Sex . Difference in the Number of
A ~ = .2

Adipose Cells from Genetically
..Qbezc Rats,

41 e well known thia these is no incrcase #n the number of
“adipose cells in many hinds of cexperimental obesity.  In
= peactically obese mice, obob obese hyperglycacmic!? or yellow
abuase? spaadenoes as wellas in hypothalamic obwesitics produced
#odgrevmmthinphacesc:ia mice* or stercotaxiddesions in rats®,
ghore, s only am citlargenicnt of the adipossieclls.  The same
‘o eplis -are obtamed in rats made obese by =a high fat diet®,

There is only onc kpnown exception to this rulc: obesity

induced by & high fat diet in female mice”, in which the number

of cclls is increased by a factor of 2.5, Becsuse male animals
acyge used in all experiments except the last, the question
- arises whether there may be a sex diflerence in the adipose
tissue development in obese animals.,
Genelicolly obese rats (fafa)® 2.5 months old and their
figter mates, fed with my control diet, were used. Wholc
 mevipenital fat pads were weighed and treated as previously
hswgloseribed®: - portsoirtof histologieat wetiony=on slides, pro-
v+ yootod om the pround-yass of w/Pvdjedla hicroscope, were
-neastnd for their adipose ocils at a magnificauonof x 130, The
- mean vofume was calcututed and the number of adipose cclls
ostimated by the ratio of fat pad weight to mean adiposc cell
..volunu'.xﬂ.ml(o.‘).l is the mcasured density of the pads).

« Table 1 shows that the body weights of oixese rats doubled
-~40.the Somates but Incrcaxed fess in the males.  The weight of
rerigenital fat pads incrcased 3.2 and 9.7-fold in males and
females respectively.  Adiposc cells enfarged 4.6 and 4.0-
fold in obese males and fermales respectively.  Tn male obese
rats there were significantly  fewer cpididy.nal adiposc cells
than in their litter mates, but a 2.3-fold incicase in their number
xas obsorvad jo thopavametrial cells of the abesc Jemalcs,

Xaktv 3 Weights of tho Body and of the Two Porisenital Fot Peds of
_28 tAomh Oid Gonotically Oboso Malo and Female Rots snd Thoir
Littor Matos

Lean
_ _\lillcr males Obese
Rody.wright (i) 2764 16.0 366+ 17.3
- Epididymal fat pad weight () 2.824:0.260 9.00+0.327
Hfiabiponc.ockl voluae (% 40 un?) 276+ 25.5 1,275+ 852

Mﬂﬂm (%307 1iwi®) 319 £46.6 W 2t183644).5
Mool adipose cols: (midions ) “4.08+0.292 "~ 9,484 0.460

,-.-..’.;Tbc ccl] volume of the obese proups increased, but ecll number

mereased only in the female group (2.3 times). All diflerences
are. dighly significant (77<0.01). Values arc mean ts.e. There
were sk animails in cach of the four groups.

i Mlyperirophy of -the adipose oells in the olxse females could
only account for a parametrial fat pad weight of [.64x4.0=
b4 £—9.26 g loss than the actual weight,  And 30 about 7094
of the weight of the pads wits due to formation of new fat cells
which were themsclves hypertrophicd.,
These results clearly cstablished a sex difference in the
U sevelopioent of perigenital adipose tissuc. 'D;cy arc in good
- agreeaent with the literature which records no increase in fat
" zell auraber in male obese rats or mice! =%, But there was a
purked hyperplasia in the parametrial ad:pmc cells in the
| 1emales which was very similar to those obscnrd in female niice
m.;dcohcse by u high fatl gict™. .

. dored. adipssc.colls {aailiant) @ 34+0458 > .k £.5010.256
Bedy weight (g) TE65224 TS 3204136
~Povarrosrixd fat pad-werght ® *‘:1.6410:1’69 o359 4071
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Ixceptions 1o the rule that only hypertrophy is olverved in
male adult animals had been claimed: there is hyperplasia of
adipose cclls in rats after repeated injections of insulin®='¢ of
meal feeds''.  In these animals there was no increase in the
weight of the cpididymal fat pad, and adipose cell volume
scemed to be reduced; the differences, however, were very
smail,  The principal effect, in the two cases, was a preat
increase in the total DNA content of the pads (4 50% for mca)
fed rats't and + 1007 for rats trcated with insulin'®), Such
differences cannot be the cfiect of a marked hyperplusia: the
weight of fut pads was unchanged and celt volume very slightly
smaller; so it can be concluded that there was an increascd
DNA conlent in stromal structures. Such an cflcct has been
cstablished in hypophyscclomized rals after injections of
somatotrophic hormone: the rate of DNA synthesis of
supporting and vascular structurcs was enhanced, but there
was no cffcct on division in adipose cclls'®. 1n my rats, the
histological appcarance of perigenial adipose tissue was the
samg¢ as that described for rats made obese by a high fat diet®,
There was no diflerence, except for the size of the cclis, between
fat tissucs of control and obesc rats, although there was a
marked and similar hypcrinsulinism in males as in females in the
obese group (to be published later).
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‘Polychlorinated Biphenyl absorbed

from Sediments by Fiddler Crabs
and Pink Shrimp

POLYCHLORINATED biphenyls (PCBs) are manufactured in the
United States, Europe, and Japan and used as plasticizers,
flame retardants, insulating and heat exchange Nuids and in
many other products!.  Structurally related to DDT, soluble
in Jipid but relatively insoluble in water, and extremely persis-
tent in the environment?, they have been reporied in many
marine and estuarine organisms®. Onc PCB, 'Aroclor 1254
{Monsanto), was rcported in water, sediments, and biota from
Escambia Bay, Florida*,

In August 1969, pink, whitc and brown ‘hnmpx ( Penacus
duorarum, P. sctiferus, and P. a:ztecus) from Escambia Bay
were fuund to contain whole body residucs of *Aroclor 1254
at concentrations as high as 14.0 p.pan.  Most was concen-
trated in the hepatopanercas; residics in scven compoile
samples of at lcast five shrimps ranged from 0.6 10 1700 pop.o.
In "April 1970, fiddler crabs (('ca annax) collected at three
stations along the lower Escambia River and upper Lscambia
Bay had individual whole body residues of 0.45 to 1.5 p.p.m.
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To determine the distribution of *Aroclor 1254° in the
estuiry, forly sianples’ of water were collected in gliss bottles;
twenty sediments were collected with 4 core or dredpo sampler,
and nuny ostuarioe organisas were captured by trawd s
dredge.  These were analysed by pas liquid chromatogriphy*,
The farpest accumulations of *Aroclor® were found in the
scdinicnts.  In onc survey (Iiebruary 1970), conceatritions
sanged from 0.6 to 61.0 p.pan. in a smnple taken at the dis-
charge point of the industeial plant that accidentally released
the chcemical and at cicven stations extending 16 km downe.
stream (IFig. 1), ‘Aroclor’ was not detccted in scdiments
collected above the plant but soil samples from the bank near
the mouth of the river 6.5 km downstream from the source had
1.4 to 1.7 p.p.m. of this chemical.  Subscquent samplings from
three stations in the Bay showed little change in the amounts of
the chemical cven after nine months. We thercfore investi-
gated whether shrimp and fiddier crabs could accumulate
*Aroclor 1254° from the scdiments.
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PLART

0
L | J

KLWOMETERS

Fiz. 1 Study area showing lower Escambia River, upper

Escambin Bay and stations where sediment was coliccted on

February 24, 1970, The amount of "Aroclor 1254 found at

each station is given in parts per million (p.p.m.). ND, Not
detecied.

Scven contaminated scdiments {Table 1) were collected with
a Peterscn dredge from upper Escambia Bay and lower
Escarabia River at depths of 0.6 to $ m. Bcach sand and
additional samples of scdiment collected upstream from the
contaminated scction of the river scrved as uncontaminated
controls. Four kiloprams of cach of the scdiments and ten
adult pink sheimp (£ dvorarum) (rom a population which had
previously shown no contaminatton with "Aroclor’ were placed
in cach of ninc aquaria, Water at 17° C flowing at a ratc of
32 )/h, with an averape salinity of 27 parts per thousand
{p.p.1.), covered the substratum to a depth of 10 cm.

Fiddler crabs (U. pugilator) were exposed to ‘Aroclor’ by
placing them on five sediment substrates collocted as described,
Four kilogrems of cach of the scdiments were placed in tho

upper end of five aguaria inclined 10 deprees 20 a5 10 simnl -
a natural enviromnent. Ten crabs from a poptilation \Vll;‘\‘l\;
had N0 contaminittion were pliced in each adquarinm s, ang
servinp as a control. . Waler with an average sithinity of 27 n.p (-
at 13° C flowed at S L/b through the lower end. P
and crabs were {ed fish containing <0.03 p.p.m. ‘Aroclor
1254° cach day for 30 days. Five erabs were removed (rom
cach aquarium, killed and rinsed with a 50%, mixture of
acctone and witer o remove *Aroclor 1254' from material
adhering to the cexoskcleton.  To ensure cnouph tissuc for
analyses, individual crabs and pooled samples of hepato-
pancreas from shritp were mixed with anhydrous Na,SO, and
extracted with petroleum ether in a Soxhlet apparatus; the
extract was purificd with ‘Florisil’*.  ‘Aroclor 1254 was
quantitated by gas liquid chromatography®. The ratio of
individual ‘Aroclor’ isomers maintained inteprity in the
scdiments and tissues of test animals throughout the investi-
gation,

Hoth shrimpy

Tabie 1 ‘Aroclor 1264° in individual Fiddlor Crabs and Hepatopancreas
from Pink Shrimp

Sediment ‘Aroclor 1254  Avcrapc and  ‘Aroclor 1254 in

in scdiment  range of ‘Aroclor  combined hep.
(p.p.m. dry 1254" in five  atopancreas from
weight) individual fiddler  {our or more
crabs (p.p.m. shnmy (p.p.m.
wel weight) wel weight)
Sandy sitt  * 61.0 80.0425.0 240.0
Silt 30.0 17.0+9.0 6.1
Sandy silt* 5.7 — 9.8
Sitt - 4.9 3.6+09 1.3
Sandy silt® 4.1 — 6.7
Sit 2.5 3.2+09 11
Silt t 14 — 0.2
Sand control * ND 0.3+0.2 <0.2
Silt control t ND — <0.2

The samples of crab and shrimp were kent for 30 days on naturally
occurring sediments containing ‘Aroclor’.  Mortaliics occurrcd
in some groups of shrimp which could not be attributed to “Aro-
clor 1254°, '

¢ Sediment which contained particles of sand > 354 pmiin diamcler.

1 Scdiment which containcd particles of sand 354 pym or less.

—, No sample.

" ND, Not dcteetable,

Fiddler crabs and shrimp cxposcd to the contaminatzd
sediments accumulated ‘Aroclor 1254° in their tissues by
ingesting contaminated sediment particles or by absorbinn the
lcached chemical from water.  They sifted the sediments
before ingesting the particles.  In mest cases, the amount of
‘Aroclor’ in individual crabs or in shrimp hepatopancreas was
dircctly related to the amount in the sediments.  We analysed
the distribution of the chemical in the sediment in relation to
particle size and found it was cvenly distributed. Large con-
centrations of *Aroclor® residues may also accumulate m the
hepatopancreas of shrimp exposed to sandy silts because the
chemical leaches from the sediments and is absorbed throuch
the pills.  Threc and a half parts per billion (p.p.b.) were in the
efMucnt water from the aquarivm with sandy silt (61.0 p.p ™.
*Arocloc’); the water from the silt (300 p.p.m.) had oaly
0.5 p.p.b.  Even though fiddler erabs were not continuously
covered with water, they could have obtained *Arocior’ {rom
the water as they wetied ther pifls.

We have demonstrated cxperimentally that *Aroclor 1254°
can enter the estuarine food chain from scdiments. Others*
have wientificd this chemical in higher trophic life such as tish,
and since PCls are widespread in the woild?, we should
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feonme more alert to the presence, movement and cffects of
- atwese chemicals in the environment.,
L}

R. Nimo

D. Wison

R. R, BLACKMAN
A. J. WiLsoN, JUN.

D.
r,

1S Environmental Protection Agency,
Gulf Breeze Labaritory,
- Gulf Brecze, Florida 3256}
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A Lung Ocdema Factor from Mouldy
Sweet Potatoes (Ipomoca satcics)

Wg have alrecady described the toxic propertics of sweet
potato tubers infecwed with common moulds!*?.  The toxic
-nropertics are not directly attributable 10 the fungi because
poisons were not found when the organisms were grown in
2utoclived sweet potato slurry.  The experimental infection
of viable sweet potato slices of of the intact tubers nevertheless
- Tesulted in the production of many furanoterpenoid com-
pounds, some of which arc markedly toxic for laboratory and
commercial animals,

As well as the previously recognized hepatotoxins ipomea-
maronc [(+ )npaione]® and ipomeamaronal?, we have also
isolated a morc¢ potent toxin calicd lung ocdema fuactor (LO)
from cther and chloroform extracts of both artilicially and
naturally contaminatcd sweet potatocs®, which recalls that
natural outbreaks of mouldy sweet potiato poisoning in catlle
all describe respiratory distiress related to lung ocdema as the
—principal sipn of discase*'®. On the otlicr hand, hepatotoxicity
which micht be attributible to ipomecamaronc or ipomeca-
- smaronol has not been reported in most enzontics,

Fresh tuber slices inaculated with sweet potato slurry-shake
cultures of Fusarium javenicun and incubated for approximately
6 days at 22°-24° C contained significant quantitics of all three
toxins. We partially purnicd these metabolites by partitioning
crude cther oxtracts of infected sweet potatocs on silica gel
columns using clution with a hexane-cthyl acctate gradient.
The column cluites were monitored by thin-layer chromato-
graphy (TLC) (silica gel; 9: 1 benzene-methanol).  Ehrlich’s
Teapent produccd twelve 1o fifteen colourcd spots representing
furanolerpenoids on TLC strips developed from the crude
ether extract, Preliminary toxicity assays in mice showed
that the LO fuactor was associated with a reddish-purple spot
at Ry=0.4 which containcd numcrous compounds by pas
chromatographic analvsis.

Column cluate enriched with LO, cnnmlnnq chicfly of the
seddisk-purple FLC spot matcrial, was puriiicd further by
preparative pas-liquid chromatography (GC) of trimethyl-
sitylated {TMS) product. A single GC peuk corresponding to
the TMS cther of lunp toxic material wis obtained. We
removed the TMS proup by acid hydrolywis to pive pure toxin,
a colourless oil with a pungent odour.  Spectral evidence
(Table 1) indicates that its structure is 1-(3"-furyl)-4-hydroxy-1-
Ppentanone. .
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We propose the trivial name, 4-ipoincanol, for this compound
which is a dibydro derivative ol ipomcaninc, 1-(3-furyl)-1 4-
pentancdione, another known mclabolite of sweet potatacs®,
There are no m‘pons indicating luxlcnly for ipomcining,

The empirical formula of 4-ipomcanol;-Call, 0, (molccular
weight 168), was deduccd from the mass spectrum by cxact
mass mcasurement of the P-11,0 ion. (We mecasured a value
of 150.070+0.002; Col1,00; requires a value of 150.06%.)
The P-furylketo moicty was indicatcd by the characteristic
nuclcar magnctic resonance (NMR) signals for the furyl
protons’, by the streiching frequency of the conjupated
carbonyl group, by the uliraviolet spectruin® and by the intense
mfe 95 jon (-CaH,0O-CO*). The third oxygen function is a
hydroxyt group (v 3,390 cm-'}). Doublc irradiation NMR
showed that thr hydroxyl group was ecmbodied in a mcthyl
carbinol, Thcb}qm;_al shifts of the remaining two methylene
groups werc agasstent with the unbranchcd form of the
structure.

‘Table 1 Spectra of 4-Ipomoanol

Infrared, Ultraviolet NMR, & p.p.m. MS. mle (30
cm~! (peat) nm (cyclo- (CCle)

hexanc)
3,480 (OH) 243 (£3,000) 1.15(3H,d, 168 (5) Mol-

ccular ion
153 (2) Mi-ClI1,

J=GHz, 5-CH,)
3,110 (furyl) 211 (€ 5,100)  1.67 (2H, m,

P 3-CH,)
2,940

e 2'581(11) H, broad's, 150 (6) M-11,0
2,900 B 2.83 2H, 1, J=THz, 124 (5) M-CH,-
2.CH,) HCO
1,675 3.73 (14, m, 121 (2) M-H,0-
{conj. C=0) 4-CH) HCO
1,560 (furyl) 6.75 (1H, m, 4-CH) 110 (47)
' OH
foryl-&=cil,
1,510 (furyl) 7.42 (IH, m, 5-CH) * 95 (100)
. furyl-CO
1,160 8.07 (14, m, 2°-CH)
860 (furyl)
£ -

4-Ipomeanof is acutely toxic to mice, producing the lung
ocdema and pkeural effusion previously observed with crude
sweet potato extracts. Doscs of toxin {I-6 mg) given intra-
peritoneally thimice produced immediate signs of general
illness, followeghgsrickly by dyspnoca which gradually increased
in severity to the dime of dcath, apparently from anoxia, in
5 to 8 h. Cogparable quantitics given orally were usually
foliowed by a #$hort period of apparent latency (2 to 3 h)
followed by increasing rccplrdlory distress Icading to death
within 24 h.

At post-moricm cxaminations, clear fluid, somctimes as
much as 1 ml. or more, dripped from the nostrils when the
animal carcass was held with its head downwards. The lungs
were frequently conpested and surrounded by 1-2 ml. of clear
plcural fluid. | Microscopic sections of the Jungs stained with
hasmatoxylin and cosin showed intra-alveolar ocdema and
conpested biond vessels,  In some animals there was a slight
increase in akglominal Qeid but we observed no signiticant
puthological clanges in abdominad viscera,

We have alsqisolated an isomer of 4-ipomeanol, tentatively
assigned  the . structure  543'-furyl)-5-hydroxy-2-peatanone,
which is undcr.investipation.

Sweet potataes oflered for sale in food stores ofien contain
ipomcamaronc.ipomeamironol and 4-ipomcanol', The exact
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