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THE BIOTRANSFORMATION OF DRUGS has been under investigation for less than 20 
years, with most of our current knowledge of this subject coming from work in 
the past few years. Therefore, because of the relative newness of this field, it is 
not surprising to find it undergoing a great deal of change in terms of our under- 
standing of the basle mechanisms involved as well as in the interpretation of recent 
findings. Many of tbe ideas to be presented in this discussion, while not unique, do 
represent a new way of considering the role of the biotransformation of drugs. 
This is particularly true in the case of the disposition of anaesthetics, which is one 
area of drug metabolism left unstudied in detail until recently and, therefore, is 
undergoing the most rapid changes. Before discussing the volatile anaesthetics, 
a few general statements regarding drug metabolism are necessary. Additional 
information can be found in recent publications on this subject. 1,2 

Three possible fates await a foreign compound, such as a drug, when it enters 
the body. The fate of the majority of drugs is to be metabolized by enzymes and 
transformed into other compounds. This enzymatic biotransformation occurs 
largely in the liver and to some extent in the kidneys, although most of the tissues 
of the body have been found to contain some enzymatic activity for this biotrans- 
formation. A second fate is to undergo a spontaneous reaction to other products, 
with no enzymes involved. It is important to keep in mind that both enzymatic 
and spontaneous reactions can occur in the course of the metabolism of a drug. 
As will be seen Iater, this probably occurs in the case of the biotransformation of 
the volatile anaesthetics. The third fate is to be excreted unchanged, which is an 
important pathway for the elimination of volatile anaesthetics as well as those 
compounds which are highly water soluble. 

DRuc METABOLISM 

Drugs are metabolized for various reasons but three emerge as perhaps the most 
important. One is related to the polarity of the drug. Most drugs are nonpolar 
and therefore are relatively water-insoluble or lipopbilic. Drug metabolism in- 
variably results in a more polar and thus more water-soluble compound, which 
is more readily excreted from the body. Secondly, drug metabolism usually results 
in the production of a compound devoid of the pharmacological activity of the 
parent compound. This has led to the thinking that drug metabolism is a detoxi- 
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transferred from NADPH to eytochrome P-450 which reduces the iron (Fe)  in the cytochrome 
from + 3  to -J-2. The cytoehrome, which also has bound the drug (SH)  to it, can now take up 
O.) and, by some unknown means, the electron and O., combine to form a hydroxyl ( O H )  group 
w]aich is then added to the drug, thereby forming an oxidized drug which is released from the 
cytochrome and, being more water soluble, is excreted more readily. 

fieation process, although with our current knowledge we know this may not be 
true in all eases. Thirdly, some drugs require biotransformation to produce a 
pharmacologically active compound. 

The metabolism of drugs can be divided into two phases. Phase 1 involves a 
transformation consisting of an oxidation, a reduction, an hydrolysis or a combina- 
tion of these. The most common transformation is oxidative, and this is the only 
type of phase 1 reaction whieh the volatile anaesthetics undergo. Phase 2 reac- 
tions involve the products of phase 1 and also drugs not subject to phase 1 attack, 
such as polar compounds not requiring additional polarity. These eompounds 
undergo a synthetic reaction known as conjugation. Thus, all foreign eompounds 
studied to date undergo some type of chemical transformation, regardless of their 
polarity or chemical composition. 

The drug metabolizing enzyme system is found in highest concentration in the 
liver, with the kidneys having the next highest amount; most of the other organs 
of the body contain some of this activity but in much lesser amounts. Within the 
cell the enzyme systems are located in the various membranes, such as the cyto- 
plasmic membrane and the endopIasmic retieulum, and may act as structural com- 
ponents of the membrane in addition to having enzymatic function. These mem- 
branes are rich in lipids such as steroids, phospholipids, and lipophilic proteins, 
which makes the membrane an ideal location for metabolism of the usually lipo- 
philic drugs. One of the results of enzyme induction is an increase in the amount 
of these membranes per cell. a 

The enzyme system, as we know it presently, is designed to activate molecular 
oxygen to some form as yet unknown. While in this form, it is transferred to the 
drug substrate, thereby oxidizing it. The general scheme (Figure 1) as we under- 
stand it has been discussed in recent publications. 4"5 

This enzyme system is called the "microsomal mixed-function oxidase system" 
and is eompletely contained within the endoplasmic reticulum or mierosomes. 
The most important component of it is the cytoehrome called "cytoehrome P-450." 



V A N  DYKE:  B I O T R A N S F O t I M A T I O N  O F  V O L A T I L E  ANAESTI- IETICS 23 

Present evidence suggests that there is a multiplicity of such enzyme systems, dif- 
fering only in that some eytoehrome other than P-450 acts as the terminal oxidase2 
Since the cytochrome is the site to which the drug substrate binds, it is reasonable 
to predict that more than one cytochrome is necessary to carry out the large num- 
ber of reactions assigned to this system as well as to accommodate the large number 
of drugs acted upon by the system. 

In man this enzyme system becomes active about the time of birth. Beyond this 
age, environmental as well as genetic factors determine its activity. Genetic factors 
determine the basic amount of the system and thus account for some of the indi- 
vidual variation noted, while environmental factors can either enhance or inhibit 
this activity, accounting for additional individual variation. One of the best-studied 
environmental effects is enzyme induction; mentioned above as resulting in an 
increase in the amount of endoplasmic reticulum per cell, it also results in an in- 
crease in amount of this enzyme system per unit of endoplasmie retieulum and, 
therefore, in an increased rate of metabolism of drugs, r Many chemicals, such as 
pesticides, certain drugs, and atmospheric pollutants, will produce this enzyme 
induction, s On the other hand, the activity of this enzyme system is inhibited by 
many other chemicals found in our environment, resulting in a decrease in rate 
of drug metabolism. 

The point to be considered here is thaL because of the combination of genetic 
and environmental factors, there is a tremendous variation in rate of metabolism 
of drugs in any given population, although presently there is no way to predict 
the activity in any one individual. 

The volatile anaesthetics are oxidized by one of these eytochrome-eontaining 
enzyme systems. However, the exact nature of the components of the system uti- 
lized for this reaction is not known, although it is recognized that two such systems 
are required to oxidize these anaesthetics - one system catalyzing the dehalogena- 
tion and the other catalyzing the ether cleavage. Presumably, each system has its 
own cytochrome, but neither system has been characterized to the point where 
a description of the eytochrome or of the mechanism involved can be given. 

BIOT1RANSFORMATION OF VOLATILE ANAESTHETICS 

With this brief introduction to drug metabolism, we can now direct our atten- 
tion to what is known about the biotransformation of the volatile anaesthetics. 

Among the possibilities of the role of biotransformation of these agents is that 
this metabolism limits the duration of action of anaesthetics and aids the body in 
removing the anaesthetic. However, there is also the possibility that biotransforma- 
tion plays a role in the formation of end products or intermediate products which 
are toxic to certain organs. Thus, a study of biotransformation is important to 
understand what these products are and what conditions promote their formation. 
One point to be stressed is that biotransformation is not necessary for the produc- 
tion of anaesthesia. 

Halothane (CF~-CClBrH). In spite of the fact that halothane is a relatively 
simple compound, not all of the information regarding its metabolism is known. 
The overall metabolism is as follows: 
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02 
CF3-CCIBrH 'CF3-COOH + Br -  + CI- .  

The reaction has been followed in vitro in liver preparations and in vivo in a 
number of species, including man. Man is one of the species most capable of car- 
rying out this reaction, since the rate of conversion of halothane to trifluoroacetic 
acid and bromide is much higher than in the other species studied. Rehder, Forbes, 
Alter, Hessler, and Stier 9 found 16 per cent to 20 per cent and Cascorbi, Blake, and 
Helrich 1~ found up to 95 per cent metabolism in 24 hours in humans, while rats 
metabolize only about 2 per cent to 4 per cent of a given dose in 24 hours. 11 

V~i le  showa as a one-step reaction, the conversion of halothane to trifluoroacetic 
acid may not be that simple. This point will be  discussed in detail later; there may 
be transient intermediates which have not yet been identified. 

Other products of halothane metabolism, such as the conjugates of trifluoroacetic 
acid, have been found in urine, as has an interesting compound, trifluoroacetyl- 
ethanolamine) ~ The mechanism of formation of this compound has not been dis- 
covered, nor has its importance in the overall breakdown of halothane been 
assessed. 

In the biotransfonnation of halothane dehalogenation occurs, but  only the chlo- 
rine and bromine are removed; the fluorine is not removed. T M  This reflects the 
stability of the trifluoromethyl group to enzymatic or nonenzymatic attack. 

Methoxyflurane (CHa-O-CF2-CCI2H). Methoxyflurane is biotransformed in a 
more complex manner than halothane, because there are two sites on the molecule 
which can be attacked enzymatically. The ether and the carbon carrying the two 
chlorines requires different enzyme systems. 14 The following metabolites have 
been found in human urine after the administration of methoxyflurane: inorganic 
fluoride, dichloroaeetic acid, methoxydKluoroacetic acid, and oxalic acid. 1~ Based 
on these products, the route of breakdown of methoxyflurane is as follows: 

C H 3 - O - C F 2 - C O O H  + 2C1- 
CH3-O-CF2-CCI2HI B1 [ B2 

H C H O  + 2 F -  + HCC12-COOH HCHO + 2 F -  + HOOC-COOH.  

2C1- + H O O C - C O O H  

As indicated in this scheme, inorganic fluoride is released whenever the ether 
is cleaved; when both ether cleavage and deehlorination occur, oxalic acid is the 
product. The letters do not refer to the sequence but  merely indicate that the A 
reaction is a dechlorination and the B reactions are ether cleavages. It is possible 
that there is a particular sequence necessary for complete metabolism of methoxy- 
flurane to oxalie aeid, but this is not known at present. The formaldehyde formed 
in this scheme is probably quickly oxidized to CO2 and does not accumulate. The 
A1 reaction is the same type of reaction that halothane undergoes when it is dehalo- 
genated and, therefore, even though this reaction is shown as a single step, it is 
likely that there are one or two intermediate steps involved. 
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Fluoroxene (CF:~-CH2-O-CH=CH._,). This agent has not been studied to the 
extent that halothane and methoxyflurane have, but some information is available 
largely from the work of Blake, Rozman, Cascorbi, and Krantz} 6 The following 
is a scheme for its metabolism: 

02 
CF, -CH2-O-CH--CH2 ~CF3-COOH + 2CO2. 

As in the ease of halothane, trifluoroacetic acid is the major product, although 
it is probably not produced in a single step. The intermediate steps are not known 
with certainty but, when an ether is cleaved, the usual products are an aldehyde 
and an alcohol. Therefore, it is highly likely that triituoroacetaldehyde is an inter- 
mediate in this biotransformation. Also, as in the case with halothane, no inorganic 
fluoride is produced, indicating the stability of the trifluoromethyl group. 

Enflurane (HCF2-O-CF2-CFCIH). There have been few studies on the metabo- 
lism of this agent but those which have been completed indicate that a small 
amount of inorganic fluoride appears as product. '7 While it is not known which 
fluorines are released from the molecule, the evidence suggests that it is the one 
from the /3 carbon of the ethyl portion. Thus, the reaction would appear to be 
.similar to one of the reactions of methoxyflurane: 

02 
CF2H-O-CF2CFC1H *CF2H-O-CF2-COOH + F -  + C1- 

If the ether were cleaved, much higher concentrations of inorganic fluoride 
would result than have been found, because the fluorines on both sides of the 
ether oxygen would be released, producing four moles of inorganic fluoride for 
each mole of enflurane metabolized. Since only small amounts of inorganic fluoride 
are found, it is assumed that this metabolism takes place very slowly. 

Isoflurane (HCF2-O-CCIH-CF3). The limited studies with this compound indi- 
cate that isoflurane is not metabolized. TM Regardless of whether the ether bond is 
cleaved or the/3 carbon of the ethyl portion is attacked, inorganic fluoride should 
be released if degradation takes place and, since this does not occur, it is assumed 
that no metabolism occurs. Additional studies are in progress to verify this. 

Diethyl Ether (CH:~-CHo-O-CH,_,-CH:~). This agent undergoes enzymatic ether 
cleavage 11 to an aldehyde and an alcohol: 

CH3-CH2-O-CH2-CHa--~CH~i-CHO + CH~-CH2OH. 

CHsCOOH CH3CHO 

The acetaldehyde and acetic acid are intermediates in the normal metabolism 
of certain cellular constituents and, therefore, are readily converted to CO2 

Chloroform (HCCl3). Metabolism of this compound occurs by both enzymatic 
and nonenzymatie means. 19,''~ The mechanism of metabolism and the products 
are not known except that some of the carbon in the chloroform molecule even- 
tually goes to CO2. 
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ROLE OF BIOTI~ANSFORMATION OF VOLATILE ANAESTHETICS 

IN DEVELOPMENT OF TOXICITY 

Except for a few isolated examples, the biotransformations of most drugs and 
other chemicals foreign to the body have always been considered to be detoxifica- 
tion reactions. However, recent evidence indicates that this may not be the case 
with all chemicals. The usual method of studying drug metabolism is to examine 
the blood, urine, or expired air for metabolic products of the drug under study. 
If the metabolic products are nontoxic, it is not surprising that such a reaction is 
considered a detoxifieation. Any toxic reaction is considered to be a result of the 
parent compound, and little thought is given to how much of the drug remains 
bound in the tissue in some unknown form. 

For example, chloroform and carbon tetrachloride both are metabolized to CO,_, 
and urinary products which are nontoxic conjugates. 2~ The well-known toxic reac- 
tions to these compounds therefore come, not from the excreted products, but 
from some other source. However, the toxic reaction probably is not due to the 
parent molecule because the toxicity is proportional to the drug-metabolizing 
activity: factors which increase the mierosomaI enzyme activities, such as pre- 
treatment of the animals with phenobarbital, also tend to increase the hepato- 
toxicity of carbon tetrachloride, 21,2~ and factors which inhibit mierosomal enzymes 
tend to protect animals against the hepatotoxic effects. 23 Thus, if the end-products 
and the parent compound are nontoxic, the toxicity must be the result of an inter- 
mediate metabolite, produced enzymatieally and of transient character. 24 

Another example of this phenomenon is found with benzene, a known toxic com- 
pound which affects the bone marrow. It has been determined that benzene itself 
is not toxic but  that the toxicity is proportional to the amount of metabolism? 5 In 
addition, the products of this metabolism, while somewhat toxic, do not produce 
the same toxicity as benzene. Benzene toxicity is the result of an epoxide inter- 
mediate produced during the hydroxylation of benzene. 

Methylcholanthrene, a polyeyelie hydrocarbon, is a known carcinogen. How- 
ever, its carcinogenieity is not a property of the parent compound or of the final 
metabolite which, while toxic to the cell, is not carcinogenic. 26 Recently, the car- 
cinogenicity of methylcholanthrene has been traced to the formation of an epoxide 
produced in the course of a hydroxylation reaction. Although the toxicity of methyl- 
cholanthrene bears no relationship to the toxieities of anaesthetic agents, these 
examples point out that intermediate metabolites are important sources of toxicity 
of any drug or foreign chemical. 

There have been a number of instances in which metabolism of drugs has re- 
sulted in the appearance of toxic metabolites, apparently without the production 
of a toxic intermediate; such drugs include pyridine, sulfamerazine, and sulfa- 
diazine. 27 

The metabolism of drugs can be categorized on the basis of the toxicity of file 
metabolites produced: (1) drugs whose metabolism results in no toxic products 
(probably the vast majority of drugs fall in this category); (2) drugs which are 

biotransformed to nontoxic metabolites but, in doing so, pass through a highly 
toxic intermediate stage; and (3) drugs which produce a highly toxie metabolite 
with or without passing through a toxic intermediate. 
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The metabolites of methoxyflurane include oxalic acid, inorganic fluoride, dichlo- 
roacetic acid, methoxydifluoroacetic acid, inorganic chloride, formaldehyde, and 
CO2. Of these products, inorganic fluoride and oxalic acid are the best candidates 
as the causative agent of the nephrotoxicity due to methoxyflurane and, of these 
two compounds, inorganic fluoride is probably of greatest concern. Humans are 
capable of metabolizing large amounts of methoxyflurane and, thus, high serum 
fluoride levels result. Taves, Fry, Freeman, and Gillies 2s have reported that the 
renal toxicity occurs in those persons with the highest blood fluoride level. In ad- 
dition, Mazze, Cousins, and Kosek 29 produced nephrotoxieity in experimental ani- 
mals by administering only inorganic fluoride, although they noted strain dif- 
ferences in this regard. 

Work in my laboratory suggests a strain difference in susceptibility to the fluo- 
ride effect on the kidney. The Fischer 344 and Sprague-Dawley strains of rats 
were compared in vitro for their ability to metabolize methoxyflurane to inorganic 
fluoride. The Fischer 344 strain had been found by Mazze e ta / .  29 to develop poly- 
uria after methoxyflurane administration, while the Sprague-Dawley strain did not. 
The urinary output of inorganic fluoride was not different between the strains, and 
our studies in vitro also revealed no differences either in rate of fluoride release or 
in total fluoride production. Thus, while a toxic metabolite is produced, it requires 
a susceptible enzyme for manifestation of its toxicity. Most humans presumably 
have in their kidneys a system susceptible to fluoride toxicity. 

The role played by  oxalic acid in the nephrotoxicity of methoxyflurane is not 
known. Theoretically, one would expect a maximal fluoride-to-oxalic acid molar 
ratio of 2:1, and it probably is much less than this. Therefore, it is possible that the 
oxalic acid levels are not high enough to affect the kidneys, although additional 
studies are necessary to confirm this. Thus the metabolism of methoxyflurane re- 
sults in a toxic or potentially toxic product. Whether or not this metabolism pro- 
ceeds through a toxic intermediate remains to be determined. 

Halothane represents a differeDt situation because of its more simplified meta- 
bolic patterns, which results in the production of trifluoracetie acid and inorganic 
bromide as the major metabolites. However, this raises a question as to the causa- 
tive agent of the hepatotoxicity sometimes seen after halothane anaesthesia, 3~ 
since neither trifluoroacetie acid nor bromide is toxic at the concentrations found. 
It is possible that the toxic agent is produced by an altered metabolic pattern in 
certain individuals or, as in the case of chloroform and carbon tetraehloride, there 
may be a toxic intermediate which accumulates in certain situations. Our working 
hypothesis is the latter. 

In the usual method of studying drug metabolism, the products of the biotrans- 
formation are examined. Any product not readily excreted from the organism or 
extracted from the tissue is easily overlooked. This was particularly true in the 
ease of the volatile anaesthetics until the work of Cohen and Hood 31,82 revealed 
an accumulation of metabolites from halothane, diethyl ether, and chloroform in 
the livers of mice. These metabolites were bound to the cell constituents and were 
not extractable. These studies were extended in my laboratory to determine what  
conditions, if any, enhanced or decreased the accumulation of such metabolites 
from halothane. In a perfused isolated rat liver preparation, it was found that the 
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accumulation of material bound to the liver was related directly to the amount of 
metabolism. 33 Enzyme induction by phenobarbital, which enhances the metabo- 
lism of halothane, increased the amount of metabolite bound to the liver. Enzyme 
induction by methylcholanthrene, which does not enhance the metabolism of 
halothane, did not alter the binding. Chemicals known to inhibit the metabolism 
of ha]othane decreased the binding. 

It is equally important that a decrease in blood flow through the liver resulted 
in a large increase in the amount of binding. This is a point of potential practical 
importance, particularly if the binding of this material is related to the develop- 
ment of the hepatotoxicity, since the incidence of hepatotoxicity is related to hypo- 
tensive episodes. On the other hand, decreasing the Po2 decreased the binding 
slightly, indicating a requirement for oxygen to convert halothane to the inter- 
mediate metabolite which is being bound. 

We can only speculate at the present time on the importance of this binding to 
the development of a toxic reaction to halothane. If this binding is important, then 
animals which have been treated with agents known to induce the metabolism of 
halothane should develop this toxicity. A recent report indicates that this may be 
the case2 3 Rats were treated with phenobarbital, a known inducer of halothane 
metabolism, for several days to ensure maximal enzyme induction and then were 
exposed to halothane. At autopsy of these animals, their livers showed a patchy 
eentrolobular necrosis. Control animals, not given phenobarbital but exposed to 
halothane, showed no liver necrosis. Thus, it appears that the liver necrosis may 
be associated with high rate of metabolism of halothane. 

Another recent report indicates that hepatotoxieity develops in guinea pigs after 
repeated exposures to halothane. ~4 Since the metabolism of halothane results in 
the binding of a metabolite to the cell constituents, it is conceivable that repeated 
doses of halothane would have an additive effect on this; with a sufficient number 
of exposures, a very high level of bound material would result. 

The possibility that halothane hepatitis is caused by the irreversible binding of 
an intermediate metabolite to a cell constituent, thereby interfering with its normal 
function and resulting in the death of the cell, may account for the higher inci- 
dence of hepatitis in patients repeatedly exposed to halothane within a short 
period. Since the metabolite is irreversibly bound to the cell constituents, the only 
way it can be removed is by the complete breakdown of the constituent or the cell. 
Cell constituents have various half-lives, from hours to days, and therefore the 
metabolite may remain in the cell for long periods. Additional exposures to halo- 
thane would presumably have additive effects and thereby increase the concentra- 
tion of the bound material and increase the possibility of destroying cells. It is also 
possible that hepatitis may develop from a single exposure to halothane if suf- 
ficient binding occurs. If this is the ease, then not all hepatitis eases diagnosed as 
due to halothane are a sensitization phenomenon but  may be due to a high con- 
centration of chemical toxin. In some eases, sensitization may develop to the toxin 
or intermediate but, if so, this would be an additional response requiring other 
conditions being achieved within the cell. 

It is interesting to speculate about the nature of the intermediate which may 
react with the cell constituents. The reaction may be visualized as follows: 
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CFa-CC1BrH * CF~-CC1Br. 

los O3 
CF3-CHO ~ CF3COOH. 

If this scheme represents what is actually happening, the two intermediates are 
candidates for binding with the cellular constituents. Efforts are being made to 
determine if this scheme is accurate. 

The metabolism of fluoroxene suggests that the ether bond is cleaved and that 
the vinyl portion of the ether is oxidized readily to CO2 while the trifluoroethyl 
portion eventually is oxidized to trifluoroaeetie acid, although probably not in a 
single step. 

CF3-CH2-O-CH----CH2 ~ CFa-CHO ,~CFa-CH2OH. 
l 

CFa-COOH 

Fluoroxene has recently been implicated as a causative agent of hepatitis, a5 
Because this hepatitis is very much like that reported after the use of halothane, 
there is a strong possibility that the causative agent is the same. This idea is further 
strengthened by the realization that both agents may pass through the same inter- 
mediate, trifluoroaeetaldehyde, a highly reactive compound. More evidence is 
needed to substantiate this idea. 

Diethyl ether is metabolized to products which are nontoxic and easily disposed 
of by the cell. In addition, the formation of these products presents the cell with 
no known highly reactive intermediates. 

Enflurane and isoflurane have not been studied sufficiently to permit discussion 
of the relationship of metabolism to toxicity. However, if future studies confirm 
that these compounds undergo little or no metabolism, it is clear that any untoward 
reactions are not the result of metabolism. 

I think it is apparent from this discussion that no general statements can be 
made regarding the relationship of metabolism to the toxicity of the volatile anaes- 
thetics. Each anaesthetic agent should be considered separately because the meta- 
bolism of each apparently involves unique relationships. As is the case with most 
drugs, metabolism results in products which are toxic or nontoxic, and the bio- 
transformation occurs by way of intermediates which also may be toxic. 

S v M ~ Y  

The metabolism of drugs and other chemicals foreign to the biological system 
has been studied in great detail in recent years. A major portion of this study has 
been devoted to the nature of the enzyme system which catalyzes these biotrans- 
formations. This enzyme system is located in the membrane of cells distributed 
throughout the body, with the liver containing the highest amount. The name 
generally applied to this enzyme system, which is composed of several enzymes, 
is "'the mierosomal mixed function oxidase system." The single most important 
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component of the system is cytochrome P-450, and it is on this cytochrome that the 
actual transformation of the drug takes place. The volatile anaesthetics are trans- 
formed by this enzyme system and, therefore, to understand the way in which 
these anaesthetics are metabolized, we must understand the operation of the 
enzyme system. 

The way in which the biotransformation of the volatile anaesthetics takes place 
is important in assessing the relationship of the occasional untoward toxic effect 
of these agents to their metabolism. For halothane, a strong case can be made for 
an intermediate in the metabolism producing the hepatotoxicity. The same may be 
true for fuoroxene. The nephrotoxicity of methoxyflurane may be produced by a 
product of its metabolism, inorganic fuoride, although the fluoride toxicity may 
be enhanced by other intermediates or products of methoxyflurane metabolism. 
It is important that no generalizations be made concerning the relationship of 
metabolism to toxicity examined separately. 

On peut consid~rer les m6dicaments comme des toxines choisies. Comme telles, 
elles produisent d'habitude, leur effet en inhibant ou en modifiant les r6actions ou 
les syst6mes biochimiques sp6cifiques. Le syst6me ou la r6action bioehimique 
touch6 peut 8tre pr6sent dans plusieurs organes ou sa distribution ou son influence 
peut  8tre limit6e ~ un seul organe. Dans l'une ou rautre 6ventualit~, la presence 
du m6dieament en concentration suffisante est tout ce qui est requis pour observer 
l'effet de sa toxicit6 s61ective. 

On peut  observer une deuxi~me r6action toxique avec certains m6dicaments, 
r6action tout ~t fait 6trang6re ~ la premi6re, en apparence, et se manifestant de 
fa~on irnpr6visible. Cette r6action ind~sirable se produit avec certains anesth6- 
siques volatils - quoiqne ce fait ne leur soit pas r~serv6. Les anesth~' ~iq.,:es volatils 
produisent l'effet toxique imm6diat : l'anesth6sie, mais ils produise ~t 6galement, 
en certains cas, plusieurs jours plus tard, des effets toxiques tout atitres. La con- 
naissance de l'61imination de ees m6dicaments et de leurs biotransformations 
pourra aider l'anesth6siologiste ~ faire un diagnostic diff6rentiel en face de telles 
r6actions. 

R61e de la biotransformation clans les systkmes biologiques 
La biotransformation joue plusieurs r61es concernant l'aetion, le m6tabolisme 

d'un m6dicament. D'abord, la biotransformation est un des moyens par lequel 
l'organisme limite la dur6e d'action des m~dicaments. Evidemment, plus la bio- 
transformation est rapide, plus la dur6e d'action est courte. La dur~e d'action est 
en relation ~troite avec un deuxi6me facteur : la d6toxification. Le r61e de d~toxifi- 
cation est de la plus grande importance dans la biotransformation des substances 
chimiques 6trang6res qui n'ont pas d'activit6 pharmacologique sp6cifique mais qui 
produisent une r6action toxique. Le troisi6me r61e de la biotransformation - r61e 
d'importance limit~e, mais r61e qui dolt toutefois 8tre 6tudi~ ; - c'est la biotrans- 
formation d'un produit pharmacologiquement inactif et un autre produit pharma- 
cologiquement actif. Le quatri~me r61e, 6galement d'une importance limit6e, est 
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la biotransformation d'un m~dicament en un produit poss~dant des propri~t~s 
toxiques. Les recherches sur ce quatri+me r6le ne font que commencer et ce r61e 
peut  prendre une importance plus grande qu'on ne ]'aurait soupgonn~ auparavant. 
Ce r61e est certainement important dans la toxicit~ des anesth~siques volatils. 

ROle de la biotransformation en anesthdsie 
La biotransformation des anesth~siques volatils ne produits pas l'anesthSsie. 

Du fait que les produits de biotransformation ne sont pas des anesth~siques le 
m~tabolisme n'est pas n~cessaire pour l'anesth~sie. Ainsi, en anesth~sie, le rSle du 
m~tabo]isme se limite h diminuer la dur~e d'action et de l'intoxication possible. 

R61e de la biotrans[ormation des anesthdsiques volatils dans le 
ddveloppement des eff ets secondaires inddsirables 

Les substances qui produisent des effets secondaires ind~sirables lorsque lqaalo- 
thane, le mSthoxyiqurane ou ]e fluroxene est employ~ ne sont pas les molecules du 
produit rn~re. Ce qui permet de raisonner ainsi, c'est que les r~actions indSsirables 
surviennent ]orsque ]'agent anesth~sique est present ~t de tr+s s concentra- 
tions ou est presque disparu. Pour ~valuer le r6le des produits du m~tabolisme 
comme agents responsables de ces r~actions ind~sirables, il faut ~tudier chaque 
agent s~par~ment. Le m~thoxyflurane se m~tabolise en CO2, en acide m~thoxydi- 
fluoroae~tique, en aeide dichlorac~tique, en acide oxalique et en fluorure inorga- 
nique. De ces produits, le fluorure inorganique et ]'acide oxalique sont toxiques 
pour les reins, et la fluorure inorganique serait le responsable de la polyurie obser- 
v~e apr+s l'administration du m~thoxyflurane. Ainsi, plus il y a de m~thoxyflurane 
de m~taboliser, plus i] y aura de produits toxiques. 

On ne peut pas pr6ciser aussi facilement la cause de ]'hypatotoxicit~ observ~e 
quelquefois h la suite de l'administration de l'halothane. Le principal produit du 
m6tabolismo, d ,  l'halothane est l'acide trifluoracitique. Cet acide trifluoracitique 
ne produirait ]F as de r~action h~patotoxique. Si l'agent toxique n'est ni l'halothane 
n i ] e  produit du m~tabolisme de l'halothane, il dolt donc 8tre un interm~diaire 
dans ]e m~tabolisme de l'haIothane - un produit dont l'existence est tr~s brave 
mais qui est tr+s actif et qui peut  selier ~troitement aux constituants cellulaires. Des 
~tudes r~centes ont r~v~l~ que des portions de ]a molecule d'halothane ~taient 
li~es de fagon irreversible aux constituants cellulaires en proportion directe au 
m~tabolisme de l'halothane et en proportion inverse au d~bit sanguin dans ]e foie. 
Pour confirmer l'id~e qu'un produit interm~diaire du m~tabolisme de l'halothane 
se fixe dans le role, il faut d~montrer si ce produit existe en concentration sufl]sante 
et s'il entraine une r~aetion h~patotoxique. 
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