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ABSTRACT

"PYRAZOLE, INTERACTIONS AND METABOLISM BY 
HEPATIC MICROSOMES" 

by
Dennis Elchanon Feierman 

Advisor: Dr. Arthur I. Cederbaum
There is current interest in the interactions of alcohol 

and drugs. Drugs are metabolized via the liver microsomal 
mixed function oxidase system, which depends on cytochrome 
P-450 isozymes. Different populations of cytochrome P-450 
isozymes can be induced via drugs, diet and alcohol.
Alcohol induces a specific isozyme which plays a role in 
drug-aloohol interactions. This isozyme has been difficult 
to purify and its induction requires long term feeding of 
alcohol, which also causes many other metabolic derange­
ments. Hence there is a need for other models which can 
induce the alcohol cytochrome P-450. The goal of this 
research is to demonstrate that pyrazole and 4-methyl- 
pyrazole, potent inhibitors of alcohol dehydrogenase that 
are widely used in alcohol research, interact and induce an 
alcohol preferring cytochrome P-450 and moreover, these 
agents are metabolized by this P-450.

Pyrazole and 4-methylpyrazole treatment appear to result 
in the induction of an alcohol-preferrring cytochrome P-450 
as reflected by alcohol and drug oxidation data and binding
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spectra with several substrates. Pyrazole treatment does 
not change the oontent of cytochrome P-450 or the activity 
of the cytochrome P-450 reductase. By contrast, treatment 
with 4-methylpyrazole increases the content of cytochrome 
P-450 about two-fold. Miorosomes isolated from these 
treated rats exhibit several properties which are similar 
to miorosomes isolated from rats chronically fed ethanol. 
This suggests the possibility that pyrazole- or 4-methyl- 
pyrazole-treatment may serve as good models to study the 
effects that ethanol has on the hepatic mixed-function 
oxidase system. Pyrazole and 4-methylpyrazole can inhibit 
microsomal oxidation of ethanol la vitro, and the 
effectiveness of these agent as inhibitors is increased in 
miorosomes isolated from rats treated with pyrazole, 
4-methylpyrazole or ethanol. Furthermore, pyrazole is 
metabolized by miorosomes in a cytochrome P-450 dependent 
manner and its metabolism is increased by pyrazole-, 
4-methylpyrazole or ethanol-treatment. In view of the 
above, extreme caution would be required in the use of 
pyrazole or 4-methylpyrazole to assess the role of alcohol 
dehydrogenase dependent and Independent (e.g., microsomal) 
pathways in contributing towards overall metabolism of 
ethanol, especially in induced animals.
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CHAPIEB_I lBtrQdiic£iQn_and_EaQkgrmind

EndQplaSHiiG-RetiQiiliiffl

The endoplasmic reticulum (ER) is an extensive 
membranous network found throughout the cytoplasm of a 
cell. In rat hepatocytes, electron micrographs reveal the 
ER as a reticulation of tubules, vesicles and lamellae 
(1,2). The ER is a multifunctional organelle which can 
synthesize and transport proteins; synthesize and breakdown 
cholesterol, phospholipids and triglycerides; breakdown 
glycogen; desaturate fatty acids; and metabolize steroids, 
fatty acids and xenobiotics. The latter function is 
catalyzed by the cytochrome P-450 system. Of particular 
Importance and interest is the increase in volume and 
surface area of the ER and concomitant increase in the 
activity of the cytochrome P-450 drug metabolizing system 
after treatment of animals with phenobarbltal, carcinogens 
and other xenobiotics, including alcohol (3-7). The 
adaptability and function diversity of the ER have resulted 
in its being the object of many investigations.

In order to study the ER in vitro, disruption of cell 
structure via homogenization is necessary. The term 
"microsomes" is used to designate the artlfactual 
mlorosized membranous vesloles that are formed from the
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disrupted ER. Microsomes isolated from rat livers are the 
vehicle through which the studies on the cytochrome P-450 
drug metabolizing system in this thesis were carried out.

Gy£QSfcrQ&ifi_£-4£Q

Hemoproteins are one the most heavily studied biological 
compounds. This is probably because they are colored, 
readily observed and hold key roles in respiratory 
activities. Cytochrome P-450 is the terminal hemoproteln 
component of the hepatic microsomal mixed-function oxidase 
(drug metabolism) system. It functions in the metabolism 
of a broad spectrum of structurally unrelated endogenous 
and exogenous compounds (8). Cytochrome P-450, coupled with 
other metabolically linked enzymes, provide an important 
pathway for the elimination of xenobiotics. However, these 
systems are not only responsible for the detoxification of 
these compounds, they are also responsible for the 
activation of environmental agents to toxic or carcinogenic 
forms. Therefore, induction of this system by exposure to 
certain chemicals, drugs or alcohol may result in an 
increase in the rate of inactivation of helpful drugs or in 
some oases to harmful activation of environmental 
carcinogens.
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Cytochrome P-450 was first detected as a microsomal 
pigment that gave a characteristic difference spectrum 
consisting of a broad Intense absorbance band at 450 nm 
when dlthionlte reduced microsomes were bubbled with carbon 
monoxide (9): hence It derived Its name, P-450. However, 
elucidation of the nature of this chromaphore was Impeded 
by the fact that cytochrome P-450 is very unstable to 
various solubilization techniques. Cytochrome P-450 
purification was hindered until 1967 when Ichikawa and 
Yamano developed an efficient way to stabilize cytochrome 
P-450 against detergent treatment by using glycerol and 
glutathione (10). Until that time, treatment of micro­
somes with detergent quantitatively converted the pigment 
to another spectrally distinct solubilized form that 
absorbed at 420 nm when reduced with dlthionlte and bubbled 
with carbon monoxide. This pigment, which was named P-420, 
turned out to be the inactivated form of P-450.

In spite of these impediments, certain properties and
functions were determined. In 1962, Estabrook et al
discovered that cytochrome P-450 functioned as a terminal
oxidase in various important oxygenation reactions (11).
Using light reversal of carbon monoxide inhibition of
sterlod C hydroxylase activity of adrenal cortex 

21microsomes, they were able to demonstrate a photochemical 
aotion spectrum. This work gave impetus to look for other 
funotlons of cytoohrome P-450 as well as to look at its
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distribution in other organs and forms of life. It is now 
well established that cytochrome P-450 is capable of 
catalyzing the oxidation of fatty acids, alkanes, steroids, 
drugs, polycyclic hydrocarbons and other xenobiotics 
(12-15), and thus is probably the most versatile catalyst 
known.

Although the first confirmation that cytochrome P-450 
was able to function in hydroxylation reactions was in the 
adrenal cortex, and there are many other extrahepatlc 
tissues that contain cytochrome P-450 e.g. lung, intestine, 
kidney, placenta, testis and skin, its greatest activity 
and concentrations are found in the liver (12). Therefore, 
the studies presented in this thesis were carried out with 
hepatic microsomes.

IndUQtiQn_Qf_CytQchrQnie_P-45Q

The hepatic mixed function oxidase system, of which 
cytochrome P-450 is the terminal oxidase, is unique among 
mammalian enzymes. Two of its most striking features are: 
(1) a large number of structurally diverse chemicals can 
serve as substrates and (2) its activity can be enhanced by 
certain chemicals called miorosomal inducing agents. The 
magnitude of these elevations are dose and time dependent 
and inducer dependent, i.e. different olasses of inducers 
induce different isozymes of cytochrome P-450. Indeed, the
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term cytochrome P-450 refers to a class of structurally and 
functionally related hemoproteln enzymes that have slightly 
different molecular weights, spectral characteristics and 
substrate specificity profiles. The latter differences are 
used to group them and their Inducers Into different 
classes.

The ability of barbiturates and other drugs to alter 
hepatic metabolism had been reported as early as 1940, in a 
paper which showed that rats treated with phenobarbital 
displayed an increase in ascorbate synthesis (16). It was 
latter shown that the same treatment could stimulate the 
demethylatlon of 3-methyl-4-monomethylaminoazobeneze (a 
hetapocaroinogln) by hepatic microsomal enzymes (17). It 
had been shown previously that certain polycyclic aromatic 
hydrocarbons e.g. 3-methylcholanthrene, also Induced 
demethylatlon of 3-methyl-4-monomethylamlnoazobeneze (18).

Following the observations that various compounds could 
induce drug metabolism it was wondered whether treatment 
resulted in the activation of nascent enzymes or resulted 
in the induction of new proteins. The fact that inducers 
could not stimulate enzyme activity in Yitlfl (in fact the 
are sometimes inhibitory), that the stimulatory response 
was dose dependent (17,18), time dependent (19) and blocked 
by protein systhesis inhibitors (18,20), and that it was 
correlated to incorporation of labeled amino acids into 
microsomal protein supported the oonoept that activation of
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drug metabolism was a result of da nQXfl synthesis of new 
enzyme(s) rather than aotlvation of nascent enzyme.

The results of treating animals with various Inducers 
are changes In the rate of drug metabolism. Increases In 
the concentration of mixed function oxidase components e.g. 
da HQXQ synthesis of cytochrome P-450, and changes In the 
spectral properties of cytochrome P-450 adducts. To date, 
hundreds of chemicals are known to Induce hepatic 
microsomal mixed function oxidases. Of particular Interest 
Is the differential enzyme Induction that occurs with 
various inducers i.e. different Inducers induce different 
populations (isozymes) of P-450. These differential 
effects can be seen with respect to the spectral character­
istics and the specificity of the altered drug metabolism. 
For example, although microsomes isolated from rats treated 
with phenobarbital and 3-methylcholanthrene resulted in 
Increased cytochrome spectra over controls, only the latter 
treatment resulted in a shift of the reduced carbon 
monoxide difference spectrum 2 nm to the blue (21). 
Recently, it was shown that microsomes from rats 
chronically fed ethanol showed substrate binding spectrum 
with either DMSO or 2-butanol that was not found in the 
pair-fed controls (22,23). An example of differential 
induction of drug metabolism is that treatment of rats with 
3,4-benzpyrene is ineffective in increasing the metabolism 
of barbital, aminopyrine and other drugs, whereas

6



phenobarbltal treatment is very effective (19). There are 
numerous other examples of differential induction (24). In 
this regard, the use of drug metabolic profiles and 
microsomal binding difference spectra are useful in 
ascertaining the type of effects an inducing agent has on 
microsomal drug metabolizing enzymes.

£jiEi£iQafciQn_ansL_£r£££ncfi_Ql
HulliEl£_EQrffiE_Q£._CytQ£luzQme_£=45Q

Initial attempts to purify cytochrome P-450 were 
unsuccessful due to instability of the enzyme to various 
solubilizing techniques. Solubilizing agents such as 
detergents, lipase, proteases, organic solvents and high 
salt concentrations converted cytochrome P-450 to inactive 
cytochrome P-420 (25). Purification of cytochrome P-450 
was hindered until Ichikawa and Yamano reported that 
polyols e.g. glycerol, stabilized the detergent-treated 
enzyme (10). Successful deoxycholate solubilization of 
rabbit hepatic microsomes in the presence of glycerol lead 
to the purification and ultimately to the reconstitution of 
a cytochrome P-450 dependent hydroxylase system (26). 
Subsequently, other reconstituted mixed function oxidase 
activities, suoh as steroids, drugs and alkanes were 
demonstrated (13-15).
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The fact that unlike other enzymes, a large number of 
struoturally diverse chemicals can serve as substrates for 
cytochrome P-450 and that lnduoers of mixed function 
oxidase activity showed differential effects, probably gave 
great impetus to look for multiple isozymes of cytochrome 
P-450. Spectral studies supported the hypothesis that 
multiple Isozymes of cytochrome P-450 existed. Microsomes 
isolated from rats treated with 3-methylcholanthrene 
displayed a reduced carbon monoxide difference spectrum 
that was shifted from 450 nm to 446-448 nm when compared to 
either controls or phenobarbltal induoed (21). Additional 
support for the hypothesis comes from binding spectra with 
ethylisocyanlde, which when added to microsomes results in 
Soret peaks at 430 and 455 nm. The relative heights of 
these peaks are inversely proportional to each other and pH 
dependent (27). Hence, a plot of the two peak height as a 
function of pH results in two intersecting curves. 
Microsomes isolated from either control rats or rats 
treated with phenobarbltal have curves that intersect at pH 
7.4; however, microsomes isolated from 3-methylcholanthrene 
result in curves that intersect at pH 6.9 (28,29).

The ultimate proof that multiple forms of cytochrome 
P-450 exist must come from purification and biochemical 
characterization of each isozyme. To date, several 
different P-450 isozymes have been purified and have been 
shown to be different isozymes by immunoohemioal
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double-diffusion analysis or oross-reaetion experiments 
(30-32) or by amino aoid analysis (33-35).

Of particular interest is the isozyme(s) induoed by 
chronio alcohol consumption. Ohnishi and Lieber were the 
first to show that aloohol induced a distinct isozyme in 
rats (6). The isolation of this isozyme from rats has been 
difficult because of its instability. Furthermore, the 
techniques used to Induce this isozyme cause many other 
metabolic derangements. Hence, there exists a need for 
other models for the Induction of this isozyme(s). One of 
the goals of this thesis is to characterize the inductive 
affects of pyrazole and 4-methylpyrazole and to demonstrate 
that these agents induce an lsozyme(s) of cytochrome P-450 
that is the same or similar to that induced by ethanol and 
that the former my serve as a good model for the latter.

SubEtrais_Eindin£_£peQira

Any enzyme that has a cofactor(s) requirement for 
catalysis has a unique characteristic of making a dead-end 
enzyme substrate complex that can be extensively studied. 
Cytochrome P-450 has a "reducing equivalents cofaotor" 
(which are electrons that are transferred from NADPH via 
oytoohrome P-450 reductase: see Mechanism of Action); 
hence, enzyme substrate complexes can be readily studied.
A distinctive characteristic of cytochrome P-450 is the
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binding spectrum (a change in absorbanoe) that results from 
the interaction of P-450 with a substrate.

Narasimhulu and coworkers were the first to demonstrate 
a change in absorbance as a result of the interaction 
between cytochrome P-450 in solubilized adrenocortioal 
microsomes and a substrate, 17-hydroxyprogesterone (36).
The optical spectrum, which was later classified as a type
I binding spectrum, showed a peak at 388 nm, an isosbestic 
point at 407 nm and a trough at 420 nm. A short time 
later, similar results were found when drugs were added to 
rat hepatic microsomes; in addition, certain drug 
interactions resulted in spectra that had the peaks and 
troughs reversed (37). These were later classified as type
II binding speotra.

For a clear understanding of the interaction between
cytochrome P-450 and a substrate it is necessary to examine
the coordination chemistry of the heme iron and the various
spin states. For simplicity, the discussion will be3+limited to the ferrio form, Fe In this form,
protoporphyrin iron has five electrons in the 3d subshell
which can occupy any of the five electronic orbitals
(d , d , d , d 2 2, and d 2) associated xy xz yz x -y z
with the 3d subshell. In a symmetric environment all
d-orbitals are degenerate, i.e. they have the identical
energies; therefore, each eleotron will occupy a separate
eleotronio orbital with parallel spins (unpaired), since
electrons repel each other, this is the most stable
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configuration. This symmetry is lost when iron is plaoed
into a porphyrin that is bound to a protein, because this
renders the d-orbital energy levels non-degenerate and
splits the 3d energy levels into two subsets. Since the
d 2 2 and d 2 orbital point out of the heme planex -y z(and towards the direction of the ligands when the are 
present), their energies are raised. If the energy barrier 
separating these two subsets is large enough, the electrons 
will tend to occupy the lower energy electronic orbitals of 
the 3d subshell in a manner that will be consistent with 
the Pauli exclusion principle: only two electrons can 
occupy a single electronic orbital and they must have 
opposite spins. The result is that one electron is left 
unpaired corresponding to a total spin (S-# of unpaired 
eleotrons/2) of S-l/2 (low spin). Some of the protein 
bound iron-porphyrlns will remain in the configuration 
where each electron occupies a different electron orbital 
because the enhanced stability gained by having a half 
filled orbital is enough to over come the energy barrier 
between the two subsets. The result is that all five 
electrons are unpaired, corresponding to a total spin of 
S-5/2 (high spin).

An analogous soheme exists for the heme iron at the 
active site of cytochrome P-450. The amount of P-450 that 
will be either in the low or high spin state will depend on 
the environment of the heme in a given isozyme, the energy

11



(temperature) of the system and the ligands (substrates)
present. The latter effeot is the oause of binding
speotra. As a ligand draws closer to the d 2 2 and

x -yd 2 orbitals, the energy of these orbitals increases zbecause of the repulsion between the electrons of the 
ligand and those in the d orbital; henoe, the two subsets 
of the d orbitals are energetically very separated and the 
low spin state will be energetically more favorable: a high 
to low spin transition occurs. Other ligands interact with 
cytochrome P-450 such that they decrease the energy 
difference between the two subsets and it becomes more 
energetically favorable to distribute the electrons in all 
five d orbitals: a low to high spin transition occurs.

There exist good evidence that cytochrome P-450 exists 
in both high and low spin states and that these states can 
be correlated to different absorption peaks, 590 nm and 420 
nm respectively (38). Mltani and Horie were one of the 
first to suggest a correlation between the observed type X 
and type II spectral changes and the spin state of 
cytochrome P-450 (39,40). They concluded that cytochrome 
P-450 exists as a mixture of high spin and low spin 
components, that the type I difference spectrum was the 
result of a substrate-induoe increase in the high spin 
state of cytoohrome P-450 with a oonoomitant decrease in 
the low spin state and that the type II spectrum was the 
result of an increase in the low spin state of cytochrome
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P-450 with a concomitant decrease in the high spin state. 
These spectral changes had been previously categorized and 
described in detail (41). In rat hepatio microsomes they 
were classified as type I, which is characterized by a 
change in difference spectrum that results in the 
appearance of an absorption peak at 385-390 nm and a trough 
at 420 nm, type II, as a change in difference spectrum that 
results in the appearance of an absorption peak at 425-435 
nm and a trough at 390-405 nm, and modified type II, which 
is characterized by the appearance of an absorption peak at 
420 nm and a trough at 388-390 nm.

The modified type II spectrum, which appears to be the 
mirror image of the type I spectral change, was initially 
envisioned as a displacement of endogenous type I 
substrates from the binding site of cytochrome P-450 and 
was renamed reverse type I (42). Despite extraction of 
endogenous substrates from microsomes one could still 
obtain reverse type I spectrum (43). Alcohols, which 
typically invoke a reverse type I spectrum, are now 
believed to interact directly with the heme iron in 
cytochrome P-450 rather than to displace endogenous 
substrates (43). Over a hundred compounds are known to 
Invoke binding spectra (38). These binding spectra have 
been shown to be reversible and dependent upon the presence 
and amount of added compound in typical Hlohaelis fashion 
(41). In fact, if substrate dissociation is far from rate
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kl v k3S + E ^ = 7 B S  >E+P; Es-k2/kl; Em-(k2+k3)/klk3limiting (k3 is much less than Ks) a comparison between the 
concentration of substrate which gives the half-maximal 
spectral change (Es) or the half-maximal enzyme activity 
(Em) are valid. The fact that a compound can invoke a 
binding spectrum is no guarantee that it will be 
metabolized: the addition of octyalmine to microsomes 
results in a type II binding spectrum but it is not 
metabolized. However, binding does necessitate some sort 
of interaction: octylamine is an inhibitor of oytochrome 
P-450.

Cytochrome P-450 dependent oxidative reactions show
typloal mlxed-functlon oxidase stiochiometry:

+ +
RH + NADPH + H + 0  ---- > ROH + H O + NADP

2 2 The cytochrome P-450 catalytic cycle are thought to involve
the following steps (figure I):

1) The binding of the substrate to the ferric form of 
the enzyme. This step is usually rapid and stoichiometric 
(44). The binding of the substrate can change the spin 
state of the iron (see above) and can also affect the 
oxidation-reduotlon potential (45).

2) The substrate-bound ferric enzyme is reduced by the 
reduoed form of NADPH-cytochrome P-450 reductase.
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3) The addition of molecular oxygen to the 
substrate-bound ferrous enzyme to form an oxygenated 
complex.

4) The oxygenated oomplex can accept a second electron
form NADPH-cytoohrome P-450 reductase, or possibly
cytochrome b (46). Alternatively, without the addition 5of another electron, the complex can decay to release 
superoxide anion and the substrate bound ferric enzyme 
(47).

5) The release of H O to form the postulated substrate
2bound iron-oxene complex (46).

6) The addition of oxygen to the substrate. The 
oxygenated product dissociates and the original oxidized 
cytochrome P-450 is regenerated.
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In contrast to cytochrome P-450, which was studied and 
isolated by following its native ability to hydroxylate or 
demethylate various substrates, NADPH cytochrome P-450 
reductase was first studied and isolated in a form which 
was incapable of catalyzing its native funotion. In fact, 
it became known by its ability to reduce oytochrome q and 
was named NADPH-oytochrome £2 reductase (49,50).

NADPH cytochrome P-450 reductase is a membrane bound 
flavoprotein that contains one molecule of FAD and one 
molecule of FMN (51,52). The preliminary evidence that the 
reductase functioned in the microsomal mixed-funotlon 
oxidase system came from two areas of investigation. One 
area showed that NADPH cytochrome c reductase activity rose 
and fell in response to phenobarbltal treatment in a manner 
that was similar to the drug hydroxylation activity of rat 
hepatic microsomes (53,54). The second area of investiga­
tion which supported the role for the reductase in drug 
metabolism was through the use of antibodies developed 
against purified NADPH cytochrome s reductase. These 
antibodies, which strongly inhibited the reductase activity 
in hepatic miorosomes, also inhibited the microsomal drug 
hydroxylation activity (55,56). Finally, the reductase was 
purified from miorosomes in its native form after 
solubilizing the enzyme with detergents
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(62,57,58). This native form functions as a catalyst for 
the reduction of oytochrome P-450.

The Microsomal AlQahQl_Qxldlzlng_SyBtsm

Ethanol is metabolized predominantly by the liver, as 
extrahepatio oxidation of ethanol does not exceed 15% 
(59,60). The major pathway of ethanol metabolism is via
alcohol dehydrogenase, a cytosolic nicotinamide adenine+
dinucleotide (NAD ) dependent enzyme (eq.l).

+
CH -CH -OH +NAD ----» CH -CHO + NADH (1)3 2 3Two minor pathways of ethanol metabolism are (1) the

H O dependent peroxldatic activity of catalase (61,62,
2 2 eq.2),

CH -CH -OH + H O  >CH -CHO + H O (2)3 2 2 2 3 2and (2) the nicotinamide adenine dinucleotide phosphate
(NADPH) dependent microsomal alcohol oxidizing system
(eq.3).

+
CH -CH -OH +NADPH  >CH -CHO + NADP (3)3 2 3How isolated rat liver microsomes oxidized ethanol haul been

a subject of muoh controversy (63). Microsomal oxidation
of ethanol and methanol was first described by Orme-Johnson
and Ziegler in 1965 (64). Subsequently, more detailed
characterizations of the microsomal ethanol oxidizing
system (MEOS) were worked out by Lieber and DeCar11
(65-67). Many ascribed MEOS to be due to the peroxldatic
activity of contaminating catalase (68,69), while others

18



ascribed it to contaminating "microsomal" alcohol 
dehydrogenase (70,71). MEOS was differentiated from 
aloohol dehydrogenase on the basis of oofactor 
requirements, pH optimum, Km and the effects of pyrazole, a 
potent inhibitor of aloohol dehydrogenase (66,67).
However, differentiation of MEOS from the peroxldatic 
activity of oatalase remained a subject of controversy. 
NADPH dependent microsomal electron transfer is known to 
generate hydrogen peroxide (72). Therefore, the oxidation 
of ethanol, a peroxldatic substrate for catalase (eq.2), 
can be attributed to contaminating catalase. MEOS has been 
differentiated from oatalase by 1) physically separating 
MEOS from catalase (as well as alcohol dehydrogenase) via 
column chromatography (25,65,73,74), 2) the use of 
acatalasemic mloe (75), 3) the use of azide, a potent 
inhibitor of catalase and 4) the use of alcohols that do 
not serve as substrates for the peroxldatic activity of 
catalase e.g. 1-butanol (6,76,77).

The dependence of MEOS on NADPH and oxygen and its 
partial inhibition by carbon monoxide resembles the mixed 
function oxidase system, which is responsible for the 
metabolism of many drugs. In fact, these requirements for 
ethanol oxidation, along with ethanol's ability to 
oompetitively inhibit the metabolism of drugs known to be 
metabolized by the mixed function oxidase system, led to 
the hypothesis that MEOS Involved components of the mixed
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funotion oxidase system (65). Furthermore, chronio 
treatment with ethanol induoes components of the mixed 
function oxidase system (78,79). This induction was found 
to result in the induction of a specific cytoohrome P-450 
hemoproteln that was distinct from those induoed by either 
phenobarbltal or 3-methylcholanthrene (6,65,79,80).

Finally, ethanol has been shown to be metabolized by the 
mixed funotion oxidase system in studies with reconstituted 
systems containing purified cytochrome P-450, NADPH, 
cytochrome P-450 reductase and phospholipids (6,73,81). 
Recently, a unique ethanol induced cytochrome P-450 has 
been purified and characterized from ethanol treated 
rabbits (7,82).

In addition to catalyzing the oxidation of drugs, 
alcohols and other xenobiotics, isolated rat liver 
microsomes catalyze the oxidation of a variety of hydroxyl 
radical scavenging agents. These oxidations are dependent 
on NADPH and are sensitive to inhibition by competitive 
hydroxyl radical scavengers (83-85). The addition of 
desferrioxamine, an iron chelating agent known to block the 
generation of hydroxyl radicals generated by various 
systems, was found to inhibit the latter oxidations 
(86,87). Experiments utilizing NADPH-cytochrome P-450 
reductase and cytochrome P-450 purified from phenobarbltal- 
treated rats showed that, in the presenoe of NADPH, the 
reductase itself is oapable of oxidizing hydroxyl radical
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scavenging agents (81,88). These oxidations appear to he 
dependent upon the amount of reductase In the system and, 
with the exception of ethanol as a hydroxyl radloal 
scavenger, show little dependence upon cytochrome P-450 
being present In the reaction mixture (81,88). The 
addition of iron-EDTA resulted In a stimulation of the 
reductase-dependent oxidation oxidation of radloal 
scavenging agents (86,87,89). Analogously, the addition of 
iron-EDTA to the reductase was shown to enhance the ESR 
signal characteristic of the DMPO-hydroxyl radical adduot 
that is produced during electron transfer (90,91).

The primary event in the sequence of reactions leading 
to the reductase-dependent oxidation of hydroxyl radical 
scavenging agents is believed to be due, at least In part, 
to the superoxide production via the autoxidation of the 
reductase (89,92) according to:

+  +  —
20 + NADPH--- > NADP + H + 2 0  (4)2 —  +  220 + 2H  >H 0 + 0  (5)2 -  2 2 - 2 .H O  + 0   > 0 + OH + OH (6)

2 2 2 2Reaction (6) above represents the classical Haber-Weiss
reaction which, although thermodynamioally favorable, is
kinetically quite slow. However, the reaotion can be
catalyzed by transition metal cations such as iron and
copper (93,94). 3+ - 2+Fe + 0 ----- > Fe + 0  (7)2+ 2 3+ - 2.Fe + H 0 -- > Fe OH + OH (8)2 2
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Reaction (7) and (8) represent the iron-catalyzed Haber-
Welss reaction, in whioh ferric is reduced by superoxide
radioal to the ferrous state (reaction 4), whioh then
reacts with H O  to produoe hydroxyl radical (reaction 

2 25, the Fenton reaction).
Recent results from our laboratory have shown that iron 

appears to play an important role in the reductase 
(microsomal)-dependent generation of hydroxyl radicals, 
however, the effect of iron appears to be dependent on the 
nature of the iron chelate e.g. unchelated iron or 
iron-nuoleotides are poorly effective in promoting the 
generation of hydroxyl radicals (89,92,95).

Ethanol oxidation by hydroxyl radicals produces acet- 
aldehyde. Studies from our laboratory have indicated that 
there are two pathways responsible for oxidation of alcohol 
via MEOS (23,81,88): (1) a cytochrome P-450 dependent in 
which there is no role for the hydroxyl radical and (2) a 
hydroxyl radical dependent (cytochrome P-450 independent), 
that is dependent on reductase and properly chelated iron. 
Therefore, in order to evaluate the cytochrome P-450 
dependent (hydroxyl radical independent) rate of alcohol 
oxidation, chelates such as EDTA were omitted from the 
reaction mixtures and efforts were made to scrupulously 
remove contaminating iron from the water and buffers.
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The contribution of MEOS to the overall oxidation of 
ethanol can range from 10-50% depending on the 
concentration of ethanol (96). Although MEOS usually 
constitutes a minor pathway of ethanol metabolism, chronic 
ethanol consumption results in the induction of the mixed 
function oxidase system (77,78) and conoomitantly, ethanol 
oxidation. Rats regularly fed ethanol for six weeks show 
significantly higher rates of miorosomal ethanol oxidation 
compared to pair-fed controls (65). Furthermore, Petersen 
St al. (97) reported that an acute dose of ethanol 
stimulates MEOS in mice. These elevations in MEOS activity 
are responsible, in part, for the interactions of aloohol 
and drugs. It has been pointed out that ethanol-drug 
interactions are quite complex (98,99). Ethanol 
administration can have paradoxical effects with respect to 
metabolism, toxicity or teratogenioity of drugs and/or 
other foreign substances (100). In the presence of 
aloohol, drug metabolism is depressed because aloohol 
competes with drugs at the cytochrome P-450 level 
(101-103). However, in the absence of alcohol but after 
chronic ethanol Intake, drug metabolism is increased 
because of the induction of total cytochrome P-450 by 
alcohol. Consequently, drug therapy for the alcoholic or 
alcohol-using patients must be oarefully evaluated.
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Human studies are, at best, diffioult to oonduot; 
therefore, much of the data involving MEOS and alcohol-drug 
interaction has been obtained from animal models. However, 
the cost of aloohol Induced animals are high and the 
process is time consuming as well. Rabbits must be 
maintained for fourteen or more days (7). Rats must be 
maintained on a liquid diet for thirty days or more along 
with their pair fed controls (104). Primate models can 
even be more costly and time consuming. Moreover, the 
alcohol diet causes other metabolic derangements, 
especially nutrient variation, e.g. alcohol lsooalorically 
replaces 36% of the carbohydrate calories and carbohydrate 
oontent is known to affect the cytochrome P-450 isozyme 
population. Reoent reports indioate that when rats are fed 
ad libitum the alcohol liquid diet, they consumed 50% less 
than rats fed the control diet in which alcohol is replaced 
isocalorioally with dextrlns. Under these condition these 
liquid diets are nutritionally inadequate for growing 
animals (105). Hence, there is a need for other models.
One goal of this thesis is to demonstrate that pyrazole and 
4-methylpyrazole interact with and induce an alcohol 
preferring cytochrome P-450 that has the same or identical 
properties of the Isozyme Induced by aloohol. These 
results suggest that treatment of rats with either pyrazole 
or 4-methylpyrazole may serve as good animal models for the 
Induction of the aloohol Induoed oytoohrome P-450.
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EyiazQlfi_aafl_a=MefcfaglpyrazfilB

In 1963, Theorell and Yonetani reported that pyrazole 
Inhibited aloohol dehydrogenase isolated from horses 
(106). Subsequently, the kinetics of pyrazole inhibition 
was characterized by Li and Theorell using aloohol 
dehydrogenase isolated from humans (107). These Inhibitors 
form slowly dissociating ternary complex with alcohol

H— C----C— H H C— C--- C— HII II 3 11 II
H— C N H— C N

\ / \ /N NH E

PYRAZOLE 4-METHYLPYRAZOLE

dehydrogenase and nicotinamide adenine dinucleotide 
(oxidized form) and act as competitive inhibitors with 
respect to ethanol (107). In vivo, pyrazole has been shown 
to inhibit ethanol and methanol metabolism in the rat 
(108-110). Since pyrazole and particularly pyrazole 
derivatives with substitution on the 4-position, e.g. 
4-methylpyrazole, are potent inhibitors of 
aloohol dehydrogenase, they are frequently utilized to 
blook the metabolic oonsequenoes associated with the 
oxidation of ethanol (107, 109 and 111) and other aloohols
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suoh as methanol (112) or ethylene glycol (113,114). 
Pyrazole oan also be used to Increase the half life of 
aloohol In experimental animals as well as to separate the 
direct effects of ethanol or other alcohols from those due 
to their metabolism. The low SI values of pyrazole, and 
the even lower values of the 4-substituted pyrazole for 
alcohol dehydrogenase, together with their ability to 
effectively inhibit alcohol metabolism in vivo, suggest the 
possibility of their therapeutic use after intake of 
methanol or ethylene glycol to prevent the formation of 
toxic products. However, studies in animals have shown that 
the dosage required for effective inhibition of alcohol 
metabolism, is itself toxic and produces undesirable 
effects (116). Oral administration of pyrazole was found 
to cause diffuse hepatotoxicity (116) and thyroid necrosis 
(117). The administration of pyrazole, especially in 
combination with ethanol, was found to be hepatotoxic, 
whereas 4-methylpyrazole was not toxio (118-122). The 
reasons why pyrazole is toxio, relative to 4-methyl­
pyrazole are not known. 4-Methylpyrazole has been used in 
studies on ethanol metabolism in human beings (123). In 
view of its greater effectiveness and lower toxicity, it 
has been suggested that 4-methylpyrazole may be useful in 
treatment of ethanol toxicity, as well as the toxicity 
associated with alcohols whioh need to be metabolized by 
alcohol dehydrogenase to toxio metabolites, e.g. methanol, 
ethylene glycol (112-114, 124,125).
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In vivo administration of pyrazole was shown to increase 
the activities of aniline hydroxylase (126), aloohol 
oxidation by microsomes (127) and dimethylnitrosamine 
N-demethylase (126,129) and to Induce a cytochrome P-450 
isozyme with a molecular weight of 51-52,000 daltons 
(128,129). Pyrazole, in vitro. was shown to affect the 
metabolism of several drugs by the microsomal 
mixed-funotion oxidase system, including ethanol (116,130), 
and to bind to cytochrome P-450 to produce a type II 
spectral change (131). 4-Methylpyrazole, in yitm, 
inhibited the cytochrome P-450-dependent oxidations of 
drugs such as amlnopyrine and ethanol (130), although the 
mechanism for this is not known.

The metabolic pathways for the metabolism of pyrazole 
and 4-methylpyrazole have not been delineated. In vivo 
experiments have shown that 4-hydroxypyrazole and 
4-hydroxymethylpyrazole could be found in the urine of 
rodents given pyrazole and 4-methylpyrazole, respectively; 
however, the enzymes responsible for their hydroxylation

H-0--C C--H H-O-CH -C---- C— H
H— C N

\ /NH

211 IIH— C N
\ /N
H

4-HYDROXYPYRAZOLE 4-HYDROXYMETHYLPYRAZOLE
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14have not been elucidated. When radioactive C- 
4-methylpyrazole was administered to mice, 84% of the 
radioactivity was recovered in the urine 24 hours after 
treatment (132). Urine collected between 5 and 9 hours 
after administration of the radioactive 4-methylpyrazole 
contained 28% of the total administered radioactivity. The 
urine was then extracted into three fraction: (1) acidic or 
neutral metabolites, (2) basio metabolites and (3) 
amphoteric metabolites. Analysis of the urine revealed the 
presence of several metabolites Including 4-hydroxymethyl 
pyrazole. Other secondary products, e.g. the aldehyde and 
the ketone of the latter metabolite, as well as 
N-glucuronic conjugated products, have been identified 
(132-134). 14When radioactive pyrazole (3,4- C) was injected into 
rats, it was shown that its elimination from the blood was 
accelerated at higher doses of pyrazole or by pretreatment 
with pyrazole. Furthermore, pyrazole disappearance was 
slowed in the presence of ethanol (135). 100% of the
administered radioaotivity was recovered in the urine.
Over 50% of the urinary radioactivity appeared to be 
conjugated 4-hydroxypyrazole. After acid hydrolysis, this 
product was purified and was shown to be 4-hydroxy­
pyrazole. Only small amounts of unchanged pyrazole was 
found in the urine; however, if ethanol was administered 
simultaneously with pyrazole, 75% of the administered
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pyrazole was found unchanged In the urine (136). Hence, 
ethanol Inhibited pyrazole hydoxylation. The results to be 
presented In this thesis show that both pyrazole and 
4-methylpyrazole Interact and Induce specific isozymes of 
cytochrome P-450. Furthermore, pyrazole is metabolized by 
cytochrome P-450 and that treatment with either pyrazole or 
4-methylpyrazole induces this metabolism.
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CHAPTER II MATERIALS AND METHODS

MiGrQfiQmal-ErepaxatiQCfi

Hepatio microsomes were prepared from male Sprague- 
Dawley rats by differential centrifugation. The animals 
were sacrificed via decapitation and the livers were 
immediately excised and placed into ice-cold buffer 
containing 0.25 M sucrose, 10 mM Iris-HCl, pH 7.4 and 1 mM 
EDTA (STE). The livers were trimmed of any extra-hepatic 
tissue, weighed, and placed into fresh STE. The tissue was 
then minced with stainless steel scissors and then rinsed 
with STE to remove residual blood. The tissue was 
homogenized in STE (1:5; gm liver wet weight:ml STE) with 
three passes at 800 rpm in a Potter-Elvehjem tissus grinder 
with a teflon pestle. The homogenates were centrifuged at 
577 x g (2,500 rpm in a SS-34 rotor) for 10 minutes to 
remove unbroken cells and large subcellular particles. The 
supernatant was decanted and centrifuged at 13,200 x g 
(12,000 rpm) for an additional 10 minutes to remove 
mitochondria and lysosomes. The supernatant was deoanted 
and centrifuged at 100,000 x g (37,500 rpm in a Tl-60 
rotor) for 60 minutes to bring down the microsomal 
fraction. The microsomal pellet was rinsed and resuspended 
in 125 mM EC1 with a Dounoe homogenizer. The pellet was 
oentrlfuged again at 100,000 x g (to wash out the residual

30



STE), rinsed and resuspended In 125 mM KC1 (1:1; gm liver
wet weight:ml 125 mM KCL). Both freshly preparedomicrosomes and miorosomes stored at -70 C were used in 
all experiments. There were no differences found between 
the fresh and frozen preparations. For the SDS-gel 
electrophoresis experiments, the microsomes were 
resuspended in 0.25 M sucrose rather than KC1. Protein was 
determined by the method of Lowry el al- (136).

£rel£ealffieQl_ef_Bale

1) Pyrazole Treatment Male, Sprague-Dawley rats weighing 
approximately 135-150 g were injected intraperitoneally 
with either saline, pyrazole or 4-methylpyrazole onoe a day 
for the number of days indicated in the individual 
experiments. Unless otherwise specified, the usual dose of 
4-methylpyrazole or pyrazole was 200 mg/kg body weight/ 
day. Stock solutions of 50 mg of either 4-methylpyrazole 
or pyrazole per ml of saline were used except in the dose 
response experiments where the solutions were made such 
that all animals (including controls) received equivalent 
volumes. The animals were starved overnight and sacrificed 
24 hours after the last injection.
2) Ethanol Treatment Male, Sprague-Dawley rats weighing 
approximately 135 g were fed the Lieber-DeCarli liquid diet 
for 3-4 weeks (137). The ethanol diet consisted of 36% of
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the calories as ethanol, 11% as carbohydrate, 18% as 
protein and 38% as fat. The pair-fed controls consumed the 
same diet except that carbohydrate lsocalorioally replaced 
ethanol. Prior to the day of sacrifice, the rats received 
their respective diets ad-libitum.
3) Phenobarbltal Treatment Male, Sprague-Dawley rats 
weighing approximately 200-250 g were fed sodium 
phenobarbital in their drinking water (1% solution) for 10 
days. The animals were starved over night before 
sacrifice.
4) 3-MethxlcfcQlanili;ceiifi_Iififl.tmenl Male, Sprague-Dawley 
rats weighing approximately 135-150 g were injected 
intraperitoneally (once a day) with a suspension of 
3-methylcholanthrene in corn oil (20 mg/ml corn oil) for 3 
days at a dosage of 25 mg/kg body weight/day. The animals 
were starved overnight and sacrificed 24 hours after the 
last injection. Control animals received an equivalent 
volume of corn oil.

A£&ay_GQQdi:kiQn£-&&d_E£Q&ic:t_Ms&&UE&]DSn££

1) Alcohol Oxidation The oxidation of ethanol, racemic
(±)~, (+)- or (-)-2-butanol was assayed in 25 ml Erlenmeyer oflasks at 37 C in a Dubnoff shaking water bath (80 rpm).
The basio reaction mixture oontained 100 mM potassium

+
phosphate, pH 7.4, 10 mM MgCl , 0.4 mM NADP , ImM azide

2
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(a potent inhibitor of catalase), varying conoentrations of
the aloohol substrate and about 2 mg of microsomal protein
in a final volume of 1 ml. Reactions were initiated by
addition of a mixture of glucose-6-phosphate (final
reaction concentration was 10 mM) and 2.3 units of
gluoose-6-phosphate dehydrogenase (an NADPH generating
system) and were terminated after 5 minutes by the addition
of 0.3 ml of 1 N HC1. The production of acetaldehyde from
ethanol or 2-butanone from 2-butanol was determined by a
head space, gas chromatography flame ionization detection
procedure. After termination of the reaction, the flasks
were sealed with air tight rubber stoppers and incubated at o60 C for 20 minutes. A 1.0 ml aliquot of head space was
directly Injected into a Hewlett-Packard Model 5700 gas
chromatograph equipped with a 6 ft long 5% carbowax 20 M
Haloport F 30-60 mesh column. The injeotion temperature,
oven temperature and flame ionization detector temperature 

o o  owere 100 C, 50 C and 150 C, respectively. With the
carrier gas (nitrogen) set at a flow rate of 35 ml/min,
acetaldehyde and and 2-butanone had retention times of 0.4
minutes and 0.95 minutes respectively. All values were
corrected for with zero time controls which contained HC1
added before the HADPH generating system. Sinoe alcohols
can be oxidized by hydroxyl radicals, the possible
involvement of oxy-radioal species was minimized by
avoiding the use of EDTA and by passing all buffers (except
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MgCl ) and water used to prepare solutions through 2columns of Chelex-100 resin (Bio-Rad Laboratories,
Richmond, CA) to remove metals such as Iron (95). Standard 
curves were prepared by adding known amounts of either 
acetaldehyde or 2-butanone to zero time controls.
2) Drug Oxidations The basic reaction system utilized to 
assay for the oxidation of various drug substrates (except 
pyrazole) was similar to that described above, except for 
the further addition of 10 mM sodium pyrophosphate and 0.1 
mM EDTA. Azlde was omitted from the reaction system, and 
the microsomal protein content was about 1 mg. Reactions 
were initiated by the addition of the NADPH generating 
system and terminated by the addition of 0.3 ml of 20% TCA.

Peak areas and absorbances were quantitated by 
comparison to the appropriate standard curves. All values 
were corrected for with "zero-time“ controls in which 
either TCA or PCA was added to the flasks before the 
microsomes or where microsomes or substrates (pyrazole 
experiments) were omitted from the flasks.
2.1) Amlnopyrlne and N . N-Dline t hylnltr osamlne The production 
of formaldehyde from the N-demethylatlon of amlnopyrlne or 
N,N-dimethylnitrosamine was assayed by the Nash reaction 
(138). Amlnopyrlne was present at a final concentration of 
10 mM, and the reactions were terminated after 10 minutes. 
N,N-Dimethylnitrosamine was present at final concentrations 
of either 0.5, 5 or 100 mM, and reactions
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were terminated after 10 minutes. 1 ml of the clear
TCA-supernatant fraotion was mixed with 1 ml of the Nash

oreagent and incubated at 60 C for 10 minutes. Nash
reagent is an aqueous solution that contains 15% ammonium
acetate (w:v), 0.2% acetylacetone (v:v) and 0.3% glacial
acetic acid (v;v). The absorbance at 415 nm was determinedoimmediately after the 60 C incubation.
2.2) Aniline The production of para-aminophenol from the
para-hydroxylation of aniline (1 mM final concentration
except in kinetic experiments) was determined after a 10
minute reaction period by first mixing 1 ml of the clear
TCA-supernatant fraotion with 1 ml of 10% Na CO ,2 3followed by the addition of 1 ml of a mixture containing 2% 
phenol in 0.5N NaOH (prepared fresh). The absorbance at 
640 nm was determined after a 30 minute incubation period.
2.3) Para-nitroanlsole The production of para-nitrophenol 
from the O-demethylation of para-nltroanisole (1 mM final 
concentration) was determined after a 10 minute reaction 
period by mixing 1 ml of the clear TCA-supernatant 
fraction with 0.5 ml of ION NaOH and measuring the 
absorbance at 400. The production of 4-nltrooatechol from 
the hydroxylatlon of paranitrophenol was determined in the 
same cuvette by measuring the absorbanoe at 480 nm, and 
using a mM extinction coefficient of 8.61 (139).
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2.4) 7-Ethoxyooumarln The production of acetaldehyde and 
7-hydroxyooumarin from the O-dealklation of 7-ethoxy- 
coumarin (0.5 mM final concentration) were determined by 
gas chromatography and fluorimetry, respectively.
Reactions were terminated after 10 minutes with TCA. 
Acetaldehyde was assayed in the sealed flasks as described 
above. The flasks were then opened, centrifuged and the 
7-hydroxycoumarin content in the supernatant was determined 
fluorlmetrically using a Perkin-Elmer 650-10S fluorescence 
spectrophotometer. Excitation and emission wavelengths 
were set at 368 and 456 nm, respectively.
2.5) Pyrazole The basic reaotion system utilized to assay 
for the oxidation of pyrazole was similar to that described 
for alcohols, except for the omission of azide, the 
microsomal protein content was about 4 mg and the final 
reaction volume was 2 ml. Reactions were initiated by the 
addition of the NADPH generating system and terminated by 
the addition of 0.1 ml of concentrated PCA. The contents 
were then centrifuged and the supernatant was decanted and 
0.112 ml of 11.IN KOH was added to precipitate out the PCA 
as potassium perchlorate. The contents were centrifuged 
again and 1 ml of the clear supernatant was loaded onto a 
pre-activated (5 ml of methanol followed by 5 ml of water)
SEP-PAK C cartridge (Waters Associates, Milford, MA).

18The metabolite, 4-hydroxypyrazole was eluted off the 
SEP-PAK with 1 ml of water into two-0.5 ml fractions. The
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latter fraotion was used for the HPLC analyses of
4-hydroxypyrazole. A 10 ul sample was applied to a 4.6-mm
Z 25-cm Mlorosorb C oolumn (Ralnin Instruments, Woburn,18MA) using a Waters Universal Injector (Waters Associates, 
Milford, MA). 4-hydroxypyrazole was separated from the 
remaining reaction components Isocratlcally using a mobile 
phase of acetonltrlle and water (1:10) containing 5 mM 
octanesulfonlc acid and 1% glacial acetic acid (v:v).
Under these conditions 4-hydroxypyrazole could be detected 
at 254 nm using a Waters model 400 detector or a BAS
electrochemical detector with a retention time of about 6.8
minutes.

CarbQn_MQnQslde_Inhibi£lQn

In experiments that involved inhibition by carbon
monoxide the following procedure was used. The flasks were
sealed with serum stoppers prior to the addition of the
NADPH generating system. 10 cc of air was removed with a
syringe and either 10 co of carbon monoxide or 10 cc of
nitrogen (the control) was added with another syringe
immediately (30% CO or added N final concentration).

2

The measurement of oytoohrome P-450, NADPH oytochrome c
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reductase and substrate binding spectra were determined 
with a Perkin-Elmer 554 dual beam spectrophotometer.
1) Cytochrome P-450 The content of cytochrome P-450 was
determined by the method of Omura and Sato (25) using an

-1 -1extinction coefficient of 91 mM cm Approximately 
1.0 mg of microsomal protein was suspended In 6 ml of 100 
mM potassium phosphate buffer, pH 7.4. The cytochrome 
P-450 was reduced with sodium dlthlonite and the sample was 
divided In half and placed Into a sample and reference 
cuvette. A base line correction was performed to 
compensate for any differences between the two cuvettes 
before gently bubbling pure carbon monoxide (for 30 
seconds) through the sample cuvette. The spectra were 
scanned from 500 to 400 nm and the difference In the O.D. 
from 490 to 450 was used to calculate the concentration of 
cytochrome P-450.
2) Substrate Binding Spectra Substrate binding spectra were 
obtained by the method of Peterson al (140). 
Approximately 2.0 mg of microsomal protein was suspended in 
6 ml of 100 mM potassium phosphate buffer, pH 7.4. The 
sample was divided in half and placed into a sample and 
reference cuvette. A base line correction was performed to 
compensate for any differences between the two cuvettes 
before the addition of substrate to the sample cuvette.
The spectra were scanned from 450 to 350 nm.
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3) NADPH Cytoohrome o Reductase The activity of NADPH 
cytochrome c reductase was determined by the method of 
Strobel and Dignam (141). Approximately 0.1 mg of
microsomal protein was placed in a 1 ml cuvette containing-5
0.98 ml of 5 x 10 M cytochrome c in 0.3 M potassium
phosphate buffer, pH 7.4. The reaction was initiated by
the addition of 0.01 ml of 10 mM NADPH. The initial linear
velocities (change in absorbance at 550 nm, at room
temperature) were used to calculate the activity of the
NADPH cytochrome c reductase using an extinction

-1 -1 coefficient of 21 mM cm

EB£:zGfil_EleQ£MphQrSfiiS

SDS-gel electrophoresis was performed as described by 
Laemmli (142) using a 7.5% acrylamlde gel, 0.75 mm thick 
with a 4% stacking gel. Protein bands were visualized by 
Coomasle blue staining.

All chemicals were of the highest grade available. 
Pyrazole, and (+)- and (-)-2-butanol were obtained from 
Pfaltz and Bauer (Stamford, CT); 4-methylpyrazole was from 
Aldrioh Chemical Co. (Milwaukee, VI) and 4-hydroxypyrazole 
was a gift from Lilly Pharmaceuticals (Indianapolis, IN).

All values refer to the mean ± standard error of the 
mean (S.E.M.). Statistical analyses were performed by the 
Student's t test (two-tailed). The number of experiments 
is indioated in the table or figure legends.
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CHAPTER III RESULTS

A . CbaraQ£sriza£iQn_Qf_fche_E££ee:k£_Q£_In_¥l:zQ_ 
Asiffliiiifi£i&£iQn_Q£_E2rflZQle_flnd_4=Ms£liylj>yEflZflls

Pyrazole and 4-methylpyrazole, potent inhibitors of 
alcohol dehydrogenase, are widely used in alcohol 
research. These classical inhibitors were thought to be 
specific for alcohol dehydrogenase and were used to 
separate the direct effects of alcohol consumption from 
those due to its metabolism (see Introduction).

Previous results have suggested that there are several 
interactions of pyrazole and 4-methylpyrazole with hepatic 
microsomes (116,128-130) which indicate that these agents 
do not react specifically with aloohol dehydrogenase. 
Therefore, initial studies were carried out to characterize 
the time course and dose response of the interactions of 
pyrazole with hepatic microsomes, and to compare these 
results to microsomes Isolated from rats treated with 
4-methylpyrazole, since the latter has replaced pyrazole in 
many studies in view of its lower toxicity and greater 
Inhibitory effectiveness against alcohol dehydrogenase.

For all experiments reported in this thesis, with the 
exception of experiments oonoerning time oourses and dose
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responses (see below), rats were routinely treated with 
either 200 mg of pyrazole or 4-methylpyrazole per kg body 
weight per day for 2 or 3 days, respectively, and then 
fasted overnight. The saline controls gained weight (about 
5g/day), whereas, the pyrazole and 4-methylpyrazole treated 
rats did not, and remained essentially at their initial 
starting weights (Table 1). Total liver weights were the 
same for the three groups, while the liver/body weight 
ratio was slightly Increased in the pyrazole and 
4-methylpyrazole treated rats, 19% and 15%, respectively 
(Table 1). This small increase in the liver/body weight 
ratio was probably due to the laok of weight gain by the 
treated animals. The total liver protein (mg protein/g 
liver wet weight) was the same for the three groups (Table 
1). The content of microsomal protein was calculated by 
determining the ratio of the specific content of cytochrome 
P-450 in the homogenates and in the isolated microsomes and 
multiplying by the total liver protein content. Table 1 
shows that neither pyrazole nor 4-methylpyrazole 
significantly Increased the oontent of microsomal protein 
over the saline controls.

A-2 Time Course.of-Induction
Rats were treated with either saline, pyrazole or 

4-methylpyrazole for either 1. 2 or 3 days in order to 
ascertain the effects that these compounds have on
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Iable_l 
lhe_E££scfc_Q£_EyrazQlfi_aiisl_4:=Ms£hy;LpyiazGle_I;cea:fcmanl_Qn B<2dy_and_LiYei_Heigh:fc_ana_IiiYfir_EEQ£ein

.IxeatffiSDt.Parameter_________Saline_____ Pyrazole__ î Metfcylpyrazole.
BodyWeight 133 ±5.1 116 ±2.2 121 ± 2.5
(grains)
Liyer_SetWeight 4.83 ± 0.10 5.01 ± 0.15 5.06+0.13
(grams)
TotalLlverProtein 218 ± 3.7 201 ± 2.7 210 ± 10.8(mg/g liver wet weight)
MicrosomalProtein 22.3 ± 3.1 23.9 ± 1.4 25.0±2.7(mg/g liver wet weight)

Rats were treated with either saline or with 200 mg/kg body weight/day of either pyrazole or 4-methylpyrazole for 2 or 3 days, respectively. Rats were fasted overnight and weighed prior to sacrificing. Protein was measured by the 
method of Lowry e£ al (136).
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microsomal components and on the oxidation of ethanol, 
2-butanol and amlnopyrlne. Because there is an increase in 
the total content of cytochrome P-450 when rats are treated 
with 4-methylpyrazole (see below), metabolic activities 
described below are expressed as "per mg microsomal 
protein" and "per nmol cytochrome P-450.

A - 2 . l  Content_Qf_CytochrQffie_P-45Q_and-.Activity Q£__HADPH=_ 

Gy££2SfcE£ffi£-£-45Q-B£dUQ£&SS
The content of cytochrome P-450 did not change signifi­

cantly in the saline controls after 1, 2, or 3 days of 
saline treatment (Table II). Pyrazole, administered 
intraperitoneally at a dose of 200 mg/fcg body weight/day, 
did not change the content of cytochrome P-450 over the 
saline controls, even after 3 days of treatment. By 
contrast, the same dose of 4-methylpyrazole resulted in an 
increase in the content of liver microsomal cytochrome 
P-450 (Table II). A 37% Increase was found after a single 
treatment with 4-methylpyrazole. Two-day treatment was as 
effective as 3-day in nearly doubling the content of 
cytochrome P-450.

The activity of NADPH-cytochrome P-450 reductase, as 
measured by oytoohrome £ reduction, did not change after 1, 
2, or 3 days of treatment with saline (Table II). Neither 
pyrazole nor 4-methylpyrazole treatment had any effect on 
the activity of the reductase (Table II).
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Iafele_II
Ihe_Ef£eQt_Q£_Eyi:azi2le_ana_4=Me£hylpyrazole_Tie&:tman:k_Qn 

The_A££iYity_Q£_NABEB-Gy£Q.GhrQma_E-45Q_BsdHQiaee 
and_£faa_CQn:fc£n£_££_C

Days of _____________Treatm ent.
E eactien  Treatm ent S a lin e  E y ra zd e  4-1 

CytochromeP-450 1 0.73 ± 0.14 0.81+0.07 1.00 ± 0.22
(nmol/mgmicrosomal 2 0.86 ± 0.03 0.90 ± 0.05 1.51 + 0.06(a)protein) 3 0.78 ± 0.07 0.90 ± 0.09 1.59 ± 0.10(a)
HABEH- 
CytochnomeP-450 1 146 ± 13 152 ± 13 136 ± 9
Rednotase(units/mg 2 147 ± 14 132 ± 12 134 ± 19
microsomalprotein) 3 151 ± 8 138 ± 6 172 ± 12

The content of cytochrome P-450 and the activity of NADPH- cytochrome P-450 reductase were determined as described in Material and Methods after 1, 2, or 3 days of treatment with either saline or 200 mg/kg body weight/day pyrazole or 4-methylpyrazole. Results are from 4 to 6 experiments. A unit of activity for the reductase refers to 1 nmol of cytochrome £ reduoed/min at room temperature.
(a)-p<0.002.
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A-2.2 Oxidation of Ethanol. 2-butanol,and Aminopyrine^
The effeot of pyrazole or 4-methylpyrazole treatment on 

the mlorosomal oxidation of aloohols was compared to the 
effeot on amlnopyrlne oxidation. The latter is a good 
substrate for the phenobarbltal-, but not the alcohol- 
Inducible isozyme of cytochrome P-450. In the saline 
oontrols, the oxidation of ethanol and 2-butanol by mioro- 
somes was constant over the 3 days of saline treatment 
(Fig. 2 and 3, respectively). Treatment with either 
pyrazole or 4-methylpyrazole resulted in a 2-3-fold 
Increase in the mlorosomal oxidation of ethanol and 
2-butanol when results are expressed on a "per mg of 
microsomal protein" basis (Fig. 2A and 3A, respectively).
A significant increase in microsomal oxidation of alcohols 
was noted after a single treatment with pyrazole or 
4-methylpyrazole (Fig. 2A and 3A). Two days of treatment 
with pyrazole appeared to be most effective in increasing 
the oxidation of alcohols, whereas with 4-methylpyrazole, 
the oxidation of aloohols continued to increase with 
successive days of treatment (Fig. 2A and 3A).

In saline controls, the oxidation of amlnopyrlne by 
mlorosomes did not significantly change over the 3 days of 
treatment (Fig. 4A). In contrast to the results with 
aloohols, the oxidation of amlnopyrlne was not increased by 
pyrazole treatment. The oxidation of amlnopyrlne was 
increased by 4-methylpyrazole treatment; however, the
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Figure 2

The Effect of Pyrazole and 4-MethylpyrazQle_Ireatment_on_ 
the_MicrQ£Qffial_QxidatiQB_Qf-EihaiiQlJ.

The oxidation of ethanol (final concentration, 55 mM) 
was determined as described in "Material and Methods" after 
1, 2, or 3 days of treatment with either saline or 200 
mg/kg body weight/day pyrazole or 4-methylpyrazole. Figure 
A refers to nmol of acetaldehyde/min/mg microsomal 
protein. Figure 6 refers to nmol acetaldehyde/min/nmol 
cytochrome P-450. Results are from 4-6 experiments.

(A)=p< 0.01
(B)-p< 0.02
(C)-p<0.05
(D)-p<0.001
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Figure 3

The Effect of Pyrazole and 4-MethYlByrazflle_Iraatfflent_Qn_ 
the MlcrQBQmalQxldatlQDQf2-ButanQl-._

The oxidation of 2-butanol (final concentration, 55 mM) 
was determined as described in "Material and Methods" after 
1, 2, or 3 days of treatment with either saline or 200 
mg/kg body weight/day pyrazole or 4-methylpyrazole. Figure 
A refers to nmol of 2-butanone/min/mg microsomal protein. 
Figure B refers to nmol 2-butanone/mln/nmol cytochrome 
P-450. Results are from 4-6 experiments.

(A)-p<0.01
(B)-p< 0.02
(C)-p<0.05
(D)-p<0.001
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Figure 4

The_E£feQt_Q£_£yrazQle_apd_4=Met3iylpyrflZQlfi-lEea^ment_Qn_
the„MicrQ£J2fflal„Dxi5laiiCD_Q£_ABiinQpy£infiJ.

The oxidation of aminopyrine (final concentration, 10 
mM) was determined as described in "Material and Methods" 
after 1, 2, or 3 days of treatment with either saline or 
200 mg/kg body weight/day pyrazole or 4-methylpyrazole. 
Figure A refers to nmol of formaldehyde/min/mg microsomal 
protein. Figure B refers to nmol formaldehyde/mln/nmol 
cytochrome P-450. Results are from 4-6 experiments.

(A)-p< 0.01
(B)“p< 0.05
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extent of this increase (per mg microsomal protein basis) 
was much less than that found for the oxidation of aloohols 
(Fig. 4A, compare with 2A and 3A)

The results in Figures 2A, 3A, and 4A were recalculated 
using the levels of cytochrome P-450 determined for the 
various treatments (Table II) in order to express the data 
on a turnover basis (nmol of product/min/nmol cytochrome 
P-460). The turnover numbers for ethanol, 2-butanol, and 
aminopyrine did not change over the 3 days of saline 
treatment (Fig 2B, 3B and 4B, respectively). Pyrazole 
treatment resulted in an increased turnover number for the 
oxidation of ethanol and 2-butanol (Fig. 2B and 3B, 
respectively), whereas a slight decrease in the turnover 
number for the oxidation of aminopyrine was found after 2 
or 3 days of treatment (Fig. 4B). A significant inorease 
in the oxidation alcohols was found after a single treat­
ment with pyrazole. This increase appeared to be maximal 
after 2 days of treatment with pyrazole (Fig 2B and SB).
The turnover number for aminopyrine oxidation was decreased 
by the 4-methylpyrazole treatment (Fig. 4B). A single 
treatment with 4-methylpyrazole produoed an Increase in the 
turnover number for the oxidation of alcohols that was 
similar to that found after pyrazole treatment (Fig. 2B and 
SB). However, in oontrast to pyrazole treatment, a second 
treatment with 4-methylpyrazole did not result in an 
enhanoed turnover number for the oxidation of aloohols;
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actually, Bone decrease In the turnover rates was found 
after the second day of 4-methylpyrazole treatment.

A-3 DQ£e_Ee£EQnse_Qf_lDduQtiQD
Two days of treatment with pyrazole appeared to be most 

effective in increasing the oxidation of alcohols whether 
the results are express "per mg microsomal protein" or "per 
nmol cytochrome P-450". The effects of the 4-methyl­
pyrazole treatment are more complex than effects of 
pyrazole treatment. Three days of treatment with 4-methyl- 
pyrazole appeared to be most effective in increasing the 
oxidation of alcohols and aminopyrine when the results are 
expressed "per mg microsomal protein". However, when 
results are expressed "per nmol cytochrome P-450", 1 or 3 
days of treatment with 4-methylpyrazole appeared to be 
equivalent in their effects (Fig. 2-4). Therefore, initial 
dose response curves were performed using 2 days of 
treatment with pyrazole and 3 days of treatment with 
4-methylpyrazole.

A-3.1  ihe_E££flQ3i_of,EyraaQle-CflaQentratlon...Qa-thfl_CQntent- 

of Cytochrome P-45Q_and_ the_MlQroBomal_Qxldatlon_flf_

Rats were treated with either saline or varying amounts 
of pyrazole for 2 days and the effects on the content of 
oytoohrome P-450 and the microsomal of ethanol, 2-butanol,
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Figure 5

Tlie_E££ee£_Qf_PyrazQle_CQiicen£ra£lGn_Qii_i 

Gjz£QQlirQBie_Er4£Q_flnd_i&fi_C

Rats were treated for 2 days with the indicated 
concentrations of pyrazole and the content of cytochrome 
P-450 and the rate of microsomal oxidations of ethanol,
2-butanol, and aminopyrine were determined as described in 
"Materials and Methods". Results are from 3-4 experiments.
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and aminopyrine were determined. The content of cytochrome 
was not affected when the pyrazole dose was varied from 
50-300 mg/kg body weight/day for 2 days (Fig. 5). In a 
similar manner, the microsomal oxidation of aminopyrine was 
not changed when rats were treated over this range of 
pyrazole concentrations. A dose-dependent increase in the 
microsomal oxidation of ethanol and 2-butanol was observed 
at pyrazole doses between 50 and 300 mg/kg body weight/day 
when the results are expressed "per mg microsomal protein" 
(Fig. 5). Since pyrazole treatment did not effect the 
content of oytochrome P-450, analogous results are obtained 
when the results are express "per nmol cytochrome P-450".

A-3.2 The Effect of 4-Methylpyrazole CflncentratlQn_Qn_the_
CQi&ant_Q£_CxiLQQfc£QBe_E^45Q_ana_ihfi_!JicM SQBi&l„Qxidallfm _Q£_

AlCQhcls_and_AffllnQpyrins

In a similar type of experiment, rats were treated with 
either saline or varying amounts of 4-methylpyrazole for a
3-day period. In contrast to the results with pyrazole, 
the content of cytochrome P-450 increased as the dose of
4-methylpyrazole injected was increased (Fig. 6). When the 
results are express "per mg microsomal protein", the 
microsomal oxidation of ethanol and 2-butanol also 
increased as the dose of 4-methylpyrazole injected was 
increased up to a level of 200 mg/kg body weight. The
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Figure 6

The_Effeci_Qf_̂ Me±̂ ylpyrasQle_CoBQentratiQn„QB_5£ie__CQntfi]it_ 
ofCytochrome P-45Qand the Oxidation of Substrates^

Rats were treated for 3 days with the indicated 
concentrations of 4-methylpyrazole and the content of 
cytochrome P-450 and the rate of microsomal oxidations of 
ethanol, 2-butanol, and aminopyrine were determined as 
described in "Materials and Methods". Results are from 3 
experiments.
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miorosomal oxidation of aminopyrine also increased with the 
dose of 4-methylpyrazole when the results are expressed 
"per mg miorosomal protein"; however, this lnorease was 
much smaller that the increase in alcohol oxidation (Fig. 
6) .

The above data was recalculated by dividing by the 
oontent of cytochrome P-450 in order to express the results 
as turnover numbers (per nmol cytochrome P-450, Fig. 7). 
Results in Fig. 7 show that the turnover number for amino­
pyrine oxidation was essentially not affected when the dose 
of 4-methylpyrazole was varied from 100 to 300 mg/fcg body 
weight/day. When the results for miorosomal oxidation of 
alcohols are expressed "per nmol cytochrome P-450" it 
appears that the increase in the oxidation of alcohols when 
expressed per mg microsomal protein was primarily due to 
the increase in total content of cytochrome P-450. There 
was less than a 40% increase in the turnover number for 
oxidation of the alcohols after 3 days of treatment with 
4-methylpyrazole (Fig. 7).

The results with pyrazole suggest the possibility that 
pyrazole treatment may result in qualitative change in the 
cytochrome P-450 isozyme population, e.g., pyrazole may 
induce an alcohol-preferring cytochrome P-450 Isozyme. The 
miorosomal oxidation of alcohols is also increased by 
4-methylpyrazole treatment; however, this increase in the 
oxidation of alcohols appears to be largely due to the 
lnorease in total oontent of cytochrome P-450 rather than
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Figure 7

The Effect_of_4=MethylpyrazQla_CangentEa£JLon_fin_Jihe_ 
Oxidation of Substrates Expressed "pernaQlQytQQhrQffla, 
P-4SCL^

Data were determined by dividing the Individual rates 
for each experiment shown in Figure 6 by the content of 
cytochrome P-450 in the microsomes used for that 
experiment.
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to the induction of an aloohol-preferring cytochrome P-450: 
there was less than a 40% increase in the oxidation of 
these alcohols when results are expressed "per nmol 
cytoohrome P-450" (Fig. 7). Nonetheless, there appears to 
he a differential affect, i.e., the Increase in microsomal 
aloohol oxidation is greater that the Increase in 
aminopyrine oxidation (Fig. 6). The results in Figures 
2B-4B suggest the possibility that 4-methylpyrazole may 
cause some Induction of the microsomal oxidation of 
alcohols after a single treatment, but that whereas a 
second treatment with pyrazole is especially effective in 
increasing the oxidation of alcohols, a second or a third 
treatment with 4-methylpyrazole is Ineffective. Perhaps 
4-methylpyrazole may Initially induce an alcohol-preferring 
cytochrome P-450; however, further treatment may result in 
the induction of other isozymes of cytochrome P-450 which 
are not especially effective in oxidizing alcohols. The 
concomitant Induction of nonalcohol-preferrlng isozymes may 
mash a significant contribution by an aloohol-preferring 
cytoohrome P-450. It was therefore considered that perhaps 
the use of lower doses of 4-methylpyrazole for shorter 
periods of exposure might be useful in evaluating whether 
an aloohol-preferring cytochrome P-450 can be Induced by 
4-methylpyrazole without the oonoomitant induction of other 
isozymes which may ooour with longer treatment with
4-methylpyrazole. Table III shows the results of a single
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T able III

4-Methyl- Content of Specific Activity ofPyrazole Cytochrome Microsomal Substrate Oxidation
-C o n cen tra tio n  P=45Q Ethanol 2 -E n tan o l Aminopyrine

 mg   nmol__________  nm cl/m in_______kg body wt mg protein nmol cytochrome P-450

0 1.03±0.04 8.1±0.8 10.0±1.1 3.9
50 1.08±0.13 12.5+1.4 15.4±1.1 4.4
100 1.33±0.10 10.5+1.5 15.4±2.2 3.8
200 1.28±0.08 10.0±0.9 12.9±2.1 4.2

Rats were given a single injection of either saline or the indicated concentration of 4-methylpyrazole* After an overnight fast, microsomes were prepared and the various activities were assayed as described in "Material and Methods". Results are from four experiments, except for the aminopyrine experiments, in which case n-2.
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exposure to varying oonoentratlons of 4-methylpyrazole on 
the oontent of cytoohrome P-450 and the specific aotlvlty 
(nmol product/nmol cytoohrome P-450) of microsomal 
oxidation of ethanol, 2-butanol, and aminopyrine. There 
was a 50% Increase In the specific activity of oxidation 
ethanol and 2-butanol, but not aminopyrine, at the lower 
concentrations of 4-methylpyrazole. At 200 mg/kg body 
weight the Increase In speclflo activity dropped to 25% 
(Table III). Thus, there appears to be an Induction of an 
alcohol preferring cytochrome P-450 by 4-methylpyrazole 
treatment; however, the concomitant induction of other 
cytochrome P-450 isozymes complicates the interpretation.

a-4 The_£Eeci£lQity_of^InductiQH
The initial studies above showed that in vivo admin­

istration of pyrazole and 4-methylpyrazole can affect the 
mixed-function oxidase system and the microsomal oxidation 
of alcohols, and that there are similarities as well as 
differences in the interactions of these compounds with 
miorosomes. The next set of studies were carried out to 
further oharaoterize and compare the effects of pyrazole on 
other miorosomal reactions; to compare SDS gel eleotro- 
phoretlo profiles of the cytochrome P-450 isozymes induced 
by pyrazole and 4-methylpyrazole; and to evaluate the 
kinetics and substrate specificities of the inducible 
isozymes in an effort to understand the similar as well as
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the different Interactions which these compounds exhibit 
with mlcrosomes.

Unless otherwise specified, the usual dose of pyrazole 
and 4-methylpyrazole was 200 mg/kg body weight/day for 2 or 
3 days, respectively.

a-4 . i SDS-Gel-Electrophcireels
Approximately 7.5 ug of microsomal protein was loaded 

onto each lane of the SDS-gel. In mlcrosomes isolated from 
saline-treated rats, approximately 4 major bands were 
observed in the 50,000 dalton molecular weight region. 
Pyrazole treatment resulted in an increase of one band, 
with a molecular weight of about 52,000 daltons (Fig. 8). 
There appeared to be some loss of a 48,000-50,000 molecular 
weight cytoohrome P-450 isozyme after the pyrazole 
treatment (Fig. 8) which probably explains why the total 
content of cytoohrome P-450 remained the same despite the 
increase of the 52,000 molecular weight cytochrome P-450 
isozyme by pyrazole. Treatment with 4-methylpyrazole also 
resulted in an lnorease of a band in the 52,000 molecular 
weight region. In contrast to pyrazole treatment which 
resulted in a decrease of a 48,000 molecular weight 
cytoohrome P-450 isozyme, 4-methylpyrazole produced an 
increase in this band (Fig. 8). When gels were scanned 
with a densitometer both pyrazole and 4-methylpyrazole 
treatment resulted in a two- to three-fold increase in the
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Figure 8

The Effeot of Pyrazole and 4-Methylpyrazole Treatmeat._qd_ 
SD£_PQlyaQiylaBide_Gel_PrcflleE_.Qf_Eat_llYsr_MiQrQEQffle£

SDS polyacrylamide gel of mlcrosomes isolated from rats 
that were treated with either saline or 200 mg/kg body 
weight pyrazole or 4-methylpyrazole for 2 and 3 days, 
respectively. Gels were stained with Coomasle-blue. Each 
lane contained 7.5 ug of microsomal protein from saline 
(S), pyrazole (P) or 4-methylpyrazole (MP) treated rats.
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52,000 molecular weight band compared to saline controls.
In addition, 4-methylpyrazole Increased the 48,000 
molecular weight band about two-fold, compared to saline 
controls.

A-4.2 MiQrQEQfflal_Drug_OxidatiQn
The oxidation of several drugs, some of which are 

metabolized preferentially by certain isozyme of cytoohrome 
P-450, was assayed to assess the effects of in vivo 
administration of pyrazole and 4-methylpyrazole. Results 
In Table 4 show that miorosomal aniline hydroxylase 
activity was Increased two- and three-fold by pyrazole and 
4-methylpyrazole treatment, respectively, when activity was 
expressed "per mg microsomal protein". Similar results 
were found with microsomal paranitroanisole O-demethylase 
activity. Pyrazole treatment resulted in a two-fold 
increase in activity, and 4-methylpyrazole treatment 
resulted in a greater than three-fold increase in activity 
(Table IV).

7-Ethoxycoumarin O-deethylase activity is routinely 
assayed by the production of 7-hydroxycoumarin. The rate 
of production of 7-hydroxyooumarin was not significantly 
changed by the pyrazole or 4-methylpyrazole treatment 
(Table IV). During the course of these experiments, it was 
noticed that 7-hydroxyooumarin itself underwent further 
metabolism as deteoted by comparison of a standard
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Iabls_I¥
Ihe_E££SQ:t_£ MlcrQSQinal_Cru2_Metal2QllfiiQ_E2pxQfiefid

Substrate______Aniline
p-Nitroanisole*
Aminopyrine
7-Ethoxycoumarin1)7-hydroxyooumarinA)production 2.JB)disappearanoe 0.<C)total 2.1
2)acet aldehyde 2 .1

 Rate_fi£_C
 Saline____ Pyrazole.1.16 + Ioo 2.34 + 0.2(a) 3.57 +

0.93 ± 0.2 2.00 + 0.3(b) 3.40 +
2.88 + 0.2 2.40 + 0.3 4.37 +

+ 0.2 2.07 + 0.3 2.76 ++ 0.1 1.01 i 0.3(b) 1.13 +
+ 0.5 3.08 + 0.5 3.89 +
+ 0.1 2.51 + 0.3 3.90 +

The various drug oxidation activities were assayed as described in "Material and Methods". As described in the text, some of the 7-hydroxycoumarin produced from 7-ethoxy- ooumarin was found to undergo further metabolism. This was 
assayed and is shown in row B, 7-hydroxycoumarin disappearance. This rate was added to the rate of 7-hydroxyooumarin production (row A) to yield the total rate of 7-ethoxyooumarin O-deethylase activity (row C).♦Results with animopyrine were reported in section "A-3" and are intended for comparative purposes with other 
drugs.
(a)-p<0.01
(b)-p< 0.05
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containing a known amount of 7-hydroxyooumarin added to the 
basic reaction system which were treated with TCA either 
prior to the addition of 7-hydroxyooumarin or 10 minutes 
after. The rate of disappearance of 7-hydroxyooumarin was 
20% of the rate of production of 7-hydroxycoumarin by 
saline microsomes. Pyrazole and 4-methylpyrazole resulted 
in a two-fold increase in the rate of disappearance of 
7-hydroxycoumarin. Adding this rate to the rate of 
production of 7-hydroxyooumarin to yield the "total" rate 
of 7-ethoxycoumarin metabolism indicated that pyrazole 
treatment had no effect, whereas 4-methylpyrazole treatment 
produced some increase in the metabolism of 7-ethoxy- 
coumarin (Table IV). It was anticipated that assays of 
acetaldehyde production, the other product of 7-ethoxy­
coumarin metabolism, would not be hindered by further 
metabolism as were the 7-hydroxycoumarin determinations. 
Results with acetaldehyde generation, which were quite 
similar to the total rates of 7-ethoxycoumarln metabolism, 
also indicated that pyrazole treatment did not induce 
7-ethoxycoumarin O-deethylase activity, whereas 4-methyl­
pyrazole treatment produced about a 50% increase (Table 
IV), similar to the Increase found with aminopyrine, but 
muoh less than observed with aniline or p-nltroanisole.

The above data was recalculated by dividing by the 
oontent of cytoohrome P-450 in order to express the results 
as turnover numbers (nmol product/min/nmol cytochrome
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P-450). Results In Table V show that the turnover 
associated with aniline or p-nitroanlsole as substrates was 
increased about two-fold after pyrazole or 4-methylpyrazole 
treatment compared to saline controls. In contrast, the 
turnover associated with aminopyrine or 7-ethoxycoumarln 
was slightly decreased by pyrazole treatment, and more 
significantly decreased (30%) by 4-methylpyrazole treatment 
(Table V).

Recent experiments have established the role of 
cytochrome P-450 isozymes in the metabolism of nltrosamlnes 
(143). The demethylatlon of N,N-dimethylnitrosamine 
appears to be catalyzed by two populations of cytochrome 
P-450, i.e., a high Km (about 37mM) and a low Km (<0.1 mM) 
population. Results in Table VI show that pyrazole causes 
an increase in the activity of the low Km N,N-dimethyl- 
nltrosamine demethylase. These results confirm the 
previous work of Yang and co-workers (143-145). A two-fold 
increase in activity was observed whether results were 
expressed on a per mg microsomal protein (Table VI,Exp.A) 
or per nmol oytochrome P-450 (Table VI,Exp.B). Increasing 
the concentration of dimethylnltrosamine ten-fold had 
little effect on the rates of oxidation (compare the 0.5 mM 
rates to the 5.0 mM rates), which indicates that the low Km 
isozyme(s) are probably saturated at 0.5 mM dimethyl- 
nitrosamine. 4-Methylpyrazole treatment produced a 
two-fold increase in aotivity at all concentrations of
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Tabled 
j_and_4=MetliylpyrazQle_2 MiQrQSQfflal_Drui_MeiatQliEm_Expre£se5l 

lper_Mfil_Qy£zGhrQffis_E=4SQZ

S u bstrate    S a lia e  P yrazc le  4=M e£hylpyrazflla_

Aniline
p-Nltroanlsole 

*
Aminopyrine
7-Ethoxyooumarin1)7-hydroxyooumaiA)produotlon
B)disappearanceC)total
2)acetaldehyde

1.54 + 0.2 3.20 + 0.3(a) 2.76 + 0.3(a)
1.05 + 0.3 2.03 + 0.2(b) 1.96 + 0.2(b)
4.03 + 0.5 3.04 ± 0.7 2.86 ± 0.3(b)

2.86 + 0.6 2.36 ± 0.5 1.61 + 0.3(b)0.61 + 0.1 0.87 + 0.2 0.65 + 0.13.49 + 0.6 3.23 + 0.7 2.26 + 0.4(b)
3.23 + 0.6 3.19 + 0.4 2.21 + 0.2(b)

The various calculated enzymatic activities per mg microsomal protein for each drug oxidation experiment were 
divided by the content of cytochrome P-450 for that preparation of mlcrosomes in order to express the results as a turnover number (nmol product/min/nmol cytochrome P-450). Results are from 4-7 experiments.
(a)-p<0.01
(b)-p<0.05
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Tafcla_XI
The Effect ..of Pvrazole and 4-Methylpvrazole Treatment on HlcrQsomal_M^H-DlmethylaltrQsaffilne_DeBethvlase-Actlgltv

Concentration 
 Cf_Dlffl_.

1.90 ± 0.2A. 0.5 mM
2.21 + 0.15.0 mM
5.70 ± 0.4100 mM

(100-0.5) 3.80 ± 0.4

_QxidatiQn_jCsffl£l/sili 
 P y ia zc ls  4-1

4.22 ± 0.6(a) 3.55 ± 0.2(a)
4.36 ± 0.4(a) 4.49 ± 0.3(a)
7.44 ± 0.8 
3.22 ± 1.4

9.11 ± 0.5(a) 
5.56 + 0.4(b)

B. 0.5 mM 
5.0 mM 
100 mM 
(100-0.5)

2.36 ± 0.5 
2.76 ± 0.6 
6.90 ± 0.9 
4.54 ± 0.5

4.04 ± 0.7(b) 1.90 ± 0.1
4.15 ± 0.5(b) 2.42 ± 0.1
7.06 + 0.8 4.91 ± 0.2
3.02 ± 1.3 3.01 ± 0.1(b)

The oxidation of N.N-dlmethylnltrosamlne (DMN) was assayed as described in "Materials and Methods". Results in experiment A refer to activity per mg microsomal protein, while results in experiment B refer to activityper nmol cytoohrome P-450. Results are from 3experiments. The (100-0.5) concentration refers to the rates at 0.5 mM being subtracted from the rates at 100 mM
to yield aotivlty of the high Km isozyme(s).
(a)-p<0.01
(b)-p< 0.05
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dimethylnitrosamine tested. This increase appeared to 
reflect the Increase in total cytochrome P-450 since no 
increase in activity ocourred when results were expressed 
per nmol cytochrome P-450 (Table VI,Exp.B). The activity 
at 100 mM dimethylnitrosamine reflects both low Km and high 
Km activities; therefore, subtracting the rate6 at 0.5 mM 
dimethylnitrosamine from the rates at 100 mM should yield 
the high Km activity. When results are expressed per nmol 
cytochrome P-450 both pyrazole and 4-methylpyrazole 
treatments resulted in a decrease in the activity of the 
high Km dimethylnitrosamine demethylase(s) (Table 
VI,Exp.B).

A-4.3 K iB fiticfi_Q l„E thanQ l„and_A nilins_Q xidatiQ ii

Initial studies in this thesis have shown that the 
oxidation of ethanol by mlcrosomes was increased about 
two-fold after treatment with pyrazole or 4-methylpyrazole 
(A-3.1 and A-3.2), when results are expressed per mg 
microsomal protein. When the data is expressed per nmol 
cytochrome P-450 the results were more complex: pyrazole 
treatment resulted in a two-fold increase in ethanol 
oxidation, whereas there was less than a 40% Increase after 
4-methylpyrazole treatment. Only one concentration of 
ethanol was utilized in these studies which does not supply 
any kinetic information; therefore, the effect of pyrazole
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and 4-methylpyrazole treatment on the kinetics associated 
with microsomal ethanol oxidation was evaluated. Since 
ethanol can be oxidized by hydroxyl radicals, the possible 
Involvement of oxy-radlcal species In the oxidation of 
ethanol by mlcrosomes was minimized In these reactions as 
described In "Material and Methods". Therefore, these 
rates and kinetic values represent the cytochrome F-450 
dependent pathway of ethanol oxidation. Figure 9 shows 
plots of the rate of microsomal ethanol oxidation as a 
function of the concentration of ethanol over the range of
5.5 to 110 mM. Typical saturation kinetics were observed 
for the 3 preparations. Pyrazole and 4-methylpyrazole 
treatment Increased microsomal ethanol oxidation at all 
concentrations of ethanol tested (Fig. 9). When plots of 
the rate of microsomal ethanol oxidation as a function of 
ethanol concentration are expressed per nmol cytochrome 
P-450, only pyrazole treatment resulted in an increase in 
ethanol oxidation (Fig. 10). The relative kinetic 
constants for ethanol oxidation were determined by linear 
regression analysis of Lineweaver-Burk plots of the data 
shown in Figure 9. The values for Em and Vmax are apparent 
values for intact mlcrosomeB since they reflect 
contributions made by several populations of cytoohrome 
P-450 isozymes. Nevertheless, Lineweaver-Burk plots were 
linear, with correlation coefficients ranging from 0.93 to 
greater than 0.99. Pyrazole treatment did not alter the Em
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Figure 9

Ihe_EffeQt_Qf_2yrazQle_and_4-Metiiylpyra2QlQ_Treatffleat_Qa„ 
tlie„MicrQ£Qffial_QsidatiQa_.Qf_EtbanQl_Espi'es£ed_̂ Eei:_ffig_ 
rolcrQSQmal_protelD"_aB_a_EuDQtlQn_Qf the_Cflagenlra£lon_Qf_ 
Ethand^

The oxidation of ethanol was determined as described in 
"Material and Methods" after treatment with either saline 
or 200 mg/kg body weight/day pyrazole or 4-methylpyrazole 
for 2 or 3 days, respectively. The concentrations of 
ethanol utilized were 5.5, 11, 27.5, 55 and 110 mM, and the 
reactions were carried out for 5 minutes. Results are from 
4-8 experiments and are expressed as nmol 
acetaldehyde/min/mg microsomal protein.
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Figure 10

Ihe_E££ec:t-.Q£^EyrazQle_aiid,_4-MeihylpyrazQle_Irea:fcmeiit_Qn_ 

th e  MicrQBQfflal_QxidatiQn_Qf_Etlian£jl_Espreesed„^per_iiiDQl„ 

cytochrome P-450:"as^a_Eunotlfln_Q £_the_CQ PcantratlQ ii-Q f_  

Ethanol^
The oxidation of ethanol was determined as described in 

“Material and Methods" after treatment with either saline 
or 200 mg/kg body weight/day pyrazole or 4-methylpyrazole 
for 2 or 3 days, respectively. The concentrations of 
ethanol utilized were 5.5, 11, 27.5, 55 and 110 mM, and the 
reactions were carried out for 5 minutes. Results are from 
4-8 experiments and are expressed as nmol 
acetaldehyde/mln/nmol cytochrome P-450.
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for ethanol, whereas, Vmax values were inoreased whether 
expressed per mg mlorosomal protein or per nmol cytochrome 
P-460 (Table VII). The effects of 4-methylpyrazole 
treatment were more complex, as the Em for ethanol was 
decreased about 50% (Table VII). The Vmax for ethanol 
oxidation was Increased two-fold when results were 
expressed per mg microsomal protein, but no Increase was 
observed per nmol cytochrome P-450 (Table VII).

Similar experiments were conducted with aniline as the 
substrate. Pyrazole and 4-methylpyrazole treatment 
resulted In Increased aniline hydroxylase activity when 
results are expressed per mg microsomal protein at all 
concentrations of aniline tested (Fig. 11). When the data 
are expressed per nmol cytochrome P-450, pyrazole treatment 
resulted In Increased aniline hyroxylase activity at all 
concentrations of aniline tested, whereas 4-methylpyrazole 
treatment resulted in Increased activity only at the higher 
concentrations of aniline (Fig. 12). Elnetic analysis of 
the data in Figure 11 and 12 indicated the pyrazole 
treatment lowered the Em for aniline and raised the Vmax 
whether results are expressed per mg microsomal protein or 
per nmol cytochrome P-450 (Table VIII). On the other hand, 
4-methylpyrazole treatment raised the Em for aniline while 
increasing the Vmax three fold when results are express per 
mg microsomal protein and greater than 50% when results are 
expressed per nmol cytochrome P-450. Hence, it appears
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la b la J Z U

i_ef_E yra2Qle_and_^ the Kinetics of MlQrQEQffial_OxldatlQnQf Ethanol

Kinetio
param eter___________S a lin e _____ P yraze le____ 4-M elhylpyrazQ le_

Km (mM) 14.0 ± 1.1 13.9 ± 0.7 6.6 ± 0.3(a)
Vmax(per mg protein) Vmax(per nmol P-450)

11.8 ± 1.2 
13.0 ± 1.2

18.1 ± 1.8(h) 21.9 + 0.9(a)
23.6 ± 3.2(a) 13.6 ± 0.4

The kinetic parameters were calculated from linear regressions of Lineweaver-Burk plots of the data shown in Figures 9 and 10.
(a)-p<0.001
(b)=p< 0.01
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Figure 11

Ihe_E££Qc£_Q£_PyrszQla_a;ad_4-l 

M lor os oinal_Anlllna_Bydr oxy la £ la n _ i 

fflifixQfiQBfll_pEQtfiin^._as_a_EiinctiQn_fl£_£hfi_£

Aniline^
The hydroxylation of aniline was determined as 

described in "Material and Methods" after treatment with 
either saline or 200 mg/kg body weight/day pyrazole or 
4-methylpyrazole for 2 or 3 days, respectively. The 
concentrations of aniline utilized were 10, 25, 50, 100 and 
500 uM, and the reactions were carried out for 10 minutes. 
Results are from 5 experiments and are expressed as nmol 
p-aminophenol/min/mg microsomal protein.
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Figure 12

Tbe_E££ec£_Q£_P3ziazQle_afld_4=Meitolp¥rszj2lfi_lreaiEisii£ 
M iciesefflftl_A niliM _Hydrosylfl£lfln_ExB £esssa.j:pex_iim fil_

Aniline^
The hydroxylation of aniline was determined as 

described in "Material and Methods" after treatment with 
either saline or 200 mg/kg body weight/day pyrazole or 
4-methylpyrazole for 2 or 3 days, respectively. The 
concentrations of aniline utilized were 10, 25, 50, 100 and 
500 uM, and the reactions were carried out for 10 minutes. 
Results are from 5 experiments and are expressed as nmol 
p-amlnophenol/min/nmol cytochrome P-450.

i P-4SQ"_as_a_EunctiQn_Qf_the_CQncentratlQn_of_
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Ia b le _ x il l  

Ttie_EffeQt_Qf_PyraziDle_aa5i_!4=MetliylpxxazQle_IreatHieiit_Qn 
th e _ K ia e tlc £ _ i2f_MlQrQEQB)al_QsleiailQn_Qf_Anilliie

Kinetic
param eter___________S a lin e ______ P yrazole____ 4=M ethylpyrazole

Km (uM) 26 ± 6 13 ± 2(o) 50 ± 5(a)
Vmax 1.51 ± 0.09 2.66 ± 0.20(a) 4.75 ± 0.60(a)(per mg protein)Vmax 1.90 ± 0.24 3.41 ± 0.36(b) 2.90 ± 0.34(c)(per nmol P-450)

The kinetic parameters were calculated from linear regress­ions of Lineweaver-Burk plots of the data shown in Figures 11 
and 12.
(a)-p<0.001
(b)-p<0.01
(c)-p<0.05
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that the increase in aniline hydroxylase is due, in part, 
to the two-fold elevation in the content of cytoohrome 
P-450 caused by 4-methylpyrazole treatment although a clear 
increase in turnover number also occurs (Table VIII).

A-4.4 Kinetic Studleson theStereoghemlcalPreference for 
l± l= 2= B n tan o l

Previous studies have shown that microsomes isolated 
from rats chronically fed ethanol or from rats treated with 
pyrazole catalyzed the oxidation of (+)-2-butanol at rates 
two- to three-fold greater than rates found with the 
(-)-2-butanol isomer (23,127). This stereopreference, 
which was not found with microsomes isolated from chow-fed 
or pair-fed controls, or with microsomes isolated from 
phenobarbital-treated rats, probably reflects qualitative 
changes in the cytochrome P-450 isozyme population produced 
after pyrazole treatment or ethanol consumption. Experi­
ments were carried out to evaluate the kinetics for this 
stereochemical preference by microsomes from the pyrazole- 
treated rats and to ascertain whether 4-methylpyrazole 
treatment also induced a stereochemical preference for the 
(+)-2-butanol Isomer.

The oxidation of (+)-2-butanol by mlorosomes isolated 
from saline treated rats was slightly, but not significant­
ly higher than the rates found with the (-)-2-butanol 
Isomer (Fig. 13). By oontrast, both pyrazole and
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Figure 13

The Effect of Pyrazole and 4-MethylpyrazolelreatmentQa
the_MicrQ£Qmal_QsidatiQB„C±l-_aBa_I-l-2-EiatanQl_a£_i_ 
EunctiQB_Qf_the_CQnceiitratiQii_Qf_each_ISQiDer^

The oxidation of ethanol was determined as described in 
"Material and Methods" after treatment with either saline 
or 200 mg/kg body weight/day pyrazole or 4-methylpyrazole 
for 2 or 3 days, respectively. The concentrations of eaoh 
respective Isomer utilized were 5.0, 10, 25, 50 and 100 mM, 
and the reactions were carried out for 5 minutes. Results 
are from 4 experiments and are expressed as nmol 2-butanone 
/min/mg microsomal protein (solid lines), and nmol 
2-butanone/mln/nmol cytochrome P-450 (dashed lines).
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4-methylpyrazole treatment produced a stereochemical 
preference for the (+)-2-butanol isomer (Fig. 13). The 
rate of oxidation of the (+)-isomer, hut not the 
(-)-isomer, was increased about two-fold by pyrazole 
treatment whether results were expressed per mg microsomal 
protein (Fig. 13) or per nmol cytoohrome P-450, since 
pyrazole treatment had no effeot of the total content of 
cytoohrome P-450. The oxidation of both Isomers was 
increased by 4-methylpyrazole treatment when results were 
expressed per mg microsomal protein (Fig. 13); however, the 
rate for the (+)-isomer remained higher than that for the 
(-)-isomer. When results were expressed per nmol 
cytoohrome P-450 no Increase compared to the saline 
controls was found for the (+)-lsomer (Fig. 13, dashed 
lines), whereas, there was some deorease in the rates of 
oxidation for the (-)-isomer (Fig. 13, dashed lines).

The relative kinetic constants for (+)- and (-)- 
2-butanol oxidation were determined by linear regression 
analysis of Llneweaver-Burk plots of the data shown in Fig. 
13. In microsomes Isolated from saline controls, the Km 
and Vmax for the ( + )- and (-)-2-butanol were about the same 
(Table IX). Little or no significant stereochemical 
preference was observed. The pyrazole treatment lowered 
the Km values for both isomers; however, the Vmax was 
elevated only for the (+)-lsomer (per mg miorosomal protein 
or per nmol cytoohrome P-450) (Table IX). It is for
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Xable_IX
Th e E f fe c to£EyrazQle_and_4:zMetfrylpyr&zQls_irreatiDent_Qn 

the K inetics of MlcrQSC>inalQxld.a£lQnQf2-ButanQl

Kinetic 2-Butanol_______________ Treatm ent.
Parameter isomer Saline Pyrazole 4-Methylpyrazole
Km (mM) + 9.0 ± 1.0 5.7 ± 0.9(a,c) 6.6 ± 0.9(a)

- 13.3 ± 1.0 3.2 ± 0.4(b) 5.1 ± 1.0(a)
Vmax + 11.0 ± 1.7 19.7 ± 1.6(a,d) 28.7 ± 1.3(b,d)
(per mgprotein) - 9.1 ± 0.8 9.5 + 0.8 18.9 ± 2.0(a)
Vmax + 13.1 ± 1.8 27.5 ± 1.2(b,e) 13.7 ± 0.4(e)
(per nmolP-450) - 11.0 ± 1.5 13.3 ± 0.7 8.3 ± 0.5

The kinetic parameters were calculated from linear regressions of Lineweaver-Burk plots of the data shown in Figure 13.
(a)«p<0.01 with respect to saline controls
(b)-p<0.001

(c)«p<0.05
(d)-p<0.01 with respect to the (-)-isomer
(e)-p<0.001
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interest that although pyrazole treatment resulted in an 
even higher affinity for the (-)-isomer, the Vmax for the 
(-)-isomer is the same as in the saline controls. The 
4-methylpyrazole treatment also lowered the Km values for 
both isomers, while Vmax per mg microsomal protein was 
increased about three-fold for the (+)-isomer, and two-fold 
for the (-)-isomer (Table II). The difference in the Vmax 
between the (+)- and (-)-isomer was significant, indicating 
stereochemical preference for the (+)-isomer. When results 
were expressed per nmol cytochrome P-450 this preference 
was also observed, although it was not as impressive as the 
stereochemical preference found with the microsomes 
isolated from the pyrazole treated rats (Table II).

B. B in d in g -S p e c tra .

As previously mentioned in the "Introduction and 
Background11, microsomal binding difference spectra can be 
useful in ascertaining the type of effects an inducing 
agent has on microsomal drug metabolizing enzymes. 
Therefore, characterization of the effeot that pyrazole and 
4-methylpyrazole treatment had on microsomal binding 
difference spectra was carried out.
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B-1 Binding Spectra with.Dimethyl.Saifoxide ,_2=Biitanol_and_ 
Ethanol

The preceding studies that have been presented showed 
that pyrazole and 4-methylpyrazole treatment oan affect the 
mixed-function oxidase system and the microsomal oxidation 
of alcohols and drugs e.g., aniline and p-nitroanisole. 
Furthermore, microsomes Isolated from pyrazole- of 
4-methylpyrazole-treated rats exhibit several properties 
which are similar to each other, as well as with microsomes 
isolated from rats chronically fed ethanol.

Dimethyl sulfoxide CDHSO) was shown to produce an 
inverse type I binding spectrum with microsomes isolated 
from ethanol-treated rats (22,146) or a type II binding 
spectrum with cytochrome P-450 3a (the rabbit ethanol 
Induce isozyme) (72). 2-Butanol was shown to produce a 
type II binding spectrum with microsomes isolated from 
chronic ethanol-fed rats but not with microsomes from the 
pair-fed controls (23). The magnitude of the binding 
spectral change produced when ethanol binds to microsomes 
was enhanced after ethanol consumption (147). Therefore, 
binding studies were carried out with DMSO, 2-butanol and 
ethanol after treatment with pyrazole or 4-methylpyrazole.

Figure 14, A and C, shows that type II binding spectra 
with DMSO (peak at 416-420 nm and trough at 380-365 nm) and
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Figure 14

Tlie_Ef£eQt_Qf_P.yi‘flZQle_and_4-M etiis:lpxxazQle_li:eatm eiit_Qii 

MiexQSf2fflal_Binding_Q£_DMSQ_flnd_2=B!i±anQl

Binding spectrum of DMSO (final concentration 110 mM) 

and 2-butanol (final concentration 120 mM) with microsomes 
(approximately 2 mg/6 ml) from saline (S), pyrazole (P), or 
4-methylpyrazole (MP)-treated rats. Binding spectra were 
obtained as described in "Material and Methods”.
Experiment A refers to binding spectrum of DMSO after 2 
days of treatment with either saline or pyrazole (200 mg/kg 
body weight/day). Experiment B refers to binding spectrum 
of DMSO after 3 days of treatment with either saline or 
4-methylpyrazole (200 mg/kg body weight/day). Experiment C 
refers to binding spectrum with 2-butanol after either 2 
(pyrazole experiment) or 3 days (4-methylpyrazole 
experiment) of drug treatment. Identical spectra were 
obtained from mlorosomes for the 2- and 3-day saline 
treatment.
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2-butanol (peak at 415-41? nm and trough at 380-385 nm), 
respectively, were observed with microsomes from rats 
treated with pyrazole. 200 mg/kg body weight/day for 2 
days. No distinct spectra were observed with saline 
controls with DMSO or 2-butanol. With microsomes isolated 
from 4-methlypyrazole-treated rats (200 mg/kg body 
weight/day for 3 days), DMSO produced a type II binding 
spectrum (Fig. 14B) that appeared to be Identical to that 
which was observed with microsomes isolated from pyrazole- 
treated rats (peak at 419-420 nm and trough at 380-385 
nm). However, the interaction of 2-butanol with microsomes 
from 4-methylpyrazole-treated rats was quite different than 
that found with microsomes from the pyrazole-treated rats 
(Fig. 14C). The binding spectrum appeared to be type I, 
not type II; however, the spectrum was shifted towards 
longer wavelengths (peak at 408-410 nm and trough at 
426-428 nm) than that usually observed with drugs such as 
hexobarbital which give rise to the typical type I binding 
spectrum (peak at 385 nm and trough at 420 nm).

Ethanol reacted with microsomes from saline treated 
rats to produce a type II binding spectrum, with a peak at 
416-420 nm and a trough at 366-390 nm (Fig. ISA). Treat­
ment with either pyrazole or 4-methylpyrazole resulted in 
an increase in the ethanol-binding spectrum (Fig. 15 A and 
B, respectively). The pyrazole treatment increased the 
magnitude of the change in absorbance of the peak to trough
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Figure 15

The _E f feet_of Pyrazole and 4-Methylpyrazole Treatment on

Binding spectrum of ethanol (final concentration 154 
mM) with microsomes (approximately 2 mg/6 ml) from saline 
(S), pyrazole (P), or 4-methylpyrazole (MP)-treated rats. 
Binding spectra were obtained as described in "Material and 
Methods". Experiment A refers to binding spectrum of 
ethanol after 2 days of treatment with either saline or 
pyrazole (200 mg/kg body weight/day). Experiment B refers 
to binding spectrum of ethanol after 3 days of treatment 
4-methylpyrazole (200 mg/kg body weight/day). Identical 
spectra were obtained from microsomes for the 2- and 3-day 
saline treatment.
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absorbanoe difference (measured as A418nm minus A388nm) but 
did not change the speotrum from that observed with 
microsomes from saline controls (Fig. ISA). One the other 
hand, not only did the 4-methylpyrazole treatment produce 
an increase in the change in absorbance, but it also caused 
the ethanol-binding spectrum to shift, with the peak now 
being at 412-414 nm, and it also resulted in the production 
of an additional trough at 426-428 nm (Fig. 15B). In this 
regard, the ethanol binding spectrum with microsomes from 
the 4-methylpyrazole treated rats resembles that observed 
with 2-butanol (Fig. 14G and 15B).

£pectra_with_Diffiethyl_£iilfQzi(iê _2=Eatan!2l_and_EthanQl 
Dose-responce curves with respect to the binding 

spectrum associated with the addition of DMSO, 2-butanol or 
ethanol to microsomes from saline-, pyrazole- or 4-methyl- 
pyrazole-treated rats were performed. Whereas, the saline 
controls exhibited no distinct binding spectrum DMSO or 
2-butanol, 2 days of treatment with 50 mg of pyrazole/kg 
body weight was sufficient to result in binding speotra 
with these two compounds (Fig. 16). Maximum inorease in 
the binding spectrum occurred at about 100 mg of pyrazole/ 
kg body weight. With ethanol as the substrate, the 
microsomes from the saline controls exhibit a binding 
speotrum (Fig. 15). Pyrazole increased this binding
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Figure 16

The Effect of PyrazQle-CQnQen£ra£lQD_QD_£he_Magnl£iade_Qf_ 
5ubs£rate_Ein^ing_£Eectrfl_in_MicrQ£QffieE^

Rate were treated for 2 days with the indicated 
concentrations of pyrazole and binding spectra were 
obtained as described in "Materials and Methods". Results 
are expressed as the change in O.D./nmol cytochrome P-450. 
Wavelengths utilized were: ethanol, 410-388; DMSO, 419-385; 
2-butanol, 416-385. Results are the mean of 3-4 
experiments.

100



AO
.D

. 
Pe

ak
-tr

ou
gh

 
pe

r 
nm

ol
 P

-4
50

 
x 

I0
'3

BINDING SPECTRA -  EFFECT OF PYRAZOLE

2-Butanol

Ethanol

50 100 200
mg of Pyrazole/kg of body weight

300



spectrum, with the maximum Increase again occurring at a 
dose of 100 mg pyrazole/kg body weight (Fig. 16).

B-2.i DQfifi-EefipQnfifi_Qf_4=Me£byl2yiflZQle_Qn_the_Magnltudfi_Q£
Blnaing_Spectra_Hlth_DiEieiliyl_SulfQslde^_2-ButaiiQl_and_

Ethanol

Similar experiments were performed with microsomes from 
4-methylpyrazole treated rats. When rats were treated for 
3 days, there was a dose-dependent Increase in the binding 
spectrum with DMSO, 2-butanol and ethanol when results were 
expressed as change In O.D. (measured from peah to trough)/ 
mg microsomal protein (Fig. 17). When results were 
expressed as the change in O.D./nmol cytochrome P-450, 
there was no increase in the ethanol-binding speotrum as 
the dose of 4-methylpyrazole was elevated as compared to 
saline controls (Fig. 18). It is interesting to note that 
these results are similar to results found with ethanol and 
2-butanol metabolism, i.e., there was an increase in 
alcohol metabolism when rates are expressed per mg protein 
but not when results are expressed per nmol cytochrome 
P-450 (Fig. 6 and 7). In addition, the DMSO and 2-butanol 
binding speotrum displayed different responses to the 
increasing concentrations of 4-methylpyrazole, with the 
former showing a maximal increase at lower doses of 
4-methylpyrazole, e.g., 100 mg per leg body weight, whereas 
the latter binding speotrum inoreased as the concentration 
of 4-methylpyrazole increased (Fig. 18).

102



Figure 17

Ilie_EffeQt_i2£_i-MethxlÊ i:azQle_CQEcentratiQa_Qn_£lie_ 
Magnitude of Substrate Binding Spectra...ln_MlQrQgQffleŝ

Rats were treated for 3 days with the indicated 
concentrations of 4-methylpyrazole and binding spectra were 
obtained as described in "Materials and Methods". Results 
are expressed as the change in O.D./mg microsomal protein. 
Wavelengths utilized were: ethanol, 413-388; DMSO, 419-385; 
2-butanol, 430-410. Results are the mean of 3-4 
experiments.
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Figure 18

1he„Ef£eQt_Qf-_4-MethylpyrazQleCQncentratlQnQnthe_
M ag B itu d fi-Q f-S u kstza tS -B ln d in g -S p fic jiE a -in -M lQ rsfijM B S JS j.

Rats were treated for 3 days with the indicated 
concentrations of 4-methylpyrazole and binding spectra were 
obtained as described in "Materials and Methods". Results 
are expressed as the change in O.D./nmol cytochrome P-450. 
Wavelengths utilized were: ethanol, 413-388; DMSO, 419-385; 
2-butanol, 430-410. Results are the mean of 3-4 
experiments.
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B-3 Pvrazole and 4-Methylpyrazole Binding Spectrum
Pyrazole In yitrn, was shown to bind to microsomes from 

control rats to produce a type II binding spectrum, with a 
peak at 430 nm and a trough at 394 nm (131). Furthermore, 
the magnitude of the binding spectral change produced when 
pyrazole binds to miorosomes was enhanced In microsomes 
Isolated from rats chronically fed ethanol (147). 
Considerably less Is known about the in vitro Interactions 
of 4-methylpyrazole with hepatic microsomes. In view of 
the various Interactions of pyrazole with hepatic 
microsomes, a study was carried out to evaluate whether 
4-methylpyrazole can Interact with hepatlo microsomes and 
If there Is an Increase In the Interaction of pyrazole or 
4-methylpyrazole with microsomes Isolated from rats treated 
with either pyrazole or 4-methylpyrazole.

B-3. i The_E£feQt_Q£_Pyza2Qle._and_4-MethylpyrazQle_Ti:eatfflent_ 
Qn_£yrazole_Elndin2_SpeciruEi_in_Hepa£lc_MiQi:Q£Qffies 

A typical spectrum for pyrazole interacting with 
microsomes from saline controls is shown in Fig. 19, and 
confirms the previous results of Rubin et al (131). Figure 
19 shows that the magnitude of this spectral change is 
increased in microsomes Isolated from rats treated with 
either pyrazole of 4-methylpyrazole.
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Figure 19

The_Effect_Qf_PyrazQle_ansl_i=Metii2zlpyrazi2ls_Ireatfflent_Qii 
MlcrceQflial^Eindlng_Qf_PyrazQle

Binding spectrum of pyrazole (final concentration, 2.67 
mM) with microsomes (approximately 2 mg/6 ml) from saline 
(S), pyrazole (P) (200 mg/kg body weight/day for 2 days), 
or 4-methylpyrazole (HP) (200 mg/kg body weight/day for 3 
days)-treated rats. Binding speotra were obtained as 
described in "Material and Methods". Results from a 
typical spectrum are shown.
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i_lrea£m en£_B-3. 2
on 4 -M eth y lp yrazo le  B lnd lng S p ectrum J

Similar experiments were carried out with 
4-methylpyrazole. Figure 20 shows that 4-methlypyrazole 
reacts with microsomes from control (saline-treated) rats 
to produce a type II binding spectrum with a peak at 429 nm 
and a trough at 392 nm. These wavelengths are similar to 
those for pyrazole binding to microsomes. The magnitude of 
the speotral change associated with 4-methylpyrazole 
interacting with cytochrome P-450 was about 3-fold greater 
than that found with pyrazole (note the difference in the 
scales in Fig. 19 and 20). The greater extent of 4-methyl­
pyrazole binding probably reflects its greater hydro- 
phobicity properties. Analogous to results with pyrazole, 
the magnitude of the 4-methylpyrazole binding spectrum was 
also Increased in microsomes isolated from rats treated 
with either pyrazole or 4-methylpyrazole (Fig. 20).

B - 3 .2 T h e E f £ e c £ o £  Pyrazole and 4-M ethylpvrazQ le_Irea£m en£„ 

Qn_£he_Sinfi£iQS_Q£_Binding_Q£_PyrazQle_fln{i_4-Me£hylpyrazQle_ 

£Q_MicrQEQHie£J.
Varying concentrations of pyrazole or 4-methylpyrazole 

were added to microsomes from the saline-, pyrazole-, or 
4-methylpyrazole treated rats and the magnitude of the 
binding spectrum, as reflooted by the ohange in absorbance 
(429-492 nm), was determined. With all three preparations
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Figure 20

The E ffe c t .o f  Pyrazole a n d 4 -M e th ¥ lp y ra zo le  Treatroent_on 

MicrafiQmal_Ein<ilBfi_Qf_4=Me:fchy;LpyrazQlfi

Binding spectrum of 4-methylpyrazole (final concentra­
tion, 2.67 mM) with microsomes (approximately 2 mg/6 ml) 
from saline (S), pyrazole (P) (200 mg/kg body weight/day 
for 2 days), or 4-methylpyrazole (MP) (200 mg/kg body 
weight/day for 3 days)-treated rats. Binding spectra were 
obtained as described in "Material and Methods". Results 
from a typioal speotrum are shown.
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of microsomes, the magnitude of the speotral ohange 
increased as the concentration of added pyrazole or 
4-methylpyrazole was increased over the range of 0.33 mM to 
2.67 mM. A Hanes-Wolfe plot of these data was linear with 
both pyrazole and 4-methylpyrazole as the substrates (Fig. 
21 and 22, respectively) and the kinetic oonstants were 
calculated from linear regression analyses. Speotral 
dissociation constants (Ks) and maximal speotral changes 
(Vs) from the change in O.D. (429-392 nm) were calculated 
from these plots and are summarized in Table X. The Xs 
values for pyrazole and 4-methylpyrazole binding to 
microsomes from saline-treated rats were the same, 0.32 mM, 
whereas maximal binding values per mg microsomal protein of 
per nmol P-450 were two-fold higher with 4-methylpyrazole 
as the substrate compared to pyrazole. Treatment with 
pyrazole caused a lowering of the Ks values for both 
pyrazole and 4-methylpyrazole, as well as an almost 
two-fold increase in the maximal binding values for both 
substrates (Table X). Treatment with 4-methylpyrazole 
lowered the Ks value for 4-methylpyrazole but not for 
pyrazole as the substrate. Maximal binding values for both 
substrates were doubled when results were expressed as 
change in O.D./mg microsomal protein, but no such changes 
were observed when the speotral changes were expressed per 
nmol cytochrome P-450 (Table X).
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Figure 21

H anes-lQ lfe_E lQ t_Q f_ihe_E ffe<2t_Q f_£^razQ le_aad_  

4rMfittolpsra2Qlfi_ireatfflfint_£in_Hanefi-»QlEfi_ElQtfi_Qf_ExicazQle_
BlDdlng^tQ_BepatlcMlQrQSQmeg

Hanes-Wolfe plots were constructed from the spectral 
changes associated with the binding of pyrazole to 
microsomes isolated from rats treated with either saline 
(S), pyrazole (P), or 4-methylpyrazole (MP). Varying 
concentration of pyrazole (0.33-1.67 mM) were added to 
microsomes, and the change in absorbance (429-392 nm) was 
determined. Results are from 3 experiments.
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Figure 22

H anefi-lQ lfe_P lQ t_Q f_tlie_Effect_Q f_PyrazQ le_aii< i_  

4=Me£hxlpyrazQlfi_lrea£msn:k_Qn_.HflBes=KQl£e_PlBtfl_Q£_

4-Methylpyrazole_ Binding toHepatIcMlcrosomes
Hanes-Wolfe plots were constructed from the speotral 

changes associated with the binding of 4-methylpyrazole to 
microsomes isolated from rats treated with either saline 
(S), pyrazole (P), or 4-methylpyrazole (MP). Varying 
concentration of 4-methylpyrazole (0.33-2.67 mM) were added 
to microsomes, and the change in absorbance (429-392 nm) 
was determined. Results are from 3 experiments.
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Xable_X
Xhfi_I

the_Bindin2_CQnEtantfi_£Qr_£fce_Binding_Qf_£yrazQlfi 
and 4-MethylpvrazoletQMlcrQSQmes

param eter_________S a lin e__ ______ EyzazQlfi____ ^-M etnylpyrazQ le

£XRAZQLE_BIHBIHG

.320±0.024 0.202±0.023(a)
0.0083±0.000 0.0169±0.002(b)
0.0123+0.004 0.0244+0.002(b)

Ks (mM)
Vs(per mg protein) Vs 0.<(per nmol P-450)

0.333+0.031 
0.0179±0.001(b) 
0.0099+0.002

4mUEXHZL£ZBAZQLE-EIEDIHG 
KS (mM) 0.319±0.019 0.116±0.009(b) 0.223±0.009(c)
Vs(per mg protein)

0.0165+0.001 0.0244±0.000(a) 0.0310+0.001(b)
Vs(per nmol P-450)0.0219±0.002 0.0372±0.002(b) 0.0187±0.0005

The parameters were calculated from linear regressions of Hanes-Wolfe plots of the data shown in Figures 21 and 22. The content of cytochrome P-450 was about 0.70 nmol/mg microsomal protein for the saline and pyrazole treated, and about 1.7 nmol/mg microsomal protein for the 4-methylpyrazole treated
(a)-p<0.01
(b)-p< 0.001 
(o)-p<0.005
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c . Inhibition of Microsomal Ethanol Oxidation by Pyrazole^

The la vitro interactions of pyrazole and 
4-methylpyrazole with liver microsomal alcohol and drug 
oxidations, especially after induction with inducers, have 
not been well characterized. la vitro, pyrazole and 
4-methylpyrazole were shown to inhibit the metabolism of 
ethanol and amlnopyrine (116,130). The current experiments 
were carried out to evaluate the la vitro effects of 
pyrazole and 4-methylpyrazole on the oxidation of ethanol 
by microsomes from control rats as well as rats treated 
with pyrazole or 4-methylpyrazole, to characterize the 
kinetics of inhibition by these agents, and to attempt to 
correlate their inhibitory effectiveness with the effi­
ciency of binding to cytochrome P-450 in the microsomes.

C-l Dose^Besponse of InhlbltlQn_Qf_MlcrflgQEal_E£hanQl_
Qsid&fciQa_bjz_fcfce_Ia-¥ltrQ_Addi£iQn_Q£_£yrazQlfiJ_

4=Methylpyxazcle_Qr_DMSQ
At a substrate concentration of 55 mM, ethanol was 

oxidized at a rate of six to seven nmol per mln per mg 
microsomal protein by control microsomes and as described 
above (Sect. A) this rate was increased about two-fold 
after treating rats with either pyrazole or 4-methyl­
pyrazole. A dose response curve for pyrazole inhibition of 
microsomal ethanol oxidation is shown in Fig. 23A.
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Figure 23
Dose Response of Inhibition of MlQrQSomalBthanoIQxldatlQiL- 
by the In-VitroAddltlon of Pyrazole. 4-MethylpyrazQleor_ 
DMSO

Inhibition of microsomal ethanol oxidation by the In 
vitro addition of varying concentrations of (A) pyrazole,
(B) 4-methylpyrazole and (C) DMSO. The oxidation of 55 mM 
ethanol by microsomes from rats treated with either saline, 
pyrazole (200 mg/kg body weight/day for 2 days) or 
4-methylpyrazole (200 mg/kg body weight/day for 3 days) was 
assayed as described in "Materials and Methods" in the 
presence of the indicated concentrations of pyrazole, 
4-methylpyrazole or DMSO. Results are from 2-4 
experiments.
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Microsomes from rats treated with pyrazole appear to he 
especially sensitive to inhibition by added pyrazole as 
there was an initial rapid deorease in activity such that 
most of the increase in ethanol oxidation was blocked by 
low concentrations of the inhibitor. Microsomes isolated 
from rats treated with 4-methylpyrazole also appear to be 
very sensitive to inhibition by added pyrazole as there was 
an initial rapid decrease in ethanol oxidation at low 
concentrations of pyrazole, followed by a less pronounced 
deorease at higher concentrations of pyrazole. The latter, 
which suggests resistant to inhibition of ethanol oxida­
tion, resembles the pattern observed with microsomes from 
saline treated animals at all concentrations of pyrazole 
(Fig. 23A). One possible explanation for these results 
could be the presence of at least two populations of 
cytochrome P-450 isozymes; one that is very sensitive to 
inhibition by pyrazole, and one that is not especially 
sensitive to inhibition by pyrazole.

Figure 23B shows similar types of experiments with 
4-methylpyrazole added as the in vitro inhibitor of 
microsomal ethanol oxidation. In all three preparations, 
but especially in those from rats treated with pyrazole or 
4-methylpyrazole, there was an initial rapid inhibition of 
microsomal ethanol oxidation, followed by a less sensitive 
phase. The increase in ethanol oxidation produced by prior 
treatment of rats with pyrazole of 4-methylpyrazole was 
completely lost in the presence of low levels of 4-methyl-

122



pyrazole, analogous to results with pyrazole as the In 
vitro Inhibitor.

For comparative purposes, the effeots of dimethyl- 
sulfoxide on microsomal ethanol oxidation were also 
studied. It has been shown that DMSO interacted with 
microsomes from ethanol-treated animals, but not microsomes 
from control animals, to produce a modified type II 
spectral change (146). In microsomes from pyrazole- or 
4-methylpyrazole-treated rats, but not microsomes from 
saline controls, DMSO produced a modified type II spectral 
change (Seot. B). DMSO was shown to be a very effective 
inhibitor of microsomal ethanol oxidation in liver 
microsomes isolated from imidazole-treated rabbits as 
compared to other inducers (148). In rabbits, Imidazole 
and ethanol appear to induoe the same cytochrome P-450 
(149). The above results suggest that DMSO may have a 
special interaction with the cytochrome P-450 induced by 
alcohol or alcohol-like inducers (imidazoles, pyrazoles) 
and could, therefore, be a more effective inhibitor of 
cytochrome P-450-catalyzed reaction in these induoed 
preparations.

Experiments were carried out employing DMSO added as 
the In vitro inhibitor of ethanol oxidation. Figure 23C 
shows that muoh higher oonoentrations of DMSO, as compared 
to pyrazole or 4-methylpyrazole, were required to inhibit 
miorosomal ethanol oxidation. In contrast to results with
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pyrazole or 4-methylpyrazole, the Inhibition by DMSO was 
the same In all three preparations, i.e., prior treatment 
with pyrazole or 4-methylpyrazole did not produoe a 
population of oytoohrome P-450 isozymes with ethanol 
oxidizing activity that was especially sensitive to 
inhibition by DMSO. Indeed, at all concentrations of DMSO 
tested, the rate of ethanol oxidation by microsomes from 
rats treated with either pyrazole or 4-methylpyrazole 
remained higher than the rates by miorosomes from saline 
controls.

C-2 KlnetlcsQf^Inhibition of Microsomal_Bthanal_QzldatlQn 
To evaluate the kinetics of Inhibition by pyrazole, 

4-methylpyrazole and DMSO, the effects of these agents on 
the oxidation of varying concentrations of ethanol was 
studied in microsomes isolated from rats treated with 
saline, pyrazole or 4-methylpyrazole. In all experiments, 
DMSO was employed at a concentration of 50 mM. However, in 
view of the increased effectiveness of pyrazole and 
4-methylpyrazole as inhibitors of microsomal ethanol 
oxidation, lower concentrations of pyrazole (0.25 and 0.5 
mM) and 4-methylpyrazole (0.15 and 0.50 mM) were utilized 
in experiments with miorosomes isolated from rats treated 
with these agents, than with miorosomes from saline 
controls (1 and 3 mM of either pyrazole or 4-methyl-
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Table XI

Rate of Oxidation of Ethanol (nmol/mln/mg protein)Addition Concentration of Ethanol (mM)
11 55 11Q

SALIHE-MICRQSQMESnone 3.69+0.11 5.29+1.08 7.24±0.63 8.96+0.421 mM pyrazole 2.07±0.37 3.30±0.29 4.61+6.03 6.03±0.773 mM pyrazole 1.37+0.12 2.02±0.28 3.73±0.82 5.82±0.801 mM 4-MP 1.54±0.17 2.68+0.35 3.80+0.54 5.26+0.53
3 mM 4-MP 1.06+0.14 2.12±0.24 3.34±0.84 4.83+0.84

50 mM DMSO 1.56±0.43 2.82±0.37 3.87±0.59 5.30±0.35
EXBAZQLE_MICBQ£QME£none 6.16±0.70 8.46+0.16 11.47±0.31 13.41±0.640.25 mM pyrazole 3.51±0.43 5.12±0.24 7.83+0.25 8.86+0.33
0.50 mM pyrazole 2.88±0.08 4.06±0.21 5.84±0.29 6.90+0.31
0.15 mM 4-MP 1.73±0.26 2.82±0.24 3.97±0.42 4.97+0.72
0.50 mM 4-MP 1.11+0.24 2.08±0.27 3.62+0.40 4.54±0.3850 mM DMSO 2.44±0.45 4.98±0.39 7.10±0.95 8.37±0.72
4=MEIHXLEXRAZQLE.„MICBQ£QME£none 8.36+1.13 10.37+0.63 13.84±0.38 18.21±0.920.25 mM pyrazole 5.64±0.36 8.96+0.86 11.14+0.64 15.00+1.380.50 mM pyrazole 4.55±0.29 6.68+0.62 9.34+1.32 12.61±0.730.15 mM 4-MP 3.41±0.53 4.45+0.85 6.60+1.26 8.00+1.13
0.50 mM 4-MP 2.40±0.43 4.24+0.45 6.17+0.93 8.28±1.2750 mM DMSO 4.57±0.17 7.41+0.73 10.08+0.88 13.44+1.00

The oxidation of ethanol was assayed as desorlbed In "Material and Methods". Experiments were carried out In the presenoe of the Indicated concentrations of pyrazole, 4-methylpyrazole (4-MP) and DMSO added to miorosomes isolated from rats treated with saline, pyrazole (200 mg/kg body welght/day for 2 days) or 4-methylpyrazole (200 mg/kg body welght/day for 3 days). The concentration of ethanol was varied from 11 to 27.5 to 55 to 110 mM. Results are from 3 experiments.
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pyrazole). Results are summarized, in Table XI. The 
oxidation of ethanol increased as the concentration of 
ethanol was increased over the range 11 to 110 mM in all 
three microsomal preparations (saline, pyrazole- and 
4-methylpyrazole-treated). In the absence of any 
inhibitors, the rate of microsomal ethanol oxidation was 
higher in the microsomes from pyrazole- or 4-methyl- 
pyrazole-treated than microsomes from saline controls at 
all four concentrations of ethanol employed (Table XI - no 
additions). The presences of pyrazole or 4-methylpyrazole 
or DMSO caused an inhibition of microsomal ethanol oxida­
tion at all ethanol concentrations studied in all three 
preparations. Pyrazole and 4-methylpyrazole, but not DMSO, 
were more effeotive inhibitors of ethanol oxidation in 
microsomes isolated from rats treated with pyrazole or 
4-methylpyrazole than from saline controls (Table XI, note 
different concentrations of pyrazole and 4-methylpyrazole 
utilized).

To determine the kinetics of inhibition, the data shown 
in Table XI was plotted as Llneweaver-Burk plots. The 
reciprocal plots in the absence or presence of inhibitors 
were linear over the ethanol concentration range of 11 to 
110 mM. The correlation coefficients ranged from 0.94-1.00 
with a mean of 0.98. The kinetic values are summarized in 
Table XII. The kinetics of inhibition by pyrazole and 
4-methylpyrazole were complex, as the inhibitors increased
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Em values for ethanol while lowering the Vmax values In all 
three preparations. The kinetlos of Inhibition by DMSO 
although mixed, appeared to have a large competitive 
component (Table XII). Slnoe all three Inhibitors appeared 
to show mixed-type of Inhibition, El values were estimated 
aooordlng to the equation (150):

Km* - to the apparent Em In the presenoe of Inhibitor. The 
values for “a" were estimated from the Lineweaver-Burk 
plots by graphically solving for the abscissa coordinate of 
the point of Intersection of the control rate and the rate 
In the presence of the Inhibitor; this coordinate value Is 
equal to -1/aEm (150). The El values are summarized In the 
last column of Table XII. With microsomes from saline- 
treated rats, pyrazole had a El value of about 1.1 mM; 
this value was decreased about three fold In microsomes 
from either pyrazole- or 4-methylpyrazole treated rats.
The El values for 4-methylpyrazole were about 0.7, 0.03 and 
0.1 in miorosomes from saline, pyrazole- and 4-methyl- 
pyrazole treated rats, respectively (Table XII). Thus, 
4-methylpyrazole was a better inhibitor them pyrazole was, 
and was especially effeotive after i n  v I y q  treatment

El 1
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Iafcle_2llKinetic Constants. fQr_the_Inhlbltlon_of..Microsomal

Treatment Addition Kinetic ValueKm Vmax Ki
__________________________ lioMl___ InfflQl/ffiin/ffigJ____CmMX_
SALINE none

1 mM pyrazole 3 mM pyrazole 1 mM 4-MP 3 mM 4-MP 50 mM DMSO
PIRAZQLE none0.25 mM pyrazole 0.50 mM pyrazole 0.15 mM 4-MP 0.50 mM 4-MP 50 mM DMSO
4-ME1HXL2XRAZQLEnone0.25 mM pyrazole 0.50 mM pyrazole 0.15 mM 4-MP 0.50 mM 4-MP 50 mM DMSO

18 9.6 -

26 6.8 0.97
40 6.2 1.22
33 6.2 0.56
66 7.4 0.80
36 6.6 27.1

15 14.3 -

21 10.1 0.25
26 7.5 0.4027 5.9 0.04
58 6.9 0.02
46 12.8 20.7

12 17.3 -

21 16.3 0.36
28 13.2 0.39
16 8.2 0.0837 10.4 0.12
26 15.2 34.5

The kinetic constants were derived from linear regressions of Lineweaver-Burk plots of the data shown in 
Table XI.
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with pyrazole or 4-methylpyrazole. By oontraet, the Ki 
values for DMSO appeared to be similar with all three 
microsomal preparations (Table XII).

The in vitro interactions of pyrazole and 4-methyl­
pyrazole with hepatic microsomes Isolated from either 
saline-, pyrazole- or 4-methylpyrazole-treated rats has 
been characterized above. The results appear to indicate 
that pyrazole and 4-methylpyrazole can interact with 
microsomes as well as inhibit miorosomal ethanol oxida­
tion. Furthermore, these interactions are increased after 
pyrazole or 4-methlypyrazole treatment, e.g. Ks of 
4-methylpyrazole were lowered and the inhibitory 
effectiveness of both compounds were increased after 
pyrazole or 4-methylpyrazole treatment. The current 
experiments were carried out to evaluate the in vitro 
interactions of pyrazole and 4-methylpyrazole with 
microsomes isolated from rats induced with other drugs, 
such as phenobarbital, 3-methylcholanthrene and ethanol, 
and to compare the effects of the latter treatments to the 
effects produced by pyrazole and 4-methylpyrazole 
treatment.
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Treatment o n t h e Klnetlcs of Binding of Pyrazole and 
4-Methvlpyrazole toMlcrosomes,

Rats were treated with phenobarbital, oorn oil and
3-methylcholanthrene and the effects on the content of 
cytochrome P-450 was determined. Whereas oorn oil had no 
effect on the total content of cytochrome P-450, phenobar­
bital and 3-methylcholanthrene resulted in a two- to 
three-fold increase in the total content of cytochrome 
P-450. The content of cytochrome P-450 were 0.57 + 0.02, 
1.53 ± 0.15 and 1.63 ± 0.12 nmol/mg microsomal protein for 
corn oil-, phenobarbital, and 3-methyloholanthrene-treated, 
respectively. Furthermore, treatment with 3-methylcho­
lanthrene resulted in a shift of the carbon monoxide 
difference spectrum from 450 nm to 447 nm, Indicative of 
the cytochrome P-44B that is induced by 3-methyl­
cholanthrene .

Pyrazole and 4-methylpyrazole bound to microsomes from 
corn oil-, phenobarbital- and 3-methylcholanthrene-treated 
rats, resulting in a type II spectra similar to that 
desoribed for microsomes from saline-, pyrazole- or
4-methylpyrazole-treated rats. Varying concentrations of 
pyrazole or 4-methylpyrazole were added to microsomes from 
phenobarbital-, oorn oil-, or 3-methylcholanthrene-treated 
rats and the magnitude of the binding speotrum, as
reflooted by the change in absorbance (peak-trough), was
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determined. With all three preparations of miorosomes, the 
magnitude of the spectral change increased as the concen­
tration for pyrazole or 4-methylpyrazole was Increased over 
the range of 0.33 mM to 1.67 mM. A Hanes-Wolfe plot of 
these data was linear (correlation coefficients ranged from 
0.984-1.000 with a mean of 0.996±0.001) and the kinetic 
constants were calculated from linear regression analyses. 
Spectral dissociation constants (Ks) and maximal spectral 
ohanges (Vs) were calculated from these plots and are 
summarized in Table XIII. The Xs values for pyrazole and 
4-roethylpyrazole binding to microsomes from corn oil 
treated rats were nearly the same. 0.387 mM and 0.337 mm. 
respectively and are almost identical with the Ks values 
from saline treated microsomes (compare Tables X and
XIII). Analogous to results obtained with saline 
microsomes, the Vs values per mg microsomal protein or per 
nmol cytochrome P-450 from microsomes isolated from corn 
oil-treated rats were two-fold higher with 4-methylpyrazole 
as a substrate compared to pyrazole. Treatment with
3-methylcholanthrene or phenobarbital caused an increase in 
the Ks values for pyrazole. Phenobarbital treatment had no 
effect on the Ks for 4-methylpyrazole, whereas, 3-methyl- 
oholanthrene treatment caused a lowering of the Ks value 
for 4-methylpyrazole binding. The Vs values per mg 
mlorosomal protein were increased two to three-fold for 
both substrates by the phenobarbital and 3-methyl-

131



Iable_XIU
T h e B f fe o t  Q fP h en Q b arb lta lan d S -M eth v lQ h Q lan th ren e  

Treatm eat_on_iiifi_Biii5ilii2_CQii£tantE_J 
EyrazQle_and_4-Me:khylpyrazQle_:k£_i

param eter Ehenebarbiial_  

EXBAZQLE_BINDIHG

Ks (mM) 1.139
Vs 0.0185(per mg protein)Vs 0.0122(per nmol P-450)

 Xreatm ent. 
 CQrn_Qil 2-1

0.387±0.076 
0.0077±0.0004 
0.0136±0.0007

0.516±0.079 
0.0240±0.0026 
0.0148±0.0014

4=MEXHXLEYBAZQLE_BIHDIHG

Ks (mM) 0.319
Vs 0.0323(per mg protein)Vs 0.0211(per nmol P-450)

0.337+0.083 
0.0151±0.0003 
0.0266±0.0006

0.168±0.017 
0.0383±0.0052 
0.0236±0.0030

Varying concentrations of either pyrazole or 4-methyl­pyrazole (0.33-1.67 mM) were added to microsomes and the change in absorbance (peak at 429-426 nm - trough at 392-390 nm) was determined. Hanes-Volfe plots were constructed from the spectral changes associated with the binding of either pyrazole or 4-methylpyrazole and the kinetio parameters were calculated by linear regression. The oontent of cytochrome P-450 was 1.53, 0.57, and 1.63 nmol/mg miorosomal protein for the phenobarbital, oorn oil and 3-methyloholanthrene treated, respectively. Results are from 2 (phenobarbital) to 4 (oorn oil and 3-methyl­cholanthrene) experiments.
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cholanthrene treatments, however, no such changes were 
observed when the Vs values were expressed per nmol 
oytoohrome P-450 (Table XIII).

D-i.l lhe_EffeQtfi_flf_ChrQPig_EthflnQl^Cgngamptlfln-flP-the_ 
Klnetlcsof Pyrazcle and4-MethylpyrazQleBlndlng^to_ 
MiCIQEQHlfi£L.

Similar experiments were performed with rats that were 
chronically fed ethanol and their pair-fed controls. The 
Ks value for pyrazole binding in pair-fed control rats was 
more than two-fold higher than observed with other control 
rats (oompare Tables X and XIII to XIV), 0.897 mM, whereas 
the Vs values were nearly the same as the other controls 
whether results are expressed per mg microsomal protein or 
per nmol cytochrome P-450 (Table XIV). The Ks value for 
4-methylpyrazole binding, 0.269 mM, was lower when compared 
to the Ks for pyrazole in the pair-fed controls (Table
XIV); however, when the results are compared to the other 
controls (Table X, saline; Table XIII, corn oil) there was 
little or no difference. Analogous to results obtained 
with both saline and corn oil control microsomes, the Vs 
values per mg microsomal protein or per nmol oytoohrome 
P-450 were nearly two-fold higher with 4-methylpyrazole as 
a substrate oompared to pyrazole (Table XIV). Chronic 
ethanol consumption resulted in a lowering of the Ks values 
for both pyrazole and 4-methylpyrazole, as well as a
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Table XIV
The_E£fec£_Qf_ChrQiiiQ_E:kfcanQl_CQiisiimp:fciQn_Qn_i;b,e_Eindlng

Cou£iaii:ks_£Qr_£he_Eiiidliig_Qî £yrazQle 
and_4-!ie£liy;LpyEazQlfi_£Q_Mlfi;casQmes

param eter_____

EXBAZQLE-EIHDIHG 

Ks (mM)
Vs(per mg protein) Vs(per nmol P-450)

„-E a lr-E fid ___________AleobQl-Eed_____

0.897 + 0.117 
0.0108 ± 0.0003 
0.0165 ± 0.0022

0.149 ± 0.031 
0.0259 ± 0.0047 
0.0189 ± 0.0034

4-MEIHXLEXRAZQLE_EIHDIHG

Ks (mM)
Vs(per mg protein) Vs(per nmol P-450)

0.269 ± 0.032 
0.0175 ± 0.0005 
0.0265 ± 0.0039

0.147 ± 0.019 
0.0382 ± 0.0053 
0.0279 ± 0.0035

Varying concentrations of either pyrazole or 4-methyl­pyrazole (0.33-1.67 mM) were added to microsomes and the change In absorbance (peafc at 429-426 nm - trough at 392-390 nm) was determined. Hanes-Wolfe plots were constructed from the speotral changes associated with the binding of either pyrazole or 4-methylpyrazole and the parameters were calculated by linear regression analyses. The content of cytochrome P-450 was 0.679 ± 0.099 and 1.371 ± 0.094 nmol/mg microsomal protein for the pair-fed and alcohol-fed, respectively. Results are from 3 experiments.

134



greater than two-fold increase in the Vs for both 
substrates when the results are expressed per mg microsomal 
protein (Table XIV). When the maximal binding values were 
expressed per nmol cytochrome P-450 these changes were not 
observed. Hence, ethanol treatment, but not phenobarbital 
or 3-methylcholanthrene treatment, increased the affinity 
for both pyrazole and 4-methylpyrazole

d-2 lhe_E£fscls_Q£_ElieiiQl2axkital_&nd_2=HQ£hyl2hQlan£hrene_ 

bX-£yrazal£_aiuL-4=Hs£fcxlpyrazal&
At a substrate concentration of 55 mM, ethanol was 

oxidized at a rate of 2.9, 3.9 and 6.5 nmol per min per mg 
microsomal protein in microsomes isolated from 
phenobarbital-, corn oil-, and 3-methylcholanthrene-treated 
rats, respectively (Fig. 24). These rates are lower than 
those found with microsomes isolated from pyrazole- or 
4-methylpyrazole-treated rats. Indeed, these rates 
correspond to values of 1.9, 6.8, and 4.0 nmol per min per 
nmol cytochrome P-450, respectively; hence, phenobarbital 
and 3-methylcholanthrene actually lower the turnover number 
for microsomal oxidation of ethanol. A dose response curve 
for pyrazole inhibition of miorosomal ethanol oxidation is 
shown in Figure 24A. In contrast to miorosomes isolated 
from pyrazole- or 4-methylpyrazole-treated rats, neither 
of the three preparations were especially sensitive to
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Figure 24
The Effeet of Phenobarbital and 5-Methvlcholanthrene 
Treatmenton the Dose ResponseQfInhlbltlQn_Q;f_M:lcrQSQmal_ 
Ethanol Oxldatlonby theln-yitroAciaitlQiiQfPYraaQleana,

Inhibition of microsomal ethanol oxidation by the in 
vitro addition of varying concentrations of (A) pyrazole 
and (B) 4-methylpyrazole. The oxidation of 55 mM ethanol 
by microsomes from rats treated with either phenobarbital, 
corn oil or 3-methylcholanthrene was assayed as described 
in "Materials and Methods" in the presence of the indicated 
concentrations of pyrazole or 4-methylpyrazole. Results 
are from 3 experiments.
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inhibition by pyrazole, as there was only slight decreases 
in ethanol oxidation at all concentrations of the inhibitor 
(Fig. 24A). In this regard, their pattern of inhibition 
resembled the pattern that was observed with microsomes 
from saline treated rats (compare with Fig. 23A)

Figure 24B shows similar types of experiments with 
4-methylpyrazole added as the in vitro inhibitor of 
microsomal ethanol oxidation. In all three preparations, 
methylpyrazole was a more effective inhibitor of ethanol 
oxidation than pyrazole. All three preparations showed an 
initial decrease in microsomal ethanol oxidation at low 
concentrations of 4-methylpyrazole followed by a phase that 
was less sensitive to inhibition (Fig. 24B). Similar to 
results with pyrazole as an inhibitor, neither of the three 
preparations appeared to be uniquely sensitive to 
inhibition by 4-methylpyrazole

D-2.1 TheEffects_Qf_ChrQnlcEthaDQlCQnsuaptlQD_Qn_the_ 
Inhibition.of_MicrQSQmal_EthanQl_Qxidatlon_by_Eyrazale_and_

For comparative purposes, the effects of chronic 
ethanol consumption on the inhibition of microsomal ethanol 
oxidation by the in vitro addition of pyrazole or 4-methyl­
pyrazole was also studied. Microsomes isolated from rats 
chronioally fed ethanol oxidized ethanol at rats four-fold 
higher than dextrose controls (Table XV, no inhibitor
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Xable_X2
Dose Response of Inhibition of Microsomal Ethanol Oxidation 
b3Ltbfi_In_Xitrfi_A5iditiQn_Qf_EsEazQle_i

Addliicn
EXR8ZQLE

rate % Inhibition rate % lnhlb:

none 13.1 - 2.7 ■

0.25 mM 8.9 -32 - -

0.50 mM 7.3 -44 2.8 +4
1.00 mM 6.8 -48 2.7 -0
3.00 mM N.D. N.D. 1.9 -30

0.25 mM 5.6 -57 2.3 -15
0.50 mM 5.2 -60 2.2 -19
1.00 mM 4.1 -68 2.1 -22
3.00 mM N.D. N.D. 2.05 -24

Inhibition of microsomal ethanol oxidation by the in vitro addition of either pyrazole or 4-methylpyrazole. The oxidation of 55 mM ethanol by microsomes from either ethanol-fed or their pair fed controls was assayed as described in "Materials and Methods" in the presence of the Indicated concentration of either pyrazole or 4-methyl­pyrazole. Results are from 2-3 experiments.
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rates). Chronic ethanol consumption also resulted In a 
two-fold Increase In the content of cytochrome P-450 (see 
Table XIV,legend)

Microsomes Isolated from rats chronically fed ethanol 
appeared to be particularly sensitive to inhibition by 
either pyrazole or 4-methylpyrazole: the addition of low 
concentration of either pyrazole or 4-methylpyrazole 
resulted in a rapid decrease in ethanol oxidation (Table
XV). By contrast, microsomes from the pair-fed controls 
were very resistant to inhibition by either pyrazole or 
4-methylpyrazole. Nevertheless, in both preparations 
4-methylpyrazole was a better in vitro inhibitor of 
microsomal ethanol oxidation than pyrazole, as has been 
found for other preparations evaluated in this thesis. 
Thus, analogous to results with pyrazole and 
4-methylpyrazole, treatment with ethanol results in a 
microsomal preparation whose MEOS activity is very 
sensitive to inhibition by added pyrazole or
4-methylpyrazole.

E . M fiiab a llsm -Q f-P yrazfllfi-b y -M IceQBflmfiB

Compounds which interact (bind), Induce and inhibit 
oytoohrome P-450 function, are often metabolized by 
oytoohrome P-450 as well, e.g., phenobarbital and ethanol. 
The major product of pyrazole metabolism is found in the 
urine after In vivo administration of pyrazole 4-hydroxy- 
pyrazole (see Introduction): this suggest the possibility
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that pyrazole may be metabolized via hydroxylatlon. Since 
hydroxylatlon represents a primary mode of aotlon of 
oytoohrome P-450, it was of interest to see If pyrazole is 
metabolized via oytoohrome P-450 and if pyrazole treatment 
would result in Induction of its own metabolism.

E-i EyraaQle^is_Me£abQlized_by_MlcrQ£QBe£
Since preliminary la vivo results showed that pyrazole

is metabolized to 4-hydroxypyrazole; therefore, a high
pressure liquid chromatograghy (HPLC) procedure was devised
to separate 4-hydroxypyrazole from the other components of
a microsomal drug reaction system. Under extremely mild
conditions, i.e., 100% H O, 4-hydroxypyrazole poorly

2interacted with C type columns, and eluted near the16void volume of the column. Sinoe pyrazole is positivity 
charge at pH values of less than 12, it was considered that 
the use of a negatively charged paired ion (paired-ion 
chromatography) would aid in the separation by 
chromatography. Using 5 mM octanesulfonlc acid under 
acidic conditions (1% aoetio aoid pH 3.5), 4-hyrodrxy- 
pyrazole eluted at 4-10 minutes, depending upon the 
concentration of acetonltrile used. Figure 25A shows a HPLC 
profile of a microsomal drug reaction mixture that was 
allowed to run for 10 minutes without substrate (pyrazole). 
The reaction was terminated with PCA, followed by the 
addition of pyrazole to a final concentration of 1.0 mM.
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Figure 25
HPLC Profileof theSeparatlonof^-HydraxYpyrazole-froffl 
ibe_CQmpQBeatfi_Qf_a_MiC£Q£Qffial_Driig_Qzidizing_Sy£iefflJ_

4-hydroxypyrazole was separated from the components of 
a microsomal drug oxidizing system as described in 
"Materials and Methods". A) Reaction system was allowed to 
run for 10 minutes without substrate (pyrazole), 
terminated, pyrazole was added to a final concentration of 
1 mM, and 10 ul of the prepared supernatant was co-injected 
with 0.5 ul of 0.1 mM 4-hydroxypyrazole and the absorbance 
was monitored at 254 nm. B) 10 ul injection of the prepared 
supernatant from a "zero-time" control: reaction system 
was allowed to run for 10 minutes without substrate 
(pyrazole), terminated, pyrazole was added to a final 
concentration of 1 mM. C) 10 ul injection of the prepared 
supernatant from a 10 minute reaction using saline 
microsomes. D) 10 ul injection of the prepared supernatant 
from a 10 minute reaction using saline microsomes, 
co-injected with 0.5 ul of 0.1 mM 4-hydroxypyrazole.
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10 ul of supernatant, which was prepared as described in 
"Material and Methods" was co-injeoted with 0.5 ul of 0.1 
mM 4-hydroxypyrazole. Under conditions employing 10% 
acetonitrile, 1% glacial acetic acid and 5 mM 
octanesulfonio acid, sodium salt, 4-hydroxypyrazole had a 
retention time of 6.8 minutes. Figure 25B and C show a 
typical profile for a "zero"-time control and a sample 
after a 10 minute reaction, respectively. These results 
show that pyrazole is metabolized to a product which 
co-elutes with standard 4-hydroxypyrazole (Fig. 25D). Of 
importance is the lack of peak splitting of the metabolite 
plus standard 4-hydroxypyrazole profile when both are mixed 
together, indicating identical co-elution. This was 
observed under a variety of other solvent conditions.

e-2 The_Ef£e£l_Q£_£yrazQle_ana_4-Me£hylpyiazQle,Treatment- 
Qn_lhe_MstabQli£m_Qf_EyrazQle

The effect of pyrazole or 4-methylpyrazole treatment on 
the oxidation of pyrazole was determined and the results 
are summarized in Table XVI. Since the produot co-eluted 
with 4-hydroxypyrazole under several conditions, the 
product formation was compared to standard curves of 
4-hydroxypyrazole. In the saline controls, pyrazole was 
oxidized at a rate of 0.143 nmol of product per minute per 
mg of miorosomal protein. Pyrazole treatment resulted in 
2.5-fold Increase in pyrazole metabolism and 4-methyl-
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Xable_XXI
The E ffe c t-Q f  -gyrazQla_aDd_4=MethvlpvrazQ:Le_:Eraatfflent^Qn 

thfi_MiCEQSQHial_Qxida£ian_Qf_I!y£azQlfi

_________________ Treatm ent___________________
S a lin e ________ E yrazole____ 4=Me£hylpyrazGlfi

A) 0.14 ± 0.03 0.38 ± 0.05 0.63 ± 0.09

B) 0.24 ± 0.06 0.71 + 0.11 0.40 ± 0.08

Rats were treated with either saline or with 200 mg/kg body weight/day of either pyrazole or 4-methylpyrazole for 2 or 3 days, respectively. Rats were fasted overnight prior to saorificing. The oxidation of pyrazole was assayed as described in "Material and Methods". Experiment A refer to nmol product per minute per mg microsomal protein. Experiment B refers to nmol product per minute per nmol cytochrome P-450: the results in experiment A were divided by the respective content of cytochrome P-450 for eaoh experiment. The results are from 3-4 experiments.
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pyrazole treatment resulted In a greater than 3.5-fold 
increase in activity when results are expressed per mg 
microsomal protein (Table XVI, exp.A).

The above data was reoaloulated by dividing by the 
content of oytoohrome P-450 in order to express the results 
as turnover numbers (nmol/min/nmol cytochrome P-450).
Table XVI shows that pyrazole treatment resulted in nearly 
three-fold increase in the turnover number for the 
oxidation of pyrazole. whereas. 4-methylpyrazole treatment 
resulted in about a two-fold increase in the turnover 
number for pyrazole metabolism (Table XVI, exp.B).

e-3 CharacterizatiQn_Qf_PyrazQle_Me±abQlieE_by_MicrQEJ2cieE
Since uninduced microsomes metabolized pyrazole at a 

rate that was near the limit of detection, characterization 
of microsomal oxidation of pyrazole was carried out in 
microsomes isolated from pyrazole treated rats. Figure 26A 
shows that pyrazole metabolism was linear with respect to 
protein up to 2 mg microsomal protein per ml of reaction 
mixture. Figure 26B shows that pyrazole metabolism was 
linear for at least 10 minutes. Analogous results were 
found with microsomes from methylpyrazole treated rats.

Cytochrome P-450 reactions are usually NADPH-dependent 
and are sensitive to inhibition by carbon monoxide as well 
as by substrates whloh would oompete for oytoohrome P-450. 
Therefore experiments were oarrled out to evaluate if NADH
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Figure 26
Ilra-£2Quififi_An4-PMtein_cuMe_Qf-the_£2idaticn_Q£_p3zrazQle_ 
b^_liYer_micrQSC!Bee_frQffi_pyi:asole_txsatS5a_rat£^

Microsomes were isolated from rats treated with 
pyrazole (200 mg/fcg body weight/day for 2 days). The 
oxidation of pyrazole (final concentration, 1 mM) was 
assayed as described in material and methods. Reactions 
were either carried out of 10 minutes varying the 
concentration of protein (A), or varying lengths of time at 
constant protein (approximately 2mg/ml). Results are the 
mean of 2 experiments.
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oould support pyrazole metabolism and If oarbon monoxide or 
competitive substrates would Inhibit pyrazole metabolism.

Results In Table XVII show that NADH supported pyrazole 
metabolism; however, the rate was about 25% that of the 
NADPH-dependent rate. It has previously been shown that 
the combination of NADH and NADPH Is often synergistic 
towards the oxidation of certain drugs (151). The 
combination of NADH and NADPH was found to metabolize 
pyrazole at a rate 20% greater than the sum to the two 
Individual rates (Table XVII). The in vitro addition of 
aniline resulted In Inhibition of pyrazole metabolism; 
furthermore, pyrazole metabolism was sensitive to 
inhibition by carbon monoxide compared to nitrogen 
controls. The in  vivo administration of ethanol 
simultaneously with pyrazole was shown to result in an 
inhibition of pyrazole metabolism in  vivo (155). Results 
in Table XVII show that ethanol inhibited pyrazole 
metabolism In a dose dependent manner. It is of Interest 
that a concentration as low as 1 mM produced inhibition of 
pyrazole metabolism by microsomes.

E-3.1 Kinetics_Qf_l
Figure 27 shows plots of the rate of microsomal 

pyrazole oxidation as a function of the concentration of 
pyrazole over the range of 0.1 to 2.0 mM. Typical 
saturation kinetics were observed for miorosomes isolated
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The Bffect_cf_HADH_t on_the_l
Iable_XXU 
L_Qxid,fltion_Qf-Pyrazole

 AddltiiiSE-
Rate (nmol product/

A) NADPH (CONTROL)NADH (-NADPH)NADH + NADPH Aniline (0.5 mM)10 ml Carbon Monoxide (33%) 10 ml Nitrogen (33%)20 ml Carbon Monoxide (66%) 20 ml Nitrogen (66%)
B) Control1.0 mM Ethanol5.0 mM Ethanol 10 mM Ethanol 50 mM Ethanol

0.396 0.099 0.594 0.198 0.240 0.420 0.150 0.410
0.312 0.215 0.175 0.109 0.078

0.0260.0390.0250.0350.029
The oxidation of pyrazole by mlcroBomes isolated from pyrazole treated rats was assayed as described in "Materials and Methods". Unless otherwise indicated, all reactions contained a NADPH generating system. NADH was added to a final concentration of 1.0 mM. In experiment A, the final concentration of pyrazole was 1.0 mM and in experiment B, 0.5 mM. Results are from 2 (exp. A) to 3 

(exp. B) experiments.
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Figure 27
Tke„Qxiafl£iQn_Q£_pyrazQle_ky_rai_l}ej!aiiG_EilcrQEj2i[)eE_a£_a_ 
£uBQ£iQn_Qf^ttie„QQncentraiiQii_Q£_pyrazQleJ.

Microsomes were isolated from rats either treated with 
pyrazole or 4-methylpyrazole (200mg/fcg body weight/day) for 
2 or three days, respectively. Reaction were carried out 
for 10 minutes, varying the concentration of pyrazole, and 
were assayed as described in "Materials and Methods". 
Results are from 3 experiments.
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from either pyrazole- of 4-methylpyrazole treated rats.
The relative kinetlo oonstants for pyrazole metabolism were 
determined by linear regression analysis of Hanes-Yolfe 
plots of the data shown in Figure 27. Hanes-Yolfe plots 
were linear, with correlation coefficients ranging from, 
0.98 to 1.00 with a mean of 0.99 + 0.003. Microsomes from 
pyrazole and 4-methylpyrazole treated rats had Em values 
for pyrazole of 0.285 ± 0.046 and 0.136 + 0.063 mM, 
respectively, and Vmax values of 0.478 ±0.08 and 0.733 ± 
0.116 nmol product/mg microsomal protein, respectively.

E-4 ElectrQ chefi!i2al_DeteQ iiQ ii_Q f_4-HydrQ sypyrazQ le  

The data presented in this thesis have shown that 
pyrazole is metabolized by microsomes in a concentration-, 
protein-, and a time-dependent manner. The product of 
pyrazole metabolism, as assayed by this HPLC technique, 
coelutes with 4-hydroxypyrazole under several conditions 
and it was reasoned that this product was Indeed 
4-hydroxypyrazole. However, it was felt that additional 
evidence was needed to substantiate this hypothesis. Since 
the absorbance of 4-hydroxypyrazole profoundly drops above 
254 nm, and the acetic acid in the buffer interferes at 
lower wavelengths, typical ratios of absorbanoe at two 
wavelengths could not be used. Therefore, an 
electroohemloal detector was used. Figure 28 shows the 
simultaneous U.V. and electrochemical detection of the
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Figure 28
HELC_prisflle_Qf_£he_fliiQ rQ SQ iDal_Q zldfltlQ fi_Q f_P3zrazQ le_iiB iBg_

aAandeleQtrQQhemlQal_deteQtlQn_slmul£aneQusly^
The microsomal oxidation of pyrazole was carried out as 

described in "Material and Methods". 10 ul of sample (from 
a reaction system using microsomes isolated from a pyrazole 
treated rat) was injected and was simultaneously monitored 
with a U.V. detector (upper trace) and an electrochemical 
detector (lower trace) with an applied voltage of 0.9 
volts.
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metabolite of microsomal pyrazole metabolism. By varying 
the applied voltage, one oan use electrochemical detection 
to show that both the metabolite and the sample have the 
same electrochemical characteristics and therefore are the 
same compound. Figure 29 shows a plot of n-amps (peak 
height) as a function of applied voltage of a "zero-time" 
control spiked with 4-hydroxypyrazole and a sample from a 
10 minute time point. Figure 29 clearly shows that both 
the standard and the product of microsomal pyrazole 
oxidation have the same electrochemical characteristics. 
Recent studies have shown that use of electrochemical 
detection plots such as these are very sensitive indices 
for verification by HPLC of the identity of metabolite to 
standard (152).

E-5 lhe_effect_Qf_ClaseiQal_CytQQhxQm e_P-45Q_in?iucerE_oii_ 

the Metabolism of Pyrazole by Microsomes
The above results have shown that pyrazole is 

metabolized by microsomes in a cytochrome P-450 dependent 
manner, and that microsomes isolated from rats that were 
treated with pyrazole or 4-methylpyrazole showed two- to 
three-fold higher rates of metabolism. It was of Interest 
to see if other inducers of cytochrome P-450 would Induce 
pyrazole metabolism.

Rats were treated with saline, phenobarbltal, corn oil,
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Figure 29

and_ttie_PrQduQt_Qf_l!liQrQEQffial_EyrazQle_QzldatlQâ
A plot of the electrochemical detection of a "zero- 

time" spiked with 4-hydroxypyrazole (0-0) and the product 
of pyrazole metabolism (•-•), as a function of the applied 
voltage.
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or 3-methylcholanthrene and the rate of miorosomal pyrazole 
oxidation was determined. The rate of miorosomal pyrazole 
metabolism for saline oontrols of rats not treated were 
Identical. Results In Table XVIII show that pyrazole Is 
not a good substrate for the phenobarbltal Induced 
cytochrome P-450, slnoe these rates expressed per mg 
microsomal protein were 35% less than saline microsomes. 
Moreover, when rates are expressed per nmol cytochrome 
P-450, the rates with microsomes from phenobarbltal treated 
animals were 70% lower than saline animals. 3-Methyl- 
cholanthrene treatment resulted in a 3.5-fold increase in 
microsomal pyrazole oxidation over rates found with corn 
oil controls. However, this increase was due to the 
increase in total cytochrome P-450 content; when the 
results are expressed per nmol cytochrome P-450, there were 
no differences between corn oil- and S-methylcholanthrene- 
treated. Treatment of rats with corn oil resulted in a 50% 
increase in the rate of microsomal pyrazole oxidation as 
compared to saline controls (Table XVI) whether results are 
express per mg microsomal protein or per nmol oytochrome 
P-450. It is of interest that such results emphasize the 
need for appropriate oontrols, e.g., corn oil, saline or 
pair-fed.

Similar experiments were performed with miorosomes 
isolated from rats chronically fed alcohol. Table XIX shows 
that pyrazole metabolism was linear for at least 10 minutes
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la b le J S X IIIIheEffectofPhenobarbltal and 5-Methyloholant; 
lreatmont_fln_MlQrflgomal_PyrazQle_Qxldatifln

___________________________Ire a tffle n t__________________________
 P b ea fib arb ita l_________CQxa_Qil_________3-Methyloolanthrene
A) 0.089 + 0.0X4 0.215 ± 0.064 0.708 ± 0.191
B) 0.068 ± 0.004 0.371 ± 0.112 0.411 + 0.078

Microsomes were isolated from either phenobarbital-, corn oil or 3-methyloholanthrene treated animals. The metabolism of pyrazole was assayed as describe in "Material and Methods" using a U.V. detector. Experiment A refers to nmol/min/ mg microsomal protein and experiment B refers to nmol/min/nmol cytochrome P-450. Results are from 3-4 experiments.
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in miorosomes from dextrose or alcohol treated animals. 
Chronio consumption of alcohol resulted in a four-fold 
increase in microsomal pyrazole oxidation over pair-fed 
contols. The oxidation of pyrazole was sensitive to 
inhibition by carbon monoxide and competitive substrates of 
cytoohrome P-450 funotion.
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Ia b ls _ X IXIhS-EfffiQt-af-ChEaalg-BfcbanQl-CgBBma; Miorosomal PyrazQle_Oxldation
_____________ Treatm ent________ _ Addition_____________ A lcabal_______________ Dextrose

A) 2.5 minutes 1.91 ± 0.47 -

5.0 minutes 4.06 + 0.92 0.79 + 0.13
10 minutes 8.09 + 0.87 2.19 + 0.11

B) carbon monoxide 5.22 + 1.27 1.03 + 0.22(33%)20 mM Etbanol 2.16 1.09 + 0.34100 mM Ethanol 0.75 ± 0.29 0.39 + 0.3950 mM DMSO 1.48 ± 0.28 0.71 ± 0.53
10 mM Aniline 0.96 ± 0.36 0.23 + 0.03

Microsomal pyrazole oxidation was assayed as describe In "Material and Methods" using U.V. detection. Experiment A refer to nmol/mg microsomal protein, and experiment B refers to nmol/mg microsomal protein/10 minutes. Results 
are from 3 experiments.
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CHAPTER IV SUMMARY AND DISCUSSION

Pyrazole and especially 4-methylpyrazole are widely 
used to inhibit alcohol dehydrogenase and, thu6, block 
metabolic effects which are dependent on the oxidation of 
ethanol. These agents are also useful in the treatment of 
methanol (112) and ethylene glycol (113,114) poisoning. 
Pyrazole has been shown to influence the mixed-funotion 
oxidase system dependent oxidation of several drugs 
(116,126,128,129), including ethanol (116,130). Results in 
this thesis show that 4-methylpyrazole also can affect the 
mixed-function oxidase system, but several of the effects 
of 4-methylpyrazole treatment are different than those 
found with pyrazole. One of the more striking differences 
between pyrazole and 4-methylpyrazole treatment is the 
effect on the content of cytochrome P-450. Whereas 
pyrazole treatment has no effect (quantitatively), 
4-methylpyrazole treatment results in a 2-fold increase in 
the content of cytochrome P-450 (Table II). This increase 
in the content of cytochrome P-450 can be observed after a 
single dose of 100 mg/kg body weight of 4-methylpyrazole 
(Table III). Neither pyrazole nor 4-methylpyrazole treat­
ment has any effeot on the activity of NADPH-cytoohrome 
P-450 reductase (Table II). Thus, pyrazole treatment had 
no quantitative effeot on the two major enzymes which 
oomprise the mixed function oxidase system, whereas
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4-methylpyrazole treatment results In the Induction of 
cytochrome P-450, without a corresponding Increase in the 
activity of NADPH-cytochrome P-450 reductase.

Pyrazole treatment results in an increase in the 
oxidation of alcohol by miorosomes, whether results are 
expressed as nmol of product/min/mg microsomal protein or 
per nmol of oytochrome P-450 (Fig. 2,3). These results 
suggest the possibility that the pyrazole treatment may 
result in qualitative changes in the cytochrome P-450 
Isozyme composition, e.g., pyrazole may induce an alcohol- 
preferring cytochrome P-450 isozyme. In accordance with 
this possibility is the increase in the binding spectrum 
with ethanol as the substrate (Fig. 15), and the presence 
of a binding spectrum with DMSO and 2-butanol as substrates 
(Fig. 14). Chronic consumption of ethanol by rats is known 
to increase the magnitude of the binding spectrum of micro­
somes with ethanol (147), and to result in a microsomal 
binding spectrum with DMSO (82,146) and 2-butanol (23).
The turnover number for aminopyrine oxidation is not 
increased by pyrazole treatment (Fig. 4,5): aminopyrine is 
not an effective substrate for the alcohol-preferring 
cytochrome P-450 (103). A single treatment with 200 mg of 
pyrazole/kg body weight increases microsomal oxidation of 
alcohols by 50% to 100% (Fig. 2,3). Treatment for 2 days 
with as little as 50 mg of pyrazole/kg body weight can also 
increase miorosomal oxidation of alcohols by 50 to 100%
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(Fig. 5). These tine course or dose-response effects on 
alcohol oxidation are similar to the effects on binding 
speotra with ethanol, DMSO, and 2-butanol as substrates 
(Fig. 16) and suggest an association between the binding 
studies and the oxidation of alcohols.

The microsomal oxidation of alcohols is also Increased 
after 4-methylpyrazole treatment; however, the effeot of 
the 4-methylpyrazole treatment is more complex than that of 
the pyrazole treatment. The increase in the oxidation of 
alcohol appears primarily to be due to the increase in the 
total content of cytochrome P-450 and to a lesser extent to 
the induction of an alcohol-preferring cytochrome P-450, 
since increases are observed when results are expressed per 
mg microsomal protein, but are less significant when 
expressed per nmol cytochrome P-450 (Fig. 2,3,6,7). 
Analogous to the results with ethanol oxidation, the 
magnitude of the microsomal ethanol-binding spectrum 
increases with the dosage of 4-methylpyrazole when data are 
express per mg microsomal protein (Fig. 17), but not when 
expressed per nmol cytochrome P-450 (Fig. 18). In line 
with the above, the results in Figures 2 and 3 suggest the 
possibility that 4-methylpyrazole may cause some induction 
of the miorosomal oxidation of alcohols after a single 
treatment, but whereas a second treatment with pyrazole is 
especially effective in increasing the oxidation of 
aloohols by miorosomes, a seoond or a third treatment with
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4-methylpyrazole appears Ineffective. Perhaps 
4-methylpyrazole treatment may Initially induoe an 
aloohol-preferring oytoohrome P-450; however, further 
treatment may result in the induotion of other isozymes of 
cytochrome P-450 which are not especially effeotive in 
oxidizing alcohols. The concomitant induotion of alcohol- 
nonpreferring isozymes may mash a significant contribution 
by an alcohol-preferring cytochrome P-450. Support for 
some induction by 4-methylpyrazole treatment of an 
alcohol-preferring cytochrome P-450 may be afforded by 
microsomal binding spectra found when DMSO or 2-butanol are 
used as substrates (Fig. 14B and C). On the other hand, 
there may be binding spectra between DMSO and 2-butanol and 
other Isozymes of cytochrome P-450 induced by 4-methyl­
pyrazole treatment. In this regard, whereas the DMSO- 
binding spectrum is identical when comparing microsomes 
from pyrazole- and 4-methylpyrazole-treated rats (Fig. 14A 
and B), the 2-butanol binding spectrum is different (Fig. 
14C). The different responses of the DMSO and 2-butanol 
binding spectra to increasing concentrations of 4-methyl- 
pyrazole (Fig. 18) may reflect induction of more than one 
isozyme of oytochrome P-450. It was therefore considered 
that perhaps U6e of lower doses of 4-methylpyrazole or 
shorter periods of exposure might be useful in evaluating 
whether an alcohol-preferring oytochrome P-450 oan be 
induced by 4-methylpyrazole without the concomitant 
Induotion of other Isozymes whioh may occur upon longer
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treatment with. 4-methylpyrazole. Treating rats with a 
single exposure to varying concentration of 4-methyl­
pyrazole results in a 50% increase in the microsomal 
oxidation of ethanol and 2-butanol, but not aminopyrine, at 
the lower concentrations of 4-methylpyrazole, e.g., 50 
mg/kg body weight. However, further studies were required 
to characterize the oytochrome P-450 isozyme(s) Induced by 
4-methylpyrazole treatment. Therefore, studies of the 
substrate specificity of the isozyme(s) induced by 
4-methylpyrazole as well as the effect that 4-methyl­
pyrazole treatment has on SDS-gel electrophoretic profiles 
of microsomes, and comparison of these effects to the 
effects that pyrazole has on these parameters was 
conducted.

Pyrazole increases the content of a cytochrome P-450 
isozyme with a molecular weight of about 52,000 (128, Fig. 
8). Associated with this is an increase in the oxidation 
of certain drugs, e.g., aniline, p-nitroanisole and 
dimethylnltrosamlne at low concentrations, but not others, 
e.g., aminopyrine, 7-ethoxycoumarin, and dimethyl- 
nitrosamine at high concentrations whether results were 
expressed per mg microsomal protein or per nmol oytochrome 
P-450 (Tables IV,V and VI). The microsomal oxidation of 
ethanol, 2-butanol is also increased and there is a 
stereoohemioal preference for the (+)-2-butanol Isomer over 
the (-)-lsomer (Fig. 13). These properties are identical
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to those found after chronic ethanol treatment, which 
Increases the metabolism of ethanol itself (65)t aniline 
(82,153), p-nitroanisole (154) and low concentrations of 
dimethylnltrosamine (145) and demonstrates a stereochemioal 
preference for (+)-2-butanol (127). Drugs such as 
aminopyrine or 7-ethoxycoumarin, whose oxidation is not 
increased by pyrazole or 4-methylpyrazole are good 
substrates for inducers such as phenobarbltal and
3-methylcolanthrene but not ethanol. Other similarities 
between pyrazole and ethanol treatments described Include 
binding spectra with DMSO and 2-butanol. Taken as a whole, 
these results strongly suggest that in rats, pyrazole and 
ethanol treatments may induce similar isozymes of 
oytochrome P-450, and that the former may serve as a 
convenient model for the later. Koop at al- (149) recently 
reported that antibodies against the ethanol inducible 
oytochrome P-450 isozyme 3a of rabbit liver cross reacted 
with liver microsomes isolated from rabbits treated with 
several inducers, including Imidazole and pyrazole. In 
rabbits, imidazole treatment also appears to induce the 
same cytochrome P-450 that ethanol treatment induces 
(149). It is noteworthy, however, that in rats, imidazole 
treatment was recently shown not to induoe a oytochrome 
P-450 isozyme with properties similar to the ethanol- 
lnducible isozyme (155), suggesting that species 
differences between rats and rabbits with regard to
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imidazole induction. Similarly, DMSO was shown to be a 
very effective inhibitor of ethanol oxidation in liver 
microsomes isolated from imidazole-treated rats as compared 
to other inducers (146) but not in microsomes isolated from 
pyrazole treated rats (Fig. 23C). Results in this thesis 
suggests that, unlike imidazole, pyrazole and ethanol 
appear to induce similar types of cytochrome P-450 isozymes 
in the rat.

The oxidation of all the drugs tested, as well as 
alcohols, are increased per microsomal protein after 
4-methylpyrazole treatment. This increase is due primarily 
to the increase in total content of cytochrome P-450.
Since the 4-methylpyrazole treatment did not alter (or 
slightly increased) the content of miorosomal protein per 
gram liver, or the liver wet weight per kg body weight 
(Table I), the increase in drug metabolism per mg 
microsomal protein would also occur when expressed per gram 
liver or per kg body weight. Hence, this induotive effect 
of 4-methylpyrazole on hepatic drug metabolism should be 
kept in mind in view of the potential value of this agent 
in treating a variety of conditions associated with the 
ingestion of ethanol and other alcohols.

However, the oxidation of those drugs which are not good 
substrates for the ethanol-inducible cytoohrome P-450 
increased only 50%, e.g., 7-ethoxycoumarin, aminopyrine and 
dimethylnitrosamine at high concentration (high Km), 
whereas the oxidation of those drugs that are good
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substrates for the ethanol induolble isozyme increased 
200-400%, e.g., ethanol, 2-butanol, p-nltroanisole, 
dimethylnitrosamine at low concentration and aniline. SDS- 
gel electrophoresis shows that 4-methylpyrazole increase 
the content of at least 2 cytochrome P-450 isozymes, one 
which migrates to the same position as the pyrazole (and 
ethanol) inducible isozyme, and the second (which may 
actually be two isozymes) to a lower molecular weight 
position (Fig.8). The finding that one of the isozymes 
appears to be similar on gels to the pyrazole and ethanol 
inducible isozymes correlates with certain other 
similarities between these three treatments, e.g.. binding 
spectra with DMSO and 2-butanol (Fig. 14), stereochemical 
preference for the (+)-2-butanol isomer (Fig.13, Table IX), 
increased sensitivity to inhibition by pyrazole or 
4-methylpyrazole (Fig. 23, Table XV), greater affinity for
4-methylpyrazole (Table X) and a increased turnover numbers 
for certain drug (aniline, and p-nltroanisole) (Table V). 
However, no increase in the turn over number is found with 
ethanol, (+)-2-butanol, low concentration of dimethyl­
nitrosamine or increase in affinity for pyrazole is found 
after 4-methylpyrazole treatment, in contrast to the 
pyrazole treatment. The finding that 4-methylpyrazole 
treatment increase the oontent of 2 or 3 isozymes of 
oytoohrome P-450 can probably explain these divergent 
effeots on turnover number and affinities. It is possible
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that only the 52,000 molecular weight Isozyme shows high 
aotlvlty In metabolizing aloohol and dimethylnltrosamlne 
and high affinity for pyrazole whereas the 48,000-50,000 
molecular weight Isozyme shows poor activity of affinity 
with these substrates. Hence, an Increase of an alcohol- 
preferring cytochrome P-450 Is compensated by enrichment of 
an aloohol-nonpreferring oytochrome P-450 (s). On the 
other hand, both the 52,000 and 48,000-50,000 (to a lesser 
extent) molecular weight isozymes may show good activity 
with substrates such as aniline and p-nitroanisole as well 
as have high affinity for 4-methylpyrazole (hence, specific 
activity and affinity increased with these substrates, 
respectively), and both isozymes may show poor activity 
with certain other substrates, e.g., aminopyrine, 
7-ethoxycoumarin, dimethylnltrosamlne (hence, specific 
activity is decreased with these substrates). Further 
evaluation of these will require eventual purification of 
the 52,000 and 48,000-50,000 molecular weight Isozymes.

Results in this thesis demonstrate that in vitro. 
pyrazole and 4-methylpyrazole can inhibit the microsomal 
oxidation of ethanol, and that the inhibitory effectiveness 
of these agents is increased in rats treated with pyrazole, 
4-methylpyrazole or ethanol (Fig. 23, Table XV).
Miorosomal oxidation of ethanol is increased after 
treatment with ethanol, pyrazole and 4-methylpyrazole 
(65.82,127, Fig. 2,5,6,9,23 and Tables III, VII, III, XV).
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The increased sensitivity of microsomal ethanol oxidation 
to inhibition by pyrazole or 4-methylpyrazole after 
treatment with these agents (or ethanol) probably reflects 
the induotion of an alcohol-preferring cytochrome P-450 
isozyme by the pyrazole or 4-methylpyrazole treatment. 
Indeed, the inoreased rate of microsomal ethanol oxidation 
produced by the pyrazole, 4-methylpyrazole or ethanol 
treatment is especially sensitive to la vitro inhibition by 
either pyrazole or 4-methylpyrazole (Pig. 23, Table XV), 
suggesting that the cytochrome P-450 isozyme(s) responsible 
for the increase in microsomal ethanol oxidation reflect 
the isozyme(s) which are sensitive to inhibition by 
pyrazole and 4-methylpyrazole. By contrast, microsomes 
isolated from pair-fed, saline or corn oil controls, or
3-methylcholanthrene or phenobarbltal treated rats did not 
display an increase in sensitivity to inhibition by 
pyrazole or 4-methylpyrazole (Fig. 24). These results show 
that not all Inducible cytochrome P-450 isozymes are 
especially sensitive to inhibition by pyrazole or
4-methylpyrazole, further suggesting that those isozymes 
which have high activities towards ethanol oxidation are 
the Isozymes whloh display high sensitivity to these 
agents.

Pyrazole and 4-methylpyrazole produce type II binding 
spectra with the microsomes and the magnitude of the 
spectral changes or affinity for these compounds (or both
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magnitude and affinity) increased after treatment with 
pyrazole, 4-methylpyrazole or ethanol (Fig. 19,20 and 
Tables X, XIV). These increased interactions with pyrazole 
and 4-methylpyrazole with oytochrome P-450 after treatment 
with ethanol, pyrazole or 4-methylpyrazole may explain, in 
part, the inoreased inhibitory effectiveness towards 
microsomal ethanol oxidation. For example, the Xi for 
pyrazole in inhibiting microsomal oxidation of ethanol is 
lowered about three-fold after pyrazole or 4-methylpyrazole 
treatment (Table XII). Associated with this three-fold 
decrease in Ki is a two fold increase in values for the 
maximal spectral change (Vs) associated with pyrazole 
binding after pyrazole or 4-methylpyrazole treatment (Table 
X). The Kl for 4-methylpyrazole as an inhibitor of 
microsomal ethanol oxidation is lowered about ten-fold 
after pyrazole or 4-methylpyrazole treatment. Associated 
with this decrease in Ki is a decrease in Ks for 4-methyl­
pyrazole in microsomes from pyrazole- and 4-methylpyrazole- 
treated rats, as well as an increase in the Vs (Table X). 
Analogous to this, is the increase in sensitivity to 
inhibition of microsomal ethanol oxidation by pyrazole and 
4-methylpyrazole found in microsomes from rats chronically 
fed ethanol. Associated with this, is a decrease in the Ks 
of these compounds, as well as an increase in the Vs for 
these compounds (Table XIV). By contrast, ethanol 
oxidation by miorosomes from phenobarbltal or 3-methyl-

173



oholanthrene treated rats, was not especially sensitive to 
Inhibition by pyrazole. Both of the latter miorosomal 
preparations showed an Increase In the Vs; however, 
microsomes Isolated form phenobarbltal and
3-methylcolanthrene treated rats showed a decrease In their 
affinity for pyrazole (Table XIII). Thus, the Increased 
inhibitory effectiveness of pyrazole and 4-methylpyrazole 
after treatment with pyrazole, 4-methylpyrazole or ethanol 
appears to be associated with Increased interaction with 
the cytochrome P-450 isozyme(s) induced by these 
compounds. Recently, the possibility that 10 mM pyrazole, 
in the presence of NADPH, may act as a suicide inhibitor of 
cytochrome P-450 was suggested (156). However, under the 
conditions of our experiments, the combination of pyrazole 
plus NADPH was not any more effective than NADPH alone in 
causing loss of oytochrome P-450 carbon monoxide binding 
spectrum (about a 10% loss of the carbon monoxide binding 
spectrum was found after a 5 minute incubation period with 
microsomes from pyrazole-treated rats). No oytochrome 
P-420 was observed despite this 10% loss of cytoohrome 
P-450 binding spectrum. In other experiments neither 1 mM 
pyrazole nor 1 mM 4-methylpyrazole had any effect on the 
aotivlty of the NADPH-cytochrome P-450 reductase.

The hinetios associated with 4-methylpyrazole inhibition 
of microsomal ethanol oxidation appeared somewhat unusual 
in that, as the concentration of 4-methylpyrazole is
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raised (from 1 mM to 3 mM for saline oontrols or from 0.15 
mM to 0,5 mM in microsomes from pyrazole- or 4-methyl- 
pyrazole-treated rats), there is an increase in the Em for 
ethanol, but Vmax does not decrease any further (Table 
Eli). One interpretation for these results could reflect 
several populations of cytochrome P-450 isozymes in the 
miorosomal preparations which 4-methylpyrazole Interacts 
with, e.g., lower concentrations appear to interact with 
one population of cytochrome P-460 isozymes and inhibit 
ethanol metabolism via a mixed-type of inhibition, while a 
higher concentration may react with another population of 
oytochrome P-450 isozymes and inhibit ethanol metabolism 
via a competitive type mechanism. That 4-methylpyrazole 
may interact with several populations of cytochrome P-450 
can be suggested from the increase in total cytochrome 
P-450 content observed after 4-methylpyrazole treatment, 
but not after pyrazole treatment (Table II). It should be 
noted that rates of ethanol oxidation or Vs values for 
pyrazole or 4-methylpyrazole are increased when results are 
expressed per mg microsomal protein, but not per nmol 
oytoohrome P-450. This, again, could reflect varying 
population of cytochrome P-450, with some showing good 
activity or affinity for ethanol and 4-methylpyrazole, 
while others may show poor activity or affinity for these 
substrates. Further evaluation of these considerations 
will require studies with purified isozymes.
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4-Methylpyrazole Is a better inhibitor of miorosomal 
oxidation of ethanol than is pyrazole, especially after 
treatment with either pyrazole or 4-methylpyrazole. This 
could relate to inoreased hydrophobioity of the 4-methyl- 
pyrazole. 4-Methylpyrazole is a more potent inhibitor of 
aloohol dehydrogenase than pyrazole, and quantitative 
structure activity relationships have suggested that 
hydrophobio factors are most important in determining the 
potenoy of 4-substituted pyrazoles against aloohol dehydro­
genase (157). It would be of interest to perform similar 
struoture-activity relationships with regard to Inhibition 
by pyrazole and pyrazole derivatives of microsomal 
oxidation of ethanol. In this context, pyrazole and 
4-methylpyrazole are often utilized to assess the 
contribution of alcohol dehydrogenase towards the overall 
metabolism of ethanol. The assumption is usually made that 
these agents block only the ADH-dependent pathway of 
ethanol metabolism. However, pyrazole and 4-methylpyrazole 
also inhibit the microsomal pathway of ethanol oxidation. 
The increased sensitivity to inhibition by pyrazole or 
4-methylpyrazole after treatment with these agents oan be 
extended to an increased miorosomal sensitivity to these 
agents after chronic ethanol consumption. Miorosomes 
isolated from rats chronically fed the Lieber-DeCarli 
ethanol diet are indeed more sensitive to inhibition by 
pyrazole or 4-methylpyrazole than microsomes from pair-fed
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controls (Table XV). There Is considerable debate over the 
role of alcohol dehydrogenase and MEOS In contributing 
towards the metabolic tolerance after chronic ethanol 
consumption. Host studies in this area have employed 
pyrazole and 4-methylpyrazole to block ethanol metabolism 
in rats fed ethanol chronically and their pair-fed oontrols 
(66,76). In view of the increased sensitivity of 
microsomal oxidation of ethanol to inhibition by pyrazole 
or 4-methylpyrazole after chronic ethanol treatment, 
extreme caution would be required in the use of pyrazole or 
4-methylpyrazole to assess the role of alcohol dehydro­
genase-dependent and -independent (e.g., microsomal) 
pathways in contributing towards the metabolic tolerance 
associated with chronic ethanol consumption.

DMSO was shown to interact with microsomes or cytochrome 
P-450 form ethanol treated rats or rabbits to produce 
modified type II spectral change (82,146). This suggested 
the possibility of a special interaction between DMSO and 
the aloohol-lnducible cytochrome P-450 isozyme. DMSO was a 
very effeotive inhibitor of ethanol oxidation by microsomes 
isolated from imidazole-treated rabbits (148), and this 
appears to reflect induction of the same cytochrome P-450 
isozyme by imidazole and ethanol (149). However, in rats 
(unlike rabbits) imidazole treatment does not appear to 
induoe an aloohol preferring isozyme of cytoohrome P-450 
(155). Since pyrazole and 4-methylpyrazole appear to be
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"aloohol-like" inducers in rats, it was oonsidered that 
analogous to results with imidazole, DMSO would he an 
especially effeotive inhibitor of miorosomal ethanol 
oxidation after treatment with pyrazole or 4-methyl- 
pyrazole. This proved not to be the case as the Ki for 
inhibition by DMSO was similar in all three microsomal 
preparations (Table XII). Thus, although DMSO produces a 
binding spectrum with microsomes from pyrazole- or 
4-methylpyrazole treated rats (Fig. 14) (but not with 
controls), the significance of this interaction is unclear 
since it does not result in enhanoed Inhibitory effective­
ness by DMSO towards ethanol oxidation. There are several 
possibilities that could explain these results. One 
possibility is that although the alcohol-preferring 
cytochrome P-450 isozymes(s) gives a binding spectrum with 
DMSO, its affinity for DMSO is very low. Another 
possibility is that perhaps another isozyme(s) of 
cytochrome P-450 is induced along with the alcohol- 
preferring Isozyme that binds DMSO; however, it does not 
have high activity with respect to ethanol metabolism. In 
any event, unlike pyrazole or 4-methylpyrazole, DMSO does 
not appear to be an especially effeotive inhibitor of the 
alcohol preferring oytochrome P-450 isozyme in rat liver 
microsomes.

Pyrazole can Induoe, Interact (bind) and inhibit 
oytoohrome P-450 dependent reactions. Analogous to other
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oompounds which can affect cytochrome P-450 functions as 
well as be metabolized by cytochrome P-450, e.g. ethanol 
and phenobarbltal, pyrazole is also metabolized by 
microsomes in a cytochrome P-450 dependent manner. The 
reaction is dependent on NADPH, time and protein 
(microsomal) and is inhibited by substrates which compete 
for the active site of oytochrome P-450, e.g., ethanol and 
aniline. These reactions are Inhibited by carbon monoxide, 
whioh competes with oxygen for one of the axial ligands of 
the heme in reduced cytochrome P-450 and thereby, inhibits 
the reaotion which is dependent on oxygen (Table XVII).

An HPLC procedure to detect 4-hydroxypyrazole was 
developed during the course of these studies. Using 
paired-ion ohromatograghy, the metabolite of pyrazole 
oxidation, 4-hydoxypyrazole, can be separated from the 
remaining microsomal reaction mixture components. Under 
the conditions described in this thesis, 4-hydroxy­
pyrazole had a retention time of 6.8 minutes (Fig. 25).
The product of microsomal pyrazole metabolism had an 
identical retention time and coeluted with the standard. 
Using electrochemical detection, both the standard and the 
product of microsomal pyrazole metabolism had the same 
electrochemical properties, and thus, are probably the same 
compound (Fig. 29). These results identify for the first 
time that liver miorosomal oytochrome P-450 is responsible 
for the oxidation of pyrazole to 4-hydroxypyrazole, the

179



metabolite of pyrazole detected In the urine of rats 
treated la vivo with pyrazole.

Phenobarbital Induced mlorosomes did not show enhanced 
rates of pyrazole metabolism, whereas, mlorosomes from
3-methylcholanthrene treated rats did show enhanced rates 
of pyrazole metabolism when results are expressed per mg 
microsomal protein (Table XVIII). However when the rates 
are expressed per nmol cytochrome P-450, the rates with 
microsomes from 3-methylcholanthrene treated rats were no 
different from those found with microsomes from rats 
treated with corn oil (controls). Microsomes from 
ethanol-, pyrazole- or 4-methylpyrazole-treated rats did 
display an increased rate of microsomal pyrazole oxidation 
whether results are expressed per mg microsomal protein or 
per nmol cytochrome P-450 (Tables XVI and XIX). Since 
these three treatments appear to result in the induction of 
an alcohol preferring cytochrome P-450, this suggest the 
possibility that pyrazole is a good substrate of the 
alcohol-lnduclble cytochrome P-450. Since pyrazole and
4-methylpyrazole have been suggested as effeotive agents to 
bloofc the metabolic effects of ethanol and other alcohols, 
the increased oxidation of pyrazole by microsomes isolated 
from rats chronically treated with ethanol suggests that 
careful monitoring of the dosage of these agents, 
especially in alooholios, is required in order to maintain 
effeotive levels. This analogous to the increased
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oxidation of a variety of drugs observed after ethanol 
treatment.

Microsomes isolated from rats treated with pyrazole or
4-methylpyrazole metabolized pyrazole at rates 2.5 to 3.5 
times greater than control animals. In vivo, pretreatment 
of rats with pyrazole was shown to accelerate the 
elimination of pyrazole from the blood (135). Microsomes 
from rats chronically fed ethanol also showed increased 
activity with pyrazole as the substrate (Table XIX). In 
should be noted that in  vitro, the addition of ethanol 
inhibited pyrazole metabolism by microsomes (Table XVII). 
Analogous to this, the in  vivo administration of ethanol 
simultaneously with pyrazole inhibited the metabolism of 
pyrazole to 4-methylpyrazole (135). Taken as a whole, 
these results suggest that cytochrome P-450 is probably 
responsible for the in  vivo metabolism of pyrazole to
4-hydroxypyrazole and is the enzyme sensitive to ethanol 
inhibition of pyrazole metabolism and the induction of 
cytochrome P-450 is probably responsible for the enhanced 
in  vivo metabolism of pyrazole after pyrazole treatment.

In summary, pyrazole and 4-methylpyrazole treatment can 
affeot the hepatic microsomal mlxed-functlon oxidase system 
in several ways. Pyrazole and 4-methylpyrazole treatment 
appear to result in the induction of an alcohol-preferring 
cytochrome P-450 as reflected by aloohol and drug oxidation 
data and binding spectra with several substrates. Pyrazole
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treatment does not change the content of cytochrome P-450 
or the activity of the cytochrome P-450 reductase. By 
contrast, treatment with 4-methylpyrazole increases the 
content of cytochrome P-450 ahout two-fold. Microsomes 
isolated from these treated rats exhibit several properties 
which are similar to microsomes isolated from rats 
chronically fed ethanol. This suggests the possibility 
that pyrazole- or 4-methylpyrazole-treatment may serve as 
good models to study the effects that ethanol has on the 
hepatic mixed-function oxidase system. Pyrazole and
4-methylpyrazole can inhibit microsomal oxidation of 
ethanol in vitro, and the effectiveness of these agents as 
inhibitors is Increased in microsomes isolated from rats 
treated with pyrazole, 4-methylpyrazole or ethanol. 
Furthermore, pyrazole is metabolized by microsomes in a 
cytochrome P-450 dependent manner and its metabolism is 
increased by pyrazole-, 4-methylpyrazole or ethanol- 
treatment. In view of the above, extreme caution would be 
required in the use of pyrazole or 4-methylpyrazole to 
assess the role of alcohol dehydrogenase dependent and 
independent (e.g., microsomal) pathways in contributing 
towards overall metabolism of ethanol, especially in 
induced animals. Furthermore, pyrazole and 4-methyl- 
pyrazole can have similar drug Interactions as ethanol,
i.e., paradoxical effects with respeot to metabolism, 
toxioity or teratogenicity of drugs and/or other foreign
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substanoes. In the presence of pyrazole or 4-methyl- 
pyrazole, drug metabolism would be depressed because these 
agents would compete with drugs at the cytochrome P-450 
level. However, in the absence of pyrazole or 4-methyl- 
pyrazole, but after 2 or 3 days or even a single treatment 
with these agents, drug metabolism (of at least oertain 
drugs) would be increased because of the effect that these 
agents have on the cytochrome P-450 isozyme population. 
Consequently, caution should be used when these compounds 
are used clinically.
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