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Toxaphene is a very complex mixture of compounds. It has been
shown very recently that toxaphene has about 175 C;( pelychloro
derivatives (CASIDA et al. 1974). These authors have also identi-
fied 2,2,5~endo, 6-exo, 8,9,10-heptachloroborane as a toxic com-
ponent of toxaphene. However, there is little information availa-
ble on the mode of action of toxaphene and its components. ATPase
inhibition appears to be a possible mode of action of chlorinated
hydrocarbon pesticides. 1In our research, we observed consistent
but different patterns of inhibitory responses of ATPases to organo-
chlorines. Chlordane and dicofol inhibited both Nat-k* and Mg2+
ATPases in vertebrate and invertebrate tissues (KOCH 1969, CUTKOMP
et al. 1971a). DDT and its related compounds showed high inhibition
of mitochondrial Mg?* ATPase in in vitro (CUTKOMP et al. 1971b,
DESAIAH et al. In Press 1974) and in vivo (DESAIAH et al. 1974),
studies in fish. Naphthalenes, like endrin and isodrin, showed no
inhibition on Mg2t ATPase and little effect on Nat-k+ ATPase in
fish brain (unpublished data). A recent report showed that Mg2+
ATPase in a microsomal fraction of rainbow trout gill was more
sensitive than Na¥*-K' ATPase to several organochlorines, including
toxaphene (DAVIS et al. 1972).

The present work was undertaken to determine the inhibition
pattern of toxaphene in different tissues of catfish, Ictalurus
punctatus. The reason for this study is that toxaphene is widely
used in the Southeastern United States to control cotton pests.
An understanding of the mode of action of this pesticides could
help in developing conditions for its use to give optimum pest
control with minimum environmental contamination.

Materials and Methods

The enzyme sources were brain, kidney, and gill tissues from
pond-cultured channel catfish, Ictalurus punctatus. The tissues
were dissected and homogenized in cold 0.32 M sucrose solution
containing 1 mM EDTA and 10 mM Imidazole (pH 7.5). The homoge-
nates were fractionated according to the procedure described by
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KOCH (1969a). The 'B' fraction obtained at 13,000 g centrifugation
was resuspended in sucrose solution and divided into small aliquots
to contain 20-30 ug protein per 100 ul sample. These samples were

quick frozen in liquid nitrogen and stored at -20°C until used for

ATPase determination.

The ATPase activities were measured by a continuous procedure.
A 3-ml reaction mixture contained 4.3 mM ATP, 135 mM Imidazole-Cl
buffer (pH 7.5), 0.2 mM NADH, 0.5 mM phosphoenol pyruvate, 0.02
per cent bovine serum albumin (BSA), 5 mM Mgz+, 100 mM Na+, 20 mM
Kt (These three as chlorides), approximately 9 units of pyruvate
kinase, and 12 units of lactic dehydrogenase. One hundred pl of
the homogenate fraction was used per 3-ml reaction mixture. Ab~
sorbance was measured at 340 nm using a Gilford 2400 automatic
recording spectrophotometer with temperature controlled at 37°c.
Protein concentration was determined by the method of Lowry et al.
(1951). All chemicals (except the chlorides) used in the reaction
mixture were obtained from Sigma Chemical Company. Ouabain at 1 mM
concentration was used to differentiate Nat-Kt ATPase from Mgz+
ATPase. Ouabain is a specific inhibitor of Nat-K' ATPase (McILWAIN
1963). Mg2+ ATPase was further delineated into oligomycin-sensitive
(mitochondrial) and oligomycin-insensitive Mg2+ ATPases by adding
1 ul of oligomycin ethanol solution (0.5 mg/ml 95% ethanol) to the
reaction mixture.

Toxaphene was obtained from Hercules Incorporated, Wilmington,
Delaware. The 87-mM stock solution was prepared by dissolving
toxaphene in an ethanol-acetone mixture. Further dilutions were
made with ethanol only. Ethanol and acetone at the concentrations
used in this study have no detectable effect on ATPase activity.

Results and Discussion
Oligomycin~insensitive Mg2+ ATPase in catfish brain showed a
higher degree of sensitivity to toxaphene as compared to oligomy-
cin~sensitive (mitochondrial) Mgz+ ATPase (Table I). This obser-
vation is in contrast to DDT and its related compounds which showed
a higher inhibition of mitochondrial Mg?+ ATPase with little or-no
effect on the oligomycin-insensitive Mg2+ ATPase in fish brain
(CUTKOMP et al. 1971b, DESAIAH et al. 1974). However, toxaphene
inhibited all three ATPases in fish brain to the extent of 50 ger
cent with a pronounced effect on the oligomycin-insensitive Mg<t
ATPase activity (Table I).

The results in Table II show that toxaphene has lesser inhibi-
tory effect on kidney than on brain ATPases. Oligomycin-insensitive
Mgz+ ATPase activity showed increased inhibition with increasing
concentration of toxaphene (Table II). Kidney mitochondrial Mg?+t
ATPase activity was stimulated at low concentrations and inhibited
at higher concentrations of toxaphene. This type of response was
also seen with some polgchlorinated biphenyl compounds on sunfish
kidney mitochondrial Mg?' ATPase (DESAIAH et al. 1972, KOCH et al.
1972). Nat-K' ATPase activity in kidney gave about 30 per cent

241



*100° >dsxx ‘T0">des {S0°>ds ‘3593 3 S,3uspn3is Aq poUTWIdISP USUYM JURDTITUSTS ATTROT3ISTIEIS
*A3TATIOR BwAZUS JO UOTIETNWILS JusD xod 93eOTPUT mmﬁﬁw>a+vm

*¥#G°09 (¥) s€ o7 #xx6°0S (V) 8T°OF *V°LE (V) 66°0F
11°9 | VAN T 9 0°62
*¥%¥9°95 (V) 9v°OF #x6°0V (V) 6z 07 «1°9€  (P) 69°0%
ZLe9 9z°¢€ SE°9 S°PT
**8°LY (D) €L70% 0°6 (v) ov oF «°SE  (P) T0°1F
80°8 Ly'v V9 L
*6°€E  (¥) ST 1F S°z+ (p) sv°oF -2z (v) eL-0F
€2°01 99°g EL°L 9°€
»¥9°LZ  (€) TO'TF L°9+ (€) 06°0F L0°%+  (E) TP TF -
0Z°T1 68°S 1°01 8°1
(v) 81°1% (¥) 1v°0F (v) 86707
8% ST zs°s v6°6 suou
*yur f3taTi0VW *yul KataTaov *yur AtaT3ioy
% otytoeds % oTFToadg % oTFToads )
ummgﬂ +N@E SAT]ITSUDSUT °8edIy +N.m.uz SAT3ITSUSS 9sedIvY M- ©N OGGQQMNO.H
utoAwobTTO utoAmobTTO tot
S

urejoxd | bu T4 seTowr = AITATIOV OTIToods *SPOYISH pue STETIS}EN 995 ‘SUOTATPUOD UOTIOEDI I0g
‘uaye; obHersAr Sy3l pue SSWIF £-Z PI}Se] Sem ojeusbouwoy yoeg °sossyjusred UT PO3ROTPUT SUOTIEI
-edsad o3eusbowoy JO ISQUMU SY3F JO UOTIRUTWISISP swizus arexedos Jo sonfeas uesw Sy3 U0 paseq
pojeInoTeD ai1sm S101I19 paepuels -sudsydexol Aq sesediv TTTH YSTIIeO JO UOTITQIYUT OAIFTA UT

III 19Vl

242



inhibition at all concentrations of toxaphene with an exception of
one low dose (Table II). The reason for this type of response
(maximum inhibition of 33%) is not understood, but we feel that it
could possibly indicate the presence of more than one type of Nat-xt
ATPase activity.

The results in Table III show the inhibitory action of toxa-
phene on the ATPase activities from catfish gill tissue. The inhi-
bition of the oligomycin-insensitive Mg2+ ATPase activity grom gill
tissue (Table III) was similar to that obtained for brain (Table I),
except that at the higher concentrations of toxaphene inhibition
of the enzyme activity from brain was somewhat higher than from
gill tissue. However, Nat-Kt and mitochondrial Mg?t ATPases in
gill tissue (Table III) showed a similarity in inhibition with that
of kidney tissue (Table II). Both of these latter enzymes showed
slight (but not significant) stimulation by toxaphene at low con-
centrations and inhibition at higher concentrations.

All three ATPases in the three tissues of catfish tested
showed inhibition by toxaphene. The responses of ATPases to toxa-
phene varied from tissue to tissue and within the same tissue.
However, greatest inhibition occurred for oligomycin-insensitive
Mg“t ATPase in brain and gill tissues. This differential sensiti-
vity of ATPases to toxaphene could be due to the fact that toxa-
phene is a mixture of 175 components and each toxic component may
be exerting different effects on the various ATPase activities.
The most desirable approach to elucidate the mode of action of
toxaphene would be by studying the inhibitory patterns of individual
toxic componénts of toxaphene., We are planning to initiate such
a study in our laboratory.
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