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. saman. 
The paves* of this work has been to correlate the level 

of certain ears in blood menus with clinical status. 

pie iffiroduction is 'consented with the historical 
background of eitnieiti onsymalogy and Via general conditions which 

cause alterations in the level Hof *swims iaaiSera* Reasons are 

given for studying the seven ieleeted easymiss acid and alkaline 

phosphates*, 5.micleotidase, gluoose.6.phosphatase•  phospbeglucose 

ismearese, aldolase and Amicitric dehYdrogeneses  
boil is devoted to a review of the relevant properties 

of each maps end the methods available for its determination. 

Details are given of the methods used in this laboratory, together 
with the experimental folatiArige which led to the develormant of new 

methods for the determination of alkaline phosphates*, glucose-6-
phosphatese end 5souclentidase. Attempts at improving the 

sensitivity of the existing methods for acid phosphatase are also 
described. 

part g gives a review of the literature related to 
alterations in the serum level of these selected ens011es. The 
results of our investigations are presented, and they have been 

correlated with the clinical condition of the patients. Zinetio 

studies have been used to investigate the origin of serum alkaline 

phesphetase in pathologisal condition's Having establised Oct 



raised loveli 5-nitclooticiase and ke-witrio debydrogensati nag 

be table as 'an inalitiation of ' disease iethe 	thee, and ether 

ani*ms* have been used to 'investigate the existence and site' of 

secesidariimi in *omen iith canner of the breast, 

DiseuSaitq.7aie this section the conditimaucwhich 

influenee the release of' ens:Om and their' removal free the 

circulating blood are discussed, 

Appendix. • Biochemical and ease 'histories and 

detailed results Cmf the .na deterainationt on the 

individual iscncer patients. are give: in' this elation, 
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32/10/LICTIOF. 

This work has been directed towards establishing what 

useful inforaation can be obtained from the study of serum mutynes 

in wain with =noes of the breast. The correlation betweini the 

clinical condition of the patient 'and alteratiOns in the •livalai Of 
different =spies has been investigated and atteePts.herve been " 

made to link the position of 'netaStases with inereaset in the 
serum level of different =spies. In order to establish the 
contsituns whiOh (*as elevations in sone of the' less weilli.knowes 

serun emsymea, these have been studied in diseases *tinter than 

cancer of the brines** 
Ensysiee ere leoteins with catalytio properties. di se :to 

their Poser of 'Tire s actiVntiOn (big and wataii 1958), They 
are produced as a result of cellultiv sottigitg., but are independent 

of the presence of '11VIng cello fora their operations' Di 

specifying that all was are proteins, the definition exeludene 
glutithione end other ms  s. AU the Mums= se far obtained 
in a Au. state have been found to be proteins sad there is such 

to be said foraontining the definition to protein entalyste 

exhibiting the property of specific 'activation of a eubstratio. 

This also exclUdoi cytoehrosse tv which is ii 'Protein catalyst but, 
acting as a carrier' 	and not as 'au activator, OA be elassed with 
other coensymeis4hich work' only When easy thnisielVes are 

activated by specific enzyme., 

9 



The early work dealing with empires was confined almost 

entirely to the process of alcoholic feratertatinn and it was from 

this work that Mhne introduced the term "fir" in 18781 it is 

derived from e. Creek word of which the English translation is 

"in yeast." 
The beginnings of clime*  ensymolosy say' be traced to 

the early studies of digestive enzymes Urethan' (1815) fend 

that starch could be ornverted to sugar and dextrin by a 

glutinous compound extrrioted from wheat. Partil and Nal= (i833) 

also separated an active Wises from wheat mid recognised the 

presence of a substance having 	 action is aallica• Zn 
1846 MageMie found smorlase in blood and urine end so became the 

first person to estimate enzyme activity in these two biologioal 

fluids. In 1908 Wohlgematth introduce" a method for estimating 

amylase activity in urine and roma eat patients with *out* 

penoreatitis hoe high urinary astilase activity when compared with 

naraml persons or patients suffering from other diseases. Re was, 
therefore, the first person to use anmeme determinations as a 

mastic aid. 

The stu4r of the ens ass crostse rxtaral rssllsh d st 	end 
f 	ation led to the disoovery, at the beginning of this 

century, of enzymes that split phosphate esters. In 1907 
Suzuki, Toshio* and Takahashi extracted an ammo from 

takadiastase which would liberate tree &Isobel Or sugar and 

inorPnic phosphate from esters of phosphoric acid. Several 

10 



years later Robison (1922) found a phosphate splitting ems* 

present in yeast juice that mould 1:6rdrolyse glucose monophosphate 

to liberate sugar •and inorganic phosphate, which in the presence 

of ealolum ions mould precipitate as insoluble calcium• 3thesphate. 

Robison-  (1923) than looked tor and found a similmr metivity in bone, 

which he called phosphateae. • L2 1926 Hartland. and Rtobison showed 

that blood plasma contained a phosphatme, active In an alkaline 

medium, similar to that in bone. With Way's disoovery.  in .1929 

that a marked plasm phosphatese activity mas associated with 

ostecblastic bone diseases, the door mos opened to the study of 

plasma enzyme levels in disease. 

During the lest thirty years there has been a great 

advinoement in enzymology starting with the Isolation, amongst 

others, of the glyeolytic end Krebs cyale *noses from nusole, 

liver .M other tissues. When tratizza:g and Christian (99#„3) 

demonstrated &Idols** activity in the serial of turourigbearing rats, 

they mad* the first important step in the study of enzymes in 

cancer and ether tissuektestruotive diseases. Sibley acrd 

Lehninger (1949a) demonstrated abnormal levels of *Moles' 

activity in the serum of eanser patients. The study of term 

enzymes mos tins extended to the glycolytie ensymes, where 

previously it had been restricted to the phosphatases end 

digestive ,ymes; the trenssminases, delvdrogenases and ethers 

follOwod, until at the present tine mere than twenty enzymes have 

same diagnostie usefulness, 

11 



Alterations in the memo levels in bed.* fluid* may 

reflect changes Within, the body in severel ways. 'A lel enzyme 

level in blood or Urine !my' resat from *Marge function or the 

organ emeerned iu its prioduotiOno  ibis the very 
.
le serum , tibial** 

pheephateem eneeunterld in hypephilphleamiia is :a refleetion of tbe 

failure in normal bell produotion seen in this Sondition.. 

A raised serum enzymes level may result rem' one 
three thing.; (i)..overactivity.  in a particular organ* .sneh as 

the high serum and urine amylase foUnd in mute Panereatitiss 

(Si) the release of enzyme 'rim dameged tissue as occurs in 
soyecirdial infarotieni or Oa) a failure in the nemal 

excretory memehezd' 	as in an Obstruction of the emmi bile 

duet which blocks the normal Maretory pathway of alkaline 

phosphates.. 

With 	 serous enter determinations now at the 
bioshiskistis disposal*  ems dice rieination has to be 

mac' as to which enzymes  will give the mist valutiblir 

information about the patient 

INn* 

 
diagnostic lalFP****  sei ziammays's sin be divided 

into two types. Ntisitly there are thole which give infcNttion 

about disease in a particular organ, i.e. they are organ ape 

A gond szareple of this is the 'tertrate,labilm acid phosphr►tase 
encountered in the menus o f ifis with netestatio *asylum of the 

prostate*  Secondly*  there are those of wide distribution, such 

as the glycolytio enzyme*  which give information about the 

12 
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generel condition of the patient. rather than about disease in a 

pertdoular organ. 

The main study for this thesis has been on patients 

with hormorre..dependent *sneer of the breast treated by ablation 

of the pituitary gland by the implantation of radioactive yttrium. 

It may be difficult for the clinician to assess the patient's 

response to treatment* end the determination of serum enzyme levels 

is often helpful. 

By careful selection of high serum enzyme levels to 

investigate*  inforsmtion can be obtained about the presence, site, 

and extent of metastases annt it is to these ends that the present ' 

study haS been directed. Particular attention has been paid 

towards timing an ensyme or enzymes which will give information 

abort secondary growths in the liver. 

Some of the women which have been studied have 

alread,y been oh*w ). to be helpful in the management of cancer 

patients and efforts have been awl* to iscirove the methods for the 

detiodnation of these mows in an attempt to attend their 

ueetulaross. • Others are not so mill established and in these 

oases their value his been assessed. 

Both acid and e.lkeline phosphates, levels have been 

used elinicalky for thirty avers and in most cases the infestation 

provided by then is clear cat. but San women with muter of the 

breast the reason for an abnormal all 4ne phosphates* mar be 



less obvious. Metastases in either the bone or the liver could 

be responsible for elevated levels of the enzyme in serum. The 

source of this serum increment has been investigated by the use 

of different substrates for the determination of enzyme activity 

and by kinetic ittwities. 

5-Nucleotides* is a sulustrate*speeific phosphates**  

active at pB 7•5 on nucleotides adth a phosphate group attached 

to the fifth oat= atom of the pantos*. The sera level of 

the tam* has been studied in conjunction with alkaline 

phosphates* since it has been shown to be raised only in liver 

disease (Dixon and Bardomp 19541 Young, 1950. A series of 

cancer patients has been followed to assess the italue of this 

determination in differentiating between bone mad liver 

metastases. 

Acid phosphates* has been used in the diagnosis of 

cancer of the prostate for many years (Gutman, Sproul and 

%U MM, 1936), The specificity of this test was impaired by 

the discovery of specific inhibitors for prastatic and red cell 

acid phosphates* (Abul-Fadl and nags, 1949), and methods 

involving the use of these were soon ferthanaing• Attempts 

have been made to improve the sensitivity of the latest method 

for the deteratnatica of prostatic acid phosphates* by King end 

Jegatheesan (1959). 

Total add phosphataao levels are useful in following 

14 



the progress of women with cancer of the breast. .A .few 

differential sUbstrete studies have been carried out in sa 

attempt iNnither. to fractionate • this breast - component« 

Macose.4-phosphstsse has been sheen by. Swinsas'. 

(1950) to be en ensyno found only in liver* and it has been 

reported to be raised in the serum .of .patients with .liver 

demsge (Voids end. Oda* 1959). A little 'fork has been done .on 

this easy= to investigate its use in the diagnosis .of liver 

disease, 

Sodom*, (1951.14 1955) showed that the Ayeelytic 

map* phesphoglueese iscesrase was usefa in the study of , 

11101111E1 with cower of the breast , and men with cancer of the 

prostate. Contimued use hem been made of this as an India 

of response and these results have been compered with eldolase 

levels determised on the same patients 

Serum igloo:  Atria dehydrogenmse bee been ineluded in 

the study, because of the recent claims to its speelfloitor for 

liver disease (Wolfson* Spencer* Stemte3. and Willismsaishasno 1958)1 
and results obtained with this emu have been mowed with the 

phosphates,* and 5nueleetidase. 

The thesis is divided into imo parts. Xn Part X. a • 
sham ~r of the relevant properties of *soh enzyme studied is 

given, The experiments described in this part are confined to 

work serried out to Orris" suitable methods. of determination or to 

15 



improve iodating methods, Part U d•aoriloss the investigations 

carried out on patients with cancerous and non-osneerous disease. 

These new data are interpreted in the light of clinical information 

on the patientastadiedi and of the existing literature on the 

ensymes concerned, Connbuten* are drain as to the flasIale 

determination of value Lu these diseases. 

16 
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PART I 

FHOSISILTAM  

In the years 1907 to 1913, several biochemists presented 

evidence for the exitance of an enzyme that would liberate 

phosphoric acid from a great variety of phosphate esters: The 

ezusyme was celled phosphatase and in 1936 Polley and Kay proposed 

a scheme of elassiflostion for the enzyme which depended upon the 

type of substrate hydrolysed. Since then the non.speeifie 

phosphemonoesterases have received the most attention; it is now 

usual to *lass the enzyme active in a medium with a pH wester 

than 7 as alkaline phosphates* "bile acid phosphates* Genets, 

the moue optimally active at pH below this. There are a few 

subetratewopecific pheephamenoestereses which are optimally active 

at pHs characteristic for each maple. 501quetimotidese and 

glucose4ophosphatese are two of these enzymes 'which will be 

discussed here. together with acid and alkaline phosphates.. 

1. 	Alkunfo POopphii sit* 

Nitqlbution 9F 4?-kalATie rhisphsAgo,..WhataliaM. 
In 1923 Robison found a phosphatase present in bran 

bone which would split glueose.6.phosphate in an alkaline medium. 

Since that time. alkaline phosphates* activity has teen demonstrated 

in a wide variety of human tissues; it has been *mud in all animal 

acne except hyaline cartilage and the tunics of vessels Naclifarlene, 

Patterson and Robison*  1930. Certain tissues contain more alkaline 



phosphatase than others; bone, liver, Idaney cortex, intestinal 

mucosa and lactating mammary gland are particularly rich sources. 

Blood serum normally contains: a anal quantity of alkaline 

phosphataae. 

Nrification.  
The first attempt at purifying alkaline phoephatase 

was made by Ma/Aland and Robison in 1929. They prepared an 

aqueous extract of motto brae, allowed it to autolyse in 

chloroform water tow several days end then precipitated the 

ammo by pouring the extract into a solution of 3 parts aleoholp 

2 parts ether to 1 part aqueous extract. Arustrong (1939) 

prepared the enzyme from an aqueous extract of dog faeces by 

ammonium sulphate premipitation. Schmidt and Thannhamser (1943) 

treated an organic extract of intestinal pbesphatase with 

twain to release the envie into solution; it was then 

precipitated with ammonium sulphate. There are objections to 

proteolytio release of the enzyme and Morton (1950 was able to 

extract alkaline phosphatase from colt irdestival moos* and cow 

nammery gland with butanol. He then precipitated the emus 

with acetone. Many other attempts at purification have been 

reported: (itatkdos, 1958$ /Whales and Arai, 1999; Ahmed, 

Abularadl and Zang, 19N). The most resent report is by 

Binlaety (1961) who has obtained a thirty thousand fold 

purification of alkaline phosphates* fro swine kidney. 

18 



:These methods are uneatable • for the'purification.  of 

alkaline phosphates° from eer+nelt .  since there is a relatiirely seal 

anoint , of enzyme in. the , presence of a large amount of protein. 

licereveri electrophoresis on•both starch and paper has been used 

to advantage in the purification of the serum enzyme. 

PronertiAss of Alke.11A l'hoap)satase* 

Alpiyatiosi and Inhibittion. 

=rains phsswhatase is activated by magnesium 

(Erdtmana. 1927; Jean m and X07, 1931). 	is the optic= 

concentration ter this cations there have been reports of 

activation by other divalent cations*  but they are less 

effective than magnesium (Roche, 1950; itlizaed and ring. 1959)* 

The strongest inhibitors of alkaline phosphatess 

are phoaphato and arsenate ions (Roche and Thad, 1943). 

Bodansky (1937) found that bile acids 4isv.4bit bone and kidney 

alkaline phosphatese but have no effect on the enzyme from 

intestinal MII001111. Other activation and Inhibition istudies 

have produced inconclusive results because of the impurity of 

the enzyme preparations. It is not possible to distinguish 

vith any certainty the tissue source of Se= 	Praline 
phosphates° by the use of speoific inhibitors as it is with 

acid Phosphates.* 



Hatt szit *Parc lvsie of :Phosehate Esters  

The rate of hydrolysis by alkaline phosphates* dopeals 

on the nature of t he substrate« Dairy and King (19431 using 

dog faecal 	 phosphates*, found. a relationship between pX 

values of the phosphate dissociation constants and the optimum pH 

of the enzyme reaction; the sere acid the phosphate dissociation, 

the store alkalise is the optimum and the greater the amount of 

hydrolysis in a -given tine. 

Thus 

 

the optima pH for the hydrolysio of 5raltiphenyl 

phosphate In cathonate»biceteonete buffer is 10.1. This substrate 

is 1;ydrollysed two 'end a half tines as Pest as 510 8-glycerephosphate 

in veronal buffer at pit 8.6. 

oP,41,211  
The pH optima for alkaline p aospb atase activity has 

been sham to vary with initial substrate eanosntration, the type 

of buffer, the type of substrate and the Douro* of ensyste Crollry 

and Hey, 1935] Walker end Xing. 1950; Eitel. and Della Konica 

1950; Morton, 19551 Mot*** 1959)* 
In addition to effecting the optinua pH*  variatioul 

in the initial substrata ousientration oeuse alterations in the 

shape of activity curves for a7 ad.]  phosphates, Not** and 

Wynne, 19501 Ross, Ely and Archer, 1951; Morton 19571 

/acts*, i959)« 

20 



MethSid° for Detic°4444 tRogneIhittiP41 Lotnkti* 
The nature of the phgviological substrate for alkaline 

pbosphstase is not known, so consequently the ohoice of artificial 

substrate depends upon the ease et determining the reaction 

products. The two most coussonly used phosphoric eaters aro 

0.g2ycerophosphate (Bodenalgr, 1933) and phea7l phosphate (ring 

and. Armstroog, 19304, 
The ease with which phenol can be determined 

colorimetricelly by using either Wolin Oiocalteau (1929) reagent 

or amino antipyrine (larsi. and King, 1954.), coupled with the 

*Peed at which Phs$301 is liberated. by the enaree, lake it a 

particularly useful  substrate. The detezmination inorganic 

phosphate is used to obtain a measure of the smityme activity in 

the screw& using 0-glyeeropheaphatei this involves a high 

antral to account for the phosphate 'rated of the serum. 

Other methods using eaters which' liberete easily 

determined substance* on hydrolysis have been developed. 

p-Witzephanyl phosphate }vas been used by Maori (1937) and, 

Beaseys  lowry and Pevock (1946). Bray and Wing (1943) used 

phenolphthe.lein phesphates  and Seligman et 4. (1951) developed 

a method which depends; on the determination of free fl-naphtho3. 

from 0-44aphthyl phosphate by an asodye technique 

The development of spectrogsfluorinetere has led to 

the introduction of methods based on the aessurement of 



flUerescent products of. hydrolyeisa' . Moss (1960a) Lb)s used 

cc. and 13-tophthyl phosphate as substrates far a nethed of this 

tne. 
With the present oonunereial availability of hexane 

phosphates, the possibility of their use as substrates for the 

Bete nation of serum alkaline phosphatese has been investigated. 

Maine phosphatase is an example of as enzyme which will act on 

a number of olosely.related substance* and which carries out the 

same reaction in all oases. The rate at which heroes phisphates 

are aVitrularsed by the engine has been determined 'to see it 'one 

was eremitic) tbr swum alkalin.e pheephatane. Use of such a 

substrate would ittvoZvicy the zaeesurement of a substrato.specifie 

alkaline phosphates. activity which woad be different from the 

noo.specific aetivities determined by the use at unit:ontological 

substmte6. 

C3.uccee-64losphataie .ist the only envie that has 

been shown to.  have speoVic activity on a heiose phosphate and 

this enzyme is optically active 'at PIT 6•5 

A method has been worked out using a heroic phosphate 

substrate and it has been ocapared with phenyl phosphate to see if 

ator distinction mild be made between the hyperphosphatasaenfia seen 

in bone and liver disease 
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Investigation of Hexose Phosphate Esters for. use 
es Substrate far the Determination of Alkalise 
Thetphatese.  

The pH activity °um* in carbonate-bicarbonate buffers 

were detenained for a number of hexose phosphate substrat as at 5111i 

concentration, and the relative rates of hydrolysis under cptimum 

conditions were conprred with the rate of b,ydrolysis of phenyl 

phosphate of the same qty. 

The phosphoric esters used were sodiwa 

fi-g3yeeropbmphate (fIG-11. dipotassium , gluoose.1-phonhate (0.01.P.), 

barium g3.ucose..6sphoephate (43.4.P) and basins" fruotose-6..phosphate 

(()-4-1). The barium salts 1m-re dissolved in hydrochloric acid 

and a little water vat added. hMition of sodium sulphate caused 

precipitation of barium as barium sulphate which was removed by 

centrifugation. Theigl of the supernatant was adjusted, to 

neutrality and the solution then made up to volume. 1 rel• 

arbitrate and 1 ml. buffer (001k carbonate...bicarbonate. Xing and 

Wootton, 1959) were ineubatea .for  3 rdn. at Ye. Addition of 

0.1 m7.. enzyme solution (a serum of high alkaline phosphates* 

activity) started the reaction*  which Svas allowed to proceed for 

15 min. Militicn of 1Cft trichlorscetic acid stepped the remotion 

and precipitated the protein, Inorganic phosphate vas determined 

in the filtrate by the method of risks and Subberow (1925), 

The pits of the reaction mixtures were determined. at 

3f with a glass electrode and these values were platted against units 

which are expressed in texas or insoles substrate utilised/sin./1. 



pH Activity curves for hydrolysis 
of 5 different Substrates by 
alkaline Phosphatase 
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The results are sheen in Pig. 1. and under these conditions the 

optimum pH for phenyl phosphate is 9.8. 0.01..P 9.1s, 	8.9s  

8.8 and 0.6.P Lai 

The rate of hydrolysis of these ombstratos 

diffOrent femme solutions leas determined um!** *Aims 

oonditions for each ester. Phenyl phosphate vas hydrolysed 

most rapidly. and it ns found that C-,144)  vas hydublyeed at 

threeisfifths of this rate. and all other esters were hydrolysed 

at about two..fifthet the rate of phenyl phosphate. These results 

are oonsistent with Delory and King's (1W) observation that the 

higher the optimum pH the greater the amount of hydrolysis. 

ainons.44-Phoohste we *hostel as the substrate and 

a ;method for its use vas developed. 

Determination of Soros A.:21,104ne Phosphates* Activity 
agilag.SiagmiatbaszbaLm,„akgzat 

tion.feeolfio 	 phosphs.tase hydrolyses 

gluoose.1•.phisplate (0.440) and a aesaure of the MORO ac tiViky 

eV be obtained by the determination of the liberated phosphorus 

or glucose. 

Intrallate phospiste is determined by the very 

sensitive method of Delsal and Menhcfuri (1938) which "develePs 

the molybdenum 'blue colour at a 'buffered phi of i with auntie 

sold instead of idth strong sulphuric acid. as in other 

methods* 

This method may be adapted for the dotal-ideation of 

substrate.speoific glicase-6-phosphatase (see Chapter 
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&Mal* 
eisittnat5i.bp.oaTbcaste buffet.  (0.1 1021 9.1 (Kings 's, 

Wootton, 1959). 
auggkj—ohosohate4 (10 et 372 reg. dipotassius salt/100 at. 

kept at 4°. 

slitkobrfPeeillakic *Oa  (i$  1010 
Acetate totter. (21)2.5 g. 0u2045010 and 46 g. crystalline 

0213000Ra.3820 are dissolved in 1 1. 211-aeetio acid. The pa is 

adjusted to 4,0 nth **Lima upstate crystals. 
Ammonium ssalbdste (5A wild'). 

ithodol-sulnkito reassent. (44 Rhoda (rosethyleaino phenol 
sulphate) in 5% neutral sabydrous sodium sulphite)* 2 g. Rhoda 

ar• dissolved in 80 al. lister and 10 g. hpleated sodium sulphite 
added (wore pure then enhydreue and equal to 5 g. of it). The 

soluticu is and. up to 100 al., filtered end stored in a dark 
bottle at 4°  

1.12A.V121181010 4**A (1 $4.104.) 2.194 j. potassium 
dihrdreitint phosphate  ;giro (A.R.) ars dissolved in 500 4 distilled 
eater. The solution is preserved with a few drops of *biers:storm 
and kept at 4.°  

,ate: Appeta atendsqd (6 iss /al«) 3 *1. stook 
solution diluted t© 500 al. with voter, mixed well and kept 
at 4° 

aa., substrate and 1 al« buffer are Ineuhated at 



37°  for 3 min. 0.1 y4.. serum is added and the soliation incubated 
for 15 sin. The reaction is stopped, the proteins precipitated 

by the addition of 004 al. sulphosalloylic acid...and filtered 
through Whatran lio.5 filter Mew,' 

astagli  for non.ensymio hydrelyais sad tree inorganic 
phosphate in serum mad substrate,. ,1 al. substrate: end 1 al. 
buffer Ere incubated as for the test. after 15 mins  0,4 al. 
sulphosalicylio .ecid is added followed by 0.1 as. se:rani the 

solution is then altered. 

Plasphot, termination. 
Teet. Mattel.  1 al. filtrate (for test and 	and 

1 al. water are added to 3 al. acetate buffer. 
lagfied. 1 al. standard, 062 al. analphosaliwylic acid 

end 0.8 al. water added to 3 au aoitats buff 
Mai. 0.2 al. sulphosalicylio acid and 1.8 era.. water 
to 3 ail. acetate buffer. 

are added 0.5 al. maul= molibdate end 
0.5 al. rhedol sulphite, and nixed well after each addition. 

Optimal densities are read after 10 ain. in a Unitas 

speotrophotometer at 880 an. or in a phetoeleetria oolorimeter 
with in Ilford red 603 light filter.  

Oft 'q. 
Results are given in tents of micrommles of substrate 

utilised per min. per litre of serum. Those are the 

27 
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Interneiional Rasp. Units recomseniled by the eub*Cammission on 

Clinical Boyne Units of the °omission cm Clinical Chemistry. 

1 ml. filtrate ; 0.04 al. sous 

0 	 4e7.6  X 	tusoleahain411. of blank „7, 15 X  

X 320 icaolesiminsil. 

Rai. 
Using this me!thed we determined the elkaline phosphates. 

activity of over one hundred speolmens of blood or= and compared 

the results with those obtained with phenyl phosphate substrate. 

We Sbund en average of 68 molesvisinile fbr the estimatios using 

gluten. phosphate as substrate end 133 patedips/ata•A, for phone.. 
phosphate substrate. This aucese-1 phosphate is *analysed at 
0.51 times the rate of phenyl phosphate. 

We established a normal range fer twent3r-eme speedmens at 
1240 Imaolesiminoll. with a son of 33 and 5.D. of 13. We sere 

=able to demonstrate any differences in the ratios of rates of 
psis of the two substrates by the raised serum orticaline 

phosphates. occurring in different diseases. There is ne 
*via= advantage in using glomoseal*PbasSalitt• as aubetret• in 
preference to phenyl phosphate  despite its physiologisal lotus 
since ire fO 	the same type of emsyme activity with both 

substrates . 

In arriving at the fon of determination which  was used, the 

following facto** were Investigated erperinsatallyt 
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Phoeubste Determination. Glucose71..phosphate is atria-labile; 

consepently the classical method of risk* end Subbarow for phosphate 

determination is unsuitab/e, since the addition of the strongly acid 

am■monium molybdate reagent muses a steady hydrolysis of the 

substrate during the phosphate determination (Pig.2a). 
We method for the determination of phosphate in ***tete 

bufitar at pit 4.0 of Waal and Manhouti 0950 has been used for the 

detersinntion of the reaction produat. The reaction mixture oontains 

aaetate buffer, a swap  le of filtrate after precipitation of the 

proteins. 3$ mamoniust 31111gybdiste and rhodol sulphite 'which sets as 

the redoing agent. This minim. suffieiently sold for the 

formation of the phosphasolybdate eomplar but not strongly acid 

enough to cause hydrolysis of the stabstrate (Fig.' tb). The presence 

of 5 2 lei ovitere in the buffer hastens the colour deVolopment, 

which is conplete in 2 min. and stable fir 30 min. 

e in extinction with phosphate oonsemtration 

is 	 tubes were se 	ad to ensure that 
there was no contamination by deterg 

Pirotein argoitttant, The insolubility of phosphate in elusline 

solution and the sold lability.  of GA -P necessitates a careful 

choice of protein precipitant, since it mast be said finctigh to 

ensure that all the phosphate atoms Ja solution, but it, must net 
lotroltyse the sybstrmte. The 00100011 used in the original experiments 

was too strongly said, so other reagents and methods had to be 

investigated, 
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Effect of o.os N acetic Acid 
on Glucose-I-Phosphate 
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•The. method of Hunter (1957) . for deproteinisling blood vise 

tried. This depends Upon the adjustment 'ef..PS of the solution.  

with 0a0511 'acetic' acid ,  to a value' suitable for 'the preeipitation 

of the protein' by heat,' i.e. • ga 5.3. Then the' solUtion is heated 

far a fee minutes in or boiling irate bath. • The acetic' acid did 

not affect the substrate at room teiveratura, but • it did cstutt 

hydrolysis' • at 1000  (10iga•ia). and stivati abandoned.. 

• Other acid protein' precipitant-  Owe investigateda 1CS 

Solutions of tolusno:sulphoniei, •perohloric and sulPhotaliellic. acids 

were allowed' to stand with latter and =batiste at . room tseperaturea  

1 • ml. • samples 'wereremOv  ed at . inter : over a period of 60 min. and 

were investigated for free inorgsnia phosphate. • Of tin: acids • tried, 

onla.- Suisthosalicylio ,  acid did not cause 'Igilostre.te hydrolysis at roaa 

temperature. for at .  least 'en • hour.' To ensure that no error la 

intredUced into the method because of the' inatability of substrate 

in an *cid stadiums.. the marthessiiwuc L imxia 	be ikadea to the' 

Control' tribe iamediatol* sister it has been' added to the 'test and 

1 'al. samples of filtrate should be.tarisnsterred sianItansonaly 

to the acetate buffer as soon as fil4stion is aospletea L  

rrogrese ihrgrAvApp. Ills was linear over the 15 min. reaction 

period up to >30 min. (101,g.5); after this there was slight 

deviation from linearity . 

petanoinslen of C3u9ope. The determination of glucose as a 

measure of siimate activity was investigated. The &noose °Wage 
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f ig.5 
Progress of Hydrolysis of G- I -P 
by Alk.P estimation of Phosphate 
and Glucose 
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method of Huggett and Nixon (1557) was used to 'determine '81noose • 

in the sulphosalicylic acid filtrate after the ensymn reaction. 

Canoes* *Was* will oxidise gluoese to hydrogen peraide 
snd gluoonio acid. Peratidase will reihise the' hydrogen peroxide 

and.the ouygen thus pembined is isWastened to a suitable assoer. 

In this nethod sedianisidime is oxidised to a yellow-brawn ciomplexo  

the Intensity et which' is proportional to the amount of glucose 

initially present. 

Toot onfl C Vol.  1 al of filtrate is mxewith $ al. glucose 

*Wu* reagent (125 ag. glucose oxidise*. 0.5 mg. peroxides* and 

0.5 ml. 1% g-dianisidino made up to 100 al. in 0.5 phosphate 

buffer. plt.7.0) are incubated for 30 min. at „if. The solutions 

axe cooled and the optical densities read in a photoelectric 

colorimeter with an Ilford violet 621 inter. 
A 	noose standard (100-4./a1.) and a water blank are 

treated similarly sad the results expressed in tams of 
proles ginoose/min.A. 

ket,a4,  
The progress of hydrolysis of , 0-1 MP by serum 	 

phsapb►tass was followed over 50 Mill. by the determination if both 

phosphate and glucose end the results ore shown in Pig. 5. It 

eau be seen that both deteasimations were 31rPar over the periods, 
but the glucose results were slightly lower (5%) then the 
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Simultaneous determination of 
phosphate and glucose for 
estimation of Alk. P activity 
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phosphate. Since the glucose oxidant, method is pre ctically 

specific for glucose„ these results suggest the presence of 

impurities in the tsubstrate, e.g. another boxes* phosphate* 

DetersinatiCtn of glucose and phosAsate was carried out on 

the filtrates from 10 different sera and, the results are plotted 

in Pig. 6. It can be seen that essential]; the same result is 

obtained whether glucose or phosphate is taken as the measure of 

enzyme activity. 

It was decided to discantizme the st tion of ggimes*. 

time it *Mated no advantages over the phosphate determination* 

The method. involves a lengthy incubation ter the glucose oxidant* 

reaction and thus considerably prolongs *the total time for the 

method. The variable *fount of glucose'present'in the serum 

any involve a deep colour in the control tube which makes tina 

determination of, small amounts of enzyme ***laity against this 

large 'heciceround less accurate. 
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One of 	most 

velocity of an snow  

ant 	 t he 

tial substrate.  
ocevaentration. It was rotund at the beginning of this century 

that the rote of reaction increases with is areasing unbiased' • 

ooncentratiomi until a seacistua is reached; after this further 

addition of substrate rails to affect the reaction rate* 



Heal (1902) interpreted these findings as a saturation effect 
of the comae by the substrate; he proposed the formation of 

an unstable acuaymedieubstrate eomplez which breaks down to yield 
reaction products to account for this effect. 

Michaelis and Menton (19t3) carried out  a mathematical 
enaVois of the reaction proposed by Dori and this has been 

the ibundation et the greater pert of ensyme kinetics*  They 

defined the Michaelis constant (es) which is the dissociation 

constant for the ensyme.bacdostrat• couples, The magnitude ref 

the Ka gives a asesure of the affinity of the sumac far a 

pertioular substrates  thus a low leas indicates that the owns 
binds the substrate strongly, whoress higher oonstants are 
evidence of litrw affinities of the ammo for the substrate. 

this easstant can be determined graphically by several 

methods of plotting reaction velocities detamined at 

different low substrate conoentrations. One of the most 
convenient is that described by LiAMICearer and !kirk in 4 9344 
we have used this method of detesiciaing the Michaelis ecestents 

for alkaline phosphates. with phenyl phosphates  gluoose-l-pisespliate 
and 0.naphityl phosphate* 

The Michaelis constants tar homogenate, containing alkaline 

pboopbotaso oistiVity from boom bone and livor were determined 

38 



with phenyl phosphate and g,luoese-ii.phosphste subetvatesa pH 
activity *Irmo wore plotted for each substrate coneentratim 

(5sit„ 251t, 144 (475W end 4:45taM) end the mead velocity at the 

optimum pH was used in the Lineweaver.Burk (1930 2'0AP...a plot. 

Mitsok 0959) has shame. that the pu activity acmes for alkaline 

phosphOsse are not similar in ehave for all ooncentrations of 

substarate. He has also shown. that Michaelis Oonstants OW for 

phosphates** deter at constant pH give unreliable remits; 

the values depending on the activity of the eeeliae sciatica. 
This error is removed by determining the aetiiity et the optima 

pH 

 

for each concentration of substrate and under these **Milian* 
the-J2a is independent of OW,* activity. 

Cia04111,11 bed,-*134 :!ivutiOottt 410 
qiiogs*-71 4trittoo• 

*onp 	wee hoar iaa 3 phasephotase activity 
in the liver homogenate with . gluceete.Insheephete 'substrate in 

veronalubioarbonatebufferto (ring laid. Peler3r, 1940).# an4, 
Pig. ea, shows the plot of the reciprocal of each aubstrate: 

concentration against the recipensal of the optimum velocity at 
that conoentration. Thesecond line of ,  the greph shows points 
similarly determined fer the bone ammo, Pig lib shows 
reeiprooal plots for the two fTelk71,%e phstsphateses with 
phenyl phosphate. as substrate, The buffers used for these 
determinations were earbonateAiositoseate (ring and Wootton, 1959)• 
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pH Curves for liver 
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f igi3 Reciprocal plots for 
bone(x) and liver(o) 
Alk. P with G-I-P 
and Ph.P. 
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It can be seen fa= the graphs that under these eenditions 

the bone and liver gave the sane Apparent Michaelis ecnetent 

0.5adt with ,pal  phosphates  and deferent oanstants, bone 

liver 	with sannese.1-phesphatee It leaa thought that 

kinetic studies using glueoseisivhavkate night be used to • 

characterise the serum phosphates* seen in the 

hyperthesphataseaeda. • 

Pan' sera were investigated, in this' maxessr. The pit 

optimum having been previously determined far each substrate 

conmentration. 0.1 ral. serui was Incubated with 1 al. 

atibstrate of appropriate conematration Sea 1 al. buffer 'et 

appropriate p8, At the end of 15 attn. the reaction las 
stopped, and the amount of phosphate liberated determined* 

The reciprocals of these velceitiei were plotted as Were. 
and the Ncettioalis caturtents determined graphic/a-4 (Fig. 9). 

The sue. investigated lore: 

(i ) D.G. 120 K.A. Units (obstieuuetive isunsice); 
(2) 843. 60 ICA. Mite cerciarma of prostate with 

bane seeondaries 

(3) 45141.• Vats (eareinese Met heed of peewees) 

(4) B.C. 36 KA* Units (hymparethyroi.disn). 

dppsrent 	enistents of ialto  i.e. the 

previously fourdl for ben* ensymes  were found in each ease. 

The clinical details on Uwe patients isaisstsa that in 
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f ig.9 
Reciprocal plots for 
Aik.P. Activity in 4 patholo- 
gical sera 
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cases (2) =a (4) the serum alkaline phi/aphides* did 00.10 AV* bon* 

and the results are therefore what night be expeeted from this type 

of patient. :ant in eases (I) end (3) there waseonsiderable liver 

iovolvaarent mid it is likely that there was at least sone liver 
albaltna phosphatase present in the swim which this method failed 

to deatonstrete. For this reason further studies on sera ales/ 

these lines mere ebandone& 

P4110104 741.0110P  
The il4shius14. isonstents ter crude, tisane extracts of Wan, 

bora. ,  kidney. liver,  and isteetine were detemtned. using 

ai*nePhtb.Y2 PhaaStataaa substrate/ (Weser, 196914; 	nalava,109e 
intensity, et the liberte d ONnaPht#4 was: akessurad is  a siPaatra", 
fluorine*er (mess, 1960b) and the ifiehealis eonstents mere 

&itemised as in the previous experiments with  phenyl phosphate 

to. 	The tissue extracts more then added 

te13§Y Perinea bY **arch gel. eleotrepharesis 
using the method of Smithies (1935). The moms was glinted hos 
the 01 by nseerSting it with "butter; said 	constants 
determined on these mays* solution*. 

It was. roma that eleetrophoresis !hinged the Ka values for 

end liver phosphates,* sidle bone end intestine were 

relatively unaltered* After the tissue extracts hid been purified 

in this way, amell but reproducible differences in dis values mere 



found ter the individual tissue phosphates** (see Table 1) and 

these hose been used for comparison with ire values of phcaphatases 

recovered item starch gpi after electropheresis of pathologies'• 

$0111 (OOSS, pallipben. AnfigtiOaltOnwoICILIOLTaa and King, 1961 a. and b). 
These results are extremely encouraginge  sines alestro-

phoresis separates the enzyme protein from the other modifying 

factors present in serum, ..and 00 in one simple operation a 

relatively pine snow solution is obtained. The volume of 

ens'ai Soltitionrettoveredfrom the ill as solv 	1 5 ril• and 
it isa  therefore*  necessary to have a very sensitive technique 

to detonating; the ewe* activity; speotrufluorlaetry provide* 

this. 

TAM 1 )1,41  vvitlAins 041  fr. 1101,100-10. 
4.199141, rimmtphottpeo tlirt444, -Purified tIrce 

lutpuoss ,Vr Oar* 	artropbtortibui. 
(4 concentration 5 sm). 

zigagutudela 	Ks NM* 

Boos 0.110 

liver 0,067 
Kidney 

 

0.103 
Thtestinal aucctisa 0.090 
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It VMS thought more *worst* to determine the peiAts 

required to define the peak of each. pil curve rather thari Make 

a single estimation at a pH appropriate ter eaah Stibsitrato 

concentisitione  Oarbonate-bioeutonate buffers were used with 

substrate eimouatrations . rangisig titan 5'W to 0.25 zli 

Punaphthyl phosphate. The resift= miziure was ma* 5 id 

with respect to maguesins. 

Pig. 10 shows the 14nemork plots for points 

determined in this Syr on Mosyme 40intions reoelteed fro* 'atervh 

goal tater elestrophiresis of 'serum frost a patient with Notts' 

dieosses end a tissue homogenate eonte4utng hut bone alkmli* 

Phosiihatsso• It can be aeon that the re for both emu 

solutions is 0.11 silo This is. 523, full *grossest with the 

assualPtion that in Fagot's disease the railed Semi alkaline 

phosphates* a result of hyperactilrity of the ostemblists, 

Results will be given in Part U for 'other pathological sere 
treated In a 
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iteV. Phesqh4 ase.  

Di#TPUttgin:Pt A4tid 111063:6146ke %n 1411.41  Tkit'aunt• 
ifartleuld, Ilensman and Robison (1924) found acid 

phosiPhate.4 activity.  in erythrocites and plasm, The 

following year, Demuth (1925).  found the *myna in human urine 

and this was confirned in 1935 by kutscher and Wolberga who 

traced the ware* or thie'ensyne activity to the prostate 

glands  .other workers have .'demonsitrated acid phosphates* 

activity in many taseen tisau : aM Sri (1941), using 

bittcchealoal techniques, desenstrated.  its ate distribution, 

Walker tit gio  (1950 think that the mays* is present in all 

cells t sew stage of - their life, 

.Prover401  Agia Eb50111. 
Actioltionoad Inhibitions  Tissue acid phosphatiums can be 

separated by differential inbibitioh by various substances' 

Ana rsd end Kies (19ti-9) carried out an extensive study on the 

inhibition of add phosphates* firm erythrocytes, prostatio 

tissue and other source's  They found oosplete inhibition Of 

the prostatic &Layne by 1(+)tartrate and fluoride, while red 

cell acid phosphates* is quite unaffected by., the former and on.1,y 

slightly inhibited by the latter" Pormaldehyde (0.9)0 

ocepletely inhibits red cell acid phesphatese bat has no effect 

on the proetatic owns; it causes 30 - L4 Inhibition of the 



ensoise iron liver*  kidney, spleen and norial serna• It vas 

found that ethyl ilineholo' teuroglitolio s.olds  arsenate and 

wallets inhibit the amine :yr both red *ills and.thi proltate 

to a looser entente There vets no evidence of any setientingt 

of said phosphates. by tivalent cations at topper ceoplotely 

inhibits .the red *ell elvoine  while not effecting prestatia 

acid phisphatase (Abut Pan and ling)  1 949). 

Methods for the Determination of Laid Phosphskiase 
AlInTitr ota sruzy  

The nothods available for the determination. ear acid 

phosphat es. are tho sane in principle as those tor *Wolin* 

phogrisatase, soil they sego,* the sane substrates. An acid 

buffer of pit 5 replaces the smellne buffer and the ineubation 

tines ass usually longer. mime there is gooperativey less 

acid phosphatesi nativity present in naval aorta. 
Inhibitegv have been used to identify the souse 

of MVOS %cid phosphates* The first to do this vas ikneloort 

(1946). ibo used 40% label alsehAl to inhibit prostatio acid 

phosphates*, De3os74, Eivontser and *lite (1950 used 

foraelsiehyde to inhibit the red cull, spleen, kidney and 

liver sontribution to total sots acid phosphates. nelson 

and larror (1953) were the first to intrados* a method taking 

advantage of the specific h bitices of prostatio acid 

phosphates. by Za(+)tartrate• Zing and glegatheesan (1959) 
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home also published a method using this inhibit& to distends* 

the prostatic component* 

Babson and Reed (1959) advocated the use et 

.ors 	3 phosPhate as a speCitic substrate far prostatie 

acid phosphates*, .since they 'showed that it is not :hydrolysed 
by the red cell enzyme. They have assumed that the 

contxtbutian to the total serum acid phesphatesc, frce other 

source* say be neglected: however, it has been sheen by Campbell 

and Mess (1961) that there is an own present in the serum et 
of women with cancer of the breast with bone secondaries whithis 
not inhibited by 7.44.).4artratiosit will hydrolyee orimaphtbyl 

phosphate, i.e. in this ease the substrate is being hydrolysed 

by a non*preatatio, ren.erythreeytio acid phosphates** 

Ildbeh as used in this laboratory. 
(and and sing, 1954 Zing and jetheesen 4959). 

swum is isaubatia with PhoRlaphesplaate is en sold 
mains and the *mud of iphenel liberated in a fixed tine is 
taken as a measure of the *ups* activity,* Phenol is determined 

couriatetriodiars Emerson (190) fount that it ocatasnwes with 
amino antipyrine (AAP) to torn a oompexusd which is oxidised to a 
coloured quince* in the preiente of an alkaline oxidising 

"agent. 



Incubation of a seocad tube eontaining 1 drop 

V.tertrate in addition to the ether reagents estinates the non. 

reutstatic *aid phosphates. activity. Subtraction of the optical 

qty of this from the first tube vill give the pziostatio fraction. 

soy= (o.i 40) masa to 1 AIL phenylphesphate (1040 

and 1 al. (Citrate bufflai (0.1 eta  pit 4.9) in a water bath at 37°. 

Attees1 kr. addition of I a. Riot (0.49 Act* the motion. 

nl. lfalt30 (0.51) adjusts the pit to 104 *Iola is rewired far 

colour 	 0. 	1 a]o ?AWN (2•14) 

solutions read 

an Ilford green 

Results 	von in XingAirastrong units i.e. 

ag. phenol per 60 sin., per 100 al. sem. 

44443110103;PeRasila EPA 6441407 44 lisPIPIrds* 

lirestatic said phosphatase loses its activity very 

rapidly Tama heated to 37! in slightly alkaline solution. The 

are then 

inaediately 

62. alter.  

rLc 
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&aid phesphatases from other sources are similerly, though not 

quite so rapidly, inaertivated; platelet acid phosphatase appears 

to be the most stable in this respecrt. This instability of the 

enzyme at physiological tenperature and pH could account for the 

blown mill disappearance of the enzyme from the circulation* 

Care has to be taken in the handling of specimens for determination 

of serum ensyme activity. Xing and jegatheesan (1959) facia that 

sera should be placed in the refrimater at 0°  immediately after 

separation item the clot. This should be dons as wen as 

possible after taking t he blood, slat 	is leakage of the 

=Syne from the red cells, even in the *mum of any visible 

Because of the high said phosphates. content of 

aryth ytese, it is impossible to use haessolyeed speciamus ibr 

detarraining the total serum ewes activity* 

(By the extraction of the phenol-
amine antipyrine ooleur) 

l,aeaits of the nomal range for tartrate- 

labile acid Pbotephatase in the method of Icing and gegatheesan 

(0 	0.7 K.A. units per 100 mi.,) and the consequent weal 

difference in colour between the tubes determining total and non*• 

prostatio musyme activity, prompted us 'to try' to ispro'va acourso7 

by increasing this colour difference, We did this by increasing 

the amount of the reaction mixture fivetimes; we then extracted 

the ooloured guineas into a sam3.l volume of a suitable solvent* 



eatlegtion of Sabe)  
A series of stendards 'was prepared containing 

10 tag. phenol per is1.0  es in the original sethedi a sna31 

volute of oripnics solvent vas added sod the solutions well 

shaken. The results are shown in Table 2. 

TABLE 2. Mice of alavarki 

Ether 
Oluorofern 

Caxbaeetetraohl.ii  

Toluene 
Ethyl se•tate 

Anyl aloehol 

Butyl eloohal 

baLig....eanatASS 

No good 
Poor*  *mania lova. became *lady and 

sinks to bottom. 

Equal distribution of colour between, the 
'tr.* Urn 

Quite good ai few lailobles were present 

Quite good 

Good 

Good 

wait chosen for: use eines it is irqually as geed 
a solvent 	 as lawyl alcohol and has a acre pleasant 

Investiftation 9t Ataneards  

A series of phenol standards was prepared using five 
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tiles the .volumes of reagents with conmantratleas of phenol ranging 

from 10 - 50444.  • The' optical densities et the tubSi were read 

after the addition of the colour reagents. 10 at. of 'butane% 
were then added, the solutions well shaken and the optieel,  

danuAlle* of the orsonto 	were then measured. The results 

are shown in Pi 11; it can he seen that there is a linear 

increase .ist salon.. in both theaqueous and the organic phases. 
There is. howswer. only 100 increase in colour. despite 

reduction in volume by sas third. 

V" 	let,* ritkelna 
It was found that same elused an nouleion to foie 

between the tntanol and the *queens phut*. and it was. therefore. 

necessary to otstriftage the station to feallitaAe the separation 
of the two miners, 

	

The **option was 	out in 50 4.4. sentrifuge 
cups. 5 *1. "stakstrats ond 5 al buffer were incubated for a 
few min, &tin *  Addition of 0.5 al. ler= started the reaction 
'which was allowed to proceed for 1 kr. After this tine I al. 
itat OA) .'wed the ritationj thwn 5 al. IWO)  0.5V were 
added. tolloild 'b* 5 a. L'ouP 0.40.  11624 5 'al. 19410N (240 • 
The solutions were oareitilly shaken between sash addition. Per 
the determination of the prostatio bastion, 5 &reps I.-tartrate 

*rare itiOludOd with the bUffer eediiiintirate. A sontrol vas run 
tisr each spealaen. in which the swan was added after the addition 
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figl2 
K.A. Units of Acid P'Ase 
Activity 

o Total 
x Tartrate Labile 

I 	2 	.3 	4 

organic Phase 
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of the Rentit. a 50 pg. start and mos sun with each batch. 

The colours of the solutions were read with an Ilford 

624 green filter in * phOtoolestri0 00lOrimeter after the addition 

.of potassium ferrioysnide. 10 ml. Wand were then added. the 
tubes well shaken and centrifuged. The butenel lersr was 

removed with a atateur pipette and the optical denefty measured. 

The results were calculated 3n K.A. units far both sets if 

readings and them eampered (Fig. 12), 

The 	values for 21 determinations by each method 

were calculated. There was en average of 2.26 N.A. units of 
total activity calculated from the colour of the aqueous 

solutions. and 2.46 K.A. unite from the organic extracts. The 
aqueous colours ova an average of 0.66 LA. units of tartrate. 

labile acid ph osPiettases while the impute extracts give a 
value of 0,61. 

It can be seen, therefore*  that for total activity the 
butanQi colour gives values a little higher than the aqueous 
odour. while for the tartrate-inhibited ftectian the butenel 
values are slightly .lower than the aqueous ones. 	This 
discrepancy in the results*  together with the difficulty of 
*wiling 40 ml. of .oblution., led us to the oonclusicm that the 
procedure mos unsuitable for routine purposes. 
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L1ffeot oftigunmeLljeftaltlegekke. 
The rate of hydrolysis of ,per phosphate by acid 

phosphatese was studied at different temperatures, and compared 

'with the rate at  37'• The temperature at the water bath was 

raised to 40°  sal then in 5°  increments up to 600. Total and 

tartrate-labile acid phosphates. activities VW* determined by 

the method of Xing im,d stegatheesan (1950 after 15,  30 and 

60 mins inoubation at each temperatures 

Fig. 13 shove that up to 50°  there is a linear 

relationship between length of inanbation and amount of 

hydrolysis. Above this temperature there is deviation from 

linearity presumsbUr due to desaturation of the onsyme by 

heats It can be seen that above 50 the tartrate-labile 

ensyme is mere sensitive to heat than the total *old 
phosphate's. 

Pia IritiwObriLPARP0041 Sublitra4e,  

Calorimetric Method 

Following Babson and Reed' a (1959) 'pica that 
se.saphtbyl phosphate 'Quid be used as a specific substrate for 

prostatio avid phosphates., investigations were made into this 
by adapting the oolorimetric method f« re &Itemisation of phenol 
fbr the estimation of ...naphthols The principle of the **lour 
reaction., is essotly the saw*  but the colour produeed is slightly 
less stable then the quinons formed betseen phenol and andno 

antipyrine. 

59 



60 

Using this method, Babson end Read's findings that 

red °ell acid phosphates's does not hydrolyse 4s-naphtbyl phasphate 

were confirmed* A 1 in 10 dilution or wrythrovt, had 75 K.A. 

units. of sistivilo,  with Ownyl,phesphate. but it had no ,  effect al 

the se-naphtbyl ester* Using an retreat of proatatle acid 
pliespliataso the total end tai trate..inbibited agar ons activities 

were then inv:eatigateit ,eith. both subatredise. We itexed that the 
MOON .04a hydrolyse each , subs ate, in the absence of tartrate, 

and that inclusion of tartrate in both 	 aeaixtures inhibits 

this activity* 
We then compared the hydridysis of the two sulartrates 

by! arm acid phosphatase, determining both the total and proistatie 

I.:notions*  We 'thine that the results obtained with it-naplithyl 

phosphate paralleled those rarity phenyl phosphate; a anall portion 

of the total essyne activity normal serum was inhibited by 

la(+).tartrate; the ressainder hydrolysed both substrates equally 

well, ln soar *saes of cower of the breast there was a 

oonisiderakte acid pt osphittase activity that wino act inhibited by 

tartrate, and is clearly nor p2 	• in origin. 'While eg-na,phthil 
phosphate is., uisful because of its inability to be bydrol,,,sed by 

red sell, acid phosphates's I t is not entirely' specific for the 
prostatic enzyme* 



peootrotliterinetrio  

Advantage vas taken of the tort that Ar.ecaphtbyl 

phosphate ata a.nsphilcol are fluoreeoent subrtances and & 

method vise developed oblina depends on, aucasuring the 
Moronism* intensity of the liberated ac-naphthol (alu1156•11 
and Noss, 1961), Thici is nor* sensitive than the •colorinetrie• 
method, and it vas, therefore. possible to reduce the incubation 

time from 1 hr. to 15 min., The results VOA this method were 

essentially the sine as those obtained vfith the oolorinstria 

dote:conflation of the free naphthral. It is. found that 

phew1 phosphate is hydrolysed 1.3 times es fest as 4*.coqihthyl 
phosphate. 
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ligielWka* 

5.Nuelectidase catalyses the depheepherylatien of 

nuelectides ithich haws the phosphate attached to the fifth oaten 

atom in the ribose radical. Although the envie has become 

bum as 5-nueleotidase. this terminology is net strictly earrecto  

since from the name it might be expected that the phosphate group 

is attached to the nitrogenous base and net to the glycosidie 

part of the soleculeo It should be caned 51.nuolentidasn, 

to cantors with the literature the usual new 5rneueleotidase will 

be used here, 

N 

II CH 	 I 	i CH 
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	H\ M•VC\  

r 

0 

MO— P---OCH7., 
1 
OH 

    

004 0.4 

A denosine - 5' Phospitore 

OH OH 

4400541G 



Oacurrestoe_and Substwke aceeificlity 

in 1934 Reis described an enzyme premed in the brain 

of rat and rabbit mid in the retina of the frog, rat, rabbit sad 

oaf that would liberate inorganic phosphate from musele *dawns 

acid and inesinic acid way times are rapidly then it amulet from 

yeast adenylic acid or g3,yettrOpheephates. Remise of the attae raaanct 

of the phosphate group to the carbon in the fifth position en the 
pantos* in eintylie and inosinic acids, he called this won* 

fmueleotidase, Reis (1937) provided further confirmation of 

the speoiticity of this insole for -iiitoleetisles by extending the 

list of phosphate esters that are only slosiylwdrelysed by it. lis 

attributed this slight hydrolysis to the preemies of o smell swat 
of non-specific phosphite.* present in flee attracts of calf brain 

and horse nerve that he vas using as the source of esayme. 

Wilma and Jackson (1939) *and that various *asks 
r+~en wears rich sources Of 5-nuclectidase uncentsidasted by other 
phenhates** They extended to 1$ the number of esters of 

isenophosphorio acid that mere unattached by the MOM and thus 

gave a Anther demenstrektion of its specificity. With the 

discovery by 'Weber and Welber. (1935) of anobeipeolfic acid 

phesphemensesterese activity in hewn smaan. Reis (1938) and 

Kam (1945) looked for and found $4incleettileme activity is the 
semi of bull* bear and rem. In 1949 Good oentirmed the substrate 

specificity of 5-nuolootidase by histochemical techniques use 
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slices of tissue prepared from various organs of different animals. 

He toted different pattezns of distribution of phesphatime 

activity 'when the substrate was adammeine-5-phosphate, from those 

with any other phosphate ester as substrate. 

Heppe' and Mot (1951) utadertook the purifleation of 

5-zsaoloottitame tatma bul3. semen, laid were able to remove the slight 

activity twat* yeast edenylic acid that had ocestesdnated 

meamallan preparations of the ewes in earlier work. They 

extended the number of 3.nueleetides investigated anti found that 

the °nape would also liberate phosphate from nicottnemide.ribose- 

5'..phosphate (nicotined** mononueleatia"), uridime-5'..phesphate 

and c7tid1ne-5'•phoosphate„ tins florther demonstrating its high 

specificity ter eaters containing the ribese÷phesphate woup• 
they found that the pH optima vas pH 8.5 ter this Someleetidase. 

Reis 0930) demonstrated the vide distribution of the enzyme in 
human tierces He found the highest aetivity in the wall of the 

aorta, end here there was little motion by non-specifie 

phosphates'. lie slap found high comementrations of the woo in 

the thyroid, testicle, lamb% end passereas. The pH optimum ter the 

54emolsotiteem from these tissues was 'between 7.5 and 8. 

rare (1960 using dia.lped cobra twee found optimum 

5.4fteleotidese activity bet, pH 6.8 and 7.0 in entreat to the 

earlier work on other wake. venoms, *lose put optima were be kween 

8.5 sat 8.9. He was able to demonstrate enhancement et activity 
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otter dialysis. and eoncluded that thie'eas 4kee to the MOW' at 

Zn love which have been sheen to be ithibitery. 

AatiTirtitaif. 434  
Hanel and lime (1951) found that 342+  activated a 

5!'mucleetidese jiroperetion from bull sewn. while Oat,  and Me+  had 

no affeot en the ensyne foam this scam. itg2+  astivation could 
bee preventeilby the presence of 42+9  but this Oa ion "treat inuld 

again be i"Varotais by the edition of erases life+. Zeller (1950 
has sheen that the 5.4auclectidese in mak* an exhibit. activity 

in the absence eat bivalent lens bttt the dilaksollbsniatisa sate is 
aphenoed by the addition if Itg2+. Oa2 , K `spar Ou24. He meted' 

that kb- sad 214 were powerful ,inkdbiters. Hy* (1955) studied 
the effect of sic on the 5sencleettdase at Enke vassa.: 

Reis (1950) studied the 5.1nalsotidese aetivity it 
various bison tissues. He denonstrated activation of the ewes 

by mg: frogs these gnomes but did net state the motion USIA 

in the experliants. in 1958 Aimed and Reis inrestigited tLs 

activation and inhibition by metal ions of 5.nna3.eotialea* five 

born sorts and human placenta. The results free the two tissues 

were essentially the seas. The final concentration et all ions 
studied was sib and there was sirens activation by lin2+  and oily 
alight activation by Kg2+  at this ooncentration, Tatung (1958) 
has tome activation by Vg2+  at Well concentration of the merle 
found in  serous  so it is xe laity that the variation in Reli* 



results is dile to difiererme in concentration of Ng2+  Ahmed 

end WS (OA AMA no inhibition by mess phookate iota, 

ematisay to their ettiat 'on noisalpeOtein alkaline phesphatase* 

yethods 	tooezsotidesa AotivitY*.  
'When investigating . the 5sauclectidase activity in 

blood and other human tissues, -the non-specitio alkaline 

phosphatase,  activity at lit 7.5 Ms to be estimated;, Dimon and 

bra (19%)  teak the Irlrolysi  s of 8-gly-cerophosphate at 

7.5 es giving a measure of the alkaline phosphatase astivity 

at this pi in the 5'r a; 	ea sples* They 

subtracted this value item the total activity obtained with 

adenceino.. ,..phosphate substrate* SiMilerly. Ahmed aad Roil (1950 

used phenyl phosphate 'as the substrate to estimate the alkaiisa 

Pbeephatase* Both these methods give erroneous results, since 

9.glyearephosphate is hydzolysed by noniveelfic alkaline 

phosphates* more almirly than adenosine÷phosphate and pbsekyl 

phosphate more quickly, so 'in the first case too ler values are 

subtracted giving too high values far the 5-macleotidase activity, 
the reverse being true in this' second case. 

Texas 0958) overcome the problem bi preiaineubating 
the serum with 0.0011 etbyleuediaidne tetreacetic acid*  This 
inactivates the itlirAmne *mosphatasb bat has no effect on the 

5-nnolootidase. Ahmed and lieu (1958) suggested making use if 
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Xi2+ inhibition to suppress the 5.ancleotidase activity and this 

obtain a measure of the hydrolysis of adenosine.5.pboapbato by 

*31m1ine phosphates., We have developed. a method slang these lines. 

Cc3.erlieet40  DetkeolAhe%%9h4cit SlePletItti.der$ Att4V:t7 
Pripoirle 
The method involves two enzyme determinations at pH 7.5. 

piret27  the elee of  the foituline phosphatase and 5.zatelootidese 

activities on adeonosine+phosphate is determined, and then by 

inhibiting the 5-nucleotides. with nickel the alkaline 
phosphstatie is deans:bed separately with the same substrate, 

Subtraction of ono fron the other gives the 5,monoleptiasee 
activity. To eonforn with rouses method (1958), the 
reaction mixtures are made 4Cit with respect to megoesime 

whidi aestivate" both ouspeas, The Liberated phosphate is 

determined eolorimetrioany by the method  of basal aM 

lianhouri (1958) to give a asesure of the ensyme aotivitr. 

abaft,  
Por rent Nliz#M041111 

v3uNitlia )7#1Tet  (0.04 AI 745) 

SidfneeiPA*5"deirrkkatt,  (10  .iii), dissolve Ai 
18 	0.1 WS and make up to 160 at, with water. 

These solutions should be kept at ite• 



Nicithel chloride (0.1 

pozesixas chloride (0.8 !) 

Tri9blokiletAck Acid (ICS W*A4) 

PCF_OlVi*te  feteneVatAus 
Amitate Iwtffer (2 ife  pa4.0)1 In 1 I. of 2tacetie acid 

are dissolved 2.5 g. Otg304•5820 and 46 g. pure arystallins 

C21300011,1.180. The pH is adjusted to 4.0 by the siltation 

of 0/1300021a.311,20 crystals. 

,Alesenion isalltodatt, (%): 5 g. Anworeion noUbdate 

are disisolved in 100 al water and filtered. 

pow. sulvbi.t  (gg Rhedol (irestb71 aninophenol 

sulphate) S.  maitre' antribreus Na280)s 2 g. Rhoda 

are dissolved in *boat 80 al. ester and 10 g. by 
N02803  added (nore Are thAn tbs ankvereus *ad stroll to 

5 go of 	Tbip multi= to rime up to 100 aloa =weed 
and stored in a dark bottle a* 411. 

(1 Mt. 	al.): 

2.194 g. Potassiwit itikeruSen PtliaPhate 
	(A.114) are 

dissolved in 500 mi. water and preserved with a foe dropi 
of ch3arofona and kept in the -sold. 

lifoOcktn% nbesobsktie standar" (10 mg•  phosphorus/KU )1 

of stock standard is diluted to 100 nl. with water.  

The solution is nixed well and preserved with ,ahlext3ferit. 
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Motthad. 

Par each daterminaion a test and a control tube are 

ABOOSSIWY• 

kilts 4.5 MI Verailla buffer, 0.1 ml. 114012  and 0.2 al. 

algal. 1.3 al. Teronal buffer. 0.1 *1. 4012. 0.2 al. 

Ni012  end 062 al. serum. 

The solutions are mixed and both tubes *re placed in a 

water bath at 3f for a few motes, and then 0.2 al. adeassixdo-5.• 

phosphate is *Mad to each. The reaction is allowed to proceed 

for 50 min., aid then 2 ml. of 00130001I added and sized well. 

The tubes ere centrifuged and 2 Da. of the supernatant used far 

the phosphate detaamination. 

Oeleur Reaction. 2 a0., of avernatant are added to 

3 xi. acetate buffer. and 0.5 at. swami= isolgbdate added. 

followed by 0•5 ml. rboadal staithite. The ttibee are shaken 

end left far 10 Ain. The extinction at 880 4i is measured 

in a Unice* 313  500 speotrorthotogater 

aliggide 

 

Tel ml. 10 pgdal. standard.. 1 .ml. 

1300013 and 3 	of the acetate buffer are aMed the colour 

reagiert4 as tar the test and *patrol solutions. 

Menk- i al. witate, 1 al. MC 0C100011. 

batter and the estour moats. 
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EsleuImam,  
Results axe expressed in texas of asioroideoles of substrate 

utilised per rain• per litre at serum (International Units per litre). 

The 	of stiParmatent roPresento CIA *I. own= me 
therefore 

International 
Units per 1. 

Reading of Test4ontrol 	1000. 1 	1 	 x io 	x x 
Reading of Stantiara-Blank 	0.1 30 31 
T •0 

108 poles/mins/Is 
8 

rouge of 2:13 with a seen of 7.7 
and S.D. 	20 healthy laboratory workers. The prevision 

or the method is 1•6 	 caleuixtea tam au 
	to 

determinations of 16 sera by means of the forma* 

wineswines d is the artareaae between duplies es and 	2a 

sa the rauther of pairs. 

This method was used to , investigate the Saanualeotidase 

aotivity SA the "roe of patients.  with various diseases The 

restate will be discussed in.IPart rt. 



itirtdies 541acleotidase 74kocetsce 

ascsAtagos' 	• 

P.srtia3.300- purified aqueous extracts of Imam aorta ,were used 

as the source of 5snuolisotidase in inhibition and kizetic studios* 

The aorta was taken at autopsy, and after moral of the intim 

and aerentitia was ground up in SO vrol* water with send in a pestle 

and mortar, and then left for 3 dilys at room temperature with a for 

drops of chloroform* The solution was then cantrifOged and the 

supernatant wed as tissue extract. This ensyme solution was used 

in the study of the properties of 5-nucleotidase since it is free 

from any alkaline phosphatese activity,a shoo by its inability to 

hydrolyse phenyl phosphate. and thus avoids any complications 

Which, may arise from its presence* 

For estimation of serum sotivity fresh serum was used. 

If it was not possible to carry out the test ea the same day, 

the specimens were kept at 4 to prestaw• the activity* 

Rtrac4. 9f rak 911  4-iii#1412tian• VOtierlts",  
Determination of psi optima in veronal and citrate buffers 

carried out for the ultimo of partially purified aorta 

54nroleottanse on 	gave a peek at pH 7.5, with a 1 	final 

substrate cxmcentration (Fig. 14,). This phi was*  therefore, 

adopted in the method for determination of the amp* activity 

in serum, since it was established that-linclectidese from all 

human tissues had the sane pH optima (Reis, 1950). 
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fig14 
Variation of Aorta 
5—Nucleotidase activity 
with pH 
(veronal and citrate 
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fig.16 
300 	Progress of hydrolysis of A-5-P by 5-N 

250 

206 

I50 

E 

o 100 
E 

50 

A 
20 30 40 50 
I I B 

120 180 240 300 

Time in Min 

10 

60 



Pacct of  bart goAcillVePA 
The re2stion between mom oomentration (varied by 

taking serial dilution. of aorta extract) and amount of hydrolysis 

was linear over a range I 3 time the normal serum activity 

(Pig. 15 a and h). 
This relationship was also linear when dilutions of a 

serum of high activity (240 fecelesoilindl,) was used (16' X neon.). 

Per activities higher than thisa shorter incubation tine should 

ao 4sP107044,  

FAVirra, p3304 
This was linear over the 30 ems. 	tie* period and up 

to 120 min, There was slight deviation from linearity when the 

incubation was prolonged uP to 44 hz  (Pig. 14)* 

titaligifV44419Ptuato**  
As pry vi 	nostionedo  the hydrolysis of 16.5 P at 

pH 7.5 by aorta 5 mleotidase is inhibited by Ni The 
percentage inhibition ma determined by incubating aorta 

extract with A-54 end coneentraticass of nickel chloride 

ranging fray 100 to 0,1 at the activities tins obtained 
were compared with the activity in the *booms of nickel, 

It vas Amnia that inhibition becomes 99% occeplete when the 

concentration of nickel moods 10 iwith a 1 mg substrate 

conoentrstics. These result. are ahem in Pig. 17 in whisk 

the negative log parity of nickel is plotted against 

Porosalmire 
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Relation between negative 
log molarity of Nickel and 
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fig19 
Reciprocal plots for 
aorta 5-Nucleotidase 
with and without Nr 
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Graphical Determination 
of inhibitor constant for 
Nickel inhibition of 5-N 
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The Michaelis constant far aorta 5dessalectidase was 

determined by 111441114114 the velocities with a series of substrate 

concentrations varying frote1 '0.01,  sett and the results ewe 

platted by the method of Idneweaver and Durk (1 93/4)) • a constant 

of 0.1 ial lritS Obtained With 3 elisZylo PrisParslesa of different 
activities. The results eire• *hewn in Pig. 18. 

The type of inhibition tyld+was 	dotexedned by 

, plotting IA arAssit I/8 with end irithoUt nickel. It was 

found that V es*. was. altered by the Presenno of ndokel Whereas 

Iht was not, a rsaalt consistent with non-ocapetitivit 

inhibition (Pig. 19). 

The inhibitor ovestant was determined by plotting the • 
re,sults by the ittethot ofTh tor 'sad Downs Olson .and Webb, 1958) 

(!ig.20) where i .41 	Plotted itgainit substrate eonientration 
r; 

84 	i conoentratice of inhibitor. .. 	where */ fs valooity 

in protases of inktbitur Sad v the velocity In its absence, with 

the owe sues' rate isoncentattion. it can be seen that 
1 - m 

is independent of substrate concentration, another fact that 
is 00111list tat with. non.000mpetitivel 

4tX10* gic4lAst liariv44” tplP9terogivtAin  
1)- 	•• 
The effeot of variation in alkaline phoophatane activity 

on the determination of 5-sualeotidase was investigated to ensure 

that ft high alkaline phosphatane,  conoentration there was' ne 



competition f' the substrate betimes this ammo and 

5-nuo3.eotidase, thus giving an apparently Vow value for 

5-accleotidase. 

A series of enzyme solutions wire prepared containing 

a constant "tams of aqueoie aorta extract sod Sitercasing 

coneintrations ofpertielly purified boa* alkaline 

phosphates* vbieh was free from auy .4eactleotidese 

activity. The total cod alkaline phosphates* activities 

were determined for each solution. The results are shoo 

in. Pig. 21. 

The alkaline phosphates* activity varied between 14. and 

54. eciesictin./1., and it can be seen fres the aleph that this 

had no signifteant effect on the 5.ceicleOtidsse activity, it 

bring 514• tacolesimin;,A. 	maxiiim*and Minimum amount of 

allualina phosphates* Pretwolat• 

idelatitatagLibt,01014111,11tiNadd c,05,*14i  
90704  
In sow eases aprecipi 

is added to the toner and niekel chloride in the control 

tube. This precipitate was investigated toensure that this 

was Oct an additional cease for the reduction in setivity 

the control tube as well as the nickel inhibition of the 

Buffer. nickel chloride and a serum proVicosly shown 

to cause this precipitation effect wore mixed in the proportions 

the 
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used in the method for estimationne of soma 5.0suclootiAaso to 

give a total volume of 9 al, The precipitate ithidi formed was 

reamed by centrifugatiai end was then suspended in butfer• 

Beth this and the supernatant Were dialysed against running 

tap 'water everolOt to move nickel iens• 

The original serum somple, the supernatent and the 

precipitate were then investigated for total 5,onnoleetideso 

end alkaline phosphates* activity as in the method described. 

The inhibition caused by the addition of nickel to the 

supernatant had been removed during dialysis, and this 

solution exhibited 67/i of the total activity shown by the 

original Berm satire. The addition of nickel Again caused 
inhibition of the 9-nucleotides* in the control tube• There 

was no activity in the precipitate after dialysis. 



Glucose.•64bOarhatatie 

ClIncose.60phosphataae is a substrate-spitaific 

phosphatase present in large amounts in liver,. Swanson (1950) 

was the tint to prepare the enzyme in a purified fora; 

several workers, Cori, 	end Soketidt (1939), Pan@ and 

Ron. (1945)1  Probolfsbn and ifirsky (1948) and de Dave al als 

(1949) had previously provided indirect evidence for its 

saistencte 'bile investigating the nature of the liver 

phosphate's ihich hydrolyses glucose phosphate, but they 

all used crude liver extracts with bi activities of other 

Snows* Seensonas preparation bed high activity tcesrds 

Moose-tophospliate with *whoa) activity totterds other 

phosphate eaters. 

langdon 	( 956 showed that glucose s‘ 

phosphates. is a tightly bound aderoscatel enzyme. Dixon and 

Webb (1958) suggest its use during the preparation of sutra 

cellular fractions as au War of nontamination of other 

fractious by microaomess 

aiteasitiaAjiaiiMio 
Roane= (1950) 	 phOsphatase to be 

extreme3,,y labile to heat Ilita observed that most of the activity 

vas last after a short time at roam temperatures She, 

therefore, carried oat all her experiments at 300  to avoid 
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inactivation Of the enzyme :during the reaction period.. Swanson 

found the optirats pli te.be 64,'.131 sPeenant with  'not' and 
Ririe 0945)0  This is the pH at which acid. and alkaline 

phosphates,' actitity is at 'a minimum and provides further 

evidence for the specific nature of gluCese-6.phosphatase• 

Lane= and Weak-ley (1M) have been unable to demonstrate 

any metal cofactor requirements. 

Raids 	Oda (1959) reported the presence ert 

glueose-6phesphatiure in the serum of patients with liver 

disease although the enzyme can scarcely be detected in normal 

serum (Brunet  1950. Since the enzyme is present only in 

Liver. they suggested adopting its use in the investigation 

of patients with liver draage• They demonstrated .a rise in 

serum glucose-4.phospbetaao activity in dogs with experimental 

liver damage* prodneed by the injeotion of, carbon tetrachloride, 

which was scoospanied by a decrease in the enzyme activity it 

the liver*  They found that the serum level reached a peak et 

2D times normal six hews after the injection and returned 
alswatir to' the normal level within sawn days* The: serum 

tranamadnese levels were also studied in these dogs and it 'was 

found that peak activity was reached.three days after the 

injection. in view of this, Kids and Oda (1959) suggest 
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that goincose4sphosphatese is a mere sensitive index of liver 

damage than serum transamineses. 

Nadi. 
These results moon:raged us to investigate the use of this 

as a liver-sPeatis *Moe. TO adapted our glucesewl•elkaline 

phosphates. method (see Chapter 2) for use with glucoso.6. 

phosphate and citrate buffer at pH 6.5, end we compared these 

results with those obtained by the method of toide end Oda. 

They used a 20 eV concentration of substrate*  0.2 ml. serum 

in a 1 al. reaction mixture end they incubated the test 
solution Per 9 brat $7°  

Addition of trichloracetic acid stopped the reaction eat 

inorganic phesphate analysis was carried out on *1 3.1. sample 
if filtrate by the method of Piske end Subbarorr - (1920. 

The results by both methods were nest disappointing. 

Swanson (1950) reported the extreme sensitivity of the emus 
to heat and, despite determinations being carried out 

lamediateky after the blood had been :talosn, we were unable to 

get satisfactory results become of inactivation of the 

moue dining the intaibation period (Pig. 22). 

This difficulty could be Olfer00140 by reducing the length 
if the reaction period and the temperature at 'shish it is 

carried out. But the serum needs special handling] 

separation aid estimation as soon as possible after it has been 
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fig22 
Graph to show progress 
of hydrolysis of Glucose 
-6-Phosphate by Glucose 
-6-phosphatase 
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5. THE Goa SHIMS. 

  

Glycolysis is the tens applied to the anaerobic 

breakdown of carbohydrate (glucose or glycogen) with the 

production of pyrtrrate and the liberation of energy. It 

originally referred to glycogen breakdown in muscles  but it now 

has a wider implications The process of glycalysis is 

elaborate and takes place in mazy stages i  each one controlled 

by a glyco3.ytio elapses 

The sequence cf reactions is as follows: 

Phospiworsta.se 	Pkosphogiu,constaAse 
iskrogeot ,  ""' ...."'" 1111.4  6 	P 	 G-43-P 

Phospho9tisCOSe 
iSonserase 

atnost 
Phosphates 	P - 1 : G - P 	F - 	P 

Atdotesie. 	Pkosekofructokistiat,  
, ("raw Acid 
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wartarg and "Iriatian 0943) Pra*Pted the stub of 

g,3.yoolytio ensynes in disease with their work on ladalkilik 

ire the serum of tumour-bearing rats. Siblay and 

Lehninger (19490 extended this work. to Inman subjects and 
since then serum phosphoglucose iseserase and pbesphogluoase 

=Use levels in disease have also been-studied by_many-- - 
'workers. We have' ;studied the level of the first two ensymes 

in the serum of patients with: *sneer and other diseases. 

Phosekscaluolice Isomerase. 

Minagestilau• 
swim which brings 

about the inier30171/01"404 of gluctoso-6..phosphate 044) and 

fructose-60phosphate 1/1.6.19 was firet demosustrated by 

Won= in 1933. 

91t 

various anisal tissues 
and found that the rogation did not reach emepletion but 

attained an equilibrium mixture of approxisateliv 706 0.6-P 
and 3c$ 

lits ammo was initially 3,ed phesphiskzosse 

iso etra a but nein (1949. 1950) demonstrated the presence 
of en ensyme in nenisinsified. preparations of Lobos= 



isommarase that cause!' the interconiersion of iika64 and:  , • • 

mannoie-64hotiphate (M-6-P). • To a4oid otnifusion, Slein 0950 • 

suggested that the tee ensyakes ahead be called mere 

descriptively phospbeglucoee isoattrase and phosphonannose • 

isoneraie•••• 

Phosphoglucese iscaerase has been found in pea 

meal (Tack**  i9361 $omers end.  Coab3", 190). in 1951 Carl  
and co-workers showed that the enzyme is present in most 

animal tissues but it received Little attention until 

Bodsnsky (19530 demonsiavated considerable phosphoglucose 

isomerase activity in the sera of several species*  inaluding 

won+  

The equilibrium point of the reaction depends 

upon the everimental conditions and source of ensyme 

(Lwbesnns  19.33). Values between .3o sna Jag 7-64a  have been 

reported; Bodansky (19530 fauna aquilibrinla at 444  7-6-P 
for the Sertaa ensyme. 

e* of the Blume. 

Phosphogluoose 11101101M110 has not yet been 

isolated in a:rure state. glein (1954), using *Imams 

satrthate fral:tionation. and Reassess& and Girl (1954), using 

acetone precipitation*  have obtained a six-fold purification. 

The Mame has been shown to be relatively stable at row 
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temperature, but is rapidly inactivated at temperatures above 4.5° 

(Beeeserasa end Oiri. 1956)* They have sheen also that the 

4111117Ale prepared froa green gram: is ware stable at an 

'Wallin than an eau U. The opt.laum pH is 7.8 for 

0-6-P substrate and 9.0 ahem P-6-P is the substrate. 

piethod tar Deterainagca "ova Pheinabogluoate .Zsaaeralle. 
(Badanskr, 19540, 	 

Primpinle. 
When serum is added to solneese-6-phosphate (04-P) at pH 7.5, 

the phoirphoglucose isaserese present in the serum converts the 

G.6-P to fructose4-phosphate (Y-6-P). . The P-6-P this 

foamed is determined by Roe's method (195k) for fructose, 

based on the HeliwenotY reaction for ketoses, 

MO* 
Itovie Hartle,* diluted I in5, 0.1 al. 

serum is added. to 0,4- al, saline in the reaction tube, this 

is placed in a aster bath at 37°  tor a for mattes and 2 mlik 

of butter.suboitrate mixture (veronal buffer 04715 to PH 7•5 

and 0*.6*.P 0.0025 previously warmed to 37°. is added. The 

"ivistatio, is teraineted after 50 min, by the addition of 2.5 al, 
trichloracetio acid (10S WM. The solution is filtered and a 

2 al, sample is taken for triages* determination. A eantrol 

tube for each set of doteremOtioas is prepared by adding the 

trichloracetic acid to the diluted norm before the buffered. 

substrate, 
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C9l Reactim. 
2 al. resorcinol (0.1% WA) end 6 na. Nel (JO 1.0 are 

added to 2 anal,, of filtrate. the tubes ooze win shaken and placed 

in a water bath at Be ; 10  for exactly 15 min. The tubes are 
then waled and the optical densities of the cherry-red 

solutions are read in a photoelectric colorimeter with an 

Ilford 623 green filter* 

A 744'P standard (50 pg. fruetose/als) and a colour 

reagent blank are similarly treated with resorcinol and Thll• 

Since the reaction reaches equilibrium at 4/0 F-6-P 

under these conditicas. with this !polarity of substrate a 1111ZiMUMIL 

of 144 pg. fructose as 10-6.P *ma be formed per al. of reaction 

mixture. Specimens with lam enzyme activities will tons less 

than 144 mg. of fructose during the reflation and in these cases 

the equilibrium point will net be *teethed. if 114 pg. of 

fructose is formed during the 30 min. incubation period the 

test must be repeated with a. greater dilution of serum. 

gag. 
Bedansky (1953b) has shown how enzyme aetiVitY anY be 

expressed simpl,y in teems of the ampule of substrate changed 

at any stage of a reaction. Es hes applied this treatment to 

the expression of phosphoglucose isomerase activity (1954a) and 

defines the unit as the reciprocal of that concentration of 

9.5 
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fig.23 
Graph to show Boclonsky's Table 
for converting oug.fructose into 
phosphoglucose lsomerase units 
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substrate expressed se mi31414tres per millilitre of reaction 

mixture that si.11 mute the formation of 25 pg. eat fruetOse as 

F.6.P in 30 tin. per ml. of reaction mixtiire from 0.002 

at pH 7.4 at 37°. 

Thin.* is a linear:relationship between rate of reaction 

anti venom sotivityup to 10 conversion of the intbstrute. 

Atter this there is increasing deviation from linearity, and 

Bodanalcy ban oonstruaketi a table resitting pg. of fructose to 

units. This is sham graiglioillY in ?ig. 23. 

We have reealculated Bothnia*** units fbr phosphogluaese 

Isamu-age in terms Of International Units per litre 

tusoloa/1411.(1. His units arm orpressed in time Of Pg. 

fructose per 0.04. ail. of serna per 30 min. 	Therefore 

Bedansky unit a 	Z 	X 41-M- 
180 	30 	0.04 

4.63 ;atm motion@ Unit 0/1 

We read off the pg. fresitose.from his table for c4' t+e1-don, to 

Bodanaky "nits and then Multiply by 4.63 for Coaversion to 

laternstional Unita. 	s sormil range of 8 	units 

is equivalent to 37 » 180 International bit. per litre. 

We have eistabliahed a *trod range for 30 healliby 

labeiratorY uvorkere of  12  Lo' 29 BodsuOlgr vats, with & man of 

20 and standanl deviation (S.D.) at 5.5. This is equivalent 

to a range of 55 « 130 Interrational Units per litre. 
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In' our bands the preeiaion of the method vas .5 inenlesininerios  

calculated from oVrpl4tvate  determinations On ten aern by mea.ne :ok r- the formula ..L.I2  where d is the difference between ;duplicates 

and n the ranaher of palm, 

Bodansky found that serum retained its activity far 8hy. 

at room temperature and for at least 2 weeks in the ice box, 'To 

era ATO that there was no loss of activity while the specimen was 

waiting for estimation*  the blood was separated as soon as possible 

and the seem placed in the deep freeze at ..150. We have tbund 

that the ensyme retains its nativity for at least 5 maths 

under these conditions. 

The zesults on the 	be given in Part U. 

ACIA,914PAIIMS.  Ininalk, TkaaiNi• 
Wring a *envoy of the Berm anyonelevel in other diseases, 

t roe found that there wire' largo likrintione is thee day to  Bey 

leirel of phesphogInoese isomeraie in patients in *outs vnal, 

(4th rea The, Oertat l el of, the enzyme fell during the 

diuretic phase* and so a statig of the myna in Urine vas. 

undertaken to findt out if this fall timing recovery Indicated 

a sensation in the release of the emalyaw or elearenee of it by 

the kidneyss Bodanshes 09514) aethod for . ditersination of 

the *imam in serum was adapted for  use with urine. 
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station.Method for Use with 'Urine. 

0.5 m1. urine is substituted for the diluted plasma and 

the method then carried out just. as for serum. Restate are 

expressed in terms of micromcles of substrate transformed per 

minute pea. 24 IV volume of trine. 

A normal range of 0 - 15 tamales/min./total vo3., was 

established for 20 healthy leboratory worked:* end patients with 

non-cancercur. diseases, all with normel serum pheephoglusese 

isceserase 

lnyestisraVen , ,q,calcour iii Control. 

It was found that there were variable amounts or substances 

in the 'urine which  reected with the colour reagents, thus giving 

erroneously high results for enzyme activity, so it was necessary 

to' include a control'tube fOr "soh specimen. 

A.tteserbs wore made to remOve these substances by 1swatiag 

the urine with taidkvashed edeirsioal. 

AbsorPtion . cturveis were plotted' tbr the colour in the urine 

control. before and after thareeel treatment and *these were 

Compared with a rtuatoiet'itanderd earre'Phig. .24). 4:Can be 

sea that the standard has tiro absorption peMs, one at 410 ma. 

and' the Other at 490 mti. The urine before treatment with 

charcoal has. a 72.101) higher peak at 410 sp. than at 490 W. 

when cappared with the standard. Shaking with acid-washed 

charcoal followed by filtration removes some of the impurities 
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and the shape of the cave is much more like the standard, .the 

peek at 490 mu. hemming re apparent. However, this treatment 

did not completely remove these tereuttles end)  as they, are lees 

important at 490 cps*  the verve length at vtiett the optical 

densities are read, than at 410, this pro Oder. was not 

adopted routinely. 

twfttia.". 
Absorption curves of the standard dolour 'maw different 

heating conditions were also, plotted. It was found that the 

temperature and the &watt= of the heating were both important 

factors in  deterldniket  the shape of the absorption curve 

(Pigs  25 a ,and b). Ooneequently the heating conditions were-

rigidly controlled. 

Results. 

It was found that there was little phosphogluoose isaserese 

activity in urine unless the patient had proteinuria, in whieh 

case acme isamerase passed into the urine along with other 

proteinss This is in agreement with the results of Kemp and 

Taurean . (i960) mho studied the level of several marines in the 

urine of humane and rats. 'They found that even in the premium 

of high easy= levr-ls in the serum there wee 'little deecnitrable 

activity in the urine. 

Ms= was no relationship between the level ofphosphoa 
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glucose isomerese in the serum ma the level in the urine of 

patients in the diuretic pbtaile of renal rftl)"  o, Fluctuations 

in the serum level of the =pie were observed in early 

diuretie phase intile the larinary'oritput oy the ons,me was constant 

if the patient had albs. This aPpc:artuice of end in the 

urine continued of ter the serum level had reached normea 

until the amount of protein in the *trine becalm negligibIc* 

In the light of these results we did not continue these 

investigationtt of urine' 
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6. 	 Alaaase 

Meyerhof and laohasnn (19k) dieeseszeit an ensYme is 
rabbit voluntary muscle and in yeast which catslysed the. 

reversible cleavage of 1 nto3.ecule truatese-1:6-diphesphate into 

2 mcleeules tricsephosphate, The stages of the reaction were 

elucidated during the next few years byMeyerhof snd Igo's.ling 

(0935), levied; Lehmann end Schuster (1936) and Fischer and 

Baer (1937). . They found that the reaction is catalysed by 

two enzymes, sideisse and  triosephesphate iscserass, 

10 
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ike the other,  enzymes Of fermentation and 

glycol/mist  aldolase is presort in practioally all eons, 

higher ocatecatvetions being found in those with a high rate 

of carbohydrate metabolism' It in present in a Iambi* 
Mors in the cytoplasm, as are the other sumo* of 

glycolysis" The elisple has also bean !bond in yeast by 

lleyorhot: and laimmon 0 930 and in 1948 St at reported it 
in green plants. 

Pr5imtline 
Christian 1 	shooed that susele 

*Malmo ias not activated by astals, but they found that 

the envy* gran yeast requires bivalent metal ions for its 

fUnotion indicating the existence of two types of aldolasee 

Viktriiitt 8Pr011eitio 
Muscle rasa is s. highly speolfio amen saa 

requixes the presence of fruotomeil s6-diphesphate (7D1') for 

the reaction to proceed to the right„ Per the reaction to 

emir in the opposite direst:ton. dibriboxyaootons Joust I* 
presestatt. Hers (1957) found an aldolase in liver which dots 
on ituatina-1*.Phoephate CT-141g in view of this, Dreyfus, 
Sohapira and Sehapira (MS) suggested using differential 

substrate studies to to 	the sour.e of the suzyae 
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which Occurs in serum* 	y the DP aldolase has been studied 

in this research* 

EILAtiasie 
Sibley mad liebninger (1949) found the optimum pH 

for aldolase activity to be between pH 8.5 end 9$ this result 

agrees with that of Heztert al. (1940. 

lGrthoda Of Sat eti z. 

Hoye:ter and Lohmann(1934) estimated *idol**. 

activity by measuring the elkali-labile phosphate groups of 

the trios* reaction pzioducts. This method is reliable under 

carefully crintralled eonditionsa  but is inoonveniert owing to 

the necessity of.performing amny blank detezminations of 

inorganic and r41E011.-labi3.e phosphate. 

Warburg and Christian (1943) used a spectre. 

photometric method based on the reduction of diphosphopyridine 

nucleotide (D I) by triose phosphate dehydrogenes• in the 

ivestmice of phoephoglyeeraldehyde and arsenate. Sibley and 

Uhl:Inger (1949s) have found that this method is unreliable 

lithen vied far the sassy of crude tissue extracts, owing to 

the presence of other ammo capable of reducing DIN so 

they weeezted a new method. This depends on the measurement 

of the colour produced by the acne formed by the action 

of 2:4-dinitropbenylbydrasine on those phosphates produced 
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A re 44 awn. 

with buffered meter end hyarszime 

&wing the incubation of the enzyme solution with M. In 1948 

Dounoe and Beyer published a method based on the colorimetrie 

determination of acetaldehyde formed from the trios* phosphates* 

Jegannathart g. 0956) estimated olase activity is the 

mould Aspen:inns  aust by measuring the light absorption of 
the trios* Aydrasones at 240 am, 

The method of Sibley and liehrlinger (19490 can be 
applied to enzymes &cm uric= scams and is much less subject 

to errors than the other methods. It is the one ocareonly used 
for serum and has bean used by UV in our, investigations• 

which f 	eldshyde end ketone groups as soon they are 
far ed. time eliminating the action of triose phosphate 

iaoa 	 a, The reaction is stopped with trichloracetie acid*  

and a sample of aupernaterrt is treated with altiOt followed try 
21441nitrophenylhydrasints. Further addition of alkali 

prodwes the eheractisetatio colour of 214.11mitrophenylw 

hydresone of the trios., whisk hsa a macrinum absorption at 
540 rms. The !intensity of this colour is directly proportional 
to mosyme concentrartion• 
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• Melo 
Hutivie Reaction. 1 mi. Tris buffer (0.1 It  pH 8.6) is 

mixed with 0.2 atl. *arras and 0.25 ml. mime (0.56 #11  

'pH 8.6), 048 mi. water is added end the tube placed in a water 

bath at 370 for a few sdmutes. Additien of 0.25 ae7.. PDP 

(0405 LO starts the emote reictiontwhich is allowed to 

proceed for 30 min. 2 nI. 10% Trioblor000tio acid otorio the 

reaction after this time. Thai solution is centrifuged and . 

Of supernatant IS takien tor Colin* develop:Sent. A 

control Woe is run. for -each speoinesi, this is treated' in the 

eaaser► way as the test, except that addition of PUP is delaited 

until the keseticn has been slopped with trichloracetio 

galsmaisfais. The test and emabol are now treated 

sizilarly. 1 ral• UCH (0.75 11) is addedto 1 al. filtrate 

and the mixture is answed to stand at room temperature far 

10 lain. 1 ia.. 214•Dinitropherylbydrasine (OAS)  is 0114011  to 
each tube and tiny are than placed in a water bath at 3 fbr 

10 min After this time 7 mi Na0a (0.75 1j) s tithed exol 

10 31134 later the intensity of the, purple colour is read on a 

photoeleetric colorimeter with at 540 ima filter (Word 625 
yellow-green filter). 

greParatAPrt of 4441111  %urn* time the ehromagen 

measured is of unknown structure and pure samples of trios.) 
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phosphates are not readily available for use an miry standards*  

a sty:gime curve is necessary to relate per cent transmission to 

the amount of PUP split. This is prepered by submitting serial 

dilutions of sane source of Weiss* to the anslysis just 
desoribeas  the ocanur reaction being carried cat on 0.5 ml. of 

st;Tiernatault. The alkali-labile phosphate (41P) in the 
mrperastant is determined by measuring inorganic phosphate in 

two 1 ml. samples. ono of ithioh is allowed to remain for 20 min. 

at room to:operator. with i I NaW which liberates the phosphate 

from trios* phosphate& The volution is then neutralised with 
112804, and the phosphite in each tube is determined. 

The ALP of the control is subtracted from the ALP of the 

test, this giving the ALP carresponding to the trios* phosphate 

produesd by tra4 nsisyne ocueentration. Pros these results a 

standard curve is constructed relating ALP to milts (Pig. 26). 

gok, Sibley and Lehi:Linger (1949a) proposed that 

1 unit of *Moles. activity should be 1 pl. PDP split in 

I hr.bi 1 ml. serum under the conditions of the test. lb 

convert oolorlirster readings on 1 ml, maples of trichlerevet 0 

acid filtrate to units of activity, micrograms ALP liberated 

per Duple are transformed into Pl Pre split Per hr. Per sdr. 
of serum. 
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For this calculation 22.4 ml. PDP a 1 mole 

m 2 moles triose P s 2 pmoles ALP a 62 pg. P 

The colorimeter readings of the triose chromogen per 

1 ml. sample are than plotted against pl. PDP, yielding a 

surd curve (Pig. 26). 

Effoc4 Of Paollor eig *OA #0104A Prborties of lertosala°1°‘°1 
Red cells contain one hundred and fifty times as much 

&lacks* as is found in serum, end therefore heamolysed sera 

are unsatisfactory specimens on uhich to estimate serum 

aldolase aetivity (Sibley. and Leteinger. 19494. If it is 

impossible to perform the assay on fresh speohmenss  they 

should be kept at •45°  in order le preserve the activity. 

The earyes, is stable under these a:editions, but loses 

aotivity it left for any length of time at roan temperature. 

119101; • 

A seems of 2 • 5 units vas established for a series 

of 20 healthy laberatar3r uorlonrs. This la some  chat lovas 
than the range of 3.3 8 units given by the original authors. 

Sibley and Zahningerts aldolsse units, pl.FDP/sal./hr. 
can be recalculated in terms of International Units per litre, 

lasoles/min./1. by use of the appropriate factor. In this 

case 1 aldolase unit equals 0.74 rotermational Units per litre 
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Wherefores  our range of ,2 5 Sibley and Lauinger Unita is 

equivalent to 1.5 to 3.8 International Units. 

We have studied the serum madame levels 1n a 

fez of patients with cancer of the breasts  end, the results 

of these bavestigations will be given in Pert no 
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=IC ACID aro* manes 

In the prosaic* of an adequate supply isf omen, 

pyrtivate is oxidised to carbon &Ladd* and water* This pivoess 

takes place 'by the citric acid cycle of Krebs 'obi& operates in, 

the sitoohanaxiso kireitria• dohydrogemae is one of the 

onSynes 001112`03.1.111g this (role?  , end this Id Isaias 

dehydrogenase have received the mast attention tram ivorkers 

studying Sara onsyme levels in disease in this group. Ite 

lave made a few determinations of the first of these two 

• °luxes, to supplement the information gained from the 

phesphatases and glycolytio 441011101. 



7. 

ThUberg (1910) discovered an era yae *lab oxidised 
citric acid; he stalled it citric'acid dehydrOgenase and 	1929 

had tound it lancet' animal tissues, moulds sat bact.rii6 Martha 
and Knoop (1937) thieved that the reaction involves' several stages. 

COON 	COON 	COON  
I 	I  

	

cH2 	CH 	OH— C— H 
I H2O 	11 	 I 

oH— c----coo H -H COON _2.-+ H  ° 1-1-- C --COON 
I -4-H20 	- H20 

	

ciii2 	 CH2 	 CH a 

	

POOH 	
I 

COON 	 C0011 

Ciitie Acid, 	CiS Aconiac Acid, 	kg Citric Acid 

+2114.  	-- 2H+  

COON 	 COON 
1 	 I 
C=0 	 C ---,--- 0 

	

—CO2. 	I 

	

Cr2 	 H _....c —cooil 

	

+ CO2 	 I 

	

CHL 	 CH2  
I 	 1 

COOH 	 COON 

OC Keibilturari4 Acid. 	 Oicatostscciniz Acid. 
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It vas assamed that ormlosucoinic acid was 'pa:educed by ensymie 

dehydrogenation.  and this spontaneously lost . carbon:dioxide to 

farm at.ketogluteric acid. 

Adler id, al« (1939) sheaved that .the ensyme. system • 

required triphosphopyridiu. nucleotide (TM owl. Una"  for  its 

activity. In 1910 "Coke, and iffeiss.Tabori„ working with acetone 

ponder of pig heart, showed' that the seeond stage of the rotten 

was also emetic and reversible. It was net clear, if the sus 

enzyme rag ,responsible .for both reactions until.Moyle : end Dixon 

(1955, 1,956) showed that a single, protein .possesse,d 1,,c4h 

iggioitric dakfdregfelate and oralosuocinic decarboxylase 

activity; .?;hey`mod this protein the ,citrate 411113121e• 

Siebert. Carsiotia end Plark..(1957) were unable to ienlete free 

oraleamooinate during the dabydrogenatim set the „le citric acid 

end in view of this =WO that it only exists in an ansyne. 

bound form during the reaction and as such is not a true 
iatonmediate :6f. the Krebs 07ele. 

Distribution of xsossum. hutioamaig  

Igroitrio dehltrogenese is found Snail animal 
tissues and requires TEN for its action. In 1932 Anderson 

enjarcitrie dehydrogenase in plant tissue that 
required diphosphopyridins nucleotide (Ins) as ievhspies 
Portlier evidence bss been presented for the existence of a 
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DIN dependent enzyme (Horsham and Pricer, 19518 Plant and 

Sung, 1954). The two In-atria debydrogenases ere situated 

in different suboeUu3ar areas; the DEN specific enzyme is 

found in the mitochondria and the is specific is a soluble 

enzyme fOund in the cytoplasm (Dixon and Webb, 1958)* Small 

amounts of this latter amps are present in normal serum 

(Wolfson and Williams4shmani  1957). 

Methods for the Determinationo  loo-ciAgrip Delvdrosousse,ActivAlw. 

Wolfson, and Willitensdashmen (1957) Publiebed 
method, based on the increase in optical density at 340 

as TZ is reduced by the hydrogen produced arcing the enzyme 

reaction. Bowers (1959) savlitied this method by eliminating 

the serum blank, and mousing the sample size to 0,2 al,. *au 

cutting the volume of serum necessary ter a &domination by 

ono-fifth. He studied the hiatus which ireflumoi , curie 

dahydrogsnese activity and made certain aditaximents to improve 

tummy, We have used this method in our study of the onsysicb 

Ben and Baron (1960) introduced a method based on 

the calorimetric, determination of the phenylbydrasone of 

ex•ketoglutario acid formed during the enzyme reection. This 

method is similar in prineiple to that used far the 

transsainases (Reitman and Prenkeli  1957)* The authors 
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consider it more suitable for routine analysis than the spectra.-

photometric methods. site it San be applied to batches of 

specimens, and does not require an ultraviolet phatometer. 

Method used in this laboratorr. 
(Borers i 9591 

Principle. 

The overall enzyme reaction is 

ast.eitrate + TM —>cc-ketoglutsrate 	TRIM2  + CO2 

The substrate and COfflasyme are nixed with the Berta in a 
suitable buffer in a curette and tbe production of Tai82  

fonowed speetrophatcoetrieally at 340 nu. 

sum (0.2 al.) is added to 2,2 al. tris beta' (0.1 
pit 7.541 containing 161032  (Gm & and 0.5 ml. T (o.ocki m)). 

Tice sdditice of 0.1 al, be-citrate (0.1 g) starts the reaction 

and the solution is immediately transferred to a curette 'ef 

3 sa. capsoitcr. The increase i 'optical density is recorded 

at 340 amt. in a spectrophotometer, readinga being taken at 

1 - 3 min. intervals for at least 10 nin. The tanperaturo 
at which the reaction WOWS is recorded for conversion to 
activity at 25°  in the calculation 

Cl AP4Ilti4194,  
Bowers units Sr* in terms of millimicroneles TB% 
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s 

formed per ml of sexual per' hour at 250. We have eXpreSada 

crux. =sults in International traits per litre. i.e. moles 

Intli formed per minute. per 'litre at 250. To convex.* Bowers 

units to International Units it is necessary to divide by 60. 

mieromolar extinction of TM% at 340 aM. is 6.22 

fbr a 9 em. light path. If T. = total volume of reaction 

mixture; $, the volume of serum and Tf the tareperatara factor 

for cenvorsiou. to 23x  then 
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International 
Units per 1. taeolesiminil 

uaxkles/m3n./1, 

Rata.  
ikitimations of sOra of various Snare. concentrations 

tarsare carried out at temperatures ranging tram 18 28°  end 

a tomperatare ooeffloient (Q10) of 2.3 -was established 

this xlinge*  tor conversion to activity at 2? In the 

calculation. 



Normal Ranee. 

Our norinsl range ar 0.3 3.6 moles/min./1.o  with a 

mean of 2.0 and Z.D. of 0.86 for 20 healthy laboratory workers 

is .a little higher than Bowers's range of 40 . 160 units 

h.ich when recalculated represents 0«7 2.7 International. 

Units. 

The precision of the method is 0.2 pneles/iatn.4., 

calculated from duplicate determinations on 10 sera by means 

f the forimalaN where d is the difference betwen duplicates 
2n 

and n the number of pairs. 

IOD is instable at MOIR temperature Wolfson and 

wjytuma-Ashman. (1957) found that it would retain its activity 

for only five ?lours under these conditions*  but they found that 

it was stable fbr many days at ig°. Bedansky A 1, 1. (1960) 

report that the enzyme uses its activity after twenty-one 

days at .15°« Our ilnettngs 13o not support this. We have 

found the same activity in specimens after five months at 

59. 	Orr routine rocedurc for barsiting the specimens vast, 

therefore, separation as soon'as possible and then storage 

at .1? until the determination was carried out. 

We have investigated the serum IOD level in patients 

with various diseases and the results will be discussed in 

Part II of this thesis, 

119 



120 

j'her4.-14ebilkty,.of Ileart• and Liver ;ae-ciicric DehYdrviienast• 

The rise in the serum level of ,W-eitrio dehydrogenate 

(=t) has been well established in certain types 'of liver disease, 

but there is apparently no such rise following ilKyectardial 
infarct-1mo  it has been reported that slyooardium is rich iaa 

1CD activity (White, 195es Wolfson et ,a«, 108)6 Tboreor*, 
it might be expected that. the serum level of this sumo would 

rise along with lactic debydrogenase, the triune/Aimee* and 

aldolase following a myocardial infarction. U it is samosa 

that. increase in mut erne activity is related • to the re lesse 
of wows from damaged ,tissue 

Straudjord. Thema and White (1959) foua that pp 
is released into the oirsulatiOn from injured heart nasole 

after experimental myocardial infaxations in dogs. They have . 

"howl that it is released shortly after the ird'arcition and that 

the alma .ensyme level is only briefly raised. They have 

observed that there is else a rapid removal of the =oleo from 

the' circulation of the, dog after. injection of ip wavered from 

pig heart. It was found that the rate of cleans!** was 

unaltered. by tiepatectomy or nephreatomyr, 

We undertook a study of the stability et 101) of 

*awn ,heart and,Iivero We  prepared saliae extracts from 

post.aortem specimens of the' two tissues ate investigated' their 
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relative activities after exposure to room temperature (2f) 

and after 20 min, in a later bath at various temperatures. 

The results are shown in rig, 27. 

A. shows that the heart extract steadily lost its 

activity when left at 23°  823a. after 5 hs only 2G) of the 

original remained. The liver extract was stable far 2 hr; 

it did begin to deteriorate after this, but 58% of the 

original activity remained at the ena of 5 hr. 

B. shows the effect of exposing the two extracts 

to different temperatures tor 20 sin. The heart extract 

steadily deteriorated with the rise in tempere.ture, mud it was 

completely inactivated after 20 sin, at 550. The liver 

retained its activity up to 40°, after which it became 

denatured until it was somplately inactive after 20 min. 

at 55°. 

We then studied the effect of prolonged. incubation 

at 	an attempt to inactivate the heart extract and 

retain the activity of the liver, with a view to fractionating 

the serums enzyme. We prepared acetone powders by the method 

Siebert, Dubuc, Werner and Platt (1957), 024 was mains 
solutions of these powders and incubated then at 37 	0.2 al. 

saimples were witherinvn at intervals NA the UM activity was 

estinated. 
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The results are shown in Pig. 280  It een be' seen 

• that the heart extract was rapidly inst:tive.ted after eXposure 

to' the -  temperature and lean than fft of the original activity 

-VMS retained after 1 hr. incubation.. ' The liver wes stable for 

15- min. and then slowly beg= .to deteriorates  but 30) of :the 

original activity still remained after 4 hr. 

The experiments suggest that heart and liver ICI, 

are isoensymes$ they have.the ease type of activity but 

differ in their protein structures  , since they differ in their 

stability on exposure to heat. The estrum heat lability 

of heart 10/) could explain the absence of this enzyme in the 
SWUM after egrooardial infarction. 

W b 	f Gregory (1961) have shown that 
Diu debydrogenaSe (LIB) can be separated into five different 

protein fractions by starch gel eleetro'phorosis. They have 
!hem tact the fraction 'obis* is mainly pros'  event In liver is 

aostrOpird .by heat, so that the lack of soy significant 

ries of W iet liver sill damage could *leo be eatplalned on 

the grounds of h4at lability of this enzyme from the liver». 

12.3 
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PART II 

inntamonag 

Using the methods described in Part Is  the mons levels\ 

have been estimated in, the sera of patients vith a variety of 

diseases, in order to establish the clinical conditions under 

which increases in the saris mane activity occur. Partiagar 

attention has been paid to the specificity at each ewes for 

disease in certain organs, in order to decide on the range of 

tests which viii provide *axiom into 	about the patient 

with the minima rusher of ineuatigations. Having established 
the emu* patterns for disease in certain organs*  particularly 
liver and bone*  this inlbraation has bean used as a basis for 
investigating the sites of secondaries in breast cancer 
Atlanta. 



126 

8. 	Serum Alkaline Broschatese 2n IVieese. 

Robison's (1923) discovery of high alkaline phosphates* 

activity in bone reword the investigation of the ,effect of 

skeletal disease on the, level of the enzyme in semi, Kay (1929) 

and Roberts (1930) found a marked increase in the serum alkaline 

phosphatese level in patients with some types of bone disease. 

It became obvious Slier pork by freneeen and Maclean (1935) and 

Gutman*  Tyson and Outman (1936) that the 11102•041011 scour only in 

osteoblastic disuses such ss Pagetls disease*  rickets in children 

and 	temalacia in *data*  hyperparathyroidism and osteoplastic 

metastases 

Rebuts (1934, 1933), investigating the ISMS elkaline 

phesphatase aotiirlizr in other diseases*  found increased levels in 

patients with Jaundice due to obstruction of the estre-hepatic 

biliary tract. He ibund normal end only s] J* elevated values 

in all other types of Jaundice*  and be proposed the use of the 

determination at &circa alkaline phosphates* to distinguish 

obstructive Aron Other types of Jamaica. His results were 

reproduced by Armstrong, sing area Harris (1930 and by Bedansky 

and Jerre (1933) who obstructed the mom bile duct in the dog 

and observed a rise in the sera alkaline phosphatase *  which 

subsequently returrad to normal after removal of the obstruction. 

BOdanalgr and Jaffe (1933) found the distinction between the smut 

alkaline phosphates° in obstructive end other types of Jaundice 



less aloes at than Roberts had shown. Others supported these 

findings, but it was canoixtded from these early studies that the 
determination of serum elk/aline phosphatase affords & sensitive 

criterion of the integrity of the intro- and extrm.hepatic 

biliery excretory channels. 
1:1 Obstructive jaundice the serum alkaline phosphates, 

levels are usually ever 30 rtingmAristrong (K.A.) units. and in 

bepatecelluler Amato the se na levels ere usually lees than 

this. This erbitemry dividing line is useftlin practiees  but 

enomalies maw occur. Raised serum okiloiline phosphatese levels 

are seen in hepatic motastases0  even without jaundice or bone 

imvolvemento  but it normal level does not exam!. liver 

seccaderies. 

There are two theories concerning the cause of the 
elevation of SWUM alleCline phosphates* activity in diseases of 
the liver and bilis*.  tract. The retention theory proposed by 
Armstrong fl sc. (19314 and supported by Berbort (1935) *ad 

Outman stmil. (19W)) proposes that the serum ensiles originates 
in bane and is actively secreted into the bile; any increase 

in the serum' level is attributable to Antra- or extrawaspatie 

dbotructive retention of the wipe The *vides* for this 

theory is based on the known ecourrence of alkaline phosphates* 
in bones  the elevation  of the ,ensyme level in osteoblestio bone 

disease and its presence in the bile. This theory correlates 

so well with clinical experience that it has gained wide support. 
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The **mar or hoPatoreate,  theory propose& by 

Bedialliky 411301 J$ff (1933) sad Bedensk7 (1937) mammal that 
the ensyme was producad largely by the liver and that it leaked 

into the bloodstream from injured liver parenoh;ymal cells. 

Most observers have failed to find any proportionality between 

the extent of hepatocellular necrosis and the dew of rise 

in serum 	 phosphatase-  activity (Gutman, 1959). This 

school of thought now supports the ideas et Winkelman and 

Sehiffmann (1959), who suggest that the serum increment 

depends on two factors: the extent to which the functional 

state of liv:ar parenohlma is preserved and the degree of 

obstruction of the bilis*,  treat. Clinical end experimental 

observations also  support this theory, but until the routes 

end mechanisms of alkaline phosphatase transfer through the 

liver are clarified, it is impossible to say whist: is =erect* 

The kinetic properties of tissue alkaline 

phosphatases have been studied in an attempt to identify 

the source of the serum increment seen in 

byperphosphatasaessia. 
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The use or Michaelis Constants in the Investigation et 
the Sown Of Sonya 	Phesphatsset  

The preparation of partially purified specimens 

of alkaline phosphatase by starch gel electropharesie described 

in Thrt I was applied to ten pathological sera, The 

Michaelis constants of these enzyme solutione towards 

-napht1 yl phosphate were determined, end the results 

compared with the constants for individual tissues 

(see Table 1, page 45), in an attempt to characterise 

the serum increment, Results of these investigations 

and other data are shown in Table 3 

For the PuraPese of this discussion, we have, 

in general, ignored any contribution from )deney alkaline 

phosphatase, since Schlamowitz and Bodensky (1959), using 

isitunocheatical techniques have shown that its effect is 

1 29 



ato 4,1M Alka  
tsso pycle 

units) 
Ot,ier data. 

	

200 	0.067 	etaetatic Ca, 'of:  

	

310 	 0.061 pancreas 	Jaundice 

	

97 	 0.071 MWary cirrhosis 	IV!) raised 

	

120 	0.074 Metastatic 0a. of 	G'tt"T  " 
etaitich , 

0.080 'armada. 
'' Congestive cardiac 

failure 

ICP raised 
5.4 soma 
GRT raised. 

J'aundioe 
ICD 
raised 

5.4t !timid 

TAB= 5. Mpthae .  Ciertants and 91140,1 Wails of 
linerrobounitiatspctzlis. 

130  

M.Cr. 

53 

57 
0.11  hottis asses* 
0,11 	Ca. of breast with 

tone seeondaries 
lOP and 5-11 
normal. No 
liver secon-
daries at 
post-norten. 

0,094Ca. of paivareas 	.74D normal 
with obstruction 	5-1 raised 
of oompon bile. &ct ,turbiditk tests 

carnal. 

A.C. 

X013 = 1 citric dehydrogenase 
5-N al 5-nuslootidase 

GP-T =e &Aglaia pyravic traneasdnase 
Ca. le carcinoma 

0.083 Metastatic ea. of 
pancreas 

Jaundioe 
3:01) and 5-1 
raised. 
Turbidity tests 
anal. 
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For pathological sera a value of. 0.11.  1. would be ampeoted fray 

speoimmuo in which the' phosphatase is meanly of bone origins  with 

lower values for those with contributions from other sources, 

Values below 0.09 	the E. fbr intestinal *Jos-Ohl:as*, indicate 

the presence of liver phonphatese whose fin. is 0.067 nap ire hays 

divided the results into three groups/ A, those with 	values 

resembling bone) b, those which, resemble the liver es asyme; and 

0, those lying between these two extremes. 

Croup A, the ICm. of 0.11 far the serum ensue of the first 

patient, 140., is in agreement with the diagnosis of Paget is disease!  

and the aseunotian that in this oondition the serer alkaline phesjhatase 

is of bone origin. 	he second patient, V..G., died from metastatic; 

carcinoma. of the breast, and at post-mortem was sheen to have 

extensive bone secondaries while her liver was perfectly nor L& 

A Dios. of 0•11 sill. for the partiatt.y swilled sezw enzyme might, 

therelbre be expeotea from this patient. The third patient, AA., 

was a case of earCilICOMI of the head of the pancreas). At the time 

of determinations  manual jdui.eitric delVrogenase (XCD) and 

tuxbidity tests deemnstrated an undamaged livers while the wed 

5.n2aleotidase ($.11) indicated that there was obstruction of the 

bile duct (see section on 5-N ana. 10), The Rm. of 0,094 suggested 

that the raised serum phosphatese had resulted from a failure to 

excrete the normal bone enzyme, with perhaps some contribution free 

intestinal phosphatese which would socewit for the constant being a . 

little below the bone value• 



The second. soup of patients all have rm.'s. which indicate 

liver as the source of serum eausyme, The jaundice, elevated 

pyruvio transaminase and /OD levels suggest liver cell 

damage, which resulted in the release of alkaline phosphates* 

into the bloodstream. 

In the third group of patients, it appears from the Km. • 

values that the serum enzyme is of ,mixed orient  there toeing 

some contribution from the liver, as mil* be expected from. the 

raised. /01D levels indicating liver *ell damage. The first , 

patient, ILL, in this group 	faltering from ooNleetive 

cardiac failure with secondary liver damage, as indicated by 

the.raised trausaminase and /OD. The normal 5.-N end lack of 

jaundice show that there was no obstruction of the bile duct, 

so the nermal excretory pathway w*z open and the total Seri= 

increment only just outside the normal range. • Since the Es. 

value is 0.080 it., midway between , ths constants fbr liver end 

bone, the liver component mast be relatively swell. 	BM* 
was a case of lympbosarcona with bone and liver secondaries, 

the contributions from both scan ea resulted in a constant midway 

between ,the two. The last case in this group is a second 

inveatiEletica at A.0. This specimen was taken a month after ,  

the first. one, during which 'time the patient had bad an 

operation. The bone easymc had been released, as shown by the 
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&NW frbm 96 to 56 IC.A, units for.  the ' total Senim alkaline phosphates.. 

The nor raised ICS and abnormal.  turbidity ;tests indicate-a spread of  
the disease to the liveri .  this is reflected In the.  drop in Mai. from 

0.094. ri4.: to 0.083 mt.*, tsuited presumably by4 Hepatic tentribitiOni 

' These ten exmmplee dethonstrate the possibilities of applAng 

sensitive techniques to the investigation of the souroe of raised 

serum entime levels.. The teceasity for carrying out some fOrM of 

pnrification of the exisilie is ahowwn. by tbe success of this method., 

as cenwred, with the failure of the method. using serum and 

glucose-14phosphate, as described in Part I. 



9. 	kt9ri 	ititeehldeVie iikPiMPalfs 

its 	is a small mount of acid phosphatase present 

in normal 'simulating blood, and in diseases involving certain 

organs there is a characteristic rise in serum level of this 

femme. The best lawn eonditica is °sneer er the prostate. 

Gutman. Sproul end Outman 0930 were the first people to 

demonstrate the olinical importance of acid phosphates., *en 
thssy discOvered that bones whioti were the alto of metastases for 

proirtatio oaroinomm had acid phosphates. activity up to one 

wed times that found in normal bone. in 1938, the auto= 

reported increased acid phosphates. setivity in the serums of nen 

with metastases in bone from prostatio cancer. The determination 

of this ins WAWA, in serum was promptly adopted se a aid in 

diagnosing cancer of the prostate and in following the patient's 

progress during the °curse of therapy. Woodard and Dean (1947) 

assessed the information preivided by this test, and it was olear 

that, when treatment was successful sn 	high level fell 
to near normal within three or four days after surgical castration 

or within two to three weeks after the institution of oestroon 
therapy. During a remission the low levels were maintained and 

sometimes. but not always, rose again with relapse. Patients 
whose anti R acid phony/Mese level did not deems* failed to 
respond to treatment. 



es well as the contribution to normal soma acid 

phosphatese from the prostate, it is likely that erythrocytes, 

spleen s liver are sources of sone of the serum enieme.(Wooaarai 

959), Zucker and Bort*lli (1958, 1959) have shown that blood 

platelets liberate acid phospbatase during °lotting and this mat 

also contribute to the total activity estimated! in serum. 

There is a rise in serum acid phosphatese in 

esteoblestic bens diseases, such as Pagetss disease and 

4perparatIvroidism (Sullivan, artmen sal Outten, 1942 and 

Woodard, 1956). Blented acid phosphates. /evels are frequently 

associated with bone metastases, and Zing and Jegatheesen (1959) 

found a? me *cid phesohoitese levels in wOreen with cower of 

the f east w th bons and liver stoondaries. Farber (1952) 

reverted increased meld phosphates. activity is the spleen at 

ar small girl with Osucharis disease, while Croaker Obi 

?AMU* (1960) have found that it is a characteristio of the 

cells found in Gauoheris disease« They found that 

s with the atomise show a mild to sederate Snores*e in 

swam aailt phespbArtatie. 

We have used the method of Xing and 

ec'br ,the deteminatign of prostatio acid phosphatese 

to find it a sensitive test ibr the axiom 

of the prostate. 
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Servos 541keleotsidase in Diseasse 10* 
Following Beists (1950) observations on the wide 

distribution of 5-ancleotidase tbreashout boon tissues, Dim 

and Rirdon (1950 investigated the activity of the mom in 

serum OM compared it with alkaline phosphatase activity in a 

number of dismiss. They were able to show that a high 

alkaline phosphates* level in liver disease was umzell‘y 

*accompanied by a 5-nucleotidase value increased as such as 

cabs lsondred.foldk  whereas that from bone disease vas net. 

They, therefore" assamod that bone was not a likely source of 

11101VA 54maleetidase* 

Thum (1956 95/ k  1950 oonfirmed Dixon and rUzdonts 

findinp that 5.coreleetidase was not raised in bone disease, and 

1m) extended the study of 'die sumoin varioue typos of liver 

disease* lie found that in obstructive jaimodie the levels of 
alkaline phespbatase end 54nIclestilsato parMeled each ether, 

but after relief of the dartruotion the 5rnmaeleetidase fell more 

rapidly than the level of the alkaline phosphates** le also found 

that the overall distribution of values In patients with 

hepatobiliary disease was fairly 1014 UV  fox booth amass* In 
cases off' hepatonallular jaundice there was net a large increase 

is UZI= ,Normaleotidases nest patients showed elevations of less 

than three times the upper Ludt of name* Infiltrative lesions 

of the liver ware round to cause a rise in sera 5.nueleotidase 



while 	lesions in ben did. not affect the series leireli 

cOntifigi to the resulti 'obtained with alkaline: phosphates*. 

Prom hiii restate; 'Toing coneluded thit ,the.liVer is 

the most 	 source of the inCrease in serum 5,mniteatidoule 

levels found in heptitobil.tarY disease) and songidered the 

istinatien of this entree to be et least as genitive al ,  

phonthatasei in detecting binary tract obstructiOn. 

_541kkeleotidase in likepreojet Otnee;r Pitientg. 
The level of 9-necleotideule was studied in the sera 

of, seventr,five patients)  all et whom hod a raised serum alkaline 

**WWII**,  Takil% the results of those dettmeinations)  

together with other biochemical and elinioal , findings)  it hag been 

found that the seem 9-sesolootidase level is roiled only in liver 

disease)  whereas ,alirit) hie phosphatese ma be raised in bone and 
liver disease.These results are in agree:men with the findings 

of Dixon and Birdom (1950 and .Your (1959). 

Fig. 29 shows the ratio of alkaline phosphates* in 
LA units to 9-cncleatidase 9a;moleakirain./1. in these patients«  
It can be seen that in liver disease the majority ef the ratios 

hill between 0.5 and 2, with only a few values outside those limits. 
These exceptions may be explained by the fact that the level Sr both 

canyons has talo  with treatment from initial high values)  'bet the 
level of 54geoleotidase falls more rapidly than alkaline phosphates*. 
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An example of this is a patient who was suffering frau obstructive 

jaundice, with inttisx. valtws of 96 and 83 for alkaline phosphates. 

and 5.nuolsotidase respeat.ive&v, giving a ratio of 1'. Several days 

after relief of the obstruction, these serum enzymes were again 

deteeedned sad the elbs14ne phosphatase level was 58 while the.  

5-nueleotidase had fallen to 22 units, thus giving s ratso of .3 : 1. 

But, as oan be seen fraa the figure, the ex:osaions when the, ratio 

is above 2 in oases of liver disease are rake. nowever, the reverse 

is trie for bone disease, sad ratios ranging frost 2 to 26 have been 
found daring this study 

We hes* net round ihrAT easel 	raised. *arum ailkatina 

phorphatase leiels resulting it tone disease are aocoopardArd 

$01a:Olsotidase Wass, alikiWough there have bee:i One or 'two 

+ices where the Sanuoliotideee has boon arreisia in the presence 

a rain ad 	s pbesplatimie ma.  bioehosioal evidence of liver 

dieeise. Mat. was a case at druipoindtaaed 4eundiee with liver 

damage,' eith raised serum Usiniaisinase levels lad tial.ottrie 

dehydrogenase *Cues three times the upper 	'of aerial. The 

alkaline phoohatase was just outside the Aerial range (15 units) 

but the 5.rewleettlase varied between 3 and 6 Waits th tut the 

ten *WO aerial atudr, giving ratios ranging tron3A to 5. 

Of the oasts: of liVer disease studied, ex tidied to 111hOr 
5i-lito1eotidaea lam, Mit* inoinded a *sae of 'jevadiee 

with mitre l inaompetezioe, a 'ease of hypertension with Uteri. sclera., 



a 'N' &r with jimaldice who was thirty-two 	pre nt, end a cue 
of rearming hepatitis* 

S'ig* 30 shows serial studies on the .5..nuoleetidea. 

and alkaline phosphatese levels in tbree patients, 

A was a ease of obstrut!stiv. jaundice caused kr 

eareinase of the ,hasd of pargereas. It Oen be seen that the 
pre operative levels of the two ensymes row closely together* 

but that after the operation the 504aioleetidese level fell more 

rapidly than the Alkaline phosphatsse* B was suffering from 

obstruction of the bowel tailoring an appondsotamy* This 

patient again showed the too maples psrallating each other 

although the rise in 5.anoleoti&ose was not ss great as the 
increase in serum alkaline phosphates.* 0 is a oase of 

osteoporosis and demonstrates the norm? sue. 5/kuucleotiease 
levels in the present* of a raised /Alkaline phesphatese 
orating in bone* 
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TABLE 46 paw ot Valipos for 541uclectidase pad amine 
nighstat.,Uagemitti tes. 

,' lie leotl ses 	Alkaline Phosphates.  

LAMM ant.(K.A ts) 	
Norse  

.ttni 

2- 13 	9 

3M 95 47 
Infeetious 

hepatitis 

`Y and 
netutatio 
hepatic 
careineas 

bilxy 
cirrhosis 

Extra hepatic 
biliar7 tract 
obstruction 

10 a 45 

10 ► 90 	49 

3 120 65  

12 - 

14 - 160 70 	8 

19 - 28 78 	8.5 

3 

30 230 	96 	12 	30 •31 	104 	12 

The range of values found for 5‘unaleatidase in difterant 

disease states is shown in Table 4• It can be seen that the values 

for var4Dus types of liver disease are s4rollikr to those for &Wine 

phesiphatase also thosn in the Utilee ss7Sghti r higher levele being found 

fir the latter novae*  while in bone disease the phosplatese is usually 

Hush greeter (Pig. 31). 
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Iso.Citric Dehydrostenase in Dimes, 

The discovery by Wolfsda and Ellis  sham (1957) 

of jest-oitrio dehydrogemase (MD) activity in serum and erythrocytes 

at his and rats prompted the study of, this enzyme in disease. 

Wolfson, Spencer, 8terkel and Williams-Ashaan 0958) studiisd the 
serum lCD activity in two lamared and fifty patients,. They fined 
that Om ammo laurels acidosis fell outside the normal range*  unless 

hepatic disease was present, Increases of up to forty tines normal 

were seen in patients with hepatitis, and in patients with hepatitis 

complicating ,tztfectiows mononucleosis. In portal cirrhosis the 

sertim IOD was usually within the normal raw end was never 

elevated more thou three times the normal mean, eviim in holiatie 

mai 	They never fauna IOD values outside the normal range in 

extrai.hopatic dbstrootion, of the common bile ,1!‘icti Zn *bent 

541 or the patients studied with liver metastases from malignant 

disease, the serum VW activities ,vere greater than the upper limit 

of normal, A wide variety of malignant tumours did not cause 

elevatices of serum IOD„ but if it .is raised they coniider that 
lavolvesamt of the liver is indicated. 

These 'workers obserVwd normal values i subjects with 
a vide variety of infectious* peinonaiyi  gastrointestinal, 
cardiovascular*  urological and neoplastic diseases. The 

specificity of this enzyme for diseases involving the liver has 

been itirther demonstrated by White (1958), Baron and 8.12 (1959) 



and Xexppola. Midtita and Pitkanen (1959). 
We have investigated 112.oitrio dehydmenase leVelS 

in liver disease and have included it in the study of saSe of our 
cancer patients to see if it adds anything to the inficornation 
provided by phosphoglueose iscrasraae, 5.4ssiteotidase and 
alkaline phosphates* about the integrity of the liver. 

24°14411222bititanaLARAMWMIAMS;Attega.  

Sena Iati4 !i42110.61hrarigerati. 4410 leVels were 
studied in fifty patients the najOrity ofvice wire Buttering 

from liver disease. We oontirned the figs of 'Matson AM. 

(1550 that the level of the anima did net hal outside the 

noThial range. except in the presence or, liver disease, and then 
only when there was liver Cell damage, such as occurs in.  
hepatitis. The range of Xfili levels in Tullius dilease 
States it shown in Table 5 and lig. 32.  
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TAME 5. Rapp r94 10D Vspits in, Liveic 	 apse. 

d.ar;asq. Begat. 
(units inscleshsindl.) 

,No. oases. 

Noi,mgti range 0.5 - 
Obstructive 

jaundice 15'3.5 
DiMary 

cirrhosis 1 .5 . 1 2 

Hepatic 
carcinoma 2 	- 13 8 

Infections 
hepatitis 1 	sio 60 10 

Toxic hepatitis # 	10 5 

Net one of our seven patients with catramhapatio 

obstructive jaundioes  uncomplicated by malignancy. had 10D levels 

outside the normal range, a rimithgehich apses With Wolfson 
11,l. (1958) and Itsrppola, Nikkita and Pitlaknen (1959). 

All but one of our seven (yeses of primary or 

testatrix, hepatic careinoma had abnormal 10D levels. 	This is 

higher than the NY% reported by Wolfson A. (1958), but the 
caster of oases studied is small. We have eonaluded that a 

raised serum DID in a patient with cancer indicates liver 

involvement, but a nornal level does not Oteplettly exclude this. 

Values from eithin the normal range to tires times 

the upper limit of normal have been found in seven oases of 
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oirrhoeis‘  The degree of elevation depends cet the acuteness of 

the diseale, normal levels being found in slonly4rogressing 

cirrhosis and higher values asetirring in acute phlooli4 High 

levels of the enzyme are -found in hepatitis, but they soon fall 

after the peak Of if:Sterne end reach the normal rang" some beats: 

before :the frame Prom thesis resats we havi oonaludesi 

that .a raised serum IC is indicative of severe liver eell'damagei 

Normal levels occur in psis, hepatitis and cancer .depending 

on the phase of the disease so it is not pesisiblii to user ICI) to 

distinguish 0010' hoe' another 

In general, we love: pule that IOD adds 'little to the 

infuriation provided by the tames:Ulla, piu.tioular17 Outside 

pyravio tonsaminase (0144). The results of simultaneone, 

detaridnation of these two enspiis in patients with livir disease 

are plotted  against  Cach other 141118, 93. It can be seen that, 
mccept floor 'a snail number of easel, the two snipe levels ere 

either both normal or bath raised. The exceptions are patients 
in the recovery phase inwhi4th the 	has fallen to within the 
normal range before the ilPrT• 

Strenjord, Thomas and White (1999) studied the rate 
of alearemoe et ansynes from the oiroulation after injection of 
purified staples; they found' that Ifs' disappears me* quickly* . 

than the transaminaseso Soe  although ell tiros moos are 

raised in en wits *sae of liter disease, it might be *spouted 
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that the level o' lCD wotad tall rapidly with improvement In the 

patientss oondition and reach the normal range before recovery 

is complete. In no case of acute liver,  disease aid we 

encounter a raised IOD with normal ONT. 

SirAal §.V1PAgs at   
Daring serial studies on patients.  with acute liver 

disease, flato tuations in /CD levels ere very similar to 

alteraticeis in GAP. This is well illustrated in Fig. Yak. 

The patient was a baby who ims born with intro-hepatic obstructive 

jaundioe with liver cell &mum ever the stinety.five day study 

the levels Of the two enzymes away paralleled each other. 

On the twentieth day of Study a laperotoser was performadj 

there was no marked attest* and the baby improved after the 

operation. This is reflected by the, fall in !CD and GM 

No* 	(1961) in , a study of serum:  eniyaea itt 

totemic conditions suggests the use of :Pp as a supplenentary 

test to alkaline phomphataae and the trensaminases for the 
thognosie of liver disease. He has lama that it gives adited 

information in ovoidal cases of liver damage, end weagree with 
• have iteand it useful in cases of secondery liver.  

diCitgia, Particularly when it follows a myocardial infkarctions 
ea raised X= will coefirm liver damege end hap to explain the 
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rise in OLT which also occurs. 

Serial studies on two such glacial oases are shorn in 

lig. 	B was a case of carbon monoxide poisoning which caused 

muscle necrosis folloved, by damage to the liver. Initially the 

transaminases were raised and the 3=1) within the normal range. 

The level of glutamic o3.oaaetio trauseminess (00-1) 

steadily Swing the eleven dvs of stu4y, bit there was a 

secondary rise in GP.' on the fourth day, accompanied by a sharp 

rise in VD, indicating liver damage. Sy the eleventh day, both 

GO-T and D levels were normal. while the OM' was still slightly 

raised. 

was a pstient who had marfasied a small cordial, 

infarction. never al days 'before the first elownie detentinations 

were made. At post-oortem the liver wee ibund to be fatty with 

congestive changes, which would account for the grossi,y elevated 

enema levels shown in the figure. 

Stam 5.mualsotidasse levels were estimated in the fifty 

patients studied; the levels of the two *maw are plotted against 

each' other in rig. 35. It. can ba seen from the figure that im 

obstructive jaundice and hepatitis the two ensymes complement each 

other o large elevations 5-nucleotidese wowring in the first 

case in conjunetion with normal IOD levels, mod in the second case 

high 2CD activities at* accompanied by slightly raised 5-nueleotidase 
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There were five eases of liver damage with raised 

transaminsaes and TOD, but with normal 5.encleotidase. AU 

tut one of the patients with carcinoma of the liver had abnormal 

levels of both ensymes, indicating liver cell damage and either 

a leakage of 5-nuoleotidase from the cells or impaired 

excretory ittnotion• 

In cirrhosis norxal levels of both amass occurs's& 

in the inactive phase of tb.* disease, wsd all except one patient 

in active phase had raised values far both mss. The 

exception had raised 5imeleetislase and normal. ICI). 

variety of diseases had norma3. levels far both 

enzymes; they included multiple *Telma, polyarteritia, bone 

mataiegtses, trxosm. n.ephritis, osteoelastosa end mrslabsorption, 

syndrome. Mese results indicate that the estimation of 101) 

in conjunction with 5-nuoleotillase can be used to advantage .in 
the diagnosis of several types of liver disease. particularly 

hepatitis and obstructive jaundioe. 
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12. 	Sarum Brave Studies...its wtt)  
	Cl131001° of Vie _Breast, 

Introduction. 
Some breast cancers depend upon a supply of sex hormones 

for their oontinued growth; in these oases roma of the source of 

these eridoorine secretions may result in clinical improvement. The 

patient is usually treated initially by oophoreotowet or adrenaleotomy, 

end clinical improvement following this therapy demonstrates the 

hormone-dependent nature of the cancer. In these oases, if the 

patient's conditiori should later deteriorate, ablation of the 

pituitary mey be performed with some confidence that the treatment 

will be encases:fa. 

It is sovietises difficult to assess the effect of 

endocrine ablation on the progress of breast cower, and any 

addition to the usual parameters is valuable. We have followed 

the serum levels of several enzymes during treatment by ablation 

of the pituitary by the implantation of seeds of radio active 

yttrium by the method of Fraser al 220, 0959), in order to 
investigate their Tame as an additional index of clinical status 

and as en indication of the presence and position of metastases. 

The sem levels of six enzymes have been studied in these patients 

in the hope that several enzymes in parallel would provide a 

clearer picture than isolated investigations Of individual enzymes. 



Phosphoglucese isomerass has been used as an indication 

of the rfresence of metastases, Sedan*" (19504 showed that there 

is considerable association between rises in the serum level of this 
enicime and the gt•owth 'of metastatic tummy in bone, l voar snAl spleens 

Other workers have 'Shown that it is raised in mocardial infarction 

(Bing, Castellanos ad 	1957), leukaemia (Xaracia 

Delory$  1956)$  hepatitis (Bruns  smd Jamb, 1954 Sing st jile$  1957; 

Ward, Krugelan$ 	iamb and Bedensky$ 1958)$  and various 

nolopithies (Sohapira a., 19.55)* 	These observations indicate 

that deetruOtion of any  phomhogluotase isemerasesrich tissue will 

result in a rise in the Serum en*via. activity. It is cat laic= 
whether theincresie iit'serum glycol/tic mss, which occurs in 

*moors  mass frau the WO tissue or the tower itself, sinoe 

'both ire riesh phOinhoglucose iscoseraia►  however, we haVe chosen 

this non-wipecific 'onion. to 1:orevids anindication of the presence 
of metastases. 

tase is Inomt to be in high concentration 
in bone 	hence a *deed Serum level in mincer of the breast 
indicates a spread .  of the diaease to either tee or ether of the sei 

' organs, or to' both' of the*. In these cases the is a variety of 
factors which could cause a rise in serum alkaline phosphatase. 

*testae's in bone may stimulate osteoblastio activity, in an 

attempt to repair the damage done by the invading cancer, or the 

cancer itself may be of an osteoblastic type, Alternatively, 



esteolytic seoondaries may break down normal bone and release 

alkaline phosphatese into the blood plasna• 
/Aver metastases eould cram am increase in.serun 

alkaline phosphatase, either from the release of =gm ,from 

damaged liirer cell a' or by effecting a failure in the nozmal 

excretory meelmnima for the 0112y120. • This latter msy result 

from intro. er extro.hepatio obstruction, or treat a function4 

failure of the diseased *cells. 
It can be emu, therefore, that determination or • 

alkaline phesphatase bar itself does not prOilde information sof 

great speuiticity. We think that its Value can be greatly . 

increased by simulteneous detelvdme.tions of total' itei4 • 
phosphates. and 5.nueleonAkumo, 

Total sold phosphatese 	shown to be' raised 
in oeteoolastia bone disease (Woodard, 959), and Euratom' (1959) 
has demonstrated histoohemicany a high acid phaaphstass activity 
associated with ost000lasts• We have, therefore, used this 
dilAy1110 .I4 (mailman= with alkaline phovhitese as en index of 
bate metastases, sad hare investigated the correlation between 

osteolytic secondaries end elevations in the serum leVel of acid 
phosphatasee We have misused that a missed acid andier alkaline 
phosphatouse with normal 5enuelsottdaut• is 4sisd'Inative of bone 
metastases, The liver is else a rich source ef acid phosphates* 

and a oostalbUtiost to the total serum activity frca this organ 
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cannot be completely ignored, although there axe few reports of 

raised acid phosphatese in liver disease. 

54fittaleotidase has been taken together with alkaline 

phosphateee as an indiOation ef secondaries in the liver. The 

reports by Dixon and lkirdoni (195+4 end Young (1958) ism. that the 

observed elevxitions of this soyae in liver disease are caused by 

release of 50fflualecitidase from liver °ells. Reis (1950) has 

ohm that the ensyne is widely dished throughout the human 

body' end 	undoubtedly. same 5.4uolootidase is reiSuied 

frost the liver cells*  it seems to us more likely that the 

elevations are caused by a failure to excrete the ensyne. We 

have found high conostiration of the anon in fluid from a 

binary fistula and: our Obseriatione or mades*te increases in 

serum 5.taittleatidium in hepatitis and of gross elevations of the 

ensyme #tt f  ObStrUatilre jitillaiOds a pattern ent4 tar  to that shown 

bar a3lcalirce pholphatase in those different liver diseases, suggest 

to us that the two enzymes shire the Sane excretory pathway, In 

oupport of this, Washatelxi (1959) has shoves histeehmsios13,7 that 

the cionientrations of both 5-enolecriidase end elkiline phosphates. 

are high in the bile ducts and bile oanaliouli. and low in liver 

parenchymal cells It seisms likely. therefore*  that the increase 

in 5-suoleotidase in liver disease reflects either a meohauical or 

a ftwistional failure in the excretory mechanise In the liver, and 

oan be used as an indication ar hepatic) seteateses. 
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We have taken a normal 54nucleotidese with increased 

levels of Seid. and/er alkaline phosphates* as en indication of 

metastases in bane, ,and a 'milked alkaline Phoiphstase with. a 
raised . 5-nucleotide** as a • sign of liver involvenest. Xf the 
levels of all the 'enzymes are above their upper limits of 

nornal, we think, it is likely that both. bone end liver 

**modelle. are present. , 
We have investigated the level of jig-atria • 

debydrogenase in these patients, to assess its Ville as an 

indication of liver secondaries, following the claims  by 

Wolfson , ,ate' , (1958) of its specificity as an it cation of 

liver diaease 
Serum alAulase limas were investigated in the 

early part of this study, :but its determination was 

discontinued when it beanie apparent that the results added 

nothing to the information provided by phosphogluces. 
isomers**. 

By the deteradnation of these molested enzymes 

we hope to be able to distinguish bone, liver and soft tissue 
metastases to cancer of the breast, in the presence of each 
other. 

Wring this study there has been close co-operation. 

with Dr. G,F. Joplin, Registrar to Professor Russell Fraser, and 

the clinician in charge of the patients. Be has aside an 



independent assessment of clinical progress by the aleasuremert 

of visible masses* radiolocro  studies of calcium metabolism and 

haematology. kits clinical findings have toren composed pith our 

assessment based on IxEr assumptions about the signifieance 

the serum envie determinations 

glaskajzimeggisplitt magt. 

Eighteen patients will be discussed here. The group 

is ccmpriced of all those on 'whom we made a detailed prefttreatment 

stalky and have sufficient clinical data to assess the response.' 

We have exoluded some of the patients at the beginning send end-

of the iso..year study period, baimase of insufficient data to 

present a complete picture. 

Si* patients helm been divided calnical4 into six 

groups on a basis of objective cancer response to treatment. 

These arc sham in Table s. 
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sneer arrest 

improvement Jaime lesions 
deterioration in ethers. fl'verall 
picture r& *bangle. 

Zeprovement insane lesions, 
appear anoe of new ones. 
Overall picture . deterioration.. 

All lesions advanced. 

Mixed Responders. 

Non-resPeadVora 

TABLE 6. Ognpal OlaeaVioatiomorRopponse 
to Treatment. 

Responders 

Cancer resconno. 

S.  A Clear improvement. No new lesions. 

cuipx.iwravement in some lesions, 
'but now ones appearing. Overall 
piabare reaisalon. 
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Table 7 shows the groups into ithich the eighteen 

patients have been aaseifiedowith the position of metastases 

as assessed olinically• Seven patient a were classed as 
respaoders, six In group A and one in group 8; six were 

classed as nixed responders in group 1), and five patients failed 

to respond and so more classed as geboup F. 
Bach patient is diecussed indivillmlly in the 

appeu]ix. Aro the calmalation of prootreatment average 

enzyme levels, the values found in the week immediately 

following the pituitary implant have been incleited with those 

determined before the operation. The condition of the 

patients has been assessed revel a &Anima point Of view 

into periods of ramiesica see relapse or failure to responds, 

and averege ansyme levels far eaoh clotical state ealeulated. 

In Figs. 37 azie 38 the Ember of detesminations 

which have been used to calculate the average emus levels 

in each clinical state are shorn in brackets, 



TABLE 7. gassitAlaticq oriatiente 9rk0/inifia:1 Appessinent• 

seks 	Patient 	goal 	poott14a of Seeondari losiamp 
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1 F.B. A 

2 LE, A 

3 LA. A 

4 P.P. A 

5 BA' A 

6 C.W. A 

7 E.T. B 
8 I.G. D 

9 R.C. D 

10 L.L. V 
11 1,8, D 

12 2.3. D 
13 D.8. D 

14 D.C. F 
15 L.G. F 

16 it1.0, P 
i7 TA. F 

18 E.W. F 

kytio + blastic + other 

lytio + blastia 4. other 
3ytio + other 

34rtio + other + liver 

lytio + other 

lytio + blestio + liver 

aitte 
lytio + other 
lytio + other 

b]astic + liver 
liver + other 
bleat**, + other 
lytio + other 

liver + other 
other 

17tio 4- WA/14U + other 
other 

lytio + other 



Ser9m ammo lovelejs allude; of Clinical Status: 

The average levels of phosphogluoose isms:rase, 

5-uticlecotidase and acid and alkaline phosphates* for these 

eighteen patients in three different elinieal statesi 
praitreatant, remission end relapse or failure to respond 

are sheen in Plit* 36. Tbo exercise levels for phosphogluesse 
isceerase and acid phosphstase on the individual patients *IV 

shoat ill Pigs: 37 and 36: 
It can be SOPA free 73,go 36 that the levels or 

phosphoglucose isonerase fell with aline 3 improvement and 

rise to above the pratreateent 3rn'e3a with relapse cr 

failure to respond, 54valeotidase in these patients failed 
to show any change between pra.trestment and response levels. 

but it did rise above the upper limit of runnel with clinical 
deterioration, Avid and alkaline phosphate*, failed to show 
any significant 'alterations during any of the three 014nicei  
phases. 

the individual patients (Fig. 37), sin of the 
seven responders had initial pheaphoglueose iscimerase levels 

above the um, limit of normal, and in five of these there 
was a significant fall with calinieal incromment. Two 

patienta were fmllowild into relapse. and they both showed 

inereases above the preAreatnent level of this a pryae. The 
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three non-z*sponders 	showed a rise Tith aftanessient of the 

disease, end there vas little significant change in the level 

, et the mays* in the serum of the six nixed reepOnders. 

Table 7 shows that all the eighteen patients investigated had 
metastatic cancer and of these LE. and R.G. were the only 

patients an *ea we were unable to demonstrate the promo. 

of netestesee by raised levels of phosphoglucase isonerese. 

The alterations in sold phosphates° (Pig. 38) are lees 
significant. It appears that, of the four amass studied, 

phosphoglucose isonerese gives the best indication of the 

o 	ocodition of the patient. 

Serum Ac 14k4•41,  Iticap4tist 
We have fbuni that the 

Oentsse.  

study of sera 

 

levels of acid end alkaline phosphates* do's provide a good 
4witruttion of the presence and extent of bone secondaries in 

general, although we have rut found it possible to use the 

levels of serum phosphatases to distinguish osteolytic from 

erteoblastic secondaries. The levels of both enspas have 

been determined in the eighteen patients wider consideratian. 

Only four of them were free frost aeoondary deposits in the 

bone and three of these, A.S., T.M. and L.4., had naval levels 

of both pposphatases• Thar fourth, D.O., had hepatic 

metastases which caused an inorease in alkaline phosphates*. 

I 89 
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patient, but we have found that acid phosphates* does not provide 
as reliable an index of progress as does pbosphoglueose isomerase• 

An mange of serial studies of serum total maid phosphates* is 
shown in Fig, 39, In this patient, the treatment was suolvessitel 

and her response is indicated by a fall from slightly raised 
levels of acid phosphatase to valleys within the normal range 

during her period of remisolon• Her subsequent relapse was 
obvious biotausmically from a rise in all serum ensyme levels. 

including acid phosphates*, 

Atruiakhzgammapmeastagm, 

Our experienee with 5.enaleotidase and alkaline 

phesphatese in patients with bane and liver disease was repeated 

in the majority of breast cancer patients with bone end liver 

secondaries. Serum iso.citric dehydrogenase (10D) levels were 
used as additional biochemical evidence to support our tins. 

5-Tevoleotidase was determined in twelve out of the 
eighteen patients and in ten of these the sena MD ma also 

,studisti. Out of the twelve patients, seven had clinical 
evidenoe of liver seeanderiess in four patients, LP., it•R•, 
Gars  and. D.O•, the clinical evidence was supported by biochemical 
findings of abnormal levels of 5-nucleotidase• The level of 

was deteredned in the first three patients end this also was 

raised, These patients had all been in Grads A remission, and 
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the rime in the se= level of these two ampules occurred as 

their clinical condition began to deteriorate snd the disease 

spread into the liver. 

Of the remaining throe pat:tents with liver 

secondaries, when assessed from a airtime! lyietw point*  one 

of them, LL. $ had normal 3.eateleotidiu3e but elevated lCD 

levels. In IA. the disease only spread to the liver at the 

beginning of the terminal phase. The patient died at another 

hOspital and so we were not able to follow this deterioration 

biecheadoellys The level of lCD bad become slightly abnormal 

on the lost two occasions of our investigations, indleatiog 

that the disease was affecting the liver. but at this stage 

the 5smoleotidase had not beccese abnormeld• 

The investigation of 802111k 5.111tetleatialUie levels 

ivas only introduoed baltArsy through the study of patient A.11 

The first determination• showed a raised level of the r11$Vallt 

but this fall during remissice and felled to rise as she went 

into relapse. ICD wea determined on two ocoasions and normal 
levels were found both 'times* 

Of the five patients with no clinical evidence of 
liver involvemoto two (R;, G. and M.G.) had bone secondaries 

indicated by raised levels of acid end/as a3.kaline phosphates.. 

with levels of 5.muc1eotidase which remained within the normel 

range. 
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The three remeifling patients of this group of 

twelve all had rased levels of 5.nueleotidasa and 107) for 

acne part of the tine staring.milich biochemical investigations 
were carried out, intimating liver &Paw but this was not 

apparent *Van clinical *nervations. One patient, 148., 

quoit suddenly and no postmortem was carried out. The other 

I.E.t*o, 	said 1.T., are still in remission, so at this stage 

it is net possible to Mr whether the clinical or biochemical 

assessment is correct. However, size* both enzymes are raised, 

it is likely that these increases resulted from damage of some 

sort to the liver*  but whether. it is retlignent or not remains 

to be seen. 

Pig, 40 shwa serill studies of levels of alkaline 

phovhatase and 5.nueleotidase in two patients. A was patient 

No.16, 11.0., on whom the pituitary implantation treatment was 

unsuocasaful. She died nearly a month after adadmsion and at 

postsmortem was ibund to have secondary growths in her beets, 

adrenal IgLaUla and myooardiutt. Her liver we perfeotly °leer, 

as was indicated bioehemicall7 by her persistently normal 
5•ntioleotidasis. 

13 was patient No.6, OM.. who wes in TeMiSal.021 
when the first investigations shown here were carried out. 

Three mouths later her (audition bad begtm to deteriorate 

17A. 
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clinically sad this mat reflected by a rise in serum alkalini 

phosphates. said Satintleotidase. The levels of the two enzymes 

remained elevated until her death six mottles later. The 

abnormal 5-musleotidase indicated hepatic metastases which 

were shown to be present at postamortems.  

In the twO example* =der diseussion here, Case 41 

had normal level* of WD theory out her illness, and in Cass B 

the raised 5-nualeotidase was accompanied by raised 101), 

pzovitling further evidenoe of liver involvement in this 

patient*  

The spectrophotomei.c determination of 10D in 

the serum of cancer patients may not be possible because 

of the precipitation of cryoglobulins while the specimens 

are kept at -15°  awaiting investigation, Use of such a 

specimen onuses turbidity of the reaction mixture and, 

therefore, prevents the measurement of the increase in 

optical density as the coenzyme is reduced 

However, we made some determinations on fresh 

specimens and the pattern of elevations of this serum maple 

is si To 'air to that shown by 5‘zatcleotidsso*  
Pig, 41 shows the simultaneous determinetion of 

5..nuoleotidase and 1CD on breast cancer patient** This 

diasa shows that, in general, the two enzymes are either 

both normal or both raised*  However, there era exeeptionst 
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four determinations are shown on patient L.L. who had clinical 

evidence of liver secondaries. This was indioated biochemically 
by raised len, but the normal 54maoleotidase did net substantiate 
this. There are two determinations on X.13. when the dimwit* had 

started to infiltrate into the liver. This was indicated by an 
trams. in lCD, but the patient then moved to another hospital, 

so that vs were unsble to ft.%law the complete deterioration acrd 

did not observe a rlas in 5.4macleotidsse. The mired 

5.omacleotidase with nos e@ le'D was a determination on patient 

Ne.1, E.T., whose *llama, condition improved with trontaint. 

The improvement was reflected by a tau from moderately elevated 
values of the two 'nevem to values within the normal mgr. 

The levels of 10 fell more rapidly then did the level of 

5-nuolecrtidese, thus giving on one occasion abnormal values 

of cos eneymai but not the other. 

Alert from the two pa:ie±zto  

of liver secondaries width were indicated biochemically by 

trio &Owl:berms° but not by 5.nuolsotidase, the two 

swages appear to provide the ease information Tx view of 

this, we suggest the routine use of 5.catolsotidase as an index 

of liver artnstases in these petiolate, since it does not depend. 
on the optical clarity of the serum for a emocessful determination 

as does UM. In oases of disagreement between clinical sad 

biochemical findings, or to provide fUrther ocefismation, ICA 

may be a useful aitattiona. teat. 



Pspen A/dolma* 

aldoloso was The first giycolytie ees<se. to be 
studied by Warburg aid Christian in their *lassie experinonts 

in 1943 c tuneuribeering rat*. They soma that..he autous* 

ciatent of seeliguant tumour is very isv wben eon pared with 

mosele on the sate species, but they round that the serum 
content of the emus in rats with large *mows was greatly 

inoremed. 

Sibley and lohninger 09494 enefirse4 lhatficevee 

observations en increased SOMA &Idols.* levels in nits .and 

also observed increases of the some mow in patients with 

canoer end 	diseases, Sibley and 102.eisher (1950 and 
Bruns and Ails (19,4) reported greatly inoreseed activity in 

the salsa of patients with smut* hepatitis but normal values 
in portal cirebosis sod obstructive jaundice, Schapirs. 

Demos, Schools& and *Vibes (1951) Sound that 'snouts with 
progressive stuotalior dystrophy had increased serum eldelase 

aotivity, end 'bite (1956) has found inareoses in the easpie 
level in patient* with myocardial inforction and deunatosnyesitis• 
baker EA Conn (1953) reported inc aces in OMR Wass, in 
nest patients with advanced prostatie eereinces. It is clear 

theta increased serum aldelase levels indicate the, existent* of 
tissue dam*, but owing to its widespread distribution, its 

use in the diagnosis of cancer is limited. 
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SIM 14341)1,ase ?rbes# •Pknollu- 

Using the method of Sibley and lohningeir 00490. 

described in Bart 1, the ail blase antiVitr vas deteridneid 
ene.itunared end Sweaty' sera traa fifteen: vises of cancer of 
the breast, to assess its use es an index Of reopen,* to 
treatment by pituitary 'ablation. The results Were compared 
with levels of phosphoglueose inaserose determined on -the 
sans sPeoiskete., and the ilndings- on each enzyme were related 

to clinical observations., 
Significant: elevations were Ibund in only 1 of 

do so ,deterninations, ,ithimh agrees yen-with Sibley sad 

Lellflinger (194%), .,who teund railed - vanes in 2cfg' of the 

one lamdred: and four cames:vhioh. they studied. &rower.' 
ot.  the. phosphoglueose iiemereseicieterninationis were *bee* the 

upper lisdt nil, and these.  figures • shoved a better 

corxelation with the patients. conditicin then did the swum 

It vas observed by Slabbey ,a ' rehninger (1949b) 

cal removal of tumours from -bats caused a tall in 
lase, We were unable to demonstrate a wilet ler' tall 

in response to pituitary ablation in the fifteen patients 
studied. The MCA pres and fiat-ablation levels were 

detexedned tar booth *Moles° and pbesphoatwose trialtereile and 
onity * slight drop in aldolase activity traa 3.1 to 

2.5 omoles/mindl. was found. Neither value is outside the 
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nomad renge and the figures cannot be emmasidered to be 

significant. %Ile mean phosphoglucose isomerase values 

gave a nick better indication of the suceessitil response in 

these patients, falling from 270 to 180 Irsoles/aimedl• after 

the operation* 

Zfiring write studies on the levels of serum 

aldolase and phosphoglucose .isosserase on several patients it 

was observed that fluotuations in the level et ems enzyme 

were reflected by -the other/  but win it was found that 

alielase did not give as good an indication of the patient's 

clinical status as did phos,phegimose ieomeraoe1  On no 

Occasion did we find a raised serum Wales* level with a 

nortml phosphoglucose isomerese* Fig. 42 shows serial 

studies on three of these oases* in Al  the early ehnoxmel 

levels of the two eras fell following treatment by 

pituitary ablationk  but the olinical, response wee net as 

dramatic as might be expected from the fell in the serum 

aldolase levels. 	Unlike phospbeglucose iS01118341136s  the 

eldalese activity tailed to rise above the upper limit of 

normal when the oondition of the patient deteriorated* 

B is an example of fluctuations in the loran of both 

enmoses„ in which madame stayed within the roomed range 

while phosphOglucese isomerase levels were outside it. The 

successful response to treatment is refloated by both enzymes* 
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The laved of the two enzymes closely ,parallel oath other < In 

Case Co end, apart from one or two 'early determinations. 

abnormal activities of both 4ml:wales occurred in the serum. 

The mutilated increase in lictivity reflected the decline in 

the patient's condition. 

Since both mitoses are widely alstributed 

throagbout the 'body* any Increased glyoolytic activity by 

tumour tissue or breakdown of normal tissue by imeding 

cancer cells*  which results in the release of glycolytio 

enzymes into the scrams  will cause a. rise in the level of 

bath aldolase and phosphog7.ueose isomerase. 

We have to eluded tit; it is unseeessary to 

perform estimations of both enzymes ends, as eadolase is 

not as sensitive an index of the patient's condition as 

phesphegluoose isoaerase we have discontinued its 

estimation. 

0940104)n,  
Prom these results we conclude that the serial 

determination of the levels of acid end alkaline phosphataaes  

5.etualeetidese and phosphoglueose isomerese in serum can be 
used to advantage in the tiocheraleal investigation of the 

sites of metastases in women with cancer of the breast. By 
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the combined use of these four enzymes, it is possible to 

indicate the presence of leoions in bone, liver or soft 

tissues If these biochemical as,ta sre interpreted in 

the light of 	findizigs . they make a useful 

additional parazoeter in the assessment of the response to 

tresstment by the implantation into the pituitary of seeds 

of yttrium 90, 
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Dipaussicif 

X12,94stiA end tor* or 
*ratio sa,Portft 

The small amounts of ensynes 110MAT present in 

the circulating blood are provided by the physiological break. 

down of °ells*  and as this is a oontinuous promos there must, 

at the sane tine. be  a continuous inactivation end/or excretion 

process* It ibilows•  thereto*, that a rise in the level of 

*lam nasisee sill result frac either increased release of 

mune or decreased removal* It is the balance betwo‘ren these 

two processes which determines the aorta level of activity of 

each wipe: but little is really known about the neehaniss 

or.  the release of snow 	tissue or law they are moved 

from the aireulatione There aro various theories about the 

release of =rimes in cancer. *with experianatel evident* to 

support ,scab one. It is probable that the soma onsynes are 

released from several smiles.  
In 1943 Ilrexturg and Christian, reported that five 

of the ens vnes involved in gly001Yeill warn Prinent in the 
serum of rate and they found that the levels of two of these - 

aldolase and trios* isomersse were consistently raised in the 

serum of rats bearing large tumours* They consluded that the 

tumour itself vas not the sour°, of excess invites  but that the 

ens es siert be released frock ausale as the tumour acted as a 
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biologic parasite. 'With inprerted methods for auguring 

Waage activity, sibley and Lehninger (1949 a end b) found 

large amounts of eldolase in other nom). tissues, such as 

liver Ina kidney, and they suggested that these adght also 
be sources of scud *Masse. It soon became obvious that 

high amoontrations of glycolytio ansymes ware well distributed 
throughout the tissues of the body, and break-down of soy of 

these tissues wou3A result in a release of enzymes into the 

blood strew. 

Bodansky 9544 has sheen that the organs whioh 
are the shut sites of actasteses or. rich in phosphoglucese 

I.Bomerase =lit destruction of these tissues by the invading 

tam. could result in the Intilla50 of the ewe* into the 

eitysulatian• Sibler (1950 bec founi that the *Ideas. 
content of blood from a vein leaving a tumour was significantly 

higher than that of arterislblood dress at the sum, time. It 

is, therefore, possible for both the tumour and the hest tissue 

to be the source of the increased slosolytic enomes in sera. 

An increase of up to 17 times the normal level of 

phosphogluoose isomerese was demonstrated by Bolan*, (1958) 

in the serugt of animals given 6.methylpurine. This was 

associated with a decrease in the liver gentent of the won 

but there was no histological evidence of definite cell 

necrosis in the liver or skeletal enule, These findings 



could be explained either by alteration in the permeability of 

the cell wall or a change in the binding of the easy** within 
the cell and shoed be conaidered when investigating the 

origin of serum emus iaorements. 
Other workers suggest that the increase in the level 

o enoses in serum is a reflection or alterations in normal 

tissue in sites removed from the tumour or its host. 

White (1956) postulated tat the increase in semi 

enzymes reflects the brealoedoen of sausole tissue to mapplesient 

the patient's protein intake*  "Mott is usually insufficient to 

Support tumour growth* Re has found that serum envies changes 

seen An cancer are very singles to these found in masoliwiesting 

diseases. Rest of his patients bed creatiouria; en feeding a 

high protein diet in most cases there 'Inks a flat in the serum 

ammo levels end a rednotion in the amount of oreatirie in 

the =ism. 3iatab3.0 exceptions were the patients with liver 
metastases. This fall in serum enzyme level* vas net 

observed in patients with,muscular dyetrophy when fed on a 

sirivisiti diet. 

Nauss and Lippelman (i 956) believe that *Wu 
changes in serum represent a complete nowspecifie reaction 

the part of the organism towards a variety of excitations. 

They alto the flU in serum level or tributyrinase and 

cholinesteme, which &companies the rise in gluten& 
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eaaleacetic transardnase, lactic dehydrogenase 	aldolase 

following s'yeoardial, infarction and other acute diseases, 

es evidence of a non.specific reaction to stress, They think 
that, while release of ensyme froa damaged tissue could explain 

the rise in the serum level of some, it does not aorrount for 
the tail in the level of other** 

The nor loll-known and characteristic appearance in 

the scrum of &lutanist oxaleacetin transaidasse, whish occurs 

after a myeoardial inforrotien, and ths high concentration  elf 
this easy** in heart tissue, is a good couple of tissue 

necrosis avoleasing ensyne into the cirsaletion. The rile in 
laetio dehydrogenase, 	tale *MUM* Mil be sigailarly 

explained, but the absents. of mut.y increase in ilereitrii 
dehydrogsmese (IO) activity appears not to fit into this 

patters', since heart tissue is also nob in this ennuis. 

However, stranjori, Thome sad 'White 0950 showed that there 

was an saw in 'SWUM 3:CD activity 's 	ate after 
experimental logyvcsrdial infarction in doge but that the sera 

level rapidly returned to normal. A similar rapid disappearance 

of the envoy in 'the ham, subjest would explain the sbslewe of 

this enzyme several hours after a m;yeicardial infarction 
Otir experiments on the heat stability of laD frail hum' heart 

anti liver tissue vs have demonstrated that the snow fres heart 

tissue is rapidly inactivated at 37°, and this could amount 

for its rapid disappearance frogs the circulation. 
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These experiments demonstrate the imoortence of the 

rate of inactivation .f the enzyme on the Berm level. Several 

people have injected purified ammo into the oirsulation and 

have noted the rapid rate of clearance. But whore do they go? 

Stranjord et al. (1959) tuna that neither hepatectomy ner 

nephreotomy affected the rate 'of elearance of lCD or lactic 

dehydrogenas* injected into rats. 

The experiments by Armstrong et al. (1930, in  avhioll 
they tied off the common bile duct in dogs and so caused a rise 

in the level of elfronse phosphates. in serum, demonstrated the 

encrotorY Pathway for this onzYme, but it has been impossible 
to ascribe a similar route for others. In later experiments. 

Fronk). and Merritt (1959) found some transatinase and lactic 

debydrogenese activity in the bile of dogs, but were unable to 

demonstrate any relatiorship between the level of enzyme in 

bike and the sena level. Carbon tetrachloride poisoning 

produced a rise to ten times the upper limit of normal in the 

serum of &go but the crave* level in the bile was unaltered* 

Injection or purified enzyme to a concentration of fifteen times 

the normal level alio failed to produce an increase in the bile 

ensyme level*  despite the fact that these ensymes are rapidly 

cleared after injection 

In our studies we have chosen enzymes which have been 

shown to be concerned in several of these different mechanisms 
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of release and removal which result in changes in the level of 

activity in the SWUM: 

Our work on the kinetic properties of alkaline 

phosphatase demonstrates that both increased release of enzyme 

and decreased remwval can result in hyperphosphatesaemia,. The 

bene-like characteristic of the enzyme in the serum of patients 

with osteoblastie bone disease, end the appearance of an 

alkaline phosphatase with a Michaelis constant similar to that 

of the enzyme purified from liver in hepatic disease, again 

shows that damage or overactivity of an organ will result in 

an outpouring of enzyme into the serum. 

However, the kinetic studies on patients with 

obstruction of the common bile &tot show that in these instances 

the increase in serum alkaline phosphates* is caused by a 

failure in the excretion of enzyme with bone characteristics. 

We have demonstrated the increases in serum 

5-nuoleotidase in liver disease and if, as we think, this 

enzyme does share the same excretory pathsey as alkaline 

phoaphatase, then the parallel estimation of the two 

phesphstases will indicate whether the increase in elks ins 

pboaphatase is the result of increased release of enzyme into 

the serum lir= bone or deoreased removal. 

Zbesphegluoese isomerase has been used by us as an 

indication of the pregame at metastases. It provides an index 
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as does serum aldolase, of the release of glycolytic enzymes 

from either the tumour itself, or the host tissue, er from 

normal muscle* Despite the fact that both the origin and 

the fate of this enzyme are uncertain. we have demonstrated 

its use clinics 	)1yand consider that it ie a useful addition 

in the study ofpatients with cancer. 

Until the acts abOut the release of enzymes into 

serum and their removal have been elucidated, their 

PhYsiological significance cannot be fully realized. 

Meanwhile, however. we have shown that the measurement of 

the level of enzyme activity in serum can be an advantageous 

addition to the clinical study of diseases 
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Ranh patient is considered- individually in this, • 

appendix's:A the results or the .sensa 'enzyme determinations 

are given.in terias• ot moles or saztotrate utilised/min./3.s 

Ablptd.atiork 
4:sres=s) 

Por  

Acid P. 	1.8 6.2 
vox 	16 - v.* 
Aida 	1.5 3.8 
54 
	 2.»15 

0.5 3.5 

phosphatase 

Laid phosphattuse 

Phosphegluesse iscaerase 

leases 

5.Ntioleatidas. 
Zet.oit ria dabydragensse 



apja  2441.se.,12, 

AW. rex Aida. 

175 9.4 330 
340 200 

0 8.3 175 4..1 

355 1.34 320 1.5 

255 10.6 200 

10.3 145 0.7 

15.8 310 0.7 

140 250 047 

11.3.270 	0.7 

Date 

17.2.60 

3.3.60 

7.3.60 

10.3.60 

11,3.60 

19.3.60 

21.3.60 

24,34,0 

290,60 

9.5.60 

20.5.60 

Pro treatment 

30,5.60 380 13.5 205 1 .1  
8.6.60 300 14.0 190 1.1 

9.7.60 223 9.8 115 



r*B*  

The patient was first seen In February, 1960. 

She had bone and soft, tissue seoondaries to aaneer of the 

breast* .These lesions were apparent biochetimily troa. 

raised eerily& acid and alkaline phoophatase end phospho-

glucose isomerase* A pituitary operetion was carried out 

a month later and her condition began to improve* Grade A 

type of remission was maintained with *leer b reimleifieation 

when ocavered with preamplant X. re pictures, and the breast 

mass became smaller,  A second pituitary implant was carried 

out in May, as it was to,ind that ablation had net been' oomplete 

the first 'time* Her condition continued to improve until her 

death in August, which Baas sudden and due to (sautes ether than 

vancere The serum level of phosphoglucose isomerase 

reflected the oliniallimprovement and it hpd reached the 

normal range by,alatgust. The phosphatases, however,,did not 

show the expected fall, and both remained Shove their upper, 

11100 of  nozInal* r This patient was followed during the early 

part of this study, and we did not deteredne the levels of 

stomt-Smonualeotidare or 1112-citricdehydrogenase. serum 

aldouffle retained within normal limits the entire time, end 

did not provide any to efka information about the clinical. 

et:edition. 
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a 2 

Rau. Mar iisid 1•  

27•12.60 

22 2.61 

23. 2.61 

42 4.0 

56 5.6 70 6 1.9 
Pre treateent 

49 6.5 70 10  
3. 3.61 	=MAW 

24. 3.61 56 6.0 115 2.3 

6. 3.61 65 92 2.4 
8. 3.61 71 5.4 100 

17. 3.61 4.8 87 
24. 4.61 56 7.6 106 6 

24. 6.61 71 4.1 160 
4. 8.61 63 4.0 135 3 

11. 9.61 56 5.6 i60 

12. 9.61 63  5.4 41 4. 
13. 9.61 63 6.5 69 8 
19. 9.61 56 5.0 152 

Clear MAUI= 
Grade A 



This pstierat me first seen in lieceniber, 1960, . 

at which' time she was f'oi nd. to have osteciblastic and csteolytio 

aril. soft 'tissue secondaries. These lesions were not apparent 

bieehesateserty, as both e_etit, and alkaline phesphstasea were 

=mei,. -She was seen again in rebrowy„ when there had been 

a rise, in acid phosphate:Ise . 'but all the other enzymes remained 

within theft,  nesual, ranges, Seeds sf: yttrium 90 were 

implanted into the pituitary at the beginning of.illareh end. 

her,.condition improved, . The MVO level et add .phesphatase 

fell again to within morel limits, end has regained there 

easept fbr .two .isoleted occasiona... The normal levels of 

other emsymes were maintained„ thret~ her Grade A 

remissicns 



to._ 3. ;Bs *Kea 40%  

lift, 	AU* M. Ea. la. 
28.4.61 275 11.2 160 4 2.4 

29.4.61 305 11.2 155 4 1.9 
2.5.61 200 143 130 8 
5.5.61 	UAW 

treationt 

6.5.61 275 7.7 200 18 

8.5.61  270 7.4 160 18 

10.5.61 250 7.4 140 13 
17.5.61 210 	40 43 4.3 
24.3.61 320 7.4 295 34 

26.5.61 435 7.7 200 36 3.9 

30.5.61 520 7e4 170 25 4.6 
19.9.61 250 9,3 170 11 

21.9.61 250 10.1 250 14 

23,9,61 270 10.1 230 14 

26.9.61 210 6.5 1190 8 

A 



No. 3 /ill. 

Admitted at the end of April*  1961*  this patient 

came to Hammersmith Hospital with osteolytio and soft tissue 

seoondaries to cancer of the breast. At that time, the 

presence of bone lesions was I 21(44   Oatea biochemically by 

raised soot and alkaline phosphatase, and the slightly raised 

level of phosphoglueose isomerase was in keeping with the 

presence of soft tissue metastases, A week after admission*  

seeds of yttrimm 90 were implanted in the pituitary and the 

patient responded well to this treatment. She went into 

Grade A realcsion*  but this was not reflected. by dramatic 

changes in serum enzyme levels. Immediately post-implant the 

serum levels of 5-nucleotidase and Ug-citrie dehydrogenase 

roost  suggesting injury to the liver, Thieves accompanied 

by a slight rise in phosphoglueose isomerase and alkaline 

phospheta**. By. September the levels of 5-nucleotides° had 

returned to normal and at the moment there is no clinical 

evidence of hepatic metastases*  .4c the rise in alkaline 

phosphatase accompanied the increase in 5.nucleotidases  

this could be a reflection of a failure in the excretory 

medhanism of the liver. There was a subsequent fall in the 

level of alkaline phoapi*tase to values sutler to these 

obtained before the pituitary operation by SepteMber. The 

levels of acid ;thosphatssa and plampbnewase isomarase 

remained elevated. 
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Pre treatment 

Grade A remission. 

92 
135 	3.0 

385 
365 

370 
315 
305 

100 .1 
107 4.9 
121 64 
113 9.8 
128 7.1 
135 6.0 
135 6.8 
480  

17. 4.61 
19. 4.61 

29 4.61 
24. 4.61 

1. 5.61 
5. 5•61 
9.5.61 
4. 7.61 

17.7.61 

No. i. P.P. mid 56 

11Lt.e, 	AUSI. MA. 	dra• 12224 
16* 8.60. 
17. 8.60 
19. 8.60 

49 
.49 

3,4 
'4•.0 

3311titiii 

77 
1. 9.60 84 

29.• 9.60 100 6.1 
31.1i.46 

2.61 4.7 
20. 3..61 6.0 
21. 3.61 100 6.3 
1.1. 4.61 Relapse 

230 
300 	9 
410 19 5.3 

12.4.61 100 6.0 440 $ 5.0 
14. 4.61 	=Kam 

513 29 6.5 
793 2 11.2 

	

1050 	4.7 

	

620 	9.6 

	

300 	17 8.0 	Grade 3 redssion, 
440 18 
620 22 

} Re 



1100  4. P.P. 
The patient was admitted in August, 1960, with 

osteolytic and intra-ortusial seeonlearies to canon. of the 

breast. The first implantation of seeds of yttrium 90 into 

the pituitary was carried out that month, and es her clinical. 

aondition *premed. the !wised phospbegiucese iscaerase level 

fall to within normaa Units. 

sem amid and sme)ice phosphates* 

levels were normal, and therefore, did not Wiest* the 

pressmen of osteolytie sesonderies which were apparent tram 

X-rey and clinical observations. 31,t weeks after the 

operation, both phosphatase activities were slightly 
increased, but these fell to within the normal range and 

remainad there for about five months. 
in Varc*, phesphoglueose ismetrase and acid sad 

• alkaline phosphatases were again raised, *ideating a return 
of the disease to the bones and soft tissues. Three weeks 

9..nuoleetidase and javoitrio debydrogenase levels 
whit* bad previously been normal, else beams elevated, 

indioating a spread et the disease to the liver. A sesond 
pituitary operation us carried out in April, but this was 

unsuooessful and the patient died three smatint later. There 

was pest.nertem eonfirmation of bone, liver and sett tisane 

netastases. 
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D.eatt. 	AU. • Ao . kg, tali. id.ELD0  
13.11 .59 	OOPHOWAtia 

4.1 156  7.2 230 2.2 
120 8.1 156 1.3 

IMPIA10 
212 5.4 120 1.1 
205 7.9 165 2.2 
310 6.6 
230 8.1 192 5.3 
285 7.4 120 2.2 
185 5.7 175 
100 6.5 100 2.2 

80 4,0 130 
5.9 175 1.8 

56 4.8 110 2.2 
64 5.6 138 1.5 

4.5 190 
4.0 180 

100 4.8 106 
80 6.5 160 

128 5.4 110 
170 7.8 295 

Taken aspre.. 
1 treatment lona 30.11.39 

2.12.59 
15.12.59 
15.12.59 
17.12.59 
21.12.59 
23.12,59 
28.12.59 
7. 1.60 
1 • 2.60 

27. 2.60 
23. 3.60 
30. 3.60 
28. 4.60 
8. 6.60 

15. 9.60 
20. 4.61 
28. 4.61 
16. 8.61 
17. 8.61 
8 8 

18. 8.61 
22. 8.61 
1. 9.61 

15. 9.61 
9.11 .61 
9.12.61 

13.12.61 
19 .1 2.61 
27.12.61 

142 10.5 195 
150 4.5 175 
156 4.0 125 
1% 8.1 250 
255 8.6 
370 10.0 240 
325 7.6 305 
350 9.0 212 
335 8.7 415 

7 
8 

16 
21 

11 
2 

10 
8 

9 

28 

18 6.5 

lbst 9% and 
oophorsatav 
°rade A remission. 



pia 5.  

This patient was 14zittsalty treat*" by looPherecrtal7 

in Somber* 1959. The indications of the emcees* of ibis 

type of therapy proected the isiplantation, of ,yttrina 90 into 

the pituitery. a month later. On admission, she had.ostemlytio 

end soft' tissue seoondaries and Grade 4 naiad= fellemed the 

tee operations. The is rat in her. el4nical motion was 

refloated by a return to `the nonal range bean snit siiy 
elevated levels of acid me alkaline phosphate** and phospho-

glucose ismerese. Serum &idols*e remained normal throughout 

the sink period,' i'he patient's condition began to 
deteriorate in April 1961. This *as indicated biochemically 
by a rise in said and alle0Ane phosphatase, Ity Amite  
ybeephogluomee immense and 5.enloleotidase hod risen Owe 
their upper lie its at narsal.. A moscrol,  pituitary implant 
vas carried out that month and this produced a tressitory 
clinical improvements  reflected by &decrease in the levels 
of 41 the ensymes except n1 34ne phesptatese. This seemed 
remission vas may temporaw b ,by Decesibero  there had beet 
an isnrease in the lamas of all the ensymes. The rise in 

5-mueleotidase indioated the infiltration of the disease into 

the liver and this ems adostsntiated by abnormal levels it 

jareitric dehydrogimmee and iguanas. 
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BO. 6,cw.atsa 60. 

AU. ARAM 	AS* Z. 
4. 2.60 7.4 195 

28. 4.60 85 5.9 275 
25. 6.60 6.6 138 
3.11 .60 9.3 405 

12. 1.60 100 845 325 tO 
5 	4.61 185 10.0 350 25 

15. 5.61 235 14.2 660 72 4.4 
16. 5.61 235 13.7 820 71 6.0 
17. 5.61 213 11.2 970 71 6.0 
29. 5.61 330 12.8 1200 61 
6. 6.61 285 14.8 4415 64 

21. 6.61 300 11.2 815 64 
i0. 7.61 11.0 665 4,3 

Omite 41. rowan* 

reaps* 



We began the billearla4d101  iitireilltigatiOn of this 

patient in Peteueryp 1960, at which Um she was in Otvde A 

remission fellesing a pituitary kiplant Decerr err  1,5157,t 

Dar. itlinivet  condition remained geed.  until Mayo  1961, whet 

it began to doterioratee , fteehesdeally she bad 

fluctuating (aerated levels at phospbagluoese isemerese 

and acid phosphates., with ;coma alkaline phonthatase 

during the remission perio& The relapse vas indicated 

17 a rifle in 10310.141ne phosphatase and $.nueleotidase in 

April, at whit* titer she had a %SM. retention et 2 

suggesting woad at the disease to the liver. There 

a furttnr rise in the level of all the enoses as the vas 

progressed and swum likeitric alifteregaiss. also • 

beano ellewatedi providing further evident* et the presence 

of secondary growths in the liver Death followed two 

months liter end, there ins pest-nortem confirmation of 

ostco4tio asteoblastie end hepatic, netastases• 
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5.4.61 
13.4461 
14. 4.61 
21. 4.61 

114 
128 
114 

9.1 
6.8 
6,8 

IMANT 

300 

440.  

16 
26 
26 

10.5 

21. 4.61 114 5.4 460 22 2,2 
22. 4.61 121 10.1 430 17 2.2 

4.61 121 10.1 275 14 1.7 
29 • 4.61 121 8.6 210 10 1.9 
1. 5.61 1% 6.8 235 11 
4. .561 156 8.1 165 14 2.2 
8. 5.61 170 7.2 165 7 

10. 5.61 170 9.5 138  15 
29. 7.61 5.8 185 
23. 9.61 84 6.2 165 7 

28. 9064 63 5,6 92 6 
9.12.61 71 4.5 74 10 

1 

Pre treatment 

Grads B remission 

1 

No. 7. E, ,1, acted 67. 

Dtk• An. Acid. roi. 47:E. Im• 



Net 7. E,T. 

This patient was first seen in April/  1961 / at 

whiah time she has extensive osteolytio secondaries to canaer 

of the breast. Ihr po clinical condition was refloated by 

raised levels of serum acid and sikaline phosphates*/  

phosphoglutiese ismaerase/  `5u ii 	and Asts-eitric 

dektrogename. These latter two; maxima indicated secondary 

grewths in the liver which were not apparent from. clinical 

observations. Elends of yttritun 90 were implanted in her 

Pituitary two  /mks atter adciesio and this resulted in a 

genera ings:avement in her condition.- The patient has 

remained in Grade B remission .sine the operation and the • 

lima levels of all the eneYnes have returned to nor .. 

At this stage, the presence of metastases in the liver 

osimot be oomprined/  but the biochemical. indieations fa' 
them ere ertrong/  Sat= both 5-rsioleotidasio end ja-citrie 

dehydrogensse were raisedip 
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No. 8 2,06 soca j26 

atE 	lak, 	Ea* Alga* 
30.5,60 49 4.3 260 2.3 

1.6.60 42 • 44 275 3.0 
3.6.60 UMW 

9.6.60 

10.6.60 

20.6.60 

25.6.60 

14.7,60 

15.7.60 

2.8.60 

15.13.60 

15.9.60 

17.9.60 

5.2 

568 

315 

270 

165 

3.0 

263 

1.5 

364 195 1.5 	Credo D orates 

195 

462 195 

4.0 190 

465 180 
tteless 

4.5 .310 



li. 8. 1,0* 
This patient was first seen at the end or Kay*  1960. 

Share admitted with osteelytto aM sort tissue metastases and 

a. pituitary operat$Jan was 4mrrie6 out at the beginning. of AIM« 

The cpnly en level to be raised was phesphoglucese isonerass*  

the normal acid and elhaline phosphates* failed to destoostrato 

the preseeto' Of osseous metastases which were Obvious from,II!wroy 

emamburtion#, der, the raised pheaphoglucese toosso, 

indicate that the primary eenoer hid metastasisedA, The level .; . 

of this misime fell as her alnico$ 	tion imprered slightly 

and she wont into erode I) remission. Serum aldelese levels 

remained normal througheat the inveetigationso The aestmeetter 

of a second pituitary operation was indicated by a'8.40.1x* in 

the patienVs clinical Condition*  Me this was perfOrsied in 

August*  1960. - The patient failed., to respond and she died 'a 

month later*  The last determination of ,serum =vines *hawed 

SA increase in phoophoglucose isomersse*  but the phosphatases 

still ronednerd 'within their no rmals ranges,. 

208 



10.3.61 9.4 124 
17.3.6i 85 7.0 96 
27.3.61 106 
29.3.61 85 10.2 195 

Gna.de D response) 

12 

No. 9._ E.G.. amed 56. 

   

.Aoid, 	T. 

	

22.2.61 	100 8.- 96 12 

	

2.3.61 	78 	8.5 	156 	8 

	

3.3.61 	78 	8.0 	100 	8 

	

os3.61 	riqprAnT 

 

Pre treatment 



119* 9. R.G. 
This patient wee first seen in February, 1961, 

and it was apparent from X.ray and olinioal examination that 

she bad osteolytio and soft tissue secondaries. Seeds of 

yttrium 90 were implanted in her pituitary in midoliaroh 

and there was acme improvement in her clinical condition, 

although some new lesions did appear; thus she exhibited 

a Grade D type of response. Initial-1g, the only serum 

enzyme to have consistently raised levels was acid 

pbesphatase. Alkaline phoaphatase leVels were near the 

upper limit of normal and owasionally Just above it. 

The level of pIxtsphog.luoese isomerase was slightly raised 

on one occasion before the operation, while 5..ratoleotid.ase 

remained within its normal range, the litter ammo 

providing biochemical oonfizmation of the clinical 

assumption of absence of liver seoondaries. The patient 

died at the end of Arab from  rnriweenoer muses. 
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12. 5.61 
13. 5.61 
15. 5.61 
17. 5.61 
19. 5.61 

170 
190 
184 
175 
184 

4.8 
5.0 
5.4 
4.7 
4.8 

96 
170 
320 
200 
480 

23.5.61 5.0 650. 
3« 6.61 250 5.# 150 , 

26. 7.61 71 6•6 190 
11. 8.61 85 175 
14. 8.61 • 78 4.7 96 
9.9,61 120 4.5 65 

1440.6t 100 6.5 55 

12 
4 
5 6,0 
8 8.9 

10 5,1 
9, 24 .0 

12.  

3 
17 
3 
3 
6 

No. 10. 	k  aceq 51. 

Date 	Qab Aga, Nap :11. 
27. 4.61 107 5.2 210 

9. 5.81 155 5.0 la 
12. 5.61 BMW 

15 

5 

CD. 



att..1.9.ajt,14, 

This patient res. first seen at liammersmithliospital 

• at, the end of April, 1961.0  at whioh.time she had osteohlestie 

secondaries end a large:  liver -suggesting that the •disease, had 

spread to• this oritaa.. A pituitary operation:  as performed in 

nid 	ay. After • this her clinical, cond.ition improved and she 

rent into tirade 1) remission* • On-admismion she had raised 

levels .of •serum:  alkaline phosphateseend phesphoglaeose 
:•.t• • isoMeresei acid .phosphttese levels within normal ,limits, and 

5-nuoleotidasek levels near the upper limit of normal* 

Fluctuations in the level of, all the enzyme were observed 

during reission, but there was a general downward trend in 

the, phoephoglucose isemerese and alkaline phosphates% 

54Tuaeotidase failed to confirm the presence of hepatic 

metastases. Ibweverrb  sena 	debydrogenase.was 

raise and this did provide a bioehealcal indication of liver 

involvement*  The patient is still in remissions  so 

confirmation of these findings is impossible at the moment* 
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1.11.60 255 
5.11.60 6.1 200 
8,11.60 56 6.1 175 

15.11.60 245 
16.11.60 230 
14. 1.61 185 
23. 1.61 56 185 
22. 2.61 5.7 138 18 
2. 3.61 64 5.7 185 11 
3, 3.61 71 4.5 315 • 11 
6, 5.61 78 3.9 175 7 

10.:5.61 2.4 280 7 

2.0 

1.7 

Po. it- 	seed 614-• 

kt• 	alb* ASO* as .4,041* 

	

28.10.60 	49 	3.1 

	

31.10.60 	 305 

	

1.11.60 	UMW 

s* 	DIED 
• 



No.  11. A.S.. 
This patient was at)rAtted to Ilessneramith Hospital 

at the em3. of Octobers  1960, with evidence of lives r and soft 

tissue metastases to cancer of the 'breast. Seeds of yttrium 90 

vmre initeriteid in ti-e pituitary at the beginning•of Novembers 

and a Oracle D type of remission ensued. Initial: y" the only 

enzyme to 'be elevated was phoSphogincOse iscaecras  e" while the 

phosphatases reetained normal thf-s.thout the study.' The 

detamitation of 5-nueleotidase had not been introduced as 'a 

24014140 investigatim at the time of the operaticn. The 

irrp, moment in her =Attica .was reflected by a 

tail in the lekrel of phasphoglueose isolSereses this rose 

again es her condition began to deteriorate in May. 

5-11ualeotidase vas first //atm:vaned at the End a rebzuary, 

and this was Just above normal  but the level fell to within 

the. no*al range and ere .wed. there'even when the patient 

went into terminal relapse. A' few'deteratinatione col' the 

level of iso-cit-olic dehydroaenaeo were made" but this enzyme 

failed to indioate liver involvenent• The patient died 

ssz'ly in August , 1961 
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att. ;M. ava. 
2.12.60 
5.12.60 

6.12.60 

8.12.6o 

128 

135 

100 

6.8 

7.2 

6.3 

180 

115 

135 
9.12,60 U1U1T 

21.12.60 100 175 
28. 1.61 220 8.0 110 
27.2.61 6.3 160 2 2.2 

7. 3.61 1$ 7.1 125 5 2.4 
8.3.61 192 7.4 160 5 4.7 

22. 4.81 165 6.1 460 7 4.3 

Pre treatment 

Gentile D remission 

1 Relapse 



Zio 12. IX. 
This patient was first seen in December 1960, when 

she was admitted to Berth Hospital with osteoblsatio and 

soft tissue metastases' The presence of bone lesions was 

indicated by *nom" levels of acid and alkaline phosphatases, 

and an initial raised phosphoglucose ismaersse provided 

biochemical evidence of soft tissue metastases. A pituitary 

operation was performed, and she went into Grads D type of 

regaled= for three months, During this timer there was a 

fall in acid phosphatase end a rise in alkaline phosphates°. 

There were no siginificant alterations in the level Of 

phoephoglucose 1.00111111711410 during remission, but the patient 

relapsed in Awe& and by April the level of this emse was 

more then three tine* the upper limit of normal* Vet eveinetions 

of 5muoleotideme and kg.citric dehydrigenese activity were 

started in 11,eImam, and at this time they were both normal. 

There was a slight rise in the level of jarealtrio dehydrogenates 

in March, but this was not at this stage iwocapanied by an 

in0141.130 in 5-xemgeotidese. 

The patient died in August at another hospital, 

and there was postmortem confirmation of ooteobasitio and 

soft tissue metastases. The disease, had spread to the liver 

during the terminal phase, as bad been indicated by serum 

levels of jaf-citric dehydrogermse but not by the levels of 

5mucleotidase. 
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rkSt 	aged 47. 

MI* t;41. CD. Date Alt* 	Acid* 
1..3.61 71 	5.8 170 5 
8.3.61 71 	6.1 200 14 Pre treelommit 

14.3.61 92 	6.1 325 11 
17.3.61 101.04T 

18.3.61 107 	6.8 420 30 
20.3.61 65 	5.9 325 11 
2263.61 71 	5.14 270 12 
27•3.61 71 	5•8.,255 8 
2963,61 78 	11.2 270 5 
4,4.61 71 	6.5 500 10 
7.4.61 78 	6.3 310 6 

21.4.61 92 	8.2 265 15 6.0 
24.4.61 8.5 	7.2 285 17 3.8 

01441 Ore& D remission 

28,4.61 85 	7.4 305 31 3.8 
29.4.61 00 	6.7 570 30 
1 45.61 85 	6.8 275 17 
4.5.61 78 	5.9 260 14 
5.5.61 13 	5.2 260 18 
8.5•61 14...3 280 13 

10.5.661 115 	5.8 260 15 
16.5.61 115 	6.3 380 #5 
22.6.64 DZED 



This patient was firat aeon in Ilan** 1961, at which 

time abs had oetemaYtis and soft tiseue'citistaies. somas; or 

yttrium 90 were implanted in her pituitary' irk the middle of the . 
. 	months; and this brought aboat comae clinical mast 	t. 

At first*  sem acid and alkaline phosphatise were normal sad 

oaa 03127 one occasion before the operation core they 'both • 

raised. Phosphoglucose isomers** vas &bey* the upper limit 

of normal before the operation*  and there was no signifitant 

drop in the sew level of this empire as the patient vent 

to Grade D remission. 94troleetidass levels fluituated 

near the upper limit of meal Wore tire pituitary operation. 

olinical condition indicated that a sescad *plant 'tight 

about a mere lasting mission*  no this was dene at 'the 
of Arrily At thia time phospiroglaceia Sacemirase, iota 

phosphates**  5..astoleotidase sad jaroltrio dekordrogeacce 'mire 

all raised*  the ,iatter two *anon saggestiOd a IsPieeti 

disease to the liver* 'Moues the loee l of ,  alkaline phesPhatase 

was only near thi 'Appal limit of normal. There was a foil in 

the acid phospWase levels after the monad implant, sad' a rise 

in alkaline phOaphatase suggesting reparative esteablaisitio 

activity rather than further liver invelvement*  Since *here 
was a slight fall in levels of 5•41wlectidoos. 
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. Bar progress Imo not maintained and the petite* 

died in 41une,..: There was no post-mertem, ao it imia impossible 

to .00nsfirm .the pre.  ewe or liver neeotdaries !widish were • 

indicated by .5.nuo1eotidase and jar citric debydrogemseef; 
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Bat. uk- had. 

 

 

24.10.60 590 

1.11.60 640 3.4 415 98 
Pre treatment 

3.11.60 550 395 
18.11.60 mum 

..30.11 .60 470 390. 39 

5.12.60 540 11 .5 275 56 	Steady dote:aeration 

6.12.60 - 610 350 63 Oracle i? response 

22.12.60 1.000 7.9 ,220 



pro. i4.4  

This patient us first seen in Tioveadnr, 1960» 

At that time she has soft tissue end liver secondaries to 

primary canoes. of the breast. On admission, the, serum levels 

at alkaline phesphatase, 5iiinnolsotidese Sala phesphegluces• 

isomerase ewe elevated, while said phoaThatesta was norsal. 

This is the enzyme pattern which we would =Feet from a 

patient with this distribution of metastases. At the time 

of the operation, the patient us very breathless &re to a 

chest infection, whioh mey else have contributed to serum 

level of phospheglucese isemerese. Yttrium 90 seeds were 

impleated in her pituitary in the middle of the month, but 
her conditiar did not improve and her reopens. was graded 

U type P. Two weeks after the implant there was a alight 
fall in level of amaYine phosphates. end 5-alieleetidese, but 

these rose spin as she continued to deteriorate clinically. 

There was a did trend in leve3.s of phospheglucose isaserese, 

but this did not rattail the mensal rungs. Serum acid phosphatese 
rose above the wiper limit Of normal, a fact Walsh is rather 

Wising, in view of the absesauoe of OMINOUS matesteses. 
However, since the other phosphate indicate that the liver 

involvement is quits considerable, this organ say also ipecthe 
sour*e of said phosphates.. The patient died a few weeks eater 

the last determination, and there was pest-Norte* oontimeation 

the clinical and biochemical findings of hepatic end sew tissue 
metastases. 



Grade P responsio 

0.1146batymaijga 

ants Acid, PDX Aida. 
6.2.60 380 1.5 

12.2.60 395 
16.2.60 63 	IA 340 

18.2.60 49 	3.1 340 1.0 
26.2.60 UMW 

2.3.60 49 370 0.4 
8.3.60 65 2.9 625 1.1 

11 J. 60 56 4.1 520 .344 
110.60 56 405 2.3 
19.3.60 49 4.8 360 2 3 
44.60 42 5.0 510 1.5 



This patient was admitted at the beginning of 

February. 1960, with soft tissue metastases to cancer of the 

breasts  and an operation was perfOrmed on her pituitary gland 

at the end of the math. The treatment was unearooessfuli  

and the patient showed a Grade F type of response and di. 

at the end. of March*  Throughout the study period, the only 

*Woe to be eleveted was phosphogluelose isamerase• Although 

therewere no metastases in the liver this argon could have 

made a oontributime to the sera level of this ae ew. since 

at postkeortem (WA. were roma due to pulmonary olmtruotiaa• 

The normal levels of acid and a3k4ine phosphatase in this 

patient are in keeping with the absence of any ben* 

metastases. 
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t6. 	aged 0. 

• Asti, „kg, 

302.61 1s1 5 12,6 195 9 
4.2.61 425 

7.2.61 470 22.0 185 12 2.9 
10.2.61 405 204 170 9 2.9 

15.2.61 390 22.0 147 4 3.5 

17.2,61 

17,2061 11.70 194 14 6 2.4 
18.2.61. 458 24.0 1% 9 2.4 
22.2.61 17.6 132 5 

9.3 152 9 1.1 

Pre treatment 

Grad* IP response 



Ng* 14 ifIg. 
This patient vas.  first seen at the beginning of 

February, 1961. On admission, she was fay to have 
osteolytio, osteoblastic end soft tissue metastases AA 
unsuccessful implantation of yttrium 90 seeds was performed 

in the middle of the mouth* lien elinicoo Sonditicex 

coatizmed to dateriorate, and she showed a Grade P type 
of response until she died at the beginning of March* 

Initially, acid and alkaline pheephatese and 
phasphoglucese ismeerese were all raised*  and 5.4siolSotidase 
and kircitric delvdrogwasse were *pima* This pattern of 
enspee level* is monsietent with the presence at boos end .  
soft tissue aetastases and able 	of any liver involvement*  
At Peat-mortem, the patient vas found to have seeoviary 

the adrenal glands end loyocanilum and bens, but 
her laver was quite normal. as was expected* 
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4,2 

Grab response 

2.3 

Not  17. TiK, 006 5A. 

6.4.60 64 
20.4.60 49 
21.4.60 49 
26.4.60 

ALM- 	r. 
7.2 550 3.8 
5.2 385 1,9 
6.1 460 2.3 

Dewar 

Pre treatment 

26,4,60 56 4.8 
3.5.60 5.2 

16.5.60 107 4.1 595 
23.5.60 135 3.9 530 
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.17.e,.  
This patient vas first seen in April, 1960,. and . 

was feund„to have oft tissue ssoondariesi 	pituitarl 

implant vas 'done at .the 	of that month, at *hich time the • 

only raised moue levels vire phinipboglucose immense and 

aldolase• The operetta", did not 'benefit: the patient, and 

her' response vas classed as Grade 	There vas no 

significant alteration in level:of phosphegluseme isomer  :sae, 

although .# orta. ai4toxasa xonp.,a did return to, the norms 

Mtge+ Aeid,phosphatase remained normal thavughout the 

period, as lamiald be ensmated from the absence of any bone 

deposits. Levels of sawing phosphatase became abnormal 

at the ices 'of the study period. 

Although increeses is the eer a level of 

phosphsgluoose is 	weight be expected from this patient, 

the value* found were gitessl,r elevated. Ohronio pleura 

ft'1 /2,1sicza of the ,34egwere prams, and this may hwre 

oontributed to the total °nays*is serusu The patient 

died a. fee woe)* setter the lest biochemical investigation.. 



No. 18. E.W.. aged 58. 

61A• add. Lal• 
9.12.59 64 3.1 166 1.3 
1. 2.60 78 5.6 240 

Ere treatment 
3. 2.60 93 6.1  240  3,4  
6. 2.60 UMW 

	

9. 2.60 	49 	5.2 	255 	5.3 

	

12. 2.60 	64. 	5.7 	310 	3.0 

	

1 8. 2,60 	107 	6.0 	255 	3.0 

	

23. 2.60 	114. 	4.7 	320 

	

4. 3.60 	IMAM 
41•1111111MMIMMININIMMONWPOINIEW 	 

4. 3.60 200 3.4. 370 5.3 
11. 3.60 165 4.7 435 6.1 
12. 3.60 150 
16.3.60 190 447 480 
19. 3.60 230 5.8 460 8.0 
30. 4.60 230 5.6 460 6.5 
9. 7.60 730 8.8 750 19 

11. 7.60 

Oracle IP 



ag624.211., 

This woman vas first seen at the aid of December, 

1959, and it was apparmt frost X-ray and o3.3nioa1 examination 

that she had osteolytio and soft tissue lesions secondary to 

canter of the breast. She was admitted to Hammersmith 

Hospital in Februsuy, 1960, and a pituitary implant was 

don., At the time of the operation*  the only onsyne to be 

abnormally raised in the swum was phaaphoglueose isciveraso• 

The treats/sat failed to bring about any clinical insprovenark 

and serum e3dolase and smiL34mt phosphatase also booms 

alsvated, A 'ss d pituitary implant was made in Marsh. 

but this ryas also without Iffcct. Credo P response with a 

steady deteri ti an continued. 2114 was reflected 

bioahamdcally a steady rise in sorsa enzyme levels and 

even acid phosphatass, which had previously been normal. 

was slovated two days before her death in July; 

22,9 



2.30 

=DM 

A3491341r  
The diStribution of alkaline Phengintas* 	• in human tissues, 

its puriticetion, proporties and saithods for its detereinatien ore 
reviewed" " OluOoseis141nephatie vas investigated as a substrate for 
detmneinition at its activity and a method involving its Ines is 

inscribed. Itinetio studio* were used to invostiote the sour** 
of the alkaline phoohatese of blood semi, psrtisUy Picrifted by 
sta 	gel eIectrophoresis and using 0-nephthyl Phosphate as 

of sold phosphates., its properties 
arel net 	 en of activity are reviewed 	Details 
of the method used iM these investip.tions are given, together with 
attee s at lopzvving its sensitivity by entreating the final 
oolour into a wall volume of a suitable solvent" Colorinetrio 
and speatrofluorinetrio airthods using naphtbrl pheephate are 

ago thisoribild• 

3. Hik0100***II,  
The distribution or nuoleatideso, its proportios and 

nothods used for determination of Nativity are described. A now 

motbod for ther determination of the mow in saxes has been developed• 

itinetio and inhibition Audios have been carried out. 

a. 
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aPc,0*64710,416taali 
The discovery and propertie* of gluoese4vhesphatase 

are reviewed. Reperiments to investisp.te the menace of the 

ansyae in 111111121 are described*  

rhoschoelmoszse Poraterage. 
The discovery and properties of phosphoglacose immense 

are described. Details of the method used tor the determination of 

activity in sera and urine are givens 

6. As1.  

The disarray 	 es of sidolase axe 

described. Detail s of the method used row determination of 

activity in serum a* given. 

7. Iso-eitric ask/diazepam,. 

A review *f the disoevezy. distribution and metheds of 
dirtermining Me-citric debydrogenase activity is gives foliaged 

• by details of the method used in these investigations. Thereat 

stability studies on the enzyme from human heart and 	were 
carried out. 

ZLU. 

rilosphstase 4A Disearo. 

Conditions which cause elevations in the serum level of 

alkaline phosphatase in bone end liver disease are described. The 

8. 



results of kinetic striates with po.naphthyl phesrphate as substrate 

to investigate the 'Source of The' serum inurement seen in 

hyparPhosPhstaseenis. are • given. 

rierVik AIM APirokaWat Dakeolle• 
The :clinical Condit:Lens ebb:1h tense inereesei in the 

level of serunt acid etas are described" 

1 	5.144eetidset is) lipase" 
oceditions which cause eleviktione in the sawn 

Ore XVV1410rede ThiS is followed by the 

tigations o 
r. Sarni}. IiitimPO• 

A review. of the'llterature cenoerned with the elevation 

of the level of this momsi4 hopatoeS)70me. necrosis is given* 

followed by the corrozatto. of our results with ttlivilool status* 

The levels of le.citrie dehydrogensse and 5.nucleetidase 

breast comer patients 'were compared" 

12. 	 mrAlk Driest Genoa.. 

levels of said and alkaline phosphates*. 

letecitrie dehydrogenaseo  phosphoglucese 

tease and aldolsse have been investigated in the serum of 
leatean weemn with caneer of 'the breast treated by endocrine 

ablation" The condition of the patients has been, assessed 

clinical grounds end this has been eompered with the biochesmioal 

findings. The deteiled results on these individual patients are 

given in the sppendin" 

2;32 
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