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not in percent lipid (unchanged) for undisturbed LD 12:12 lar- 
vae at 40, 84, and 109 days. Immaculate larvae s (fig. 3b) ap- 
peared at LD 12:12 when larvae moulted from the 6th to the 
7th or the 7th to the 8th stadium. Immaculate sugarcane borer 
larvae (borers without pinacular pigmentation) always gained 
weight and were able to moult. In contrast, the southwestern 
corn borers did not feed or gain weight during diapause or as 
immaculate larvae (personal communication, G.M. Chippen- 
dale). 
Burges ~4 found that larval Khapra beetles, Trogoderma grana- 
rium Everts, occasionally fed, gained weight, and molted dur- 
ing delayed pupation, but it was not clear whether this was 
quiescence (cold or heat stupor) or diapause because in some 
cases the delay in pupation could be terminated with fresh 
food13,14. A number of other isolated field observations with 
various insect species were equally as puzzling 5' Js, 16. Mansingh 
proposed an alternative physiological strategy to quiescence 
and diapause that allowed insects to deal with seasonal 
changes of a short-term and moderate nature 5. He referred to 
this condition as oligopause. Unfortunately, no definitive stu- 

dies were available as proof. It appears in the sugarcane borer 
from both field observations iv and laboratory study (figs 1-3) 
that feeding and growth is possible during photoperiodicaUy 
induced delayed metamorphosis. Delayed metamorphosis in 
the sugarcane borer prevents adult reproduction during a gene- 
rally unfavorable winter season; but the option of feeding al- 
lows the borer to also take advantage of any intermittent peri- 
ods when favorable conditions for growth may exist. Feeding 
during delayed metamorphosis is more than simply for the 
maintenance of a minimum threshold size needed to success- 
fully complete metamorphosis and adult reproduction since 
borers are able to double their normal weight (fig. 3b). A 
greater weight increases the chance of surviving periods of un- 
favorable conditions when feeding is impossible and may affect 
fecundity in the spring. The example of delayed metamor- 
phosis in the sugarcane borer is an alternative physiological 
strategy to the well known conditions of quiescence and dia- 
pause. This condition in the sugarcane borer is classified by 
Mansingh 5 as oligopause but is classified by others as weak 
diapause 3. 
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Mast cells are present during angiogenesis in the chick extraembryonie vascular system 
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Summary. The extraembryonic vascular membranes of 3-day-18-day chick embryos were examined for the presence of mast cells. 
As early as 3.5 days mast cells were found on the area vasculosa. It is suggested that these cells have a role in angiogenesis of the 
chick extraembryonic vascular system. 

The extraembryonic membranes of the chick embryo have 
been frequently used to assay potential angiogenic or anti-an- 
giogenic agents. Most often the mature, non-growing vessels of 
the chorio-allantoic membrane (CAM) 2 have been employed to 
demonstrate the capacity of various agents such as infarcted 
myocardial tissue 3, lymphocytes and embryonic tissues 4, to in- 
duce new blood vessel growth. In particular, this system has 
provided a useful assay for determining the angiogenic proper- 
ties of neoplastic tissues 5. 
The immature, growing blood vessels of the yolk sac vascu- 
lature (area vasculosa) of early chick embryos have recently 
been used to show that embryonic angiogenesis can be pro- 
moted and inhibited by applying specific angiogenic and anti- 
angiogenic molecules 6. The experiments demonstrated that lo- 
cally applied protamine (a basic protein) inhibited the growth 
and expansion of the blood vessels over the yolk sac, causing 
the formation of a large avascular zone; and that this inhibi- 

tory property of protamine could be overcome by heparin. The 
discovery of the angiogenic properties of heparin and the inhi- 
bitory properties of protamine resulted from a series of experi- 
ments in which mast cells, and particularly mast cell heparin, 
were implicated. For example, mast cell accumulation was 
found to precede the ingrowth of new capillary sprouts at a 
tumor siteT; heparin released by mast cells stimulated migra- 
tion of capillary endothelial cells in vitro8; heparin enhanced 
tumor angiogenesis on the chick CAM 6, and protamine (an 
antagonist of heparin) blocked mast cell or heparin stimulation 
of capillary endothelial cell migration in vitro s. 
In view of these findings it is possible that mast cells, and the 
heparin they produce, have a role in normal embryonic angio- 
genesis, ff the angiogenesis accompanying embryonic devel- 
opment is promoted by mast cell heparin, then it is important 
to demonstrate the presence of mast cells in regions of vascular 
development. Thus extraembryonic membranes of chick em- 
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bryos at various stages of development were examined for the 
presence of mast cells. 

Materials and methods. Fertile White Leghorn eggs were incu- 
bated for 2.5 days, then windowed according to the basic tech- 
nique described by Summerbell and Hornbruch 1~ Extraem- 
bryonic membranes of  eggs incubated for 55 h to I0 days were 
fixed in ovo using absolute methanol. After dissection the 
membranes were left in absolute methanol for a further 10 
rain, and then stained for mast cells using a non-aqueous tolui- 
dine blue staining procedure 7,11. After dehydration, the speci- 
mens were cleared in xylene and mounted in Clearmount on 
glass microscope slides. In total, 52 extraembryonic mem- 
branes were stained and examined. 

Results and discussion. The development of the extraembryonic 
vasculature over the period in which the membranes were ex- 
amined can be briefly summarized: capillaries appear in the 
area surrounding the embryo at about 48 h by the anastomosis 
of differentiating hemangioblastic masses. Subsequent sprout- 
ing of endothelial cells by migration and proliferation pro- 
duces an expanding network of small vessels over the yolk sac. 
Rapid expansion of this vascular network continues over the 
following 6-8 days, eventually anastomosing with the allantoic 
vessels 2, 9. 
The stained, whole mounted membranes revealed metachro- 
matically stained mast cells as early as 3 days of development 
(fig. a). No other metachromasia was observed in the mere- 

brane, which stained orthochromatically. The distribution of 
mast cells on the 3.5-day extraembryonic membranes was non- 
uniform; the cells aways occurring in clusters and were usually 
found in close proximity to the capillaries, particularly at 
branch points in the vasculature (fig.b), when as many as 20 
cells/cluster were observed. Mast cells were also identified in 
the vessel-free mesoderm, again occurring as clusters but of 
fewer cells (3-7/cluster). The mast cells were found in regions 
both near the embryo and the advancing edge of the extraem- 
bryonic membrane. Up to 7 days mast cells were generally con- 
fined to clusters with the number of cells in each cluster vary- 
ing between 3 and 24 cells. Such clusters of cells were rather 
rare (at a frequency of < 2/5 mm 2 - obtained by examining the 
7-day membranes (n = 5) at x 160 using an oceular grid in the 
microscope). However, by 10 days the mast ceils were more 
evenly distributed often occurring singly and at greater dis- 
tances from blood vessels (fig.c). Sites chosen arbitrarily for 
examination at 9 days and later always revealed mast cells, at 
an average frequency of 3.7 :k 1.6 cells/ram 2 (obtained by 
counting mast cells in 3 1-mm 2 fields on each membrane, 
n = 7). Precise quantitation of the number of mast cells at the 
earlier times was extremely difficult because a) rather few cells 
were present and b) the clustering of the cells presented sam- 
piing difficulties. The morphology of the mast cells in the early 
extraembryonic membranes differed slightly from that of mast 
cells in extraembryonic membranes at older stages; being 
larger, containing fewer granular inclusions and could thus be 

a Mast cell on area vasculosa at 3.5 
days, the granular inclusions stain- 
ed red and the mesenchyme of the 
membrane stained blue. • 1777. 
b Cluster of mast cells lying adja- 
cent to a capillary (cap) on 3.5-day 
membrane, c Mast cells on 10-day 
chorioallantoic membrane. Note 
that at later stages the mast cells oc- 
cur more frequently in vessel-free 
areas of the membrane (both 
• 622). 
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considered to be less differentiated ~2. Few mast cells in the 
membranes examined had discharged their granular contents. 
Accounts of when mast cells first develop are conflicting13; 
however this report of the presence of mast cells at 3 days in 
the chick yolk-sac vasculature is the earliest at which mast cells 
have been identified. Recently mast cell precursors have been 
discovered in the early mouse yolk sac at 9.5 days (equivalent 
to 3 days of chick embryo development), but the method em- 
ployed was not able to ascertain at what time the precursors 
gave rise to characteristic mast cells 14. 

The presence of  mast cells on the yolk-sac vasculature is signif- 
icant because it shows that heparin-producing cells are present 
during a phase of  extensive capillary growth in a developing 
embryonic system. Thus it appears, that the mechanism pro- 
posed for tumor angiogenesis, that is, heparin produced by 
mast cells enhances the directed migration of capillary endo- 
thelial cells towards the tumor ~5, could also apply to embry- 
onic angiogenesis. Such a unifying mechanism would account 
for the similar effects of protamine on both tumor and em- 
bryonic angiogenesis. 
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Summary. Use of the whole-embryo culture technique resulted in experimental evidence that the pathogenesis of exencephaly in 
mouse embryos after cadmium chloride treatment results from reopening of the cranial neural tube. 
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Neurulation is one of the earliest and most important pro- 
cesses that developing embryos undergo during the organ for- 
mation phase. This process is a very complex one, during 
which various morphogenetic events take place simultaneously 
at an extremely rapid rate. In the mouse, for example, the cen- 
tral nervous system (CNS) primordium is established within 
about a two-day period. 
It is known that chemicals can cause CNS abnormalities dur- 
ing embryonic and fetal development, The most common CNS 
defects are anencephaly in humans 4, 5 and exencephaly in expe- 
rimental animals (for review, see Lemire et al.6). The patho- 
genesis Of these anomalies is as yet unknown, as is whether 
they are due to non-closure or reopening of the neural tube. 
This study reports the effects of  cadmium chloride (CdC12) on 
the neural tube closure of mouse embryos. CdC12 was selected 
for this study, as this chemical was shown to produce high 
incidences of exencephaly in term mouse fetuses when adminis- 
tered to pregnant mice during organogenesis 8, as well as to 
cause changes in the neuroepithelium during the process of 
neural tube closure 9. CdC12 administration to pregnant rats at 
various intervals after copulation has shown the greatest per- 
centage of accumulation in embryos which were at the early 
phase of organogenesis 1~ 
Investigations were carried out with the aid of  the postimplan- 
tat• embryo culture technique 7. This method not only pro- 
vides access to embryos at the early stages of organogenesis 
but also enables direct extracorporeal observation and manip- 
ulation of the embryos. 

Material and methods. Medium preparation. The medium con- 
sisted of  100% male rat serum. Blood for the serum was taken 
from the dorsal aortas of CD-rats (Charles River Laboratories, 
Wilmington, MA), and centrifuged immediately, The serum 
was then decanted and stored at - 2 0  ~ All sera were carefully 
thawed and heat-inactivated at 56 ~ for 40 rain prior to use. 
Culture conditions. Early organogenesis CD-1 mouse concep- 
tuses (Charles River Laboratories, Wilmington, MA) were ex- 
planted on day 8 (plug day = 0) and the maternal decidua and 
Reichert's membrane removed. The embryos (3-5 somites) 
within their yolk-sacs and amnions were cultured at 37.5 ~ for 

Effects of cadmium chloride on mouse neural tube tube development in 
vitro observed after a) 24 h and b) 48 h exposure periods 

Cadmium No. of embryos Embryos Mean 
chloride treated showing open morphological 
( x 10 _6 M) neural tubes score 

a) 0.0 25 0 (0) 28.2 4- O. 1 
1.1 14 0 (0) 26.1 �9 0.1 
1.3 14 0 (0) 26.3 4- 0.2 
1.6 6 0 (0) 26.2 • 0.2 

b) 0.0 82 0 (0) 43.3 • 0.2 
1.1 13 4 (30.8) 39.5 • 1.3 
1.3 10 2 (20.0) 42.6 4- 0.4 
1.6 14 7 (50.0) 37.1 • 1.9 

Numbers in parentheses: percentages. 


