, aamlabe enputoﬂmthas!:amofwm _

ﬂapoaitn» | Iawln of ﬂh(um phuaphatnebme nbmrml o

Atthuﬂotthanmpeﬂnd. o
uwmmmsmzam.or

pbuMum0 imm n!ght be ex;poate! from this patim,

the values found were grossly elevated, Ohwonio plewrsl
ﬁfmsiomufmm”remm and this may lcve

omﬂmteatothotomeaem‘ Thnpati.mt |
died & fnw»h dﬂa‘ the M bmhcdcal invostigatim-
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No, 18, E.W,, ared 58,

Dete Alk., Agld. EGI. Aldel.

9.12,59 6 34 166 '

1.260 78 56 240 :

3.2,60 93 64 240 e freatment
6. 2.60 IMPIANT

9, 260 49 5.2 255

12,2060 & 57 30 _

18,260 107 60 255 3.0 )

25,260 M4 &7 30

ko 3,60 IMPLANT - Crede F

L, 3.60 200 34 370 5.3 \mpm
11,360 165 4,7 435 64

12, 3.60 150

16, 3.60 190 4 W80
19, 5.60 230 58 46O 8.0

30,60 250 5.6 460 6,5

9s 760 730 8.8 750 19

1. 7,60 s




Ne, 18, B0
This woman wes first seen at the end of Decouber,

1959, and it was apparent from X-ray and elinicel examination
that she had osteclytic and soft tissus lesions sescndsry ¢o
cancer of the bruat. She wes admitted to Hamnersmith
Bozyltal h?cbr\m:'y, 1960, aad a pitui‘hry 1nphnt vas
done, At the time of the epmum. the anly ensyme to be
abnnmny raised in the serus m ph»phnglmn 1amm¢.
mmm m:euemagmutwcxm uprww.
and serum -umm MMPWM slee became
- elevated, A seccnd mmihry inphn‘k wos naﬂt in Maxeh,
- but thum aleow:tthmt foect, Gnﬁol? mpmuwitha
steaty dcterimﬁmn cmts.moa. ‘l‘his wes feflocted
mchm&ouny‘byu:twly ma mnmmm lmlsm&
* even acta Mplnma,whiah hed previously been ma-:l,
'rmm'hammmfmhwmthmm :
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its purmmtm, pmpmm and -othoaa m its- mmtaou are
m&tnd. anphnpbﬂ vas mo-tignm s ' substrate m
' deterntnation of 1ts mmtyma;mm mmsu use 1- |
'dom. ' Moumumwte m«tiptotho souroe
‘of the alkaline ptmphme of blood m, partislly zmsnaa w
starch ‘gel aloctmplmmia und mm Bo-n&phthyi pamput- o
“mmmo. R .

o (V‘_ﬂmummmwmmpu-wm.mmmm

" and methots for aetermimtion of astivity are reviewed,  Detadls
of the method used in these mamum are given, togwiher with
@w; nt Smnmhlg its umi‘bivtty by extracting the rm
oolour tnto & swall volume of & sultsble solvent. aoxmtm
st spectrofiuorinetric aethods using w-napltiyl pheeptmte sre
slso dascrived.

3s mmm - ‘ ,

| | The stritution of S-micleotidass, its properties and
mmmmmmo:_mywmmm A new

method for the determination of the ensyme in serum has been developed .

Kinetic and inhibition stulies have bean carried out,



23

Wc» o -
. The &uamy an& pwopcruu ot anhtﬁl

are revieved, th to imutiptc tlu uu:m of the
mwﬁnmmwd. |

m discovery snd pu:opcrtiea of phuphogluom hmua
mduerib-ﬁ. Detaﬂset *hamthodmodforthuddemimtﬂ.enor-

_wtiﬂtymummmmﬁm
6. Aldolase. - | -

The dlsoovery, sccurrence snd properties of aldolase are
desoribed, memmrwmmmnnt
wtiﬁtynnammﬁm

| Amtttha Ancovery, mmmmmmm»r
Mamﬂ.ning mme dehydrogenase wtiﬂty is given; !onomad
by d:atalln of the method used in these investigations. 'l‘hml
:tlbﬁity studies on the ensyme from human heavt and liver were.
Mie&- outs

| Omum"vhichMthanﬂnnm level of
alhlinaphuphhu;nbmmnvernuuem&m. The



reau‘l.ts of kinetio stuliles with fenaphthyl phuphh as mhtutc
tomvmtmutuamaofthemmmmu

mmﬂwmﬁnmthhmmhtm
lwdwmmaWMmmmm. |

' The acndltama whuh omu olmtiom in the serum \
Wﬂf%mmrm. This is followsd by the
frunltuafm!.meuugam, A

11.
 ' AMwutmnmatmmMﬂththnolmtm
of the level of tm ‘enzyme in hepatosellular necrosis ie gim,
followsd by the carrelatien of our results with alinicel stetuss .
The lcvels of Mtrﬁc dehydrogenase and §-mclootimq !am-
bmtma'p&ﬁmt-mmwﬁ IR

mlw .‘hwcla of m:ld :nﬂ almim pbsphltuo,
 Bemcleotifiase, 4 th dwdmmuo, phosphoglucese
igomerese and aldoluc ham b«n .mvntimtoa in the serum of
'ewmtm women w:ith camer oi’ ths ‘brealt h‘aatod by m&omlm
u‘blaﬁom !I'he eouﬂiﬂm af' the p&Ml m 'bem mauuc m
onmuwmdthhhasbmmuthmtm
findings, The detailed results on these individual pnthnts are

given in the sppendix.
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