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The 14-day-old embryo of the grasshopper 
Chortophaga viridifasciata (De Geer) has 
been extensively used by Carlson, Gaulden, 
and coworkers for in vitro studies of its large, 
rapidly dividing neuroblasts. In the course of 
some experiments requiring rapid preparation 
of hanging-drop cultures of irradiated em- 
bryos, the small amount of grasshopper egg 
yolk usually added to the artificial medium 
(1) in the cultures was omitted to speed oper- 
ations. The recovery of the neuroblasts in 
these cultures from radiation-induced mitotic 
inhibition was greatly retarded. The present 
report describes a detailed examination of the 
influence of yolk on mitotic rate in untreated 
neuroblasts and on recovery from mitotic in- 
hibition in X-rayed neuroblasts. A positive 
influence was found in each case. 

Materials and methods. In all experiments 
embryos were dissected and made into hang- 
ing-drop preparations for in vitro observations 
as described by Gaulden, Nix, and Moshman 

* W o k  performed for the Atomic Energy Com- 
mission under Contract No. W-7405-eng-26. 

( 2 ) ,  with two exceptions. Following separa- 
tion from their membranes and removal of 
their appendages (hereafter referred to as 
“dissection”) the embryos were left sur- 
rounded by yolk in a dish of artificial culture 
medium until they were mounted in hanging- 
drop cultures. Varying amounts of yolk, or 
no yolk, were added to the cultures. For 
study of the influence of yolk on mitotic rate 
of untreated embryos, 4 different amounts 
were tested, namely, approximately 0, %? %, 
and 5 the amount present in an egg. 
Amounts of yolk greater than % were not 
used because they increased greatly the 0s- 
motic pressure of the culture drop resulting in 
a change in mitotic rate(3). With the 
amounts of yolk used in the present experi- 
ments, no changes in osmotic pressure-as 
determined by the visible appearance of cells 
and chromatin-were observed except pos- 
sibly during the later counting periods in em- 
bryos mounted with % yolk. A given amount 
of yolk can be obtained by placing a 14-day- 
old egg (Fig. 1) in a dish of culture medium, 
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cutting off the posterior tip of the egg, and 
gently pressing the embryo and yolk out of 
the chorion. If this operation is performed 
carefully, the yolk comes out in the form of a 
cylinder with the embryo lying on top at one 
end. The embryo and its membranes can be 
easily discarded without disturbing the yolk. 
The cylinder of yolk can then be cut into por- 
tions of desired size. The anterior %, %, or 

of the yolk cylinder was used because its 
consistency was more uniform than that of the 
posterior portion. Currents in the medium 
around the yolk are kept a t  a minimum dur- 
ing these operations in order to prevent dis- 
persal of the serosal fluid which surrounds the 
yolk. Twelve minutes after dissection each 
embryo was mounted on a cover glass, ventral 
surface down, in a drop of culture medium to 
which was added a given amount of yolk or 
no yolk. The total amount of culture material 
in the hanging-drop was equal to 5-10 pl of 
fluid. The cover glass was inverted and sealed 
over a depression slide with thick mineral oil. 
The volume of the depressions used varied 
from 0.0531 to 0.0594 ml. Twenty-one min- 
utes after the embryos had been dissected the 
hanging-drop preparations were placed on the 
stage of a microscope, the lower portion of 
which was enclosed in an incubator main- 
tained at  38" t 1°C. Observations on the 
neuroblasts, which lie just beneath the cover 
glass in these preparations and which are in 
all stages of mitosis, were begun 1 minute 
later with the oil immersion lens and bright- 
field illumination. Light from the microscope 
lamp was passed through a 5% solution of 
copper sulfate to remove heat. For study of 
the influence of yolk on recovery of neuro- 
blasts from X-ray-induced mitotic injury, em- 
bryos were exposed in vivo to 64 r of X rays 
at  room temperature (25"  t 2°C). A Gen- 
eral Electric Maxitron 250-kvp unit was used 
at  125 kvp and 15 ma with 3.5 mm A1 filtra- 
tion and 54.5 cm target distance. The dose 
rate was 32 r,/minute. Embryos were dis- 
sected 18 minutes after irradiation and 
mounted 2 minutes later. In preparation of 
the hanging-drop cultures, the X-rayed em- 
bryos were mounted, half with % yolk 
and half without yolk. Untreated control em- 
bryos were similarly mounted. Twenty-one 
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FIG. 1. Camera Zucida sketch of 14-day-old egg 
of grasshopper, Chortophaga viridif asciata. am, 
amnionic membrane ; c, chorion and closely adher- 
ing cuticle layers; e, embryo; pe,  posterior end of 
egg; sf, serosal fluid; sm, serosal membrane; y, 

yolk. 

minutes after irradiation, the hanging-drop 
cultures of both treated and control embryos 
were placed in the incubator at  38' k 1°C 
and observations begun 1 minute later. 

The method for determining mitotic rate is 
as follows. Approximately 140 neuroblasts 
per embryo (all neuroblasts in the 3 thoracic 
segments) are examined at  16 22-minute in- 
tervals and the number of neuroblasts in mid- 
mitosis (prometaphase, metaphase, and ana- 
phase) are recorded. Such counts provide a 
valid determination of the number of cells 
going through mitosis in a given period of time 
because the duration of mid-mitosis a t  38°C 
is 22  minutes under the conditions of the pres- 
ent experiments. The short interval between 
observation periods limits the number of em- 
bryos that can be examined a t  one time. Thus 
the data for each experimental condition rep- 
resent a compilation of data obtained from 
several sets of embryos studied on several suc- 
cessive days. In  the experiments to test the 
influence of yolk on untreated mitosis: 2 em- 
bryos with each of the 3 amounts of yolk and 
2 with no yolk were prepared for study at a 
time. In the X-ray experiments, 4 X-rayed 
and 4 untreated embryos, 2 with and 2 with- 
out yolk in each case, were studied at  a time. 

Results of the experiments de- 
signed to determine the influence of yolk on 
mitotic rate of untreated neuroblasts are given 
in Fig. 2 as the average number of mid-mitotic 
cells per embryo plotted against time after 
dissection. An analysis of variance test+ of 

Results. 

~~~ ~~ 

t The authors are indebted to Dr. A. W. Kimball 
and Mr. George Atta for the statistical a n a l y e  of 
the data. 
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FIG. 2. Effects of varying amounts of yolk from 
a grasshopper egg on mitotic rate of untreated 
neuroblasts. 0 ,  no yolk (8 embryos) ; 0, l/s yolk 
(9 embryos); A, $ yolk (8 embryos); 0, yolk 

(7  embryos). 

the raw data revealed that the shapes of the 
curves are essentially the same but that their 
over-all heights are different at the 0.1% 
level of significance. The number of mid- 
mitotic cells in the no-yolk cultures as com- 
pared with the yolk cultures a t  the 44- and 
66-minute counts (Fig. 2 )  was significantly 
lower only at  the 5-10% level of probability. 
This cannot be considered a statistically sig- 
nificant difference, but it does indicate an 
early trend toward low mitotic activity in the 
no-yolk cultures that reaches significant pro- 
portions by the 88-minute count. In other 
words, the decrease in number of cells that 
can complete mitosis in the absence of nutri- 
tive yolk becomes evident soon after the cells 
are separated from the yolk. 

The drop in the frequency of mid-mitotic 
cells a t  the 44-minute count followed by a 
rise at the 66- and/or 88-minute counts oc- 
curred in all 4 types of culture preparations. 
Exploratory experiments revealed that this 
fall and rise of activity results from a brief 
inhibition of mitotic progress of cells which 
enter or are in middle and late prophase when 
cultures are prepared. This inhibition appears 
to be caused partly by temperature shock 

that results when cultures are transferred from 
room temperature to 38°C and partly by the 
slight adjustments in cellular osmotic pressure 
which occur immediately following the change 
from in vivo to in vitro conditions. 

In Fig. 3 is shown the relation between 
amount of yolk in the culture preparation to 
the mean number of cells completing mitosis 
in 352 minutes. It can be seen that the fre- 
quency of cells going through mitosis in- 
creased as the quantity of yolk increased up 
to 3 .  The mean mitotic- frequency in cul- 
tures containing yolk was a little lower 
than that in the %-yolk cultures. This is 
probably caused by adverse effects of the 
slightly higher osmotic pressure that develops 
in the medium of the %-yolk cultures about 
3.5 hours after they are prepared. The cause 
of this increased osmotic pressure has not yet 
been determined. In cultures made up with 
amounts of yolk greater than 5, the increased 
osmotic pressure becomes manifest very soon 
after their preparation. For this reason larger 
amounts of yolk were not used in the present 
study. 

Results of the experiments designed to de- 
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FIG. 3. Total number of mid-mitotic neuroblasts 
per embryo as function of amount of yolk in  cul- 
ture drop. The interval about each point repre- 
sents the region within the 95770 confidence limits. 

3 It should be noted that an amount of yolk 
approximately equal to '/4 that in an egg has been 
routinely used in preparing hanging-drop cultures in 
all previous work on grasshopper neuroblasts. 
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TIME AFTER IRRADIATION(MIN) 

FIG. 4. Effects of yolk on recovery of neuroblasts 
from X-ray (64 r )  induced injury. 0, mitotia ra- 
tio of X-rayed cells : coiitrol cells mounted with 
% yolk; mitotic ratio of X-rayed cells : control 
cells mounted without yolk. Data obtained from 

8 embryos for each experimental condition. 

termine the influence of yolk on recovery of 
neuroblasts from X-ray-induced mitotic in- 
hibition are given as mitotic ratios in Fig. 4. 
I t  can be readily seen that the duration of the 
inhibition period is shorter and the beginning 
and completion of recovery is considerably 
faster in the neuroblasts of embryos mounted 
in yolk than in those of embryos mounted 
without yolk. These differences are statis- 
tically significant a t  the 1% level as shown 
by an analysis of variance of the raw data. 
In other words, yolk greatly enhances the re- 
covery of neuroblasts from X-ray-induced 
mitotic injury. 

Discussion. Untreated neuroblast. The 
decrease in mitotic rate which is evident soon 
after neuroblasts are separated from yolk sug- 
gests that the neuroblast does not go through 
a given mitosis entirely on energy previously 
stored within the cell. The frequency of mid- 
mitotic cells in the no-yolk cultures reaches a 
statistically significant low level at  the time 
(88-minute count) that the frequency in the 
yolk cultures is a t  its maximum (Fig. 2 ) .  
This high frequency in yolk cultures is the re- 
sult of recovery of middle and late prophase 
cells from a temporary inhibition induced by 
change from in vivo to in vitro conditions. It 
would appear, therefore, that the absence of 
yolk considerably affects the ability of middle 
and late prophase cells to complete mitosis. 

Under optimum in vitro growth conditions, 
cells which were in early prophase and earlier 
stages or even in the previous mitosis would 
be expected to reach mid-mitosis a t  the 88- 

minute and successive counts.§ Since the fre- 
quencies of mid-mitotic cells in the no-yolk 
cultures are very low at  these counts, it ap- 
pears that cells in early prophase and earlier 
stages are unable to complete mitosis in the 
absence of yolk. 

Cells in stages from very late prophase 
through anaphase either require very little 
energy for their processes or they operate on 
energy stored within the cell during earlier 
phases. The second explanation seems the 
more likely, especially in view of the consid- 
erable amount of activity, such as chromo- 
some movement and cleavage furrow forma- 
tion, that occurs during these stages. 

Several investigators are of the opinion that 
a cell is capable of completing mitosis without 
acquiring additional energy after the process 
has begun. Bullough(4,S) has data on 
mitosis in mouse epidermis which he interprets 
as evidence that these cells need considerable 
amounts of energy to initiate mitosis but very 
little energy to complete it. Swann(6,7) has 
proposed, on basis of his work with develop- 
ing sea urchin eggs and that of Jacoby, et al. 
(8) on chick fibroblasts, that the energy nec- 
essary for a given mitosis is supplied by the 
“siphoning” of an energy “reservoir” which is 
stored during the previous mitosis. In  other 
words, conditions which adversely affect the 
energy supply of the cell would not be de- 
tected until the subsequent division. The re- 
sults herein reported suggest that in the grass- 
hopper neuroblast a t  least the first half of 
prophase does not operate solely on energy 
stored within the cell but is dependent on an 
outside source of energy for continuance of 
mitosis. 

That the energy for division is derived from 
glycolysis seems a reasonable conclusion to be 
drawn from the results of several workers 
(9-12). Tipton and St. Amand(l3) have 
shown, however, that glucose does not influ- 
enc’e respiration of the 14-day-old embryo of 
the grasshopper Chortophaga viridif asciata. 
This is not surprising in view of the findings 

6 These calculations are based on durations of the 
various mitotic phases as given by Carlson and 
Hollaender, J .  CeU. and Comp. Physiol., 1948, v31, 
149. 
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of Bodine( 14) and Hill( 15) that fat seems to 
be the main source of energy for grasshopper 
embryos of this age. 

Fischer(l6) has found that the growth of 
chick mydoblasts and osteoblasts in vitro is 
dependent on several amino acids, cysteine 
being the most essential. Shaw (17) has iden- 
tified 17 free amino acids in the 14-day-old 
egg of Chortophaga. However, since his 
analysis is based on entire contents of the egg, 
it is difficult to estimate the possible role of 
these amino acids in mitosis of the neuroblast. 

Preliminary experiments in this laboratory 
indicate that a filtrate11 of fresh grasshopper 
egg contents gives the same result as yolk. 
The filtrate contains miscroscopic globules of 
yellow “yolk” material but no other visible 
components. 

Irradiated neuroblast. It is not known 
whether recovery f rolm radiation-induced 
mitotic inhibition involves the replacement of 
some vital substance which was destroyed by 
radiation or the elimination of som’e substance 
which caused the inhibition( 18). The pro- 
nounced positive influence of yolk on recov- 
ery of neuroblasts from radiation damage 
demonstrates that in this cell some extrael- 
lular metabolite or metabolites greatly en- 
hance repair of mitotic damage. This result 
strikingly parallels that of Stapleton and co- 
workers( 19,20,21) who have found that the 
addition of beef or yeast extracts, or amino 
acids to culture medium following irradiation 
causes considerable increases in the number 
of bacteria which survive the radiation. The 
amino acids in the grasshopper egg( 17) may, 
therefore, be important factors in the recov- 
ery of the neuroblast from radiation damage. 

The shapes of the curves in Fig. 4 suggest 
that the response of neuroblasts to 64 r of 
X rays in the absence of yolk differs from the 
response in presence of yolk only with respect 
to the duration of the inhibition period. The 

~ ~~ 

II The extraembryonic contents of 14-day-old 
grasshopper eggs were mixed in 10 volumes of culture 
medium and passed through a fine Seitz filter. Cul- 
ture medium rather than plain water was used be- 
cause yolk and, in particular, serosal fluid contain 
much protein, presumably globulin, which readily 
coagulates in water. 

temporary retardation of cells in very early, 
early, middle and Irate prophase is mainly re- 
sponsible for the inhibition period in the pres- 
ence of yolk. Whether the absence of yolk 
affects recovery of cells in all these stages to 
the same extent or whethm it differentially 
affects recovery of certain ones cannot be de- 
termined from the present data. 

Summary. 1. The frequency of mid-mitotic 
neuroblasts in grasshopper embryos in hang- 
ing-drop cultures ‘increases as the quantity of 
yolk in the culture is increased up to a quan- 
tity equivalent to that in an egg. The in- 
fluence of yolk on mitosis in the untreated 
neuroblast is interpreted as indicating that, in 
this cell at least, the first half of prophase does 
not operate solely on energy stored within the 
cell ‘but is dependent on an outside source of 
energy for continuance af mitosis. 2. The 
pronounced positive effect of yolk on recovery 
of neuroblasts from radiation damage demon- 
strates that, in this cell, some extracellular 
metabolite or metabolites greatly enhance ,re- 
pair of mitotic damage. 
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Metabolism of Trichloroethylene in the Bovine.* (22019) 

T. A. SETO AND M. 0. SCHULTZE. 
Department of Agricultural Biochemistry, Institute of Agriculture, University of Minnesota, St .  Paul. 

I t  has been suggested( 1) that the aplastic 
anemia which is observed in the bovine(2) 
fed certain specimens of trichloroethylene- 
extracted soybean oil meal is induced by resid- 
ual trichloroethylene in the toxic meal. Pro- 
longed feeding of relatively large amounts of 
trichloroethylene however failed to produce 
harmful effects in calves ( 3 ) .  This suggests 
that the bovine, like some other species which 
are relatively resistant to the toxic effects of 
t r ic hlo roe t h ylene-ex t rac t ed soy bean oil meal 
(4) can metabolize trichloroethylene. In fact, 
urochloralic acid has recently been isolated 
from the urine of calves fed trichloroethylene 
and identified through degradation and syn- 
thesis of a derivative as 2’, 2‘. 2’-trichloro- 
ethyl-P-D-glucopyranosiduronic acid ( 5 ) . I t  
was thus established that the bovine, like the 
dog( 6) , can metabolize trichloroethylene to 
trichloroethanol and excrete the latter as a 
conjugate. I t  remained to be determined 
however, to what extent this occurs and if 
trichloroacetic acid, a major metabolite of 
trichloroethylene in mice ( 7 ) ,  rats (8)  , dogs 
(9) and man( 10) is also produced by the 
bovine. 

Methods. Four female Holstein calves 
weighing from 100 to 112 lb were placed into 
individual metabolism cages, fed 5 lb of whole 
cows’ milk twice daily and given water ad 

* Paper No. 3414 Scientific Journal Series, Minne- 
sota Agri. Exp. Station. This is paper No. 11 of a 
series “Studies on Trichloroethylene-extracted Feeds.” 
Financial assistance for part of this work from E. I. 
DuPont de Nemours and Co., Inc., is gratefully 
acknowledged. Dr. V. Perman, School of l‘eterinary 
Medicine, kindly assisted with handling of animals 
and collection of urine. 

libitum. Trichloroethylene was administered 
orally in gelatin capsules twice daily with the 
milk in the following total daily amounts: 
Calf A, 3 g for 5 days; calf B, 12 g for 5 
days; calves C and D, 12 g for 4 days. The 
urine was collected in brown bottles under 
toluene. Separate 24-hour specimens were 
obtained before, during and after the period 
of administration of trichloroethylene. Ali- 
quots of the urine were used for determination 
of trichloroacetic acid: “total trichloro com- 
pounds” and trichloroethylene ; the latter was 
also determined in the toluene layer. The 
analytical methods used have been described 
recently( 11 ) . Briefly they consist in the 
quantitative application of the Fujiwara 
alkali-pyridine reaction. In  our modifica- 
tion trichloroacetic acid, trichloroacetalde- 
hyde, chloroform and trichloroethanol do not 
interfere with the determination of trichloro- 
ethylene. The latter as well as chloroform 
can be removed from the urine prior to the de- 
termination of trichloroacetic acid or of “total 
trichloro compounds.” Trichloroethanol and 
urochloralic acid do not interfere with the de- 
termination of trichloroacetic acid but all 3 
compounds are included in the determination 
of “total trichloro  compound^.'^ The differ- 
ence between “total trichloro compounds” and 
trichloroacetic acid (calculated on a molar 
basis as trichloroethanol) couresponds to free 
and combined “trichloroethanol” including 
urochloralic acid. Other products of metabo- 
lism of trichloroethylene which no doubt exist 
have not been definitely recognized. If, after 
oxidation they would give a positive Fujiwara 
reaction they would be included as “total tri- 
chloro compounds” and would thus contribute 


