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eatinlute the tot:cl rncliatio~r delive~ed to the gl ,~ntl  itself. 
The ~ E c i e n c y  of 011s Ge~ger  counter corild be estirnatcd 
as  being :tpproxin~ately b0%, 2nd thiv -\vonld mean tha t  
there wore in the vicinity of 12,000 diai~rtc,grations p r  
minute in t l ~ c  average glands during the early part  of 
the fecding process. Owing to the extremely small 
amount of tissue irrvolved, this would suggest a \e rg  high 
equivalent roentgen ilostlge. On the other hand, in spite 
of sue11 a relntivcly high tlegree of radioactivity, it xyas 
sniprising that  there were no apparent deleterious effects 
on the mosquitoes themselves during the perioil studied. 
No gut csarninations were carried out on the 14th day, 
and therefore t l ~ e ~ e  a le  no data as to presence or absence 
of oiicysts a t  this time in the 93 mosquitoes th:lt silowed 
no sporozoites in the salivary glands. 

I t  appears tha t  the amount of radiation in the sali- 
vary glands and/or the niosquito a s  a ~vhole was suffi-
cient to arrest development of the parasites during the 
oiicyst stage. 
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Toxicity to Mice of Chlordane Vapor and 
Solutions Administered Cutaneously1 

Hubert Frings and Joseph E. O'Tousa 

Penruylvdnia State College, 
State Codlege, Pennsylvania 

The toxicity of DDT to niammals llas 1)r.cii rather 
thoroughly ir~vestigated (2, 4, 7-9),  and i t  is now known 
tha t  acute intoxication causes nervous disorders, and 
chroliic in toxica t io~~results in fa t ty  dcgc.neration and 
necrosis of the liver. The newer insecticide, ('hlordanc,2 

1- Authorized for publication as paper No. 1542 in tile Jour- 
r i ~ lseries of the Pennsylvania Agrirulturt~l Experiment Stu- 
tion. This work wns financerl by a grant fronr the John G. 
Vogel I\lemorial Funtl. 

>The Chlordane used in these experiments was kindly sup- 
plied by the Julins Hynrnn Company, to which we wish to 
P X ~ ~ P P Sour nppre(*intion. 

howevei, IIRS ie('~'ivedI I I I ~ C I ~ I  111 gentwl,  I ~ Sless :~ttention. 
action is aiinilar to t11:lt of I)T)T, but i t  is rnorc readily 
absorbed th~ollgli  t h t~  bkirr (1, 2, 6 ,  8). 1,ike Dl)T, i t  
c:luses 1iep:~tic rlei rosis in chronrr in to~ic  ution ( 2 ,  6-10). 
The picscnt i~lr~cstigation was ins t~tuted  to deteiinine the 
effects of l o~ tgcorrtinned apl)licatrolr of sm:rll qaantitres 
of Clilorda~~e CYto tbe akin, :lud also to d ~ b c o ~  tlw possible 
toxicity of its vapor. 

li'ive g1oul15 of r i ~ g i n  feni:rle Snias :11l)iao niicc 1% rrc 
ilaed iir t l ~ e  expc>ri~nc~nta: 'Pen mice ~eccivttd no tr clntino~t 
and seivecl as ?on t~o l  g ~ o n p ;  16 miccl rcccived cnt:~ne LL 

ously 0.01 1111 of odorI(&sske~osene (Ueobasc) daily f ' o ~  ;i 
days pel week; 16 mice ~ccrtbed cutnneoosly 0.01 ~ n l  of 
2% Chlordane solitttoi~ I I I  odo~leas Itrioscirc ( 7  4 rrig of 
('hlordane ltcl kg of Iwdy wt per day) daily for  5 c1.0h 
per wcrk; 16 11iice rcc~eived cutaileoualy 0.04 nil of 2% 
\vettnl)le pol\ c'ci \~ l \p t~ns~oirof Clr1ord:tne daily foi 3 da  r i, 

pc'r neeli; 60 1111cc in foul suhgroupa nrcre expoacd to 
f ' l~ lo~danepot foi  (1ifrt.1 ?nt peiiods of tinri.. \ 

The aiiionnta sc.lcc tc~dfoi application to tlrc lnicr cur 
~ r s l )o~~c ledto doses nhiclr :t man nercnnglrt ~ c c c i \ c ~  li(1 
to l~avc  Iris 1ia11db : L I I ~  :u~rrs \vettc(l to tlrr eI!)o\\.s. 
cause of tho higl~c,~ \lirfac.c. tcllsiorl of thc rrett,rhlc 
powder sn~l~rnqiotr, n r o ~ t ~of this tIi:~n of t l t ~  lieros~11(1 
bolution is rcqnircd to cffcct the s:unc \\etting. 7'11~ 
solutions worc dpj)lieil f i o ~ n  n iniclopil~ettc to the intra 
scapular region of tlrc, iniee. When :~l)plicd a t  that  spot, 
the solutiorrs are d~fiicult or itnl~osstblc f o ~  a ~tiouscto 
rclmove by itself. l':\tclnded obsel.vations slrowetl that 
the mice made no effort to lick each other af ter  one or 
two tastes of tlrr kerosene. or Chlordane solntions. ' r h i~ \  
the materials entered the body through the sltin and uct P 
not ingestsd. Hincc sornc of the Chlordane c\~:~por:ttc(l 
from the skin, there must have been some inlmlation of 
the vapor, but probably not 111 appreciable amounts. 

The cutaneons t~t~:i tments were continued for  a tot:~l of 
20 weelts, 5 d a ~ sPI ne1.k. 'I'hc total amount of Irero 
sene or Cl~lord,~lle lielosene solution applied to each n~ouzc 
was 1 ml an2 i t  containetl 20 mg of Chlordane (740 ntg/ 
kg  body weight). 'J'he tottll amount of Chlordane :ti) 
plied to cac.11 ~rronic in the group receiving applications 
of the wettable powder was four times this. Every 
month one mouse from each group, selected a t  randonr, 
was sacrificed for autopsy, and the tissues were fixed foi 
histological study. Only the livers have been s t r ~ t l i ~ d  
histologically so fax. 

For  tests of lapor toxicity, two types of setup -\reicx 
used. I n  the first, 1 6  ~ t ~ i e c  honscd in :Iwere wire mcrh 
cage supported in a box (12 in. x 20 in. x B G  in.) withont 
touching the bides. This box n:rs covered with thrce 
pieces of glass with 4 in. spaces between for ventilation. 
Once every 3 neeks, a strip about 2 in. wide :~lonnd tlrcl 
inside of the box was painted with about 5 g of Chlor- 
dane. The eoneentration of (3hlord;tne v a p o ~  was esti 
mated a t  about 25% ratnr:ttion a t  thc start  of the eu 
pcrirncnt, and as 2 ~c~zrrlt of rnattarir~l on of s ccu~~~u la t ion  
the strip, a t  abont .50yo satirration a t  the eo~rclusion. 
Since quantitative t t~s ts  for Chlordane vapor in air  do 
not exist, these arcs only approximate estimates. The 
amount applied to the box was considerably higher t11a11 
that  \vhicli would lw applied in pest control practirr,, :~nd 



- - - - - - -- - - - -- 
June 16, 1950, Vol. 111 SCIENCE 

- - 659 
-

this was only partially offset I I ~the f :~ct  tll:\t ventila-
tioil of thc box was greater than tllat of an  ordinary 
room. I n  tlrc second setup, nticr wcrc euposed in a 
trc:ttnrent cl~anrber to air winch had bcerr bubbled through 
Chlordane in a saturation chain. Twenty mice were cx-
posed to this continuously, 12  werr cuposcd for  1 4  br 
( w r y  day, and 12  were exposed for  C) 11r ewrg  day. 

A refined gracie of Chlordanc, containing 607'-75% 
('lrlordane and 23%-40% ~ c l a t c ~ dconrpouiztls also insccti- 
cidal in naturc:, was used in tlre experiments. This and 
tlre kerosenc uscd as  the solvent : L ~ Cs ta~ldard  products 
~ w c e n t  in ltousclrold insecticidal sprays. The carrier in 
the Chlordanc wettt~ble powder was Attaclay. 

I n  riew of the report by Inglc (6) that  ra ts  trcated 
with Cl~lordanc convnlsed whcn subjected to intensc andi- 
tory stinrt~lation, the animals wcrc tostcd evcry 20 days 
for sr~sccptibility t,o "audiogenie" scizurcs. Tlre tcclr- 

rrii]r~e was lilic that  used by Hall ( 6 )  in his worlc on 

a n  elcctric doorbell was fastcncd. After n pcrrod of 1 
nriir, during wlr~ch thc mousc usually c*s.plorcd t l ~ c  tub, 
the l)ell was sounded for 75 see or until the aii i~nal con 
1 1 .  The intensity of sound produced in tlre tub was 
102 + 2 db (relative intensity 10 nntts/sc( crn) a t  the 
pcril~trery and 95 2 2 dl) a t  t l ~ e  ceirtc>r, rvrth the iuajor f r e  
clltcncy conrponcnts I)etxccerr 0.7 ztnd 1.2 kc. 

T l ~ c  seizmc pattern is striking. TV11cn tlte bell is 
turned on, thc susceptible monsc crir~gcs a t  the side of 
the tub. After a variable period of time, tlrc mouse 
starts a series of short jerliing runs. J5nally i t  breaks 
into a frenzied nrn around the tub and aftel. a fvw cir 
caits of tlte tub  falls over in a coma wlricl~ nsually cul- 
~ninates in death if the sound is not turned off. I n  our 
eupcriments, an  cff'ort was irradt~ to stop tlic bell ,just as  
soon as  it W:IS obvious that  the 1v11d running fit h:rd 
startcd, so tlrnt the miec eouli( Ire snvcd for flrrtlrcr 
1esting. 

.'\lthouglr the physiological mcclr:~-: I I I ~  ~is~c.lrologic:~l 
trisrrrs involvcd in tllc sciznre p:rttc%rti aro still obscure, i t  
ncvnrs certain tha t  snsceptibilitj to seizore is a rough 
e\t~nration of ncrvousncss in tlre :animal5 (3, I I ) .  This 
gixcb~ us a method for  detecting possible tovic cffects on 
thib nc8rlous sybt>nl bcfore tltcs(~ b ~ ~ ~ r n e  incapacitating. 

T l ~ cnrice in tlrc control group and in the group receiv- 
ing applications of kerosenc gained weight normally ;md 
:rppearcd a t  :ill times in good hcaltll. The lierosene 
c.xnscd a loss of fu r  a t  the sit(' of application, but thcre 
\\;is no dcrmatitis. l'licrc m r o e 110 dcatlrs o t l ~ r r  t l rm 
routine sacrifices. The livers of rnicc in both gronys were 
rrori~inl both maerosropic~lly and microscopically. I n  
sci~trre tests, two mice in eac21r group convulsed a t  the 
f ~ r s t  two tests, but only one mouse, this in t l ~ c  kerosene 
gronp, continued to have seizures af tcr  the second tcst. 
Mice of this strain loso the tendency to  sciz~we with in- 
creasing age ; therefore, thesc r csults may he considered 
:rs representative of normal mice. Tltc seizure results 
ci~rrcspond well with those obt:lined in our laboratory 
\tit11 mice of the same strain bring tested in LL totally 
different cxperirnent. 

Mice in the groups receiving applications of Chlordane, 
either in t;he kerosene solution or the wettable powder 

suspension, re:icted quite differently. h f t c r  about 3 
\\reeks of ul)plication, the rnicc becanrc distinctly excit-
able, running to and fro in the cage witl~out secmillg pur- 
pose. They would jump from almost any height and bc- 
canre dif'eult to handle. Weight gains were normal, and 
appetites werc unimpaired, however. Sevcn of the Cltlor- 
dam-kcroscne group and nine of t,he wettable powder 
group dicd'bcforc thc cnd of the expcrirncnt. On au-
topsy, tlresc wcre found to exhibit a rather typical liver 
damagc. Tllc keroscne solution brougl~t .about loss of 
fur, probably the rcsult of thc lterosenc, and a dermatitis 
of variablc scvcrity clrar:~cterizect by rouglrcning of the 
skin with local areas of blccding and nlccration. The 
wettablc powder suspension, on the othcr Irand, caused 
only slight loss of f u r  and little or no dermatitis; T l ~ c  
kidncys and liver of mice trcatcil for  10 wccks or more 
appcarcd lighter than nornlal with white blotehcs, tlrc 
lnngs wcre occasionally lremorrlragie, aud other organs ap-
peared normal. IIistologically tlre liver* of mice from 
botlr groups sliowsd a typical cc~ntrolobular necrosis aftcr 
about 10 ~ ~ e c k s  treatment, with thc lcft  lateral lobe of 
most scl-crcly affccted. 

T l ~ e  nricc in tlre trcatcd gronps exhibited ;I muclr 
higher percentage of scizlrrcs tlran nornral micc. I n  the 
licroscnc-Chlcirdane group, the number of scizrlrcs rose 
st,cadily from tho start  of the experiment; aftcr 6 weelis 
of treatmci~t tlre lercl of incidence was greater than SOT0, 
and i t  rcmairred over tlrat for the rcst of the experimcnt, 
the higlrcst pcrccntage bring 45%. Thrcc mice died in 
seizures in this group, the only mice wlliclr died during 
testing. Since in this gr.onp cvery mouse ~vli ici~con-
vulsed continued to convulse in all subsequent tri;rls, 
these three, which died early in the expct.irnent, ~vocild 
prol,ably have been among the individuals xvhiel~ had 
scizures in later tcsts, and t l ~ u s  the percentage iireidcncc 
wonld undouhtcdly lrave been a l~on t  45%-60%. Tlre seiz- 
ures of treated iuicc also wcre preccded by a shortcr 
latent pcriod tllan those of normal nrice, and thcy were 
more severc. I n  the wcttablc powder group, the inci-
dcnc,e of sciznres remaincd about norrrral 11irtil after  9 
weclis of treatment. Then this climbed to  about 50T0, 
whc.re i t  remained until the cnd of the espcrinrent. As a 
critical test of thc cffects of Chlordanr wettable powdcr 
snspension on seiznre incidencc, micc about 40 days old 
were tcstcd, and 7 of thcse which did not exhibit scizlrres 
xverix selectecl for trci~tmctnt with tlro suspension. These 
yoturg micc, all of 1~hic.11 m1.e ncgativo a t  the start, 
sl~owed70% scizurcs following 3 wc:eks of cutant~ons ap- 
plicatiolls. Therc was no app:~rent correlation bctwccrr 
the inctidonce of seizirres and liver d:im:rgr~. 

The mice in the group breatliing a relatively 101~  con-
centration of <>hlordane v:rpor shoxlicd, aft,t3t. a f ~ \ v  xl-erlts, 
a ch:~r.aetoristic loss of activity and muscul:ir coordina-
tion. Weight gains and appetite, however, were normal. 
All the micc were dead a f t n  16 ~vecblis of exposure, half 
tltt, dcatlrs occurring one l-iy one before the fifteenth 
week, and tile rem:iining h;rlf immediatcly following re- 
newal of the coating of tlre strip i n  the box a t  tha t  time. 
Thcrc \\.:is evidence of liver damage after 6 1vec.k~ of ex-
posure. Ilistologic:rlly, the liver presented tile same pic- 
ture of nc~crosis as was found in the othcr treated groups. 



660 SCIENCE June 16, 1950, Vol. 111 
-

I n  sound tests, the group exhibited tlie normal low per- 
centage of seizures up to 9 weeks of treatment. Follow-
ing that, tlie percentage rose sharply t o  50% just 2 
weeks before all the mice died. 

Thc mice in thc groups breathing air  saturated with 
Chlordane reacted quite differently. They iminediately 
ceased feeding and drinking and huddled togetlicr, seem-
ing loath to move a t  all. They apparently became blind 
and within relatively few hours lost all power of coordi- 
nation. All tlic mice in the group exposed continuously 
died witliin 4 days, four of the 20 dying during tl~cl first 
day. The mice in the groups exposed for 15 hr/day arid 
9 lir/day were exposed for only 4 days. Half of the 15-
lir group were dead a t  that  time, and tlie others died 
witliin a fcw days. Two of the mice in the 9-lir group 
were dead a t  tlic end of 4 days (36 lir of exposure), and 
all but four dicd witliin the next 10 days. This confirms 
the statement of Radelcff (10) that  animals L(poisoned 
by Chlordane do not seem to  recover, once they have 
manifest toxic symptoms." There were no observable 
anatomical differences between these mice and normal 
mice, except for  extreme emaciation in mice which livcd 
for some days. No sound tests could be given because 
tlie micc survived too short a time and seemed incapable 
of moving about with rapidity after 6 hr-8 h r  of exposure 
to the vapor. 

I n  general, results of tliis study indicate tliat Clilor- 
danc is very similar to UDT in its toxic action in marn- 
mals. The first system affected is the nervous system, 
and nervous symptoms predominate in acute toxicity. I n  
chronic intoxication, however, the liver seems to bc most 
affected. We were unable to  determine to our sntisfac-
ti011 whether Chlordane accumulated in tlie f a t  of tlie 
mice or not. Possibly tlie cumulative toxicity is owing 
merely to  destruction of the liver cells, along with effects 
on other organs of the body such as  tlie kidneys. 

Because of the widespread use of Chlordane in struc- 
tural  pest control, tlic rather striking toxicity of tlie 
vapor is  significant. I n  this particular, Chlordane differs 
from DDT, just as  i t  does in the apparent relatire ease 
with which it is  absorbed tlirougli the nnbrolten skin. A 
surprising feature is the relatively high toxicity of wet-
table powder preparations, since it is usually assumed 
that  tliis type of preparation is  less readily absorbed 
than kerosene solutions. A11 these results indicate tliat 
repeated exposure to  Clilordane preparations on the skin 
or continued inhalation of tlie vapor may be deleterious. 

Another striking point is tha t  the treated animals 
gained weight normally, and except for greater irritability 
than the controls, seemed in good health. I f  transposi-
tion of results on mice to  man is permissible, this indi- 
cates tliat the general level of health, appetite, weight 
maintenance, and the liltc would be a poor index of early 
chronic intoxication by Chlordane. The established fact 
that  tlie chlorinated hydrocarbon insecticides have a 
similar cumulative action makes i t  irnperati\c that  clini- 
cal tests for detection of early intoxicatio~~ in nlan be dc- 
vcloped. 

From our results with Chlordane, i t  is 
incidence of "audiogenic" seizures in a 
treated mice rises rather sharply a few 
clinical symptoms and deaths appear. 

seen tliat tlir 
population of 
weeks before 
With proper 

standardization of tlic test situation and with selected 
mice, tliis test may provide a good indication of early 
intoxication. 

Finally, the results suggest that  Chlordane may have 
valuc as a rodenticide. Since i t  is toxic to animals when 
absorbed through tlie skin and lungs, as  well as when 
ingested, i t  niiglit be nscd under favorable conclitions 
for control of mice and possibly rats. 
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Stability of the Adenosinetriphosphatase 
System in Animal Tissues1 
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Tn the course of experiments on tlie stability of respira- 
tory enzyme systems in beef tissues obtained from car- 
casses of different grades and aged for varying periods. 
the stability of the adenosinetripliosphatase (ATP-ase) 
system in intact tissues was investigated. Data on the 
nature :end occurrence, metabolic function, and specificity 
of tliis system have heen reviewed (2, 3 )  ; however, little 
attention has been devoted to studies on the stability of 
tlie syste~n in intact tissues stored for varying periods of 
time af ter  the animals are killed. I n  the present stucly 
tlie ATP-ase activity of animal tissues stored a t  - 2" C: 
and a t  + 5" C for periods up to  15 days was investigatccl. 

Preliminary experiinents were conducted with ra t  ti*-
sues and the study was then extended to beef muscle tis- 
sue. The procedure used for  determining tlie ATY-nse 
activity of tlie tissues was rssentially tha t  desc.rihcii 1 , .  
Umbreit, Burris, and Stauffer (5). Young adult at, 

that  were fed stock ration werc killed by decapitation 
t\ppi-oximately 1 g of muscle tissue, and in certain cn  
perirnents liver and kidney, were removed and prepared 
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