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Interestingly, 1he pereeninge of motonenrons afflicted (not moro than §in 61) was
sery sniall, The authors propose a neuronal migeation from tho injected musclo
into tho representative parts of the spinal covd. Thcir observations are concordant
with ours,
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Biodegradation of Alpha-llexachlorocyctshexanc *

IIL Decrease in Liver Non-Protein Thiol
after Intragastric Application of the Drug
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... Summary. 1. Alphs-hexachlorocyclohexane (alpha-1ICH) reduces tutal nan.
protein thiol in the liver of tho rat throngh a reduction in glutathivne (311}
content. Prain and kidney nou-protein thiol is not affected.

2. Maximum reduction was by about 50%, 18 h after 400 mg'kz, the highest
_doso tested. At this tie, tho decrease in liver non-protein thinl was liurarly related
to dosc and to alpha-HCH-concentration in liver as & wholo and in the liver
cytoso! fraction.

3. The effect is thought to be causally related to GSH-dependent drgradation
of alpha-HCH in tho liver, proviously shown to take place in vitro.

Key words: Alpha-Hexachlorocyelohexans — Biodegradation — Liver Gluta.
thione.

Studies in vitro have implicated glutathione (GSII) as a cofictor in

- enzymic reactions by which alpha-hexachlovocyelohexane (alpha-1T1CH)

is converted to hydrophilic substance in he rat {Irnus ef al., 1073y
The liver cytosol fraction, in particular, was shown to contain enzywic
activity that catalyses a reaction between GSI and alpha-JCH resuli-
ing, presumably, in the formation of a GSIt-conjugate (Portiz dtal, 11173)
This paper reports on experimenta the result of which is theught to add
some weight to these observations in that injection of alphn-JICIH inv
the rat’s stomach is shown 1o be followed by a transitory deercase in e
GSI-content of the liver.

Methods
Alpha-1,2,3,4,5,6-hexachlorocyclohexane (alpha-HCH) was frem the batd!
used by Portig ef ol. (1073). L-glutathione (GST) was purchased fiom E. Merch 0
Darnwtudl, yeast glvoxalase I fromm Bochringer Bivchendca, Tuotzing, Elinun’
- reagent was oblained ihrough Serva Chemicals, Heidellerg, methyl gli oval theou
Roth Chemicals, Karlsruhe,

Animal Experiments

Female Wistar rats of 120--§80 g body weight (7 10 8 weehs old) supplicd b
Zontenlinstilut fite Versuchatiorzucht, Humnover, were nsed. §n the Talerator;

= * Aided bF Deutscho Forschungsgemeinsehaft,
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Alphale ssphvedd i ofive ofl (Oleum Olivarum DART) and admin-

intered by atomach tube) The vehicle was found to produce & decrease in liver
nen-pro L i when given atone (Table 1), Because of this, the dose of
il waa hept constant at 10 m}, kg and HCH-concentration in the oit was varied.

The animals were killed between 9.00 and 13.00 In the morning, tho time of
seetreatment being set accordingly, In order for the asanys of tissue thiol 10 he
cepipleted in 2h, the maximum namber of rats killed on any one dny waa eight.
Kelng was by decapitation; after cossation of reflex movements, the organa to bo
ex zined were dissected out and weighed. 2 g of liver was assembled from small
pieces cut off cach Johe and was put into jee”eold perchloric acid for estimation of
nen-proteit thiod; the remainder of the organ was used for determination of HCII-
coucentration as appropriate. Brain and kidneys were tuken in toto for estimation
of thiol content. 1.5 min clapsed between picking an animal up and immezsion of
tigsue in acid, '

Analytical Procedurcs

Tissue non-protein thiol was cstimated on extracts prepared an follows: 1 part
of tissuc was homogenized in 4.5 parts of 1 N 11CI0, with an Uttra-Turrax blendor
and contrifuged at 12000 X g for 10 min. 2.3 ml of tho supernatunt wus added to
¢ mb of .53 M K10, left in an ice bath for 15 min, and filtered (Bernt and Berg-
wmever, $070). Aliquats of filtrate were then taken for estimation of total thiol
content or of total thiol and of GSI1 content, Every assay was run in triplicate.
Tota] thiol and GSH content of the aatracls was found to remain constanl for 3%
aster which time it started to decline. -

Totul thiol was estimated using the method of Elfman {1859). Aliquol volume
of extract added to the reaction mixture was 56, 100, .aud 200 ) for liver, kidneys
and brain, respectively. For liver extructs from untreated rats readings taken at
112 1un were 10 10 15 times & water Blank. 10 andfor 26 ug of GSI freshly dissolved
were routinely tested for colonr formation and consistently gave a mean £, of
13w (Eilman: 136605, Absorption at 412 nm increased as expeeted when known
amounts of GSH wete nilded to extructs of liver bofore or after remaval of per-
chiorate, but loss of endogenous 1hiio] was not checked on.

GSli-content of liver was cstimnied on 100 ul aliquots of cxtract using tho
method of Wicland ¢ af. {1933) as modified by Bernt and Bergmeyer (1970), 0.L M
phesphate bufer bring used instead of water. £y Wos 34003800,

Alpha-HCH —content of liver was estimated using GLC. Liver was homogenized
in 5 vol. of water with a Lotter-Elvehjem ty pe glass homogenizer, The homogenatoe
aa3 weighed and divided in portions hy weight. One portion wis extracted with
2 vel of eyclohexane, the sther was spun at 100060 X g {av)— 140000 X g (max) for

i min, aml weighed aliguots of the supernatant, which was called the cylusal .

fraction, were also extracted with 2 vol of cyelobexnne. Conditions of assay were
these described by Portig ef of. (1973). -
Values far I refer 1o application of Student's f-teat.

Resulls

Tuble § shows how the non-protein thivl content of rat liver was
found to change with time during the 21 W following oral application
of 50, 200, uned 400 mygfky of alphiHCIL Olive oil, the vebicle wwed for

TR O L A 8ELLEL SBY

thercbone, Laopt con tant,

Table {. Kon-protein thiol eontent {uViqfa) of ot liver after three diffo)ent ihiain
of alpha-he cachloracyeluhe vune
Figures aro mena -4 8.1 numbier of retimations in Lrarket s

Time  Olive oil only Phus alpha-CH
after {10 mlfky)

appli- 0.5%, 2°, 4,

cation {= 00 wy/k) =20ug Ly (- oRgky)

) ’ '
0 7.50 1 0.70 (53)

6 628 L 0.56°(12) 5401040 () 5.92:042 () ASo 05 (g
12 6.78 L 0.U2% (28) RIT- 1% (8] L350, 0501 450 e Oh
18 745 1061 (23) 053 0.8 (12) 555 05312} 407 _n35it+ o)
24 T48 4050 {10} 7.50:.032 {4} 619 @3 (S o2 pngtr i

s Untreated rats,
¥ P <0025 for difference 1o untreated rats,
P <0.025 for difference 1o rats given the vehicle mly,

Total non-protein thiol in the lvers of wxtreated Fds vari d 1 sopare extont
(range 5.89—-8.86 ukq g in 63 animals), bt this variation 2z well ae the b
{see Toble 1) ure of the ovder recently reponted Trome otle s Vdararoni « ity 4
and Chnsseand, 10305 Jocelyn, 1452) for this spevies. GRU, (il wits the
glyonatuse method, necounted for 87944 20 5590 (X - 10 of ttal gozpratein 1350l
in the livers of untreated, oil-treated, and alpha-RUIGtroated tats, vl 1ot
thiol content ranged Grom 8.32 down {0 3.91 gl g This, foo, contitee v joag et 4
have found (see Jocelyn, 1972) and, in the comtest af (his stdy, e aoe that the
fafl in Yiver non-protein thio} bronght about by alpha-TICH i< die, Pubainangly
to o fall in liver GSIL, a

Attewtion was paid to the influence that redueed intale of food miay L ave on
iiw-r_ GS) content (Lindan and Work, 1933} To woniter the befivibot 10ts
feeding Lehaviour letween dosing nnd killing, body weiglt md relative fiver
weight were recorded and were compared to body weiht inease oF dectease and
1o relative liver weight in wntreated vats that bad or had not acecss to fowd for the
same periods of time.

Injection of olive oil atone into the stavueh reduced food intalie sooewt ot
for the neat G h, but the reduction was by no means <o Lirge as to explain the £
in liver GRIE When HCH was ndided to the oil, feeding was il.ll]l.lil'rll were, Woneener,
this only hecame apparent aller the Inge doses, aud e contd ot by e, acGona
for the deerease in Yiver GSH, 30, the mean deerea o I8 I after S0t Lo of
alpha-HON {see Table 1), the Tavgest dose tested, exeeedind by 1.8 iy« the Brean
deercase keen alter 13 0 slarvation, when the animads b ul haat 'uu the v

A2 g of their initial bady weight, and their mean relative Huer weizhe was T !

1000 g ws compared o 4.3 g/ H0 i nenestarved vats of 1he same ane, By ocontes?,
18 h nfter 4 mgg kg adphia HON the mean eeduetion in body weight vas by caly
3.6 g, aud mean relative liver weight was 305 oo g,
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b'I‘nl.\lt- 2. Drug content {nmoles/g) of rat liver after three diffcront doses

of alpha-hexachloroeyelohexane .
Figures are mean J1- 8.D.; number of estimations in brackets, Line a) gives drug
content of whole liver, line b) drug content of cytosol fraction {oquivalent of 1 g
of frexh liver)

Time afler 60 mg/kg 200 mg/kg 400 mg/kg

application

m

L] [ 3 133 L 16 (%) 232 + 79 (7} 568 4 88 (6)
b 88 +30 (3 21.3 1 6.3 (3) 4971 11.0(3)

12 s 15414 (D) 304 4- 98 (7) 850 4+ 72 (4)
b 51 405 (3) 1953 1.3 (3) 48.7 £ 6.5 (3)

18 a B4 418 (8) 341 4. 65 (8) 654 - 60 (8)
b 60 105 (4) 212} 4.6 {4) 0.6 + 5.5 {1)

24 a 14 5§ 200 4 23 (4) 502 + 23 (3)

The decrease in liver non-protein thiol produced by alpha-HCH was
pignificant at P <0.025 or less (for difference to oil-treated animals)
with all three doscs tested 12 and 18 h after application, and with the
two large doscs also at 24 h. Although impaired feeding behaviour con-
tributed to some exient, it was clear that the decrease was largely due
to a diffcrent cause. A likely canse was thought to be consumption of
GSH in an enzymic reaction with alpha-JICII, shown previously to take
place in vitro (Portig et al., 1973}, and it was of intlerest, thercfure, to
determine the amount of alpha-IICHL held by the liver whilo the drug
passi's through it. This was done (Table 2) for liver as & whole and for
its soluble fraction (eytosol) which, when tested in vitro, appeared to
coniribute most to GS1l-dependent 1ICH-degradation in the liver cell
(Kraus ef ol., 1973).

Not surprisingly in view of the hydropliobic characler of alpha-1ICH, moro
than 00%/, of the total amonnt of drug contained in the organ was always !’:qu
to be associnled with the membranous particles, Also, whils drug concenlration in

the whole organ changed with time, particeiarly after the two Iargo duses, deag
concentrution in the membrane-free fraction remained comparatively constant for

the first 18 b

Drug concentration in the whole organ is maximal abont 12 h after
application (Table 2), and it is after approximatcly this inlerval of time
that, with increasing dose, the decrenso in GSH content beeomes most
marked, 18 b alter application there was o straight-line relationship be-
twern drug effect and dose, and between drug effect and drug coneen-
tration in the whole of the liver us well ay in the liver eylosol fraction
(Fig. 1, lower eurve). It may be worth noting thut this corve intereepls

-frimnoles/g fresh liver equivalent). Upper eurve: Sum of offices recrd 12, 15

" 400 gk of alpha-1TCLL This was done beeanse experiments with oz

»
Alpha.Hexachloroeycelohexnne am! Liver Clutathiane 187

-Ir Sum tls
ol 12,18,0nd 2¢ *
-sL
-5}
&1
L Eftect a1 18
-3l houts
-2k
4 L{
i /
(1} L 1 ] -
Dose 50 200 mglkg 429
Conc. in 1 ) !
whole liver 9L 34 - nmolesfy €5¢
Conc. in : 1 t
tiver cytosel 6 212 nmolesls 458

Fig.1. Alpha-HCH-cffeet on non-protein {hiol content of vat Tiver i, roltion te
dose and to drug concentration in the organ, Onrbinates 1% seie <y it
non-protein thiol content between rals given the drug amd 1) v goen t vl &
only. Abscissas: Duse of alpha-HCIL injected intes the st vk o< Lo i by
HC1l-concenteation in whole liver (nmoles/s), amd in Bver G- frocia

and 24 h after application in relation to dose, Lower cunve: Efict soon Il atin
application in relation to doge [X), to drug concentration in whole liver {2}, auc
to drug concentration in liver extosol {c)

the ordinate at a point > ¢ which might represent an average valoe np
which factors such as reduced intake of fond during the hows followin,
application of the drug contributed o the fotal druz effvet an liver GSI
seen in an individunt animal, Wlien the dreg effevts seen 12,18, an 1 21
after application are adiled up, their relation to dose is as shown by s
upper curve in Fig. t. Thix relation may Le expected 1o Lecome mon
nearly linear when a time inteeval greatersthan the 24 h tested Lete
studied, since (see Table 1) the relurn to normal of liver non-protek:
thiol after the two Jarger doses of HCH s not yet complote aftee 20 h
and it is slowest with the largesl dose, )

Apart from liver, non-protein fliol condent was detoringd fo b5
and Lidneys 120 after oral application of 200 m; ke and 18 h 2fi
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homogenates had indicated that G8H.medinted degradation of a
IICHT may occur in these—nnd in other—organs (Krauselal, 1vra).
However, brain content of non-protcin thiol was found not to chango
at all afler dosing with the drug, while in the kidneys totil non-protein
thiol appeared to even increase somewhat but this was not cntirely
convincing (P> 0.03 for cither dosc with N = 2 x8): It may be added
that drug concentration in the brain after oval appliention of 200 mg/kg
was defermined in separate experiments and found 1o change with time
exactly as it does in liver; it scems reasonable to suppose that the time-
course is notb very different in the kidoeys.

Discusslon

Barnes et al. (1959), in the course of their work on mereaplurie acid
formation in the mammal, were the first to show that administration to
rats of halogenated organic compounds, which are mercapluric acid pre-
cursors, leads to a fall in liver GS1I content, and that the fall in liver
GSH is roughly equivalent to the amount of mercapturic acid produced.
1t was on the basis of 1his work, which has subsequenily been extended
{e.g. Boyland and Chasseaud, 1969, 1970) to include other types of
mereapturic acid precursor, and in view of cvidence {Portig el al., 1973)
that rat liver cytosol converts alpha-11CH to a hydrophilic metabolite
in a GSH-dependent enzymie reaction, that the experiments deseribed
in this ‘paper were wndertaken. The finding that liver GSH decrenses
fullowing injection of alpha-JICII into the rav’s stomach, and the.good
correlation that was found to exist between the extent of the decreaso
and the amount of drug administered as well as the amount of drug
present in the liver, are consequently considered with preference for a
causal relationship with 11CH-biodegradation. More specifienally, the
resull of this investigation is taken to indicate thal a reaclion consunsing
G811 is of some guantitative importance in the biodegradation of alpha-
HCH in the rat-though, presumably, Jess so than this appears to be the
case in flies (Bradbury and Standen, 1059; Ishida and Dahm, 19G5).
Information on what proportion of the compound is, in.fact, excreied
Ly a rat as product(s) of reaction with reduced sulfur is currenlly sought
to be oblained. :

In contrast 1o Jiver, brain and kidney content of non-profein thiol
appeared Lo be unaffected when high amounts of alpha-TICIU were
present in these organs. This may be so either becanse GS1E-medinted
conversion of the drug in these tissucs, which was found Lo occur under
conditions in vitro {Krausetal,, 1973), is of only minor importance,
quantitatively, in the living snimal or, alternalively, the role of GSIL
in H{CH-degendation in these tissues might not be that of cosubsirato,
This issue should be clarificd through further investigation.
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" Bradbury, F. 11, Standen, 15.: X
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