
Goldin-Meadow, in Language Acquisition: The 
State of the Art ,  L. R. Gleitman and E.  Wanner, 
Eds. (Cambridge Univ. Press, New York, 1982), 
pp. 51-77. 

9. Quantitative differences such as these are incon- 
clusive since they suggest only that certain 
structures are less frequent in mother's gestures 
than in the child's. However, in order to argue 
that the child induces consistent structure from 
the infrequent instances of structure found in his 
mother's gestures, one must allow that the child 
is coming to the learning situation with a bias 
toward making those inductions. 

10. Although the camera might have inhibited the 
mother's gesture production overall, it is unlike- 
ly that the camera affected the way in which the 
mother structured or failed to structure her 
gestures. The "camera-shy" hypothesis is fur- 
ther weakened by the fact that, for five mothers, 
the rate of single-sign production was higher for 
mother than for her child (although each moth- 
er's rate of production of the more complex sign 
sentence form was half that of her child). 

11. It is possible that individuals other than parents 

(such as siblings or the experimenters them- 
selves) influenced the development of the ges- 
ture system, but three of the ten deaf children 
had no siblings, suggesting that interaction with 
a sibling was not necessary to develop a struc- 
tured gesture system. Experimenters made ev- 
ery effort not to gesture to the deaf children, and 
few of the children's gestures were imitations of 
the experimenter's gestures (2 percent, 1 of 58, 
overall); the experimenter produced so few ges- 
tures on videotape that analysis for structural 
properties was unnecessary. 

12. R .  Brown and C. Hanlon, Cognition and the 
Development of Language, J. R. Hayes, Ed. 
(Wiley, New York, 1970), pp. 11-54. 
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ments and R. Church, E. Eichen, M. Morford, 
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Metabolic Detoxification: Mechanism of Insect Resistance to 
Plant Psoralens 

Abstract. Larvae of the black swallowtail butterfly, Papilio polyxenes Stoll, forage 
successfully on plants that contain high levels of photosensitizing psoralens. These 
insects rapidly detoxify psoralens, particularly in the midgut tissue prior to absorp- 
tion, with the result that appreciable levels of unmetabolizedphototoxin do not enter 
the body circulation where deleterious light-induced interactions with dermal or 
subdermal tissues would occur. 

Psoralens (linear furocoumarins) are 
photoactive compounds that readily al- 
kylate DNA when activated by longwave 
ultraviolet light (I). The biological activi- 
ties of psoralens include uses in human 
medicine (1, 2) and they pose significant 
toxicological risks to  man and other or- 
ganisms (3, 4). Psoralens occur naturally 
in plant species, where they act as gener- 
ally effective deterrents against feeding 

by insects and other herbivores (4, 5). 
Certain insects, however, particularly 
the larvae of some butterflies of the 
family Papilionidae, feed successfully 
and preferentially on plants that contain 
psoralens (6). The mechanism of insect 
resistance to  the phototoxic effects of 
these chemicals has heretofore not been 
considered and is the subject of our 
report. We have shown that larvae of 
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Fig. 1. Patterns of I4C excretion and distribution in last instar larvae of Papilio polyxenes and 
Spodoptera frugiperda after oral treatment with ['4C]xanthotoxin at 5 p,gig. Data points are 
means (N = 3 or more) with standard deviations indicated by the bars. 

374 

the black swallowtail butterfly, Papilio 
polyxenes Stoll (Lepidoptera: Papilioni- 
dae), rapidly degrade 8-methoxypsoralen 
(xanthotoxin) to nonphotosensitizing me- 
tabolites in the midgut tissue prior to 
absorption; thus, appreciable levels of 
the intact phototoxin are not available 
for light-induced interactions with body 
tissues. In contrast, identically exposed 
larvae of a psoralen-susceptible insect, 
the fall armyworm, Spodoptera frugi- 
perda J .  E .  Smith (Lepidoptera: Noctui- 
dae), metabolize xanthotoxin at  a much 
slower rate, with the result that levels of 
the absorbed photosensitizer in S .  frugi- 
perda are more than 50 times greater 
than those seen in P. polyxenes. 

While collecting plants for studies of 
the toxicology and psoralen chemistry of 
the livestock photosensitizing weed 
Thamnosma texana (Gray) (Rutaceae) 
(7), we observed larvae of P. polyxenes 
feeding on populations of T.  texana in 
direct sunlight in Medina County, Texas. 
The larvae were collected and reared to 
pupae in the laboratory on harvested, 
moistened T ,  texana. Emerging adults 
were fed a mixture of honey and water, 
and 2- to 3-day-old females were sub- 
sequently mated with 1- to 2-day-old 
males. Sprigs of fresh parsley from a 
local supermarket were provided for ovi- 
position, and the hatched larvae were 
continuously fed a diet of fresh parsley. 
Newly hatched larvae of a laboratory 
colony of S .  frugiperda, a highly polyph- 
agous insect that feeds on many plant 
hosts other than psoralen-rich species 
(a), were transferred to and reared on 
fresh parsley. 

A I4C-labeled preparation of xantho- 
toxin, a common plant psoralen (9), was 
applied in acetone solution to small twigs 
of parsley, the solvent was allowed to 
evaporate, and the treated twigs were 
fed to  last instar larvae of either insect 
species that had been starved for 2 hours 
(10). The dosages were equivalent to 5 
~ g l g ,  tailored to the individual prestarva- 
tion weight of each larva. Typically, lar- 
vae of both P.  polyxenes and S .  frugi- 
perda consumed the entire dosage within 
5 to  15 minutes. At 1.5, 3, 6, 12, or 24 
hours after treatment, the gut was care- 
fully dissected from the body, and the 
gut and contents, body, and any excreta 
eliminated during the period after treat- 
ment were analyzed separately for 
[14C]xanthotoxin and its metabolites 
(11). 

Elimination of I4C after oral treatment 
with [14~]xanthotoxin is much more rap- 
id in P ,  polyxenes than in S ,  frugiperda 
(Fig. 1 ) .  Within 1.5 hours, 50 percent of 
all the administered I4C is recovered in 
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excreta of the treated butterfly larvae, 
but only about 1 percent is eliminated by 

Table 1. Unmetabolized xanthotoxin in body 
tissues of last instar larvae of the black swal- 
lowtail butterfly (Papilio polyxenes) and the 
fall armyworm (Spodoptera frugiperda) after 
the animals were treated with [I4C]xantho- 
toxin at 5 pgig. The values are means (N = 4) 
k standard deviation (S.D.). 

Time I4C absorbed 
after (percent +. S.D.)* 
treat- 
ment Papilio Spodoptera 

(hours) polyxenes frugiperda 

lite 2 exhibited instability during workup 
but was ultimately isolated in pure form 
after methylation with diazomethane. the armyworms. Given the relatively 

large midgut capacity of P ,  polyxenes 
and the small amounts of excreta depos- 
ited at the early sampling intervals, it is 
apparent that 14C in the excreta of early 
samples arose as a result of absorption of 
14C through the gut wall and subsequent 

Mass spectral and nuclear magnetic res- 
onance studies conclusively established 
that both metabolites arise as a result of 
cleavage of the furan ring (Fig. 2) (14), 
reactions that may involve a transient 
2',3'-epoxide intermediate (15). The gen- 
eration of metabolite 2 apparently does excretion (presumably by the Malpighian 

tubules) into the hindgut. 
Xanthotoxin is rapidly absorbed 

not involve 1 as a metabolic intermediate 
because P. polyxenes larvae fed purified 
I4C-labeled 1 eliminated the compound 
unchanged in the excreta. Both 1 and 2 
have been established as xanthotoxin 
metabolites in some mammalian systems 
(15, 16) but ours is the first report of their 

through the gut wall by larvae of both 
insect species, as indicated by similar 
disappearance rates from the gut; how- 

*Percent of the administered xanthotoxin. ever, about 15 times as much 14C accu- 
mulates in the body tissue of S. frugi- 
perda than in P ,  polyxenes (Fig. 1). In occurrence in invertebrates. Because of 

the extensive modifications in the parent 
psoralen nucleus, neither metabolites 1 

armyworms, 55 percent of the adminis- 
tered 14C is recovered in the body tissues 
1.5 hours after treatment, but body bur- 
dens of 14C in P. polyxenes are always 
< 4 percent of the total dose. Differ- 
ences in the amounts of xanthotoxin per 
se in the bodv tissues of the treated 

had been destroyed by heat treatment 
(100°C in buffer, 30 minutes) prior to 
incubation. 

Thin-layer chromatographic (TLC) 
nor 2 would be expected to have photo- 
sensitizing activity (15). 

Our data show that the resistance of P. analysis of extracts from excreta, body 
tissues, and gut and contents from the in 
vivo studies and from the in vitro midgut 

polyxenes larvae to the phototoxic ef- 
fects of dietary psoralens is due largely 
to a highly efficient capacity to detoxify worms are even more dramatic (Table 1). 

In armyworm bodies, about 42 and 20 
percent of the administered 14C is recov- 

tissue incubations indicated that the met- 
abolic pathways for xanthotoxin are 
qualitatively the same in both butterfly 

these chemicals, with much and perhaps 
almost all of the detoxification occurring 
in the midgut 'tissue prior to absorption. 
Such a resistance mechanism is appro- 

ered as unmetabolized xanthotoxin 1.5 
and 3 hours after dosing, respectively; 
comparable values for unmetabolized 

larvae and armyworms. In all samples, 
two major xanthotoxin metabolites are 
seen, both considerably more polar than 
xanthotoxin on the basis of TLC behav- 
ior. Two additional minor metabolites 
occurred, but these collectively account 

priate and possibly obligatory for insects 
that feed on psoralen-rich plants under 
conditions of high>light intensity because 

xanthotoxin in body tissues of butterfly 
larvae are 0.7 and 0.1 percent. Therefore 
S ,  frugiperda contains absorbed photo- psoralens are >otent nonspecific photo- 

toxins that would be expected to under- 
go deleterious interactions with dermal 

toxin at all intervals after treatment in 
amounts that are at least 50 times greater 
than those of P. polyxenes. 

for less than 10 percent of the metabolic 
products generated (13). 

Larvae of P. polyxenes were fed large 
quantities of [14~]xanthotoxin-treated 
parsley, and the two major metabolites 
were subsequently isolated in milligram 

or subdermal tissues once absorbed into 
the general body circulation (17). We do 
not imply that psoralen detoxification in 
either P ,  polykenes or S. frugiperda oc- 

When the gut contents of untreated P. 
polyxenes larvae were incubated with 
[14C]xanthotoxin no metabolism of 
xanthotoxin was detected after 12 hours. amounts from the excreta by preparative 

TLC. The least polar of the two, desig- 
nated metabolite 1, was successfully 

curs only in midgut tissues. In both but- 
terfly and armyworm larvae, the admin- 
istered [14C]xanthotoxin is ultimately 

an indication that neither the gut flora 
nor enzymes secreted into the gut lumen 
were the source of metabolic activity 
(12). Whole midguts were then removed 
from the last instar larvae of both P. 
polyxenes and S ,  frugiperda and slit 

crystallized from a mixture of ethyl ace- eliminated almost totally in the excreta 
tate and hexane. The more polar metabo- as xanthotoxin metabolites; thus, the 

data in Table 1 for armyworms are con- 
sistent only with the conclusion that tis- 

open lengthwise; the contents were 
washed out in cold phosphate buffer 
(0.2M, pH 7.8). Samples of the unhomo- 

sues outside the gut are primarily re- 
sponsible for xanthotoxin degradation in 
this insect. In P,  polyxenes larvae, 

genized midgut tissue (about 90 mg, wet 
weight) were then incubated at 32OC with 
25 pg of [14C]xanthotoxin in 2.0 ml of 
buffer. Extraction and analysis after 4 
hours showed that 73 +- 12 percent of 
the xanthotoxin was metabolized in sam- 

xanthotoxin-dttoxifying enzymes are ac- 
tive in body &s well as gut tissues (con- 
firmed by incubation with [l4C]xantho- 

Xanthotoxin 

OCH3 

toxin); thus, any psoralen that is ab- 
sorbed unmetabolized by P. polyxenes is 
subject to further and probably rapid 
detoxificatiop. 

Because P: polyxenes and S. frugi- 
perda larvae degrade xanthotoxin (and 

ples that contained P. polyxenes midgut 
tissue, whereas only 9 t 4 percent was 
metabolized in samples that contained S. 
frugiperda midgut tissue. The xantho- 
toxin degradation in these samples was 
clearly metabolic in origin because no 

presumably other psoralens) by essen- 
tially identical metabolic pathways, it 
may be that during coevolution with its 
psoralen-rich host plants, the black swal- degradation of xanthotoxin was detected 

in samples in which the enzymatic activi- 
ty of the butterfly or armyworm midguts 

Fig. 2. Structures of xanthotoxin and its major 
metabolic products in larvae of Papilio polyx- 
enes and Spodoptera frugiperda. 

lowtail butterfly has simply maximized 
metabolic detoxification processes that 
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are widespread in Lepidoptera and per- 
haps other insect orders as well. The 
development of such ah effective means 
of circumventing a rather formidable 
host plant resistance: mechanism no 
doubt provides the black swallowtail 
with a distinct competitive advantage 
over other psoralen-susceptible insect 
herbivores. 
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Magnesium Deficiency-Induced Spasms of Umbilical Vessels: 
Relation to Preeclampsia, Hypertension, Growth Retardation 

Abstract. Isolated umbilical arteries and veins, obtained from normal women at 
the end of pregnancy, were incubated in Krebs-Ringer bicarbonate solution and 
exposed to magnesium at concentrations ranging from 0 to 9.6 rnillimoles per liter. 
The basal tension of the vessels increased when magnesium was withdrawn and 
decreased when the concentration of magnesium was raised. Absence of magnesium 
in the medium sign$cantly potentiated the cont;actile response of the vessels to 
bradykinin, angiatensin 11, serotonin, and prostaglandin Fz,. It appears that 
magnesium deficiency may be responsible for spasms of umbilical and placental 
vasculature. Our findings may provide a rationale for why magnesium sulfate is an 
efective therapy in preeclamptic syndromes in pregnant women. 

The symptoms of preeclampsia in around 1900, to the point where the 
pregnant women include hypertension, Mg2+ balance of many is negative (11, 
edema, increased vascular reactivity 12, 14). Acute hypomagnesemia in ani- 
to pressor substances, uteroplacental mals and humans is often associated with 
changes (ischemia, infarctions), cerebral increases in blood pressure and in pe- 
and visual disturbances, and coagulation ripheral vascular resistance (11, 15). Ar- 
defects (1, 2). In addition, almost half of tificial lowering of the Mg2' content of 
all fetuses delivered from preeclamptic isolated peripheral, coronary, and cere- 
mothers exhibit growth retardation. It is bral vessels from rats, rabbits, dogs, and 
estimated that, worldwide, the syndrome piglets induces rapid contractile respons- 
kills 5 million pregnant women and fetus- es (15-1 7). Acute hypermagnesemia re- 
es annually (1, 3, 4). Although preec- duces both spontaneous and drug-in- 
lampsia has been known for centuries duced tone in these peripheral arteries 
(S), its pathophysiology remains unre- and veins (15-17). Such evidence sug- 
solved (1-4, 6). Its incidence is highest gests that extracellular Mg2+ plays a role 
among indigent populations, perhaps be- in regulating vasomotor tone. 
cause of malnutrition (1, 5, 7,  8). The There are reports that placentas from 
preferred treatment for severe cases is women with preeclampsia or eclampsia 
parenteral administration of MgS04, exhibit decreased Mg2' and increased 
which somehow restores normal blood Ca2+ (11, 18). A higher than normal ratio 
pressure and vascular reactivity (1, 2, 4, of Ca2'to Mg2+ has been shown to pro- 
6). voke vasospasm in coronary, cerebral, 

Hypomagnesemia has been seen with and certain peripheral blood vessels in 
preeclampsia (9-12). Normal pregnant animals (15, 16). It was once suggested 
women often show progressive hypo- that peripheral vasospasm might play a 
magnesemia during the last 2 months of role in preeclampsia (19). To investigate 
pregnancy (11-13). According to recent the possibility that vasospasm of the 
surveys (11, 14), the dietary intake of umbilical arteries and veins can be pro- 
Mg2+ among pregnant women world- duced by Mg2+ deficiency, we deter- 
wide has been steadily declining since mined the influence of sudden Mg2' 

withdrawal and hypermagnesemia (2.4 to 
9.6 mM) on vascular tone and on vasoac- 

Table 1. Influence of extracellular Mg2+ on 
the basal tone of human umbilical arteries and 
veins. The number of donors represented in 
each group is given in parentheses. Tissues 
were first incubated in Krebs-Ringer bicar- 
bonate solution containing 1.2 mM Mg2+. All 
the values (means t- standard errors) differ 
significantly from those for the 1.2 mM Mg2+ 
solution (P < 0.01, paired t-test). Minus signs 
signify relaxation. 

Mg2 + Tension (mg) 
(mM) Arteries Veins 

tive drug-induced responses in human 
umbilical arteries and veins. 

Arteries and veins, obtained from the 
normal umbilical cords of 34 pregnant 
women at full-term spontaneous deliv- 
ery, were helically cut and set up isomet- 
rically (20). The tissues were equilibrat- 
ed in normal Krebs-Ringer bicarbonate 
solution (118 mM NaCl, 4.7 mM KC1,2.5 
mM CaC12, 1.2 mM KH2P04, 1.2 mM 
MgC12, 10 mM glucose, and 25 mM 
NaHC03) and aerated with 95 percent 
O2 and 5 percent C 0 2  at 37°C. After 3 
hours of incubation under tension, the 
vessels were exposed randomly to nor- 
mal (1.2 mM), zero, and high (2.4, 4.8, 
and 9.6 mM) concentrations of Mg2+ and 
their contractile responses were mea- 
sured with Grass FT-03 force-displace- 
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