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Jrgted withe: hcmkbdnfum for 11
" weoks were pcrmancnly poisoncd, wo
amputated the regencrating leg and -
fowed it to regrow without further
administration of a drug. Regencration
was identical to tha: ja controls, indi-
cating that the cffect of homicholinium

“way revertible. To demonstrato that the

initial amputation did not stimulaic
subscquent regencration we measured

‘the growth rates 10 weeks after tiac

it amputation and similarly aftcz a
reamputation. Tac first oad secwr d
rates of regencration were kicnticn! in
cach of two sulamanders studicd. We
then considercd that trecatment with
hemicholinium might inhibit growih be-
cause 25 percent of the body wcight
was lost during trcatment. For that
study, the hind limb of an untreated
salamander was amputated, but no
food was given to the animal during tic
10-wbck rogencration “porfod. Despitc
a weight loss of 50 perceat, the rate of
limb growth was not different from that

- in previous controls,

The diminished growth ratc in
treated salamanders correlated well with
the wicroscopie iindings, Salamanders
treated for § weeks with hemicholinium
showed only about 30 mitotic fizures
in the median sagittal section of the
regeacrate. However, more than 400
wcre scen in similar sections from con-
wrols. Colchicine (2 mg/kg) was in-
jected into both groups 12 hours before
the salamanders were kiled so that
miiotic figures would accumulate and
could be counted. Evidently hemicao-
linium did not inhibit regeneration by
mcans of an effect like that of colchi-
cine, for fur fcwer mitotic figurcs were
scen among treatcd specimens than
amoag controls. Furthermore, the fact
that the meseachymal cells were not cen-
larged argucs against the possibility that
henicholnium blocks cell divisien at an
carlier stuge. The drug also prevented
tho massive dedifferentiation of muscle
tissue normally scen im sections just
proximal to the amputation site. In un-
trecatod  amputces the neurilemmal
nuclei incrcased in number and en-
larged witt dcdifferentiation of the
nerve invadicg more proximal parts,
but treated animals showed virtually no
nerve changes. Gross and microsconic
exuntinations showed that the vascu-
lzcity of these regencrating stumps was
also strikingly diminished.

Since the salamanders were main-
a.ned in a partially paralyzed or paretic
»la o by Lrastment with hemicholinium,
. . possibic thai disuse of the stump
. «ia account for the observed inhibi-
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ment in which tricthyleholinc (400 mg/
kg) was administored, the rate of ro-
generation was nearly 72 percent of
control, desplte tho fact that this drug
paralyzed the animal more cffectively

than hemicholiniam did. Botulinum-
“loxin, which also produces paralysis,

has been reportew (6) rot to deiay re-
generation of the salamander limb. Fur-
thermore several-changes were observed
which eanno: relatc o0 tiie paralytic
effect of drug trectment. Afer 5 wocks
ol ireaimeni wi... oo e the
taste buds of the salivana.s showad
regressive and  woyeneralive  cnanges,
Afier 19 weeks of troatment the taste
buds disappeared, but ticy reiurned
when treatment was discontinucd. Chil-
dren with dysautonomia r.ot oaly show
a parasympathetic insufficicncy with a
growth disturbance but also a lack of
i, jual taste buus (7).

- Thel$ is much evidence supporting
the hypothesis that acctylcholine is a
ncurotrophic factor (3), bui there are
alsa eompclling rcasons against its
rcady acceptance. Singer (8) rcports
that microinfusion of atropinc into-the
reeenerate halts lind prowtls, Gn the
other hand, infusion of acctylcholine
into a denervated linib Jo¢® naj restore
its rcgenerative capaciity. However, an
infusion cannot Juplicazc ncural activ-

ity. A more cogeni rcason for excluding .

acetylcholine as the growth mediator
is that thc concentration of the sub-
stance in sensory nerves is necgligible
compared to that in mo.or nerves. Yct
the sensory nervc is {zr more capavle
of influencing regeneration than is the

- motor, component, On the other hand,

regenerating tissue coniains concentra-
tions of acetylcholine whnicl are greater
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ward normal during the punod ol early
diffcrentiation.

As yct we have no way of dcc:dmg
whether treatment with hemicholinium
retards growth primarily by blocking
synthesis of acctylchoiine or by func-
tioning like curarc (2). We have at-
tempted to rule out the lutter effect by

- simultancously administering choling

(10:1 molar ratic) and hemicholinium.
Howcver, the combinziion proved toxic.
A direct inkibitici: of mitosis by hcmi-
cncaaium has npot been oxeludad, but
i view of tize ability of drug treatment
to mimic in the salamander some
fcatures of dysautonomia, a discasc
characterized By a cholinergic defect,
hemicholiniu.m appears to act as a cho-
linolytic agent.
. Hui

A. SMITH
Depirtsnients of Pharmacology and
Anesthesiology, New York Medical
College, New York 10029 '
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Abstract. Ten-day-old mallard ducklings fed a polychlorinated biphenyl at
concentrations of 25, 50, and 100 parts per million for 10 days suffcred no
apparent clinical intoxicaticn. Fiv: days later these birds were challenged with
duck hepatitis virus, and tiey suffered signlficantly higher mortality than birds

Polychlorinated bizheryls (PCB)
along with DDE [i,1-dichicro-2,2-tis-
(p-chloropher.;!)ciinae] arc reporied
to be the most abundant of the chlo-
rinated hydrocarbon pollitants in the
global ccosys.cm (1). Desoite the fact
that PCB's have bcen .. \ide usa
since 1930 (2), they ..mainced eco-
logically inconspicuous until 1966 whea
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. which were not exposed to the polychlorinated biphenyl.

a Swedish chemist reporied their pres-
ence in the tissues of pike and other
wildlife (3). Since then, their presence
has been reported in additional wild-
life of Europe and North America (/,
4). Trnesc compounds arc intcresting
because they are an important source
of interfercnce in the chemical detec-
tion of DNT and its mctabolites (5) «nd
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docdbacethey are a potemtiad hazard in
the cnvironment; on a weight basls ’'CB
preparations have been shown t0 have
an ‘cestradiol-degrading potential ahout
five times that of p,p’-DDE or technis
cal grade DDT ([1,1,1-trichloro-2,2-bis-
( podllorophcnyl)clhancl ().

As part of an investigation of poesi-
ble Interactions between organochlorine
pollutants and infectious discascs, this
sfudy was initisied 1o determine
whether any interaction, antagonistic or
synergistic, occurs wiih PCB and duck
hepatitis  virus (DHV)  in madlards
(Anmas platyrhynchos).

Four scparate dicts, thrce with PCB
and onc without, of a standard duck
starter ration were fed to groups of
10-day-old mallard ducklings. The three
PCB dicts contained Aroclor 1254 (in
a corn oil nremix) conce -.1:.".:-Ia:~.> cal-
Ciuted o be 23, 50, Cuu pedis oT
miltior (ppm). 'I"\cse chet: were fed
to five groups o. 25 ducklings cach,
three principal and two controi groups
(Table 1).

Alt birds were leg-banded with color-
coded, numbered bands, weighed, and
fed their respective dicts for 10 days.
On day 1! cach bird was weighed
again, and cvery fifth bird from cach
treatment group was killed. Tissues
were collected for residue analysis, his-
wology, and :iver wcights. During the
10-day fecding trial, no birds died or
became clinically ill, although duck-
lings in thc group given 100 ppm :-CB
were noliccably hyperexcitable after
day 3 as were those in the SO-ppm
group 4 days after treatment.

Body weights of birds rcceiving PCE
in their diet were :ignificantly heavier
at thc end of the 10-day focding trial
than thosc fcd the dict without PCB

(Table 1). The hcaviest body weights

occurred in birds ‘cd the highest con-
cendrations of PCB, and the trond ap-
peared 10 be Tinear. Diffirences in body
wcights among trcaiment mcans were
highly significant (F=20.30, d.f.=
4, 119) when tested by analysis of
covariance. No statistical comparisons
between  individual treatmont means
were made. A similar analysis of liver
weights {dctermined as a percentage of
final body weight) disclosed highly siz-
nificant diflcrences among trcaiment
mecans (F =5.82, df.=4, 18). Thesc
differences appeared to be within

© groups trcated wich PCB rather than - -

between ircated and untrcated groups
(Tabic 1). The small sample sizes (N =
5) nccessitalcs caution in inlf‘rprctalion
of liver weight data No in... ot :
of difTferences among body lnd lives
weights are offered at this time.
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Table 1. Fina]l mean body und liver weights
0% mallarc, ducklings alter being fed PCB
(Aroctor 1254, MonsantQ, St. Louis) for 10
Jays. Numbers in parentheses ace @ ¢ number
of binix weed, The liver :nd body weights
were adjusied by covariance for a commoa
sarting mean; the liver weight was deterniined
as percendape of body weipht., The final con-
trol did not recvive cither PC3 or DIIV.

- 'CB Body I.iver
Treatment (ppn) weight weight
(i (s)
PCB + DIV 100 2816 (25) 0.046 (§)
PCL + DHY 50 Q68K (25) 037 (%)
PC8 4+ DIV 25 3528 .025) 029 (3)

DIV control [+ I '
Control [+ I Tl S

036 (4)
034 ()

Tweclve days after the experiment ba-
gan, birds were placed iz cruics and
transported approximatciy 5 miles to
isolation units wheoe they were main-
tainecd on PCB-frec L-d and water
for 53 duys belore be.ng camdengec
with DHV. No birds du.d or became
clinically ill duriag the interim period
between PCB feeding and virus chal-
lenge although two birds were lost from
the .100-ppm group due to accidents,

On day 15 of the expcriment all but
the untreated controls (birds not re-
ceiving either PCB or DHV') were in-
oculated intraperitoncally with 1.5

"D, (50 percent offective lethal dose

for ducks) of DHV per bird. The
first birds dicd about 47 hows after
inoculation. Maertality was rccorded
hourly for thc remainder of the RO-
hour cxperimental period with onc ex-

“ceptio..; there were no observations be-

tween hours 63 through 69. The onset
of mortality in all groups given PCB
plus DHYVY bcgan at lcast 8 to 16 hours

" beforc that in the control group treated

. the virus only (Fig. 1). In addi-
ton, mortality levels occurring among
PCB-plus-virus trentment groups at the
end of (ac experizaent were significunily
aigher at the 01 level of probability
thua Jor ducklings receiving the virus
only (chi squarc =749, df.=1).
There was no significant diflcrence in
mor.ality among ducklings receiving the
dificrent concentrations of PC3 plus
vicus {chi scuare = 3.79, d.f. = 2). No
birds in the wuntreatcd group dicd
{Table 2). '

All birds that dicd during the experi-
mecnt had gross pathognomonic liver
lesions, indicating typical duck hepa-
titis infection (6). No othcr gross
lesions, with the exception of varying
amounts of edema within thc peri-
cardium and thoracic cavity of some

Table 2. Mortality among raallard docklings caused by DHV during an 80-hour experimental
period. No observations wers made between 31 0 47 and 62 1o 70 hours. The fina! conirol

did not roceive either PCB or DHV.

PCE Mortality
Treaiment (ppm)  No.of coaths/ 5o oo Onset Cessation
totai sample ¢ a8 (hours) (hours,
PCB + DHYVY 100 8/18 4.4 ];-—47 . 75
PCB + LV 50 13720 65.0 s5 76
PCh + DHV 25 7/20 350 3147 T
DHYV control 3/21 14.3 62-70 73
0.0

Control 0/20

only, or nciiier acent, (¢

6071
: +
®
= 40t
-’
=
<
T 4
S
=
20..
OA;.-—‘
50 &0 70 80
Time {hours)
Fig. 1. Mortality nmong raabiand ducklinzs exposed to both PCB and I .V, DHV

{0J ppm PCB + DHY; (b) 50 ppm PCB + ZiiV: i¢) 25

npm PCB 4 DRV, (d) DHV control;: and (e) untreated control. Doucd portion of

imcs prior' to 47 Lours an! between 62 and 70 houre raneccn—s —

no observations were made.

during which
DSW 332423
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birds, were observed. There did not ap-
pear to be any relation between treat-
pent and the prosemce Or abscnes of
e¢dema. Histologieal and reslduc analy-

sls havc not been completed at this

time.

The suggestions that PCB may render
a host more susceptible to certain types
of infcctious agents is the significant
finding in this study. None of tic con-
ccntrations of PCB fed resulted in de-
tectuble chemical  intoxication cven
with the physical stresses of weizhing,
handling. confinement, and crowding
during transportation, transportation it-
self, or relocation in a dillerent eaviron-
mc:t. However, when the stress of an
infectious agent was added, :hese sud-
letha! cancentrations appearcd 0 in-
flucnce the resulting mortality rates,
causing two- to fourfold increases (14
pcreent among virus controls versus 35
to 65 percent among groups raceiving
PCB plus DHV) and reduced incuba-
tion time (Fig. 1 and Table 2).

Similar incrcases in mortality were
obtained with other organochlorine
compounds in our laboratory (7).
thosc studies 30-day-old mallard duck-

“lirtzs which had been fed sublethal con-

centrations of p,p/-DDT or dicldrin

exhibited three- to ninelold incrcascs

in mortality over that of DHV control.
(6 pcrecint a.c oag virus cor rols vernsus
19 1o 59 perceat among zroups receiv-
ing dicldrin pius DRV, and 19 to -0
pcroent among groups recaiving p,p'-
DDT plus DHV). It is unlikely that
in all those instances mordaliy in the

DHYV control groups would be less than
half that in any interaction group on
the basis of chance alone.

This study itiustrates one of the po-
teational cffec " subicthal concentra-
tions of che: ~llutants which arc
often alivded
It also cmpi. i
that exi.i bet
cffcct™ conee

real diilerenc.
“aabieinal™ and “oo-
- of »ollutants. To
the best of « owledse, othes stuils
ies i vivo . posable effects [
organochlort..c poiicwnts on the sus-
ceptibility of a vertevr..ic hest to a viral
agent have not been reported.

' MiLTON FrIenD

DaNIEL O. TRAINER

Department of Veteriive.'y Scicnce,
Jniversity of

Madison 53706
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Abstract. Oxidative phosphorylation was studied in isolated liver mitochondria

4us

soelol s

from mangancse-deficient mice and in those from a iutant strain, pallid. In
mitochondria from manganesc-deficient mice, ratios of adenosine triphosphate
forined to oxygen consumed were norinal, but cxygen uptake was reduced. Elec-
rron microscopy of these mitochondria revealed wlirastructural abnormalities

inclu:ding

elongation and reoricriation of cristae. No biochemical or structural

abner.alities were found in mitochondria from pallid mice.

11 . number of animal specic. a
sonany, cdeet of diciary :hcienc of
manz. ose during pregrnancy is an ir-
reveocle congenital ataxie in the o
spri. e ataxia, characterized by im-

balance wad loss of body righting re-
tleaes, results from abrormal develop-
ment of the inner ear, with defccuve
morphogencsis of the otoliths (/, 2. A
mutant gene in mice, pallid (pa), also

1316

causes gongenital atinia resulling from
impairca develonn. ozt of coliths (3).
Wihen Jac diet of | regnant mutant mice
s supplemented with kizh amounts of

angafcse the otoliths and postural be-
havior ¢! the offspring are mormal.
Thus, there s . tela.onship betwesn
the go. ,v pallid and riic_snese meiavo-
lism (2 ).

Althcugh considcrable attention has

DSW 332424

rarcly documented.”

- ..
-~

Leen paid to the role of manganese in
crzyme functioa, its specicc biochemi-
cal action in vivo hus recmained un-
clear (5). A varicty of evidence, how-
ever, has implicated mangancse in mi-
tochondrial funciion, particularly in
oxidativo phosphorylation (5, 6). In
¢ar lavoratory, isolited Liver riitochon-
dria from manganese-deficient  rats
showed abnormal oxidative _hosphory-
lation which apneared to be <ue to re-
diced oxidative capacity rathicr than
10 iiv.. Of couiing (73. Ve na.v report
an P:0 ratios (mwoles of lcnosine
triphosphate formcd relaiive to grain
atoms of pxygen consumed) and rate of
oxygen uptake in i.olated liver mito-
chordria fror: muaganese-deficient and
srom pasliu mice, «nd on e fine struc-
turc of liver tissuc as studicd with the
clectron microscope.

Fcmale mice maintained in a colony
originally derived from a four-way
cross of inbred sirains CS57B1/i&
C3H/J, ARK/J, and DBA/2J (S8)
were given a purified diet (9) contain-
ing 1 part mangancse per million (de-
ficicnt diet) during pregnancy. Their
progeny were maintained on the same
dicts and-were killed as adults for use
in these studics. Iybrid micc of the
same strain were fed a similar purified
dict except that it contained 45 parts of
mianganese per million (conirol diet).
T2lid mice (pa/pe) and U.cir non-
pacid littermates (C57B1/10J-pa) were
maintzined on a stock diet (10).

For mitochondrial preparations, four
hybric deficient, four hybrid control,
five pallid, and five nonpallid mice

ere decapitated; their livers were put
into cold 0.25M sucrose, cut into smail
picces, and washed three times. Mito-
chondria were scparateé as previously
aucseribea (44). Oxygen upiuke was de-
termined by fhe polarographic assay of
oxygen after the method of Charnce and
Williams (12), with A-hydroaybutyrate
as the substrate in ihe rcaction medium
(Table 1). The oxygen elcctrode
was according to Packer (I3). We
calculated P:O ratics by determining
the rcduction ia thic amount of added
adcnosine diphosphate per unit of oxy-
g:n consumcd. Adenosine diphosphate
v/as measured by absorbance at 260
nm (/4). The conceniration ¢! protein -
in thc mitochondrial suspension was de-
tcrmined oy scans ot G biicet reac-
tion (135).

Median lobular he.atic tissiie was
exciscd from ten mangancse-deficient
hybrid, five control hybrid, and five
pallid adult female micc for excmina-
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