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graphic traces of P action
potentials obtained under experimental
conditions identical to those of the up-
per portion of Fig. 2, except that the
ganglion had been superfused for 24
minutes with S mM theophylline. The
unconditioned test response (trace c)
and thc conditioning response (early
part of trace d) were unaffected by
theophylline. In contrast, the condi-
tioned test response (later part of trace
d) was idcrably more d in
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amplitude (46 percent) and mrea (44
percent) than prior to theophylline.
This i d inhibition of synapti

after a diti g stimu-
lus, observed in the presence of the-
ophylline, can be attributed to the
potentiation of the slow-1PSP achicved
by this phosphodiesterase inhibitor
(Fig. 1A).
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can mimic the electrophysiologic effects
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Polychlorinated Biphenyls: Metabohc Behavior of
Pure Isomers in Pigeons, Rats, and Brook Trout

Abstract, The metabolic behavior of pure mono-, di-, tetra-, and hexachloro-
biphenyl isomers in pigeons, rats, and brook trout was investigated. Excreta from

these animals were extracted and

d by chr phic and mass spec-

trometric techniques. The results showed conversion of the 4-chioro-, 4.4'-di-
chloro-, and 2,2'.5,5'-tetrachiorobiphenyl isomers into monohydroxylated de-
rivatives by the rat and pigeon whereas no hydroxymetabolites were detected
In une excreia of lhe brook trout. No hydroxylated products of 2,2'44'55'-

4,

yl were

Polychlorinated biphenyls (PCB) are
pow recognized as almost universaily
distributed pollutants which are gener-

d in the excreta of pigeons, rats, or brook trout.

ally considered to be quite resistant to
chemical and enzymatic degradation.
Recent evidence suggests that chloro-

Table 1. Data on hydroxylated metabolites from rat urine and pigeon eacrets. Thin-layer
chromatography on silica; solvent A, hexane-acetone, 2.5 : 1; solvent B, benzene -ethy! acetate,
12:1.

Hydroxychlorobiphenyl
Ry in solventt

Mass spectrum

¥ N Compound Number of
put. According to this scheme, cyclic adminisicred® Molccular chiorine
AMP mediates dopaminergic transmis- A 8 ion T:“l'::
sion and, thereby, modulates choliner- metabolite
gic tr ission in the gangli the -
modulation being of an inhibitory type  Chiorobiphenyl 03 0.8 204 1
that produces a ncgative feedback and 4" Chiorobipheny! <03 o 1t
limi h P f sut ‘l’-DIchlorobAphenyl 0.5% 0.6 patill 2
‘m'.l' .' © ° - 2,2',5,5 -Tetrach) t 0.55§ 0.55 306 4
excitation.

DoNALD A. MCAFEB
PAuL GREENGARD
Department of Pharmacology,
Yale University School of Medicine,
New Haven, Connecticut 06510

m

* No hydroxymetabolites wuld'ge detected In the excrets of rals or pigeons trested with 2,2°,4,4'3, s'

hexachiorobiphenyl. 1 Thi

spraying & portion of the plate with & ) percent
§ The accurate mass was for this

mers move wif
compound was found In 7ut urine only (that Is, not In pigeon eacrcin).
this reglon were extracied together; peaks due 1o impuritles were present In the m
different temperatures. Compounds were made visible by viewing

the solvent front in these syseems. tTI
1 Severnt

or bands n
speciTum at
with  ultravioler light o uy
solution of 2,4,7-trinltro-9-fluorenone in

Mass for €, H.CLO: 1!1 WSI

man found, 237.9959.
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approximately 30 seconds. The slow-
JPSP, but not the initial EPSP, was
polcnnnled in amplitudc and duration
o of theophylline (Fig.
IA). Theophylline did not inhibit either
(he amplitude or the duration of the
slow-EPSP (not shown). The hyper-
poluization of the poslgunglmmc neu-
rons induced by

Condilioning
Test

=

was also potentiated by thcophyllme
(Pig. 1C). The response 1o dopamine
was tested by swiiching for 3 minutes
from a superfusate of normal Locke
solition to one containing 50 xAf dopa-
mine (prepared 2 to 5 minutes previ-
ously) and then by rcturning to the
normal Locke solution. Theophylline
() 10 SmM) in ninc experiments
causcrl an increase of 44 :x 7 percent
(mean = S.E.M.) in the amplitude of
the slow-IPSP, and an increase of 54 +
9 percent in the amplitude of the hyper-
polaritation induced by 50 to 200 pM
dopamine. The effect of the theo-
phyllinc could be rcversed by super-
fusion of the ganglion with normal
Locke sol for 90 mi

- I

Fig. 2. Compound action potentials,
elicited by submaximum mmulmlon of
the pr li (cervical sy

nerve, and recorded from pl-hnnm bl-
polar clectrodes on the

ganglion in solutions of dibutyryl cyclic
GMP for longer periods of time (5 to
10 minutes). Higher doses (100 10
250 uM) of dibutyryl cyclic GMP
greatly enh d the rate of depolariza-
tion of the postganglionic necurons but
cither had no effect on, or decreased
the size of, the transient hyperpoluriza-
tion. These observations are in cootrast
to those made on liver slices where
both cyclic AMP and cyclic GMP
caused a hyperpolarization (/1). Con.
ceivably, cyclic GMP may mediate the
slow-EPSP and, thereby, mcrene lhc

(interna! carotid) nerve 2 to 3 mm
distant from the pole of the ganglion.
Upper row, superimposed traces a and b
recorded during superfusion of the gan-
glion with normal Locke solution. Lower
row, supcrimposed traces ¢ and d re-
corded 24 minutes after start of super-
fusion with Locke solution containing
S mM theophylline. Traces & and ¢, re-
sponse to a single test stimulus only.
Traces b and d, response 10 & condition-
ing stimulus followed 600 mscc lllﬂ' by
to a test oti
stimuli were just maximum for the S.

In each of 15 ganglion prepara-
tions studicd, 10~M 1o [0-%M PGE,
virtually abolished the slow-1PSP within
10 10 20 minutcs and substantially
reduced the slow-EPSP, but had no
effect on the initial EPSP. (A (umuen(

[see (/0)). voltages of the tesi
stimuli was one-half that of the condition-
ing stimuli; pulse width for both kinds of
stimuli was 0.5 msec. Calibration mark:
200 uv, 100 msec. Bandwidth, 2 hz to 10
khz.

P of the

to sub i y input.
If so, this would indicate that cyclic
AMP and cyclic GMP function in op-
posite directions, that is, in a push-pull
fashion m exert lang-term control over

itability in the sy

ganglion,

Dopamine, thcophylline, PGE,, cyclic
GMP, and cyclic AMP and its butyryl
derivatives, when tested on axons of
the cervical vagus nerve in the same
concentrations that had been used on
the ganglion, were found to cause little
or no effect on the membrane potential.
High concentrations of dibutyryl cyclic
GMP (} to 4 X 10-+M) had an effcct
on the vagus nerve (Fig. 1G) similar
to that which had been obscrved on

hyperpolarization of the postg:

neurons of 5 to 10 mmnlen duration,
was usually observed on starting PGE,
superfusion.) The effect of 3 x 10—'M
PGE, on the slow-IPSP is ill d

p bility of

cyclic AMP.
Studies have shown that acetylcholine

can cause an increase in the amount

o

in Fig. 1B. A concentration of PGE,
of | X 10-%M caused a SO percent
decrease in the amplitude of the slow-
IPSP. In nine ganglion preparations,
the effect of PGE, was tested on the
hyperpolarization induced by 50 to
200 pM dopamine. It was found that
PGE, abolished, or largely reduced, the
dopamine-induced h Iarization at
the same concenirations as were effec-
tive in abolishing the slow-IPSP (Fig.
ID). The effects of PGE; could be

of g ine 3.5 hosphate (cy-
cllc GMP) in heart md brain tissue
(9). Moreover, avsilable evidence mdx-
cates the existence, on p i

the ganglion with lower concentrations.

We have been able to demonstrate
consistently and reproducibly, with cach
of 13 preparati that the excitability
of postganglionic neurons in the supe-
rior cervical ganglion was diminished
during the period of the slow-IPSP and
that this inhibition was markedly po-

neurons of the superior cervical gan-
glion, of muscarinic-type receptors that
respond to acetylcholine by causing a

tentiated by theophylline. These effects
are |Iluslnled in Fig. 2 where the un-
P o a subi

prolonged depolarization of the
(10). Thesc same receptors are prob-
ably involved in the gencration of the
siow-EPSP (10). In view of the possi-
bility that cyclic GMP might mediate
this muscarinic depolarizing action of

largely reversed on p d super
fusion with normal Locke solution.
Monobutyryl cyclic AMP, applicd in
a concentration of 1 to 2.5 mM, hyper-
polarized 8 of 11 ganglia tested (Fig.
1E). Qualhaiively similar results were
obinined with cyclic AMP and dibutyryl
cyclic AMP, but not with adenosine
$'-monophosphate, adenosine, or bu-
tyric acid. Cyclic AMP and its deriva-
tives were never observed to cause
depolasization. The lack of any re-
sponse, by some of the prcparations,
to the dircct application of cyclic AMP
or its derivatives may be due 1o a low
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acety i we have studied the
effect of cyclic GMP and dibutyryl
cyclic GMP on the remng membrane

test lus is d with the re-
sponse to.the same strength of stimulus
applicd 600 msec after a stronger con-
ditioning stimuius, that is, at the time
of maximum development of the slow-
IPSP. The upper portion of Fig. 2 con-
tains two supcrimposcd oscillographic
traces of compound action potentials
derived from the postganglionic nerve

ial of
Cychc GMP ilself dld not causc a
change in membranc potential. How-
ever, exposure of the ganglia to dibu-
tyryl cyclic GMP, in low concentrations
(2.5 to 5.0 X 10-%M) for 4 minutes,
caused a small, transient hyperpolariza-
tion followed by a depolarization of the
postganglionic nesve cells in each of
seven preparations tested (Fig. 1F), A
depolarization of several millivolts
could be achicved by maintaining the

MONS

with pl bipolar recording clec-
trodes. The test response in trace a
was clicited without a prior condition-
ing stimulus and thercfore did not
occur during a slow-IPSP. The test
response clicited 600 msce after a con-
ditioning response (trace b) and, Lhere-
fore, during the slow-1PSP, was reduced
24 percent in amplitude and 20 percent
in arca compared to the unconditioned
test response. The lower portion of Fig.
2 contains two superimposed  oscil-

M
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biphenyls do show chemical changes
when exposcd to uitraviolet light (7).
Experiments  with commercial PCB
preparations also indicatc that certain
components, mainly those of lower

%c.

OH

IPl(mn

chlorine content, are bolized by
eats (2), pigcons (3, 4), and Japanese
quail (3). The evidence is based on
the disappearance of certain pcaks in
the gus chromatograms of PCB ex-
tracied from tissuc. A similar disap-
pearance of peaks, on the other hand,
was not observed in fish fed food con-
taining Aroclor 1254 (5).

Because of their complex isomer
composilion, commercial PCB prepara-
tions arc unsuitable for a study of the
metabolic behavior in which individuaj
compounds (metabolites) arc to be
identified. We know of only one study
of the metabolism of a chemically de-
fined chiorobiphenyl in the liicnlure

No
metsboites Teout C}"O’“

No hydroxylated
metabolites

¢ o
No hydroxylated
metabolites Trout
< 4]
[
No hydroxylated
<l
Trout

(6). In this casc 4-chlorobiphenyl was
shown 10 be converted 10 4-chloro—4'~
hydroxybiphenyl and its conjugates by
the rabbit.

We have examined the metabolic be-
havior of 4-chlorobiphenyl, 44’-d|-
biphenyl,  2,2',5,5'tetrachl
phenyi, ‘and 2,2',4,4',5,5'-hexachlorobi-
phenyl in laboratory rats, Carncau pi-
geons, and brook trout in an effort 10
observe (1) species differences and (ii)
differences in the metabolic behavior of
PCB components of different chlorine
content. The compounds were chosen
for their occurrence in commercial

PCB preparations (7).
An intraperitoneal injection of the
biphenyl (8) di in oil
(50 m.lll) was administered fo each
of the young malc rats housed in meta-
bolic cages each day for 3 days. A
capsule containing a solution of the
chlorabiphenyl in com oil (15 to 20
percent) (60 to 100 mg/kg) was fed
to each of the pigeons each day for
3 days, Urine and feces were collected
for 1 week from the start of the treat-

10

Rat

= Oy - O
\_u._'/
(oHl,
Rat
Pigeon
a o o
Ral
Pigeon
o} 4]
Rat No hydrosylaled
—
Prgeon metadolites

Fig. 1. Scheme for the metabolism of chlorobiphenyls in three animal species.

Each brook trout was fed a single
dose of the chlorobiphenyl (460 mg
to 1.2 g/kg) (the compound was con-
ccaled in chunks of beef liver). Im-
mediately after being fed, the trout
werc tsansferred to a S-liter tank and
kept there for 4 days. The water in
which the fish were kept during the 4
days after treatment was concenluted
to 1 liter, acidified with

could be detected in the urine of rats
treated with 2,2/,4,4,5,5"-hexachlorobi-
phenyt but the unchanged compound
was found in the feces. In all instances
no cvidence was found for reductive
dechlorination in the animals tested.
The bolism of the four chiorobi
phenyls in pigeons appears to be simitar
to that in rats except that oo dihy-

hydrochil acid, and refluxed for 3
houn. The acidified solution was ex-
tracted with ether, and the extracts were

droxychlorobiphenyl was present in ex-
creta from birds fed 4-chiorobiphenyt.
The spccifigity of the hydroxylation
reactions is not known. On the basis

prepared and d for hydroxy
chlorobiphenyls as described above.

Data for products obtained from
animals treated with chlorobiphenyls
are reported in Table 1 and Fig. 1. In
agreement with earlier observations on
the metabolism of chioronaphthalencs
(9) and chlorot 10,

of qualif observnllom, |he ease of
f ion of hydroxy in
rats and pigeons secms to be u follows
4-chloro 2= 4,4’dichloro > 2,2,3,5'-
tetrachloro > 2,2',4,4’,5,5-hexachloro.

For the conditions and methodology
used here. there was no cvidence for

lllll me(nbolum (hydroxylation) of
Is scems to become in-

ment from treated and d rats.

ly more difficult as the number

Urine ples were hydrolyzed by re.
fluxing with an equal volume of 8N
sulfuric acid for 1 hour and extracted
with ether. The feces were extracied
with hexane at 50°C. In the case of the
pigeons, the total excreta for 1 week
from the start of the treatment were
hydrolyzed and extracted. By compar-
ing thin-layer chromatograms (Table
1) of samples from the trcated and
untreated lmmuls. lhc cxm bnnds due
1o the chl y) d
could be Iocnled exlraclad and ana-
lyzed by gas chromatography and mass
spectrometry.
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of chiorine atoms in the molecule in-
creases. In the rat, 4-chlorobiphenyl is
metabolized to a mono- and a dihy-
droxychlorobipheny), and only little
starting material could be recovered
from the feces (no starting material
could be recovered from the urine). In
the case of 4,4'-dichloro- and 22'.5 5'-
tetrachlorobiphenyl, large of
the unchanged material could be ex-
tracted from rat feces and only a mono-
hydroxy derivative was identified in
rat urine. With the method used in this
experiment, no  hydroxymctabolites

MONS

the of hy ylated chloro-
biphenyls in brook trout.
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Raphides with Barbs and Grooves
in Xanthosoma sagittifolium (Araceae)

Abstract. Raphides in petioles of Xanthosoma sagittifolium are needlelike
crystals about 50 micrometers long. The rectangular cross sections have maxi-
mum dimensions of approximately 850 by 250 nanometers. The raphides have
two distinct end structures. One end is narrow, acute, and tapered to a point;
the other Is broad, acute, and abruptly pointed. Barbs, about 750 angstroms
long with tips oriented away from the narrow end, occur along the length of
the raphide on ridges on either side of swo longhudinal grooves. These grooves,
located opposite each other, give the raphide cross section an H-shape.

Raphides are nccdle-shaped crystals
of calcium oxalate, occurring in bun-
dles within specialized cells of certain
flowering plants (7). Ingestion of
fresh plant tissue containing raphides
usually results in immediate and often
sovore irritation of the mouth and
throat, Two reasons for this lrmmon

like drug associated with the crystal (3).
We describe barbs and grooves on
raphides, which probably act as me.
chanical irritants and possibly act by
carrying a chemical irritant into the
wound produced by the crystal, To our
knowledge, the barbs have not been
reported before.
Yanth

have been suggested: (i) h \]
irritation by the crystal itself (2) or
(it) chemical irritation by s curare-

Mot ™)
Schott, commonly known as xannia
or yautia, is an edible aroid grown as

1um

a subsi or ial crop in
many Pacific islands (4). The corm is
baked or boiled and eaten as a source
of starch. Leaves of other species of
Xanthosoma are cooked and eaicn in
the same way as spinach, Specialized
cells containing raphides occur in all
organs of these plants.

In this study petiolar material was
collected from planis grown at the
Lyon Arboretum at the University of
Hawaii. Fresh material was obscrved
with a Zeiss RA light microscope.
Scctions of tissue for scanning electron

' microscopy were crushed on the

sample holder to force mechanical re.
lease of the raphides from the spe-
cialized cells in which they developed
(Fig. 1A). The samples were dried in
air for 5 minutes, coated with an Au-
Pd alloy in a vecuum evaporator, and
viewed and photographed with a
JEOL JSM-U3 electron microscope op-
erated at 15 kv,

The use of crushed dissue in the

i i pe is an
excellent method for observing ra-
phides. Raphides are heid in the tissue,
and the irregularity of the tissue sur-
face makes it possible to observe the
crystal morphology in various orienta-
tions. The necdiclike raphides of X.
sagittifolium are about 50 um in
length (Fig. 1B). They have two dis-
tinct end structures. One end is broad,
acute, and abruptly pointed (Fig. 1C),
and the other is narrow, acute, and
tapering (Fig. 1D). Two grooves lo-
cated opposite each other run the
length of the crystal. The cross sections
have maximum dimensions of approxi-
mately 850 by 250 nm.

The grooves in the sides give the
cross section an H-shape (Fig. 1C).
SIMIII' cross uet-om can be mn in

i of
Lemna and Spirodella (3). No pre-
vious description of giooves has been
made. In X. sagitrifolium the grooves
are shallow near the narrow point, but
they appear to extend almost to the
tip (Fig. 1D). These grooves may al-
low maierial (possibly a chemical
irritant) to be carried into tissues with
the raphide. The grooves may also
prevent throat or mouth tissue from
sealing around the raphide. Their
small size may allow tissue fluids to
leak along the groove, as occurs in the
blood channels of some weapons.

P,

Fig. 1, (A ang B) Light mi (A} A

cell,

in a bundle, protruding into the petiolar air canal, and (B) a single uphlde. (C and D)
Scanning cleciron micrographs. (C) Two raphides showing barbs and grooves, both
at the broad, acute, abruptly pointed end. The broken one shows the two grooves
on the narrow sides of the raphide. (D) The namrow, acute, tapering point of the
raphide. Note the orientation of the tips of the barbs away from this end.

MONS 084566

Promi barbs occur on ridges on
cither side of the grooves along the
length of the crystals. The tips of the
barbs are oriented away from the
narrow end (Fig. 1D) and toward the
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