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If conclusions concerning the properties of enzymes in 
Ccrt arc to be drawn from those determined ijz citro it 
is important to ascertain whether the properties in 
whole organs differ from those in purified preparations 
;)I vitro. The purpose of this brief and necessarily in- 
complete review is to compare and contrast the 
properties of purified enzyme preparations i/i vitro 
with the behaviour of those enzymes studied in whole 
organs and thereby to emphasize the influence of tissue 
environment on the rates of metabolic processes and 
the properties of enzymes. 

Determination of the intracellular distribution of 
enzymes, in tissues has revealed within the cell a cata- 
lytic organ~~tion [I] which parailels the cell morpho- 
logy. The subcellular organelles. many of which have 
specific metabolic functions, are arranged in a struc- 
tural pattern, and in addition there may be numerous 
metabolic compartments and diffusion barriers. At a 
more gross level of organization the cells are arranged 
within organs in close juxtaposition with other cell 
species, blood vessels and extracellular fluid. each 
component making up the structural and metaboIic 
whole. 

The study of metabolic pathways and rate controll- 
ing enzymes within those pathways involves the isola- 
tion of subcellular particles, solubilization and purifi- 
cation of enzymes and use of tissue extracts, slices or 
homogenates. The preparation of these experimental 
systems involves destruction of the catalytic organiza- 
tion but the properties ofenzymes and metabolic path- 
ways as determined using such systems are often di- 
rectly applied to discussion of the control of those pro- 
cesses in intact organs in oit~. 

Results obtained using isolated perfused organs 
have revealed differences in the rates of metabolism 
and properties of enzymes as measured in whole organs 
when compared with those obtained using other prep- 
arations. The K, value obtained using highly purified 
enzymes is used to provide information as to the effi- 
ciency with which an enzyme will function at the 
steady-state substrate con~ntrations which it nor- 
mally encounters in the cell. A similar approach can be 
made using isolated perfused organs where, unlike in 
Gtw experiments, the cellular and subcellular struc- 
tures and permeability barriers which may influence 

the acc~ssibiIity of the substrate to the enzyme are 
retained. Thus, it is possible to calculate the initial con- 
centration of substrates giving half maximum rates of 
removal or product formation in the isolated perfused 
organ. This quantity can be called the “apparent IS,,,” 
of the particular enzyme. It should. however, be noted 
that an isolated perfused organ system. although it 
approaches nearer to the irr rir~j situation. is not ideal 
in that perfusion rates and patterns of pcrfusate flow 
through the tissue may not be physiological and in 
addition the tissues are isolated from neurological and 
hormonal influences. Even if the animals’ own blood is 
used as a perfusion fluid with addition of heparin to 
avoid coagulation, and sometimes of PGE, which 
inhibits platelet aggregation this might affect the 
physiological condition of the organ. 

What arc the factors one should consider which 
might be the cause of the properties of purified emyme 
being inapplicable to isolated cells. whole organs, or 
the iri uiuo situation? 

I. THE INFLUENCE OF THE TYPE OF TISSCE 
PREPARATION ON THE RATES OF A TOTAL 

METABOLIC PATHWAk 

The inthtence of the type of preparation on the rates 
of metabolic processes can be shown by hepatic glu- 
coneogenesis. glycolysis and ketogenesis. In liver slices 
the rates of these processes (Table 1) are much lower 
than those measured in the intact isolated perfused 
liver. In addition the rate of glycolysis in fortified liver 
homogenates [2] and in slices [3,4] rapidly decreases 
as incubation progresses. whereas in isolated perfused 
liver the rate is linear with time until the substrate has 
been depleted. A preparation at a different state of 
structural preservation is that of isolated intact liver 
cells [S]. The rates of gluconeogenesis and ketogenests 
in this preparation are comparable with those mca- 
sured in the perfused liver [6]. 

The differences between liver slices and other prep- 
arations may result from the damage sustained by the 
tissue during its preparation. Slices contain a propor- 
tion of damaged cells and thus enzymes, cofactors and 
inorganic ions can leak out into the incubation 
medium. The smaller rate of gluconeogenesis, an 
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Table I. The rates of metabolic processes in rat liver slices and the isolated perfused rat liver 

Metabolic rates 

Metabolic process 

Gluconeogenesis 
~tmoles/min/g 
Glycolysis 
/~molesjmin/g 
Ketogenesis 
~cmol!h.‘g 

Substrate 

lactate (10 mM) 
alanine (IO mM) 
glucose 

oleate (2 mM) 
butyrate (2 mM) 

slices perfused liver 

0.55 I Q6 
0.23 0.66 
0.7 2.47 

5.0 6X.0 
I60 63.0 

Ref. 

II 

I6 

I7 

energy requiring process, is probably due in part to the polyol dehydrogenase differ from those detcrmincd 
rapid irreversible fall in the adenine nucleotide content using the purified enzyme removed from its normal cn- 
of liver slices which occurs as incubation progresses vironment and that the optimal rates of xylitol remo- 
[6]. This fall does not occur during incubation of iso- val only occur at concentration well above the K, as 
lated intact liver cells or liver perfusion [6,7]. determined in vitro. 

These examples are drawn from intermediary meta- 
bolism. There are indications that the same principles 
apply to the study of drug metabolism in liver. Von 
Bahr et cd. [8] used the isolated perfused rat liver to 
compare the rates of removal of a number of drugs in 
this system with the rates measured in viva. These 
workers found that there was a close agreement 
between the half lives irz viuo and in the perfused liver 
for drugs with a small volume of distribution such as 
antipyrine and phenylbutazone. In contrast, drugs 
such as nortryptyline and desmethylimipramine which 
have a large volume of distribution, were removed 
some thirty times more rapidly in the perfused liver 
when compared with the rates in uivo. 

Although the rate of metabolism of a drug in the iso- 
lated liver may be similar to that in ciao, the relative 
amounts of drug metabolised by alternative pathways 
may differ in the two experimental situations. The 
total rate of metabolism of imipramine in perfused rat 
liver [I] is very similar to that measured using rat liver 
microsomes in vitro [lo] while in the perfused organ 
there is decreased demethylation and increased hy- 
droxylation. 

In other cases although the K, as determined in 
vitro and the “apparent K,” determined in intact 
whole organ may be identical. other properties of the 
enzyme reaction may be modified. This is illustrated by 
the monoamine oxidase reaction in liver when kynura- 
mine is the substrate [ 181. The “apparent K,” for 
product formation (4-hydroxy-quinoline) was 0.07 mM 
which is very close to the K, (0.05 mM) measured in 
vitro using the same substrate [IY. 201. The fact that 
the K, of the purified enzyme and that determined in 
the whole organ are similar would suggest that within 
the liver there is no compartmentation of this sub- 
strate. However, inhibition by high substrate con- 
centrations appears to be a common phenomenon 
among double-displacement-type enzyme systems irl 
citro and has often been observed with monoamine 
oxidase when using kynuramine, benzylamine or 
dopamine as substrates [2&23. 391. With kynuramine, 
this is probably an example of substrate inhibition in 
that the product of the reaction, 4-hydroxyquinoline. 
is not inhibitory even at high concentrations irk ~ifr’o 
(5 mM) [23]. 

1. INFLUENCE OF TYPE OF TISSUE PREPARATION 
ON THE RATE OF INDIVIDUAL CATALYTIC STEPS 

AND ENZYME PROPERTIES INVOLVED 

Evidence exists to show that the removal of an 
enzyme from its natural environment alters its proper- 
ties. Xylitol is converted to glucose in rat liver [ 11, 123, 
the first step being via the NAD-linked cytoplasmic 
polyol dehydrogenase [ 133. In the isolated perfused rat 
liver xylitol removal is rapid, the rates of removal ris- 
ing with the initial xylitol concentration [14]. The in- 
itial concentration of xylitol giving half maximal rates 
of removal (“apparent K,“) in perfused liver was 
3.2 mM. This value is considerably higher than the K, 
for purified NAD-linked cytoplasmic polyol dehydro- 
genase of sheep liver (018 mM at pH 9.6) [ 151 and that 
of the guinea-pig liver (0.6 mM at pH 8.1) [ 13). These 
results suggest that in the whole liver the properties of 

In the perfused rat liver, the rate of oxidativc dca- 
mination of kynuraminc rises with substrate cou- 
centration. But, the substrate inhibition seen irz citro 
does not occur, even when the substrate concentration 
is raised as high as 4 mM in the perfusion medium. 
Why the enzyme is inhibited in vitro and not irl rice is 
not known. One possibility could be that iu vitro the 
aldehyde generated by reaction of monoamine oxidase 
could react irreversibly in a Schiff base reaction with 
the enzyme. 

When preparations of benzylamine (free base) in 
aqueous solution are used for assay of monoamine oxi- 
dase, high substrate concentrations are inhibitory. 
However. with benzylamine hydrochloride as sub- 
strate, no such inhibition occurs 1241. The cause of this 
substrate inhibition when the free base is the substrate 
has been found to be aldehyde contamination of the 
substrate [24]. It seems unlikely. however, that the 
marked sensitivity ofthisenzyme to aldehyde inhibition 
will have any significant effect irl uim, since the 
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NAD+-linked ~ldehyde dchydso~enasc has a very 
low K, value for aromatic aldehydes (see ref. 24). Thus. 
the possibility that chemicals are contaminated with 
products which inhibit enzyme systems should be con- 
sidered in the interpretation of results. 

What are the mechanisms by which differences in 
enzyme properties occur? Some of the differences may 
be related to the presence of difK$sion barriers and 
metabolic compartments in intact whole organs which 
arc destroyed during enzyme preparation and purifica- 
tion procedures. Another possibility concerns the more 
intimate environment of the cn/yme. namely either its 
attachment to subcellular particles or its interaction 
with other enzymes in the same or other metabolic 
pathways. 

Cellular membranes contain phospholipid, but the 
type of phospholipid varies in different organs. 
organelles and species 125. 261. Little is known about 
the significance of these variations and no correlation 
of membrane function with phospholipid composition 
has emerged. Many enzymes are located in mem- 
branous structure within the c&l, and until recently 
some of these enzymes were thought to be resistant to 
solubilization and purification. It is now apparent that 
many membrane bound enzymes require the lipid 
components of the membrane for activity [27-291. Pig 
liver monoamine oxidase has an extremely high 
affinity for ~drdiolipin 1301 and the studies of Oreland 
and Ekstedt [31) have shown that this enzyme 
depends on the associated lipid for its conformational 
stability. The eRect of removing phospholipids on the 
activities of membrane enzymes may be found in the 
studies of Mavis er ul. [33] and Sanderman 1331. The 
latter author for example. has found it possible to reac- 
tivate the membrane bound enzyme, C,,-isoprenoid 
alcohol dehydsogcnase of ~.~~~~~l~i~~~‘iu coli by adding 
lecithin. The properties of the enzyme depended upon 
the type of lecithin added. 

Let us consider the environment of monoamine oxi- 
dase within the cell of which something is known. It is 
firmly attached to the outer mitochondrial membrane 
[34]. Multiple forms of mono~~rn~ne oxidase as separ- 
ated by gel electrophoresis 1351 arc attached to vary- 

ing amounts of phospholipid rncl~b~dne matcridl 
136.373 and possess different kinetic properties. sub- 
strate and inhibitor specificities in citro. The pro- 
ccdures for solubilizing the enzyme are vigorous and 
harsh [38,39]. The membrane environment conveys 
certain allotopic properties to the bound enzyme [37]. 
The observation [37] that no separable bands of 
tnonoa~~line oxidase activity can be obtained when the 
rat liver enzyme is subjected to treatment with chao- 
tropic reagents (presumably by removing the phospho- 
lipid membraneous material) emphasized the impor- 
tance of this aspect of enzyme environment and its 
contrib_ution to multiplicity. It has been suggested that 
the same might hold true its t:ir:o [19]. The recent 
observation that liver and brain nlitochondri~~ are het- 
erogeneous with regards to monoamine oxidase acti- 
vity when using a number of substrates is significant in 
this respect [4O, 411. 

Interaction with membrane and lipid material has 
been shown to modify the kinetic properties of other 
enzymes [42]. Hexokinase is reversibly bound to mito- 
chondria in ascites tumour cells[43] and pig heart 
muscle[44] and the properties of hexokinase change 
when it is removed from its particulate environment. 
Thus Hernandez and Crane [45:] showed that about 35 
per cent of skeletal muscle hexokinase was bound to 
sarcoplasmic vesicles and this particulate enzyme has 
a K,, for adenosine ~-triphosph~te (ATP) of 0.28 rnb$ 
as compared with 1.23 mM for the soluble enzyme. 

In the brain a proportion of tryptophan hydroxylasc 
is found to be associated with the synaptosomes and 
this has been suggested as the rate-limiting step in the 
synthesis of 5-hydroxytryptaminc (S-HT) [46]. The K, 
of tryptophan hydroxylase varies considerably 
depending on the type of preparation used (Table 2). 
The homogenate and the particulate (synaptosonl~~t) 
enzymes have a K, of 1$20~iM using the synthetic 
cofactor DMPH, (2-amino-4-hydroxy-6.7-dimethyl- 
tetrahydropteridine) (see Table 2). However. using the 
same cofactor and a partially purified lysed or soni- 
cdted synaptosomalenzyme, a K, of 25000jIM is 
observed. However, with DMPH, as cofactor, inhibi- 
tion of the homogenate or synaptosomal enzyme acti- 

Table 2. The I<,,, of tryptophan hydroxylase measured in various preparations are listed 

Preparation Cofactor* Ref. 

Gtlinea-pin stem; IiomogeI~dte 
Guinea-pig brain stem: partially purified 
Rat brain 
Rat brain stem; homogenate 
Rat brain stem; partially purified 
Pig brain stem particulate 
Pig brain stem particulate; purified 
Rabbit hindhrain 
Rabbit hindhrain: partially purified 

DMPH, 
DMPH, 
DMPH, 
DMPH, 
BH, 
DMPH, 
DMPH, 
DMPH, 
BH, 
&MPH, 

20 
250 
300 

30 
5 

15 
401) 
290 

50 
78 

4x 
3x 
46 
49 
49 
41 
47 
50 
50 
SO 

* DMPH,: 2-aminoAhydroxy-6,7 dimethyltetrahydropteridine: BH,; tetrahydrobiopterin; B-MPH,: Z-amino-4 hyd- 
roxy-6-mcthyltctrahydropteridine. 



vity occurs when compared with a preparation where 
no cofactor is used. This inhibition does not occur with 
a partially purified enzyme; under these conditions 
there is an increase in 1&,[4&503. But studies 149, SO] 
using BH, (tetrahydrobiopter~n) a naturally occurring 
cofactor, have shown that the K, for the partially puri- 
fied enzyme preparation is lower than that when 
DMPH, is present (see Table 2) and the I/n,:,,is higher. 
Another property of tryptophan hydroxylase which is 
altered by changing the cofactor is its sensitivity to in- 
hibition by high concentration of its amino acid sub- 
strate irk AYX This inhibition is seen only with BH4 
(above @2mM tr~ptophan) as the cofactor, but not 
with DMPH, at concentrations of tryptophan above 
0~2 mM. ft has been inferred from these studies that in- 
hibition of brain trj@ophan hydroxyiasc by high tryp- 
topban levels can occur it? uit:o [SO] resulting in the de- 
creased synthesis of S-HT. The variation of 5-HT ac- 
c~lrn~li~~tion as a f~lnctioi~ of tryptophan concentration 
was described by a hyperbolic curve [Si]. This has 
been interpreted as showing inhibition of 5-HT ac- 
cumulation by tryptophan [Sl]. If indeed this was a 
correct interpretation it might then alternatively be 
explained on the basis of product or end product inhi- 
bition [S?] or substrate inhibition [SO]. The relevant 
if? biro studies with high concentration of tryptophan 
and the m~surel~lcnt of the direct product (ii-hydroxy- 
tryptophan) has not shown substrate inhibition ES]. 
Many of the confticting data reported on the kinetic 
propcrtics of tryptophan hydroxylase may be 
explained on the basis of cofactor requirement of the 
enzyme since the nature of the co&ictor has not been 
idc~itifi~d. In addition the substrate inhibition of tyro- 
sine hydroxylase and hydroxylation of phenylakdnine 
by this enzyme are also pertinent to the present com- 
mentary. It is reported that i/l oitt+o inhibition of tyro- 
sine hydroxylase by its substrate (tyrosine) occurs 
[54.55]. However, m an isolated preparation of vas 
deferens [56] and it1 rir~ studies [ 173 substrate inhibi- 
tion does not occur when tyrosine Icvcls are raised 
several times above the K,?, for tyrosine. These results 
tend to cast doubt on the physiological significance of 
rhc iit &i-o work and may indirectly provide evidence 
for the imporpdnce of permeability barriers in the 
transport of tyrosine into cells where the enzyme is 
prcscnt. 

It should be emphasized that the enzymes discussed 
above are assayed irl &o under conditions far 
rcmovcd from those existing irl ~iz:o. Attempts must he 
made to approximate in cifr’o the features of the envi- 
ronment ilr z+ro. In discussing the properties of lactate 
dehydrogenase (LDH) isoenzymes and their distribu- 
tion in tissues, Vescll [SS] has shown that kinetic 
ln~~~sur~rnents arc slibstant~aily different when they are 
obtained under more physiological conditions. 
Marked digerences in sensitivity between isolated pur- 
ified human !-DH 1 and LDH, are observed [SS]. The 
latter isoenzqme is not inhibited by high pyruvate con- 
centrations as is LDH i. Thus LDHs in anaerobic tis- 
SW such as skeletal muscle may be fimctional despite 

pyruvate concentrations iti this tissue which might in- 
hibit LDH 1. On the other hand, LDH, is predominant 
in tissues with relatively low concentrations of pyru- 
vate such as brain and heart. However. pyruvate and 
lactate c~~~~e~ltrations high enough on the basis of 
results obtained in vitro studies to inhibit LDHl do not 
occur ii? aiva [59,60]. At most, they are below I mM 
in the case of pyruvate and 25 mM for lactate even un- 
der extremely anaerobic conditions [X61]. Under 
most conditions the LDH in the cell is in great excess 
over the substrate [62]. Even under the anaerobic con- 
ditions of the Novikoff hepatoma, where rat liver LDH 
activity is decreased but lactate production increased. 
LDH has been reported to be in NO-fold excess over 
substrate [62]. 

Some of the examples cited above al-e those in which 
enzyme properties have been shown to ho modified by 
attachment of the enzyme to structural components of 
the cell. Other lnechanisms exist whereby the meta- 
bolic control may be effected through interaction 
between enzymes and other macromolecules within 
the cell. Lehninger [63] suggested that protein--protein 
interactions of an allosteric nature may occur within 
the cell and thus influence metabolic control. Interac- 
tions of this type have been described for a number of 
pairs of enzymes ir? vi&u. Rabbit muscle nldolasc acti- 
vity is increased in the presence of gl~~eraldehyde-~- 
phosphate dehydrog~~lase under condrbons where the 
latter is not enzymically active [64]. ~onforl~at~ol~al 
changes have been suggested to explain the changes in 
properties of glutamic-pyruvic-transaminase in the 
presence of phosphorylase [65] and Pogell rt d [M] 
have described the reversal and prevention of the 
adenosine 5’-monophosphate (AMP) inhibition of fruc- 
tose 1-6 diphosphatase in the presence of phospho- 
fructokinase. 

In the intact animal, certain organs can synthesize 
p~rmacolo~ically active agents by enzymatic pro- 
cesses. In some cases the failure to demonstrate such 
reactions in vitro has been attributed either to low level 
of enzyme activity or the presence of a natural inhibi- 
tor in the tissue. Inhibitors may be present in a bound 
inactive form in undisturbed tissues and may. be com- 
pletely or partially released and activated durmg tissue 
extraction or homogenization. To cite two examples. 
natural inhibitors have been described for the enzymes 
tryptophan hydroxylase and dopamine ~~-hydro~y~se 
(DBH). Whether such an inhibitor exerts a physiologi- 
cal role in regulating the activity of tryptophan hyd- 
roxylase and thereby the level of 5-HT in tissues+ is not 
known and must wait further ~ha~cter~ation of the 
inhibitor. However the intestinal tract makes a signifi- 
cant amount of 5-HT ifa z&. The Lack of demonstrat- 
ing this reaction ifi r&o may result from tow levels of 
enzyme activity or from the presence of a natural in- 
hibitor in this tissue [67,68]. More is known about the 
natural inhibitor of copper dependent dopamine p- 
hydroxylase (DBH) which catalyzed the /Nlydroxyl- 
ation ofdopamine to noradrenaline [69-713. Although 
purified preparations of this enzyme have shown acti- 
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vity, whole homogenates of animal tissues have little or 
no DBH activity [72-741. One of the major difficulties 
encountered in assaying DBH activity in tissues is the 
presence of endogenous sulphydryl inhibitors [72- 
74a]. These inhibitori are thought to chelate the cop- 
per which is an integral part of the enzyme molecule 
[72.73] and therefore during assay of this enzyme 
cu ‘+ is added to prevent this inhibition. Cu’+ ions 
presumably neutralize the sulphydryl inhibitors which 
probably appear during extraction procedures as a 
result of enzyme action (proteinases, glutathione 
reductase) or protein denaturation. In the presence of 
molecular oxygen the concentration of these sulphydryl 
groups progressively falls. There is no demonstration 
that irz z>itlo these sulphydryl inhibitors are active on 
DBH. The question arises as to whether they are nor- 
mally in contact with the enzyme. Conversely, natural 
inhibitors may be neutralized during manipulation of 
the tissues. 

An additional factor is the accessibility of substrate 
to the enzyme. For example, angiotensin II is not inacti- 
vated during passage through the human lung [75]. 
Lung homogenates do however rapidly inactivate this 
peptide 1761. Carboxypeptidease-N is present in rat 
lung tissue preparations 1771 but this enzyme does not 
inactivate bradykinin in the isolated perfused lung 
[78]. It can be concluded from these results that under 
normal conditions there is no contact between these 
peptides and the microsomal peptidases in intact lung 
whereas when the tissue is disrupted enzyme and sub- 
strate can come into contact. Alternatively. a natural 
inhibitor may be present in the intact tissue. 

Metabolic utilization can be restricted by limitation 
of substrate uptake by permeability barriers. Gluta- 
mate is rapidly utilized in rat liver homogenates and 
mitochondria (Table 3), whereas in preparations in 
which there are intact cells, namely liver slices and the 
isolated perfused liver, the rates of metabolism are 
much lower. The intact cells thus provide an effective 
barrier to glutamate uptake, which is not present in 
homogenates or isolated mitochondria. Similar obser- 
vations have been made for malate and succinate. 
[ll.79]. 

A further question which arises out of the observa- 
tions discussed above is whether it is possible to 
demonstrate in the intact mammal the mechanisms of 
inhibition by drugs observed in z;itru using tissue prep- 
arations. 

There is evidence that the action of a drug deter- 
mined in cirro may not be observed ipl uiro. Prenyla- 
mine (Segontin) inhibits purified human placental 

Table 3. Glutamate metabolism in rat liver preparations 

Preparation 

Homogenate 
Slice 
Perfused liver 

Rakof metabolism 
(pmoles/min/g) 

I 4 
0.01 
@I5 

Ref. 

89 
89 
II 

monoamine oxidase in vitro [80]. In ciao experiments 
with prenylamine in rats did not reveal any inhibition 
of monoamine oxidase [SO]. This might be expected 
since it is known that compounds carrying a methyl 
group in the x-position of the nitrogen atom are weak 
reversible inhibitors of monoamine oxidase in t~it~o. 

In man. data has been provided which shows that in 
some respects prenylaminc has action similar to that 
of reserpine 1821. Catecholamines liberated by thcsc 
drugs from bound stores are predominantly degraded 
by monoamine oxidase in tissues to the deaminated 
products. This show itself in a predominance of oxida- 
tively deaminated. over o-methylated mctabolites in 
the urine [82-841. The ratio of urinary o-methylated to 
deaminated products does not provide any support for 
an in ciao monoamine oxidase inhibition by prenyla- 
mine; otherwise an increase in metadrenalines and a 
decrease in oxidatively deaminated metabolites would 
be expected [82.84]. 

In contrast, the inhibitory action of the anti-inllam- 
matory drugs-indomethacin. aspirin and salicytate 
--on tissue prostdglandin synthetase activity irl Ritz 
[SS] probably occurs in man taking therapeutic doses 
of these drugs. Hamberg [86] found a marked lower- 
ing of the urinary excretion of the major PGE, and 
PGE? metabolites after treatment with these drugs in 
man. 

COhCLLlSlONS 

The subject matter of this paper concerns the ways 
in which the rates of metabolic processes and the 
properties of enzymes can be influenced by the type of 
tissue preparation used. The results of cxpcriments 
using purified enzyme tissue extracts and slices have to 
be interpreted with caution because when these tech- 
niques are used the resultant system is artifical 1871. 

The preservation of the structural integrity of an 
organ at the gross and microscopic levels together with 
such factors as permeability barriers and metabolic 
and natural inhibitors is of great importance in the 
study of the control of enzyme activity. Thus cxtrapo- 
lation from kinetic data derived under optimal condi- 
tions irl citw to conditions in oiw where entirely differ- 
ent concentrations of enzyme, coenzyme and substrate 
may exist. should be performed bearing in mind these 
considerations. 

A pressing problem in clinical biochemical pharma- 
cology is the development of a reliable methods to 
show that the mechanisms of drug action. drug acti- 
vation and inactivation observed using pure cnTymcs, 
tissue extracts, tissue slices, cells in culture or intact 
perfused organs occur in the normal intact organism. 
Such methods. if they measure the mechanism through 
which a drug exerts its therapeutic actions. would pro- 
vide the physician with a way in which therapy could 
be used to greater effect. 
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