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Inhibition of Methanol and Ethanol Oxidation by Pyrazole

in the Rat and Monkey in Vivo
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SUMMARY

Pymnuzole Imas mm effect on the cnutalase-penoxidative system but. exerts a pmot-mout-iced in-
hibitint-i of liver alcohol dehydmogemmase nut-id ethanol oxidatiomi in Viva. Methamiol oxidnution

is decreased by pyrazole in the rat, where a role of liver alcohol dlehyd!roget-mnuse hnus not
previously beet-i estt-iblished. However, time inhibitory effect of PYrazole nt-i methanol oxida-

tint-i is nmome nuamked in the mot-ikey, where alcolmol dleiuydlroget-inuse is time nmnujor cnutalvst for
metht-umioi oxidt-itiot-i.

i\Ietimaminl poisot-ut-mg depet-ids ut-pot-i its

metabolisni to toxic products, whicim are
responsible for a profound! t-icid!OsiS nut-id

blimidness nut-id which eventually nmni�’ lenud
to denuth (1). Tmvn emmzvmatic svstenms hnuve

beet-i exnunuincd for their role in the metabo-
lisnu of nmetimt-ummol : liver nulcohol dehydmoget-i-

ase nut-mci the cuutalnuse-pemnxidative systenu
involving hept-ut-ic cnutalase at-id a source of

peroxide gcncmnutiomi. Employing the catalase
inhibitom 3-nunuit-in- 1 , 2 , 4-triazole at-ic! cot-mu-

pctitive substrates for both liven alcohol

dchyc!mngemut-use nund catalase-Ht-Ot- (cot-umplex
I) in )‘it1�() nut-id iii i’ivo, Tephly et a!. (2)

showed thnut in the rat the cnitaiase-penoxi-
dative svstcnm plays a nuajom role in the
metabolisnm of nuethnumiol. Ummlike the effects
seen it-i the mat, ATi does not inhibit nuetha-
nol oxidlt-it.int-i iii time nmot-ikey, at-mci expemi-

This it-ive.st.igatiot-i was supported by Ut-uited

States Public Health Service Grant GM 14209
and Training (rant TOl ESOO1O6 from the Na-

tional Institute of Envirot-imental health Sci-
ences.

i The abbreviation used is: AT, 3-amit-io-1,2,4-

triazole.

met-its ut-sit-mg alternative substrates for the
systenus revealed a pattern cot-msistcnt with
a pmedomhmant role for t-ulcohol dehydmogen-

ase it-i methat-moi oxidation (3). The huck
of nut-i effective penoxidative mechnut-iisnu for

methat-iol oxidation in the monkey nmay be

explt-uit-med by recent studies, which indicate
that the peroxidative capacity of catalase

and the nuctivity of certain peroxide-get-i-

crating enzynucs in hepatic pemoxisonmes are

decreased it-i the monkey (4, .5).

Theomell amid Ynnetammi (6) have showt-i
that I)�raznle is a potet-it inhibitor of liven

alcohol dcimydmogennuse at-id thnut it competes

witim ethanol for the ethanol-bindit-mg site.
Pyrazole, therefore, mt-uv provide a direct

test for the mole of alcohol dchyd!moget-iase
in the nuetnubolism of methanol it-u nuuciu the
sanme way thnut AT does for the ct-utalnuse-

pernxidnut.ive systenu. A t-iunubem of investi-
gators (7-10) have mecet-itly shown thnut
pymnuzole nut-it! certain of its dcrivnutives in-

hibit ethnut-iol oxidnution it-i the rat in i’ii’o.

Evidlence is pmesemitcc! it-i this report which
shows timat pyrazole c!oes not nuffect peroxi-

dative nmcthtut-mni oxicinutioti nut-md tht-ut it is
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an effective substnumuce for studying time
role of alcohol dehydmoget-masc it-i the me-

tabolisnm of methanol -in ti/in at-ic! in rita.

Isotopes were purchased! from New Et-mg-
land Nuclear Conpomnution nut-ic! were diluted
with inert alcohol nut-id water to nu specific

activity of 25,000 dpm/nml. Pyrazole was

purchased from K nit-id K Laboratories.

Aiiisole, dimetimoxyet hat-me , metimnut-iol , etha-

mini, nut-id 2 , 4-dioxanc were purchased from

Mallincknodt. Cab-O-Sil, 1 , 4-bis[2-(5-
�)hemmyloxazolyl)]bcmizcmie (POPOP) , and 2 , 5-

diphcmiyloxazole (PPO) were purcht-used

from Packard It-istrumet-it Compat-iy.
3-Amit-mo- 1 , 2 , 4-tniazole was purchased fmoni

Eastmat-i Organic Chemicals.
Studies nt-i the pcmoxidative oxidnution of

methanol t-ut-md nt-u the it-ihibition of catnulase

activity by AT at-md pymazole were performed
as described previously (8, 9).

Mnulc Spraguc-Dawley mt-its (250-350 g)

and male rhesus nuonkcys (3 kg) were enu-

ployed in expeminuents in- rivo. All ammimals
received conumencinilly nuvailable diets nut-mci

water ad libitunm up to initiatiomu of expemi-

mcmmtt-utiomm. Enuch at-mimt-ml was administered

intmnupemitnimcal it-hj ections of ethanol - 1 -‘4C

(21.7 nmmnlcs/kg) or nmct-hanol-’4C (32.3

mmolcs/kg) solutions (1 g/kg, 20 #{182}�al-

cd)hOl in 0.9 �‘�; NaCi solution) , after which

tinue it wnus immediately placed it-i a glass

metabolist-mu chamber (2, 3). Alidluots (1

ml) of the sodiunu hydroxide solutiot-is cot-i-

taming expired t-4C0t- were removed at
specified tinme imitervals amid adidled to 13
ml of nu scit-itilinutiomi fluid composed of
2 , 4-dioxnunt’ (73 � , v,v) , diniethnxvet-hat-ie

(3 #{182}2�, v�v), nunisole (12.3 �:; , v/v), 2,3-

diphcmiyloxnuzole ( 1 .2 #{182}�, w1 v) , 1 , 4-bis[2-

(3-phet-i�’loxntzol�’l ) ] benzene (0.03 r� � �

nut-id Cnub-O-Sil (3 � , � . Time mnudioactivitv
of the snunuj)les \vas detennmined witim nu

Packnurd Tri-Camb lic1uici scimmti!init.iot-i spec-
tmonuetem. The efficiet-icv of this systenu was

nubout 70 �

The ft-uct timnut. time ct-ut a it-use -pemoxiclnutive

system do(’Xists witlu the liver nulcnimol

dehydrogennise svst-cni in mica n(’cessitatcd

time dcmot-istmnutinn of time specificity of

j)ymazd)le for the latter system. rfhc effect

(_)f pymnuzole nt-i ct-itt-mit-use �vnus exnunmit-med in

three wnivs in timt’se studies.

It ct-ut-i be seen it-i Fig. 1 that PYmazole
has mm effect nt-i catalase activity it-i the
presence nut-md absence of a penoxicic-gen-

crating systenu conmposed of glucose oxidase
amid glucose. 3-Amimmo- 1 , 2 , 4-triazole exerts

the expected it-ihibitiomi of catnulase nuctivity

whet-i nu source of peroxide is supplied (Fig.

1). It has beet-i shown tht-ut substrt-utes for

catalase-Ht-02 (complex I) protect catalase

from it-ihibitiomi by AT in cilia nut-md in viva

(12). Pymnuzole has imo effect omi time inhibition
of catalas(’ activity produced by AT (I�ig.
1). Therefore, pymnuzole nupp(’nums mint to be

a substrate for catalase-H202 (complex I).

AT produces pmofoumic! imiimibitiot-i of

hepnitic catnulnuse activity in vita (13). How-
ever, pymnuzolc has no effect nt-i the nuctivity
of hepatic catalase in vivo (Table 1). Further-
more, PYmazole has no effect nt-i time pemoxi-

dative oxidat.int-i of methat-iol it-i nu purified

svst-enm cd)mitaining crystallimie beef liver

catalase, glucose, and glucose oxidasc
(Table 2) . Table 2 also slmows the expected
it-ihibitiomi d)f methanol oxidatiomm by AT

(13) at-ic! the lack of rcvemsnil of timis it-i-

imibitiot-u by pymazole that would! be ()b-
served by substrates for cat.nulnuse-H202

(conmplex I).

Catai�se .

. O2Gener�on

�::
Cata*�e . P�azole

. H202 Ge.*’at’on

0 15 30 45

MINUTES

Ft-u. 1. Effect of pyrazole on (,!I.�t�11ifle ca-ta/use

tic) icily

Samples were withdrawt-i nut indicated tinme

intervals and evaluated for catala.se activity by

the method of Feinsteit-i (11 ) . The followit-ig cot-i-
cent rations were enmploved where indicated:

pyrazole, 102 it-; AT, 3 x 10-2 it-; glucose, 40 mgI

miml; at-i(l glucose oxidase, 0.4 nig/nil, iii a final

volunme of 5 nil. Crystalline beef liver catalase
(30 kat.f) was added at zero time, aiid activity
represents that ren�aiiiiiig after iiicuhatioii at 37#{176}

iii Na2IIPO4-K112P04 l)ulffer, 0.1 mm, p11 7.4.
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TABLE 1

Effect of pyrazole and arninotriazole on rat hepatic

catulase activity in viva

Rats were given pyrazole (2.94 mmoles/kg),

AT (11.9 nmnmoles/kg), or 0.9% NaC1 intraperi-

toneally . Livers were removed 1 hr after AT at-id

15 miii after pyrazole treatment, at-md catalatic

catalase activity was determined by the method
of Feinsteit-i (11) as described previously (8).

Values represet-it the mean of three experiments

± standard error.

Treatment Catalase activity

kat.f/g liver

Not-ic 517 ± 44
AT 28±5
Pyrazole 525 ± 72

AT + pyrazole 37 ± 3

TAnm�E 2

Effect of pyrazole on peroxidative oxidation of

methanol in vitro

Peroxidative catalase activity was measured

as described previously (5). The concentrations

of pyrazole and AT were 0.02 M and 0.1 �m, respec-

tively . React iou mixtures cont ait-med crystalline
beef liver catalase (1000 units, Sigma Chenmical
Company), glucose (4 mg/ml), glut-case oxidase
(0.2 mg/ml, Signal Chemical Company), methanol

(0.1 M), and Na2HPO4-K112P04 buffer (0.1 iuz,

pH 6.8) it-i a final volume of 5 ml. Incubations were

carried out at 37#{176},and reactions were started by

the addition of methanol after 15 mit-i of incuha-

tiomm. Formaldehyde content was determined l)y

the method of Nash (14) 30 mimi after the addition
of methat-iol.

Treatment Methanol oxidation

�nj.i,nolesJlCHO

Jornied/nil1/nzjn

None 16.5
Pyrazole 16.5
AT 0.5
Pyrazole + AT 0.0

Theomell at-id his colleagues have shown
that pyrazole competes w-ith ethnummol for
the alcohol-bit-mdit-mg site on liven alcohol

dehydmoget-mase and that pyrazole was a
very potent inhibitor of this emmzyme (6,

16). Recet-itly, it has beet-i shown (7, 9, 10)
that pymnuznle and certaiim derivatives in-
hibit ethat-iol metabolism i-n viva in time

rat . These studies have beet-i confirmed it-i

this lnubonatory (8). At a close of 2.94

nmmnles/kg of pyrazole, SO #{182}�inhibitiomi of
ethamiol oxidation was observed in viva

(Fig. 2) . These results are in accord witim

the view- that ethanol is metabolized in

the mat by liven alcohol dehydmogemmase.
Figure 3 shows thnut pyrazole at a dose of

2.94 mnmoles/kg inhibits the oxidatiot-i of
methanol in the mt-ut, but to a lesser degree

than the oxidatiot-m of ethanol. This was

expected, since Tephly et a!. (2) have shown

that in the rat methammol is oxidized to nu

large pant by a catalase-peroxiclative route.
However, these data it-mdicate that liven
alcohol dehydnngct-iase also plays a mole it-i

the oxidation of methanol it-i the rat in vito.

Previous studies by Makam et a!. (3)

indicated that whereas the penoxidative

oxidation of methanol in the rat is a major

pathway, its role in the monkey is mimminmal.
The current report further substnuntiates

the role of liver alcohol c!ehydnogemmase as
the primary catalyst for methamiol oxidnutiot-m

in the nuonkey. Figure 4 shows the t’ffect

of 2.94 mnuoles/kg of pymazole on the oxicla-
tint-i of methanol in the nuommkey in viva.

At a dose of 32.3 nmnmnles/kg of methat-mol,

80 % inhibition was seen during the period

of measurement.

TME (Hours)

FIG. 2. Effect of p!iruzole on ethanol oxidation

in the rat in rico

1-’4C-Ethat-iol (21.7 mnmoles/kg) was injected
iIltraperitolleally. Wheim administered , pyrazole
(2.94 nmnmoles/kg) was injected intraperitoneally
15 nun before 1-14C-ethanol. Each point represents

the macan valut-e of four animals ± stan(lard error
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TIME (HOURS)

FIG. 3. Effect of pyrazole on methanol oxidation

in the rat in vivo

‘4C-Methanol (32.3 mt-noles/kg) was it-ijected
intraperitoneally . When adnmi nistered , l)�’razole
(2.94 mnmoles/kg) was injected intraperitoneally
15 mm before ‘4C-methaiiol. Each point represents

the mean value of four animals ± standard error.

2
TIME (Hours)

FIG. 4. Effect of P!/l(1Z01e on methanol oxidation

in the iimonkey in i-ito

‘4C-Methanol (32.3 nimoles/kg) was injected

i t-itrnuperitoneally. Whet-i administered, pyrazole
(2 .94 mmoles/kg) was i nj ected intraperi toneally

15 miii before ‘4C-methat-iol. Each point represet-its

the nmean value of three animals ± standard error.

After trcnutnmemmt w-ith nuct-imanol and

pvmazole as described it-i I”ig. 4, nuot-ikcys
eximibited severe toxicity, as evidenced by
weight loss, letimargy, pt-thor, nut-id denith in
nubout 3-4 (lays. Therefore, a lower dose of

l)�’rnuzn1e was used it-i order to fit-id a close
that migiut I)t-’OVe useful in inhibiting mmuetha-

niol nxidatiot-i witimout pnoc!ucing toxic

effects in the mommkey. Figure 5 shows the
results obtait-ied from two mot-ikevs which

received methanol (32.3 mnuoles/kg) fol-
lowed 4 hr later by pymazole (0.74 t-mumnle/kg)

and 8 hr later by ethamioi (5.4 mmnles/kg).

The average rate of methamiol oxidation

it-i these animals was 22 mg/kg/hn, w-hich

was reduced to 1 1 mg/kg/hr by the in-

jection of pynaznle. Time mate for the first

hour after ethanol was about 5 mg/kg/hm,
which returmied oven the t-iext 3 hr to that
seen w-ith pymazole alone. Studies performed

with monkeys neceivit-ig only nuethamuol
(32.3 mmoles/kg) shnw�ed that the mate of

oxidatiot-i of this dose of nuethat-mol menmains
linear tiumoughout time 12-hr period of cx-

pcnimcntatiot-i illustrated it-i Fig. 5. Table 3
shows that in two monkeys receiving 5.43

mnuoles/kg of ethanol 4 hr after 32.3

mmnles/kg of nuethanol, it-ihibition of about

50 % was observed dumit-ug the first hour
after ethat-mol. This imihibitint-i was slightly
less than that observed in a previous study

(3) when the alcohols weme administered
together. This may be explained by the
difference in experimental design or by

‘vi

�<A�OL

250 mg/kg)

/ZOLE

. . . (50mg/kg) __
6 8 10

TIME (Hours)

FIG. 5. Effect of pyrazole and ethanol on methanol

oxidation in the monkey in vim

‘4C-Methanol (32.3 minoles/kg) was itijected

intraperitoneally. Pyrazole (0.7.35 numole/kg)

and ethanol (5.43 mnioles/kg) were injected

intraperitoneally at 4 and 8 hr, respectively,

following the mi t ial “C-methanol administration.

Each point represet-its the mean value of two at-mi-

nmals with the correspotiding range at each time

interval.
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2 Utiptiblished observations.

TABLE 3

Effect of ethanol on methanol-”C oxidation in the

monkey

The rate of methanol oxidatiomi represet-its the
rate over the first hour following the admit-iistra-
tion of 250 mg (5.43 mmoles)/kg of ethanol.

Ethammol was injected intraperitoneally 4 hr after

the it-mjectinn of 32.3 mmoles/kg of nuethanol.

Experiment
Methanol oxidation

Before ethanol After ethanol

mg/kg//zr nzg/kg/hr

1 28 17
2 27 12

differences in the animals. The anininuls

treated as described �fl Fig. 5 did runt display

any observable toxicity. They gained weight

and showed, up to at least 1 month later,
none of the toxic manifestations sect-i with
the 2.94 nmmoles/kg dose of pynazole. Further
studies are required before the latent toxicity

of pyrazole can be explained, but this
toxicity does it-idicate that more work must

be dot-me before pyrazole is used it-i nuamm.

These studies show that pynazole tInes

not react with the catalase-pemoxidnut.ive

systenu at-md is useful for studyit-ig the pt-un-

ticipation of liver alcohol dehydnogemiase it-i

the metabolism of a substrate sit-elm as
methanol in vivo. 1mm this respect PYmnuzole

compares favorably with 3-anuit-io- 1 , 2 , 4-
tnt-azole, which has beet-i useful for stuclyimig
the role of the catalt-use-pemoxidative system
in the oxidatiot-i of methanol in viva (2, 3).

It has beet-i shown by Tephly c/ al. (2) thnut

the cnutnult-tse-peroxidt-utivc system plnuys nu
pmominet-it part in the oxidatiot-i of nuetht-inol
in the rat. The preset-it investigation simows

that liven alcohol dehydrogct-iase also pit-u�s
a substat-itial role in the metabolisnm of

metht-umiol it-i this species. It-i the momikey,
where amima)tniazole does mint it-ihibit nmetha-
no! nuett-ubolism iii viva (3) , PYmnuzole pro-

fout-id!v inhibited mct.hnunol metnubolist-mm.
This is it-i agreemcmmt with time studies of

Makam ci al. (3), which indicated that
alcohol ciehydmogemmnuse is the nut-mit-i cnutnulvst

it-i metimnummol oxidatiomi it-i this sp(’cies.

Pymaznle is t-mot nu bmonuci inhibitnr of de-

hydmogemmnuses (17), nut-id it- clo’s t-mnt inhibit

hepatic aldehyde dchydmngeminusc .� It has

recemitlv beet-i meportec! that pyrazole is
capable of i t-ihibitit-ig cnutnulnuse activity
in viva (18). At a dose of 2.94 mmoles,/kg,

pymazole in the presence of methanol did

mint inhibit hepatic catalase activity in

vito.

Pyrazole produced t-hO observable toxicity

it-i mats at the doses employed in this report.

It-i the monkey, pyrnizole nit doses of 2.94
mnuoles/kg produced n-u latet-it toxicity,
which would exclude its use at this dose it-u

the treatnuent of methanol poisoninmg it-i

humans. However, nut time low-er dose of

0.74 nunuole/kg, mm toxicity mvt-us observed

for f-he mot-ikey although l)Yraznle effected

50� imihibition of nmethat-iol oxidation,
which mvt-us prolonged at-md is commsistemmt with
nbsemvatiomis made it-i the mt-ut. Lester el al.

(7) have reported that in the mt-it ethammol

oxidation mates returt-m to mmormal about
144 hr after a dose of p�razole of 2.2
numoles/kg. These studies have beet-i con-

firmed by this laboratory. Low doses of

ethanol hnuve beet-i shown to imihibit methma-
mm! oxidation it-i the nmnt-ikev (3), but time
effect lasts only for sevemnul Imnums becnuut-sc

ethammol is rapidly metabolized (150 nig
kg/hn). In the preset-it investigt-ition, trenut-
nuet-it with ethammol (5.4 nmnmoles/’kg) fnl-

lowing PYmazole deprcss.e! methnummol OXI -

dation to a-bout 20 � of time control value
during the first hour after nidmit-mistrt-utinmi.

It is I)Ossibie that with lower doses of pymaz-
ole or nt-me of its more potet-it demivnutives
(3, 16), it-i conmbimmnut.iomi witim nu how ulosc of

ethanol , effective control of t-mmet.hami )l
oxidation ct-ut-i be nuchievec! without sulwr-
inuposing time toxicity of either or bcith nf

these substat-uces nt-i the toxicity of nmetimat-mnl.

Lelbach (19) has recet-itlv observed flit-ut

pnolomigc! aclnuit-mistmnutinn of ethamiol to-

gethen with I)Ymt-uzolc 1)mndluced Imepatic

lesiot-ms at-md death it-i mt-ut-s. Ut-icier the cot-i-

ditiot-is of the expenit-mments repot--te(! it-i this

l)nul)ct-., liver pathology was evnuluated by
light t-mmicmnscopv nut-md by t-imeastt-rement of

sent-nm glutarnnite-nxnulnicetate tmnumisaminase

levels. No statisticnuh lv sigt-iificnut-it imicrenuses

it-i time levels of this et-izvmc were observed.
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IAi�;1:1t I)liCl())COj)1C It�(�51)1ettt of tlu� hcpatj�

l�iistqk�g.y of lI)tS al)�l �jipn keys revealed no
abnqr!Tntlities 11!) to ?2 hr after tre�tnmnt.

Itirtheimore, fligh �jQst�)s Qf I)YrazQle U
�/l�g) were al�o Cfl1�)lOye(i in i�atS, and uo
evidence of liepatic pathology was fpuii�j,

although p�ofoiind liypogly�ernia �.g o�-

served at this high #{231}1p�e.No hyjqgly#{231}�eu�ia
“.as Oh�elVed ill I11()Itkeys Uj) t�i 72 hr ttfter

the administration ()f PYI�1zQle and metha-

aol in the current stu(lie). �owever, the

use of l)Yl�azQle 111 11fl111 should l�e viewed as

l�t�ardotis Ilt this tiii��.
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