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of leukemic patients upon giving test doses of 
folic acid 6-10 days after aminopterin admin- 
istration and has observed an increase in the 
excretion of a material that would support the 
growth of Streptococcus fnecalis. She has in- 
terpreted her data to suggest a displacement 
by the antagonist. Thus, in agreement with 
Swenseid and Sichol, the present direct find- 
ing of a 3-5 fold increase in urinary CF activ- 
ity in man after methotrexate administration 
probably rerlects a displacement of ('F by the 
drug. 

S u n m a r ) # .  I,. citrovorum #808 1 /A of 
Hutchinson's laboratory has been shown to 
be an appropriate microorganism for measure- 
ment of urinary CF activity under the experi- 
mental conditions described. A 3-5 fold in- 
crease of urinary CF activity was repeatedly 
observed in subjects receiving large doses of 
methotresate (.dniethopterin). The possible 

sources of this increased urinary CF activity 
were discussed. 

The authors are grateful to Dr. T. H. Jukes of 
Lederle Laboratories for supplying leucovorin and  
part of the mcthotrexate for this study. 
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Effects of DON (6-Diazo-5-0x0-L-Norleucine) and Azaserine on the 
Sand-Dol l a r  Embryo." (23639) 
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The antimetabolites. DOS (6-diazo-hxo- 
L-norleucine) and azaserine (0-diazo-acetyl- 
L-serine). are highly toxic. and often produce 
developmental abnormalities in chick! 1.2 ) . 
rat(3-5) and dog(6) embryos. I t  was of in- 
terest to examine the effects of these agents on 
echinoderm embryos, since there are many 
studies on the biochemical events associated 
with their development ( 7-9). Sand-dollar em- 
bryos (Echinarchius pnrma)  are available in 
quantity during July and August in Salisbury 
Cove, Ne..  and their development. while 
slower, parallels that of the more extensively 
studied sea-urchin embryo. 

illaterials mid nwthods.  Eggs and sperm 
- .______ - 
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were obtained from sand-dollars by the KCI- 
injection method ( 10). The eggs were fer- 
tilized in a finger-bowl by adding 5 drops of 
dilute sperm. In most experiments 200 to 500 
fertilized eggs were then transferred to corn- 
partments of plastic ice-cube trays, each 
compartment containing 10 cc of filtered sea- 
water. The trays were floated on circulating 
fresh sea-water, so that the embryos were kept 
at  the temperature of the sea, 13-15OC. The 
embryos were examined under a dissecting 
microscope a t  regular intervals up to 72 hours 
after fertilization. At 36 hours, 5 cc of fresh 
sea-water was added to each compartment to 
replenish the oxygen supply. The chemicals 
used were dissolved in filtered sea-water; ap- 
propriate dilutions were made in sea-water 
from stock solutions which were DreDared 
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FIG. 1. Sand-dollar embryos, 22 hr after fertilization: 1. Control, early gastrulation. 2. Em- 
bryo treated with 8 my DON/lO cc blocked in late blastula stage. Blastula cavity contains dis- 
sociated cells, cytolyzing. 3. Embryo, treated with 64 my DON and 32 7 inosine/lO cc sea- 

water. Apparently normal early gastrula. 

each day. The sea-water was warmed in or- 
der to dissolve the poorly soluble compounds. 
The drugs used were DON, azaserine, aden- 
ine, adenosine, yeast adenylic acid, guanine, 
guanosine and sodium guanylate, xanthine, 
hypoxanthine, inosine, adenine 1-N oxide 
( 11), DPN, ATP, AIC (4-amino-5-imidazole- 
carboxamide) , glutamic acid, cytosine, thy- 
mine and uracil. DON was the principal 
agent used, and several experiments for pur- 
poses of comparison were performed with 
azaserine. The an timetabolites were added 
to the sand-dollar embryos within 1 to 2 hours 
after fertilization, and the chemicals tested 
for protective activity were added 1 to 2 
hours later, unless stated otherwise. The 
drugs were added in a volume of 0.25 cc of 
sea-water in most cases. The concentration 
of the test chemicals to which the embryos 
were exposed is expressed as milligamma 
( 1OP g) or gamma ( g)/IO cc of sea- 
water. Most experiments were performed a t  
least 2 times, and many of the experiments, 
initially run in the summer of 1956, were re- 
peated in 1957. 

Results. Normal development of the sand- 
dollar embryo. The sequence of development 
of Echinnrchius parma has not received the 
detailed attention accorded the sea-urchin egg 
(9).  In this study the embryos usually were 
examined a t  8-10 hours, 22-24 hours, 46-48 
hours and 72 hours after fertilization. Cleav- 
age begins within 1 to 2 hours following fer- 
tilization; a t  2% hours the embryos are 
usually in the 8-cell stage. A t  8 to 10 hours 
a definite blastula has formed, movement be- 
gins around 14 hours, and the embryo hatches 
at  14 to 16 hours. At 22  hours early gastru- 
lation has begun (Fig. 1-1 ) , at  30 to 36 hours 

the gut has almost completely formed, a t  46 
hours the pluteus stage is beginning, and at 
72 hours well-formed plutei are present. 
These events proceeded consistently in the 
great majority of untreated embryos. 

a )  
DON added shortly after fertilization. One 
hundred to  1,000,000 milligamma of DON/ 
I 0  cc of sen-water. These doses had no impor- 
tant effect on cleavage, although slight re- 
tardation was noted at  the highest dose. Ten 
hours after fertilization apparently normal 
blastulae were present, and at  14 hours these 
hatched and began to rotate. A t  the highest 
doses cytolysis began at this time, and a t  22  
hours the blastulae were degenerating. Even 
a t  the lowest dose, the embryo did not de- 
velop beyond the blastula stage, although 
some assumed a pointed appearance, sug- 
gesting early gastrulation. In some cases 
swimming persisted until 48 hours before the 
embryo disintegrated. The invariable effect 
a t  100 milligamma,/lO cc and higher doses 
was apparently normal development to the 
blastula stage, and then cytolysis and degen- 
eration. 

Sixteen to  64 milligamma/IO cc sea-water. 
Eight separate experiments in this dose range 
gave consistent results. The embryos pro- 
ceeded to the blastula stage, and many were 
interrupted and disintegrated in the next 24 
hours. At the lowest doses occasionally the 
embryos assumed an elongated appearance, 
and gastrulation began, but the mesenchyme 
was disorganized, fiIIed the earIy gastruIa 
cavity, and the embryo finally degenerated. 
In some cases the degenerating embryos con- 
tinued to rotate for 48 hours, and the skele- 
ton formed. The minimum concentration of 

I. Effects of DON on Development. 
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TAGLE I. Effects of Various Doses of DOS on 
Lh-clopiwnt .  
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DOS invariably producing a developmental 
block in the blastula or early gastrula stages 
was 16 milligamma,/lO cc of sea-water (9.3 x 

Onc t o  8 Iiailliganzttza '10 cc sea-water. 
Doses of 1 to 8 milligamma of D0?;/10 cc 
sea-water produced definite retardation of de- 
velopment (Fig. 1-2) but the results were not 
as consistent as those seen a t  16 milligamma ' 
10 cc (Table I ) .  The dose calculated to pro- 
duce consistent developmental retardation a t  
the early gastrula stage in a t  least SO$- of 
the experiments is in the range of 2 to 4 mil- 
ligamma 10 cc of sea-water (1.17-2.34 s 

b)  D O S  added at various times after fer- 
tilization. In  2 separate experiments DOK 
was added a t  3. 7 ,  12 and 20 hours after fer- 
tilization. DO?; added u p  to 7 hours. exhib- 
ited unimpaired activity in blocking gastrula- 
tion. IVhen added at  12 hours. 8 milli- 
gamma 10 cc still produced a definite block 
in gastrulation, but the embryos survived 
longer than the embryos treated earlier with 
DOT\'. DON appeared to lose much of its 
efiect on gastrulation when added a t  20 hours. 
At doses of 64 milligamma/lO cc and higher. 
gastrulation proceeded to completion, but de- 
velopment stopped in the early pluteus stage 
and cytolysis occurred. At doses below 32 
milligamma '10 cc pluteus formation was re- 
tarded and mixed cultures of blocked and ad- 
vanced plutei were found. IVhen DON was 
added to swimming plutei a t  72  hours, 102.- 
400 milligamma/lO cc of sea-water did not 
appear to interfere with their activity during 
the next 24 hours. 

c)  D O S  added prior to fertilization. Sand- 
dollar eggs and sperm were placed in separate 

10 9 31). 

lo-'' M). 

dishes of sea-water containing DON, 102,400 
milligamma/lO cc. After 1 hour exposure the 
eggs and sperm were mixed in separate dishes 
containing the same concentration of DON 
in the following combinations: 1)  treated 
eggs, normal sperm, 2) normal eggs, treated 
sperm, 3) treated eggs, treated sperm, and 4) 
normal eggs and normal sperm. In all dishes 
fertilization, cleavage and blastula formation 
proceeded in an apparently normal manner. 
The dishes treated with DON were all blocked 
in the blastula stage, the controls developed 
normally. I t  is concluded that DON does not 
interfere with the function of the sperm or 
egg in the process of fertilization, nor the sub- 
sequent cleavage. 

d)  D O S  washed from eggs at various pe- 
riods after exposure. Fertilized eggs were 
placed in 50 cc of sea-water containing 320 
milligamma DOPU' (64 milligamma/lO cc) . 
A t  10, 40, 90, 165, 315, 450 and 690 minutes 
after exposure, 500-1000 eggs in 1 cc of fluid 
were removed and placed in 10 cc sea-water. 
The eggs were centrifuged lightly, and the 
supernatant fluid decanted so that less than 
1 cc remained. Ten cc sea-water were again 
added, the eggs centrifuged, and the superna- 
tant fluid decanted. The embryos were then 
placed in 10 cc sea-water and development 
allowed to proceed. The original solution had 
64 milligamma/lO cc sea-water, and the 
washing procedures diluted i t  a t  least 1000 
times; thus, the maximum concentration of 
DON in the final medium in which the em- 
bryo developed should have been less than 
0.064 milligamma/lO cc sea-water. To dem- 
onstrate this, untreated fertilized eggs were 
placed in the supernatant fluid from the last 
washings ; development proceeded normally. 
Control, washed and centrifuged embryos also 
showed normal development. 

The results on the washed eggs were as 
follows: washed a t  10 min.-normal plutei de- 
veloped at  72 hr (complete protection). 40 
min.-normal plutei developed a t  72 hr (com- 
plete protection). 90 min.-at 72 hr blocked 
gastrula and plutei (moderate protection). 
165 min.-blocked gastrula and plutei (mod- 
erate protection). 3 15 min.-mostly blastu- 
lae and blocked gastrula, a few early plutei 
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TABLE 11. 
Rrlatt~d Agents against DON in Sand-Dollar Embryo. 

Suiiimary of Observations on Protection Provided by Purines, Pyrimidines and  
(Maximum cone. of protective agent 

tested, 128 7/10 cc.) 

Substance tested 

Gu a iiiii e 
Guaiiosine 
Sodiuiii guanylate 
-1cleiiiiie 
Adenosine 
Yeast adenylic acid 
Sail thine 
Hyposanthine 
Iiiosine 

- -- - - _  - _-- 

Protective 
actioii 

Cone. DON, niy/lO cc 
(---Degree of protection-, 

Kone Slight complete 
Almost 

256 128 
32- 64 
33-64 

250 128 
64 

32-64 
256 64 
256 128 
512 256 

32- 64 
8- 16 
8- 16 

32- 64 
16- 3% 

16 

32- 64 
16- 32 

64-128 
4 Adcniiie oxide - 

D P S  + 
9 T P- + 
A I C  - 
Glutnniic acid - 
Cytosine - 
T hyiiiiiie - 

2 
2 
2 
2 
2 I: r :I c' i 1 - 

- - - - - _  - - - 
+ S o t  t i trated for  minimum effectivc dose. 

(poor protection). 450 min.-almost com- 
plete interruption in early gastrulation, rare 
plutei (poor protection). 690 min.-all died 
in blocked blastulae stage. It thus appears 
that if the DON is removed up to 40 minutes 
after exposure complete protection occurs; 
from 90-165 minutes there is moderate pro- 
tection; 5 to 7:A hours, definite but poor pro- 
tection and after 11% hours, no protection 
was observed. 

IT. Agents protecting against the toxicity 
of D0:Y. a) Protective effects of various 
agents. In protection studies, usually the 
protective agent was given at 32 ?/lo cc, and 
DOK at  doses of 125, 64, 32, 16 and 8 milli- 
gamma,'lO cc of sea-water; thus, the dosage 
ratios are in the range of 250-4000: 1. These 
experiments were repeated a number of times, 
with several variations in dosage, and the fol- 
lowing consistent results were obtained (Ta- 
ble 11). The most active protective agents 
were guanine, inosine and hypoxanthine. 
Guanine and inosine were tested a t  minimal 
doses, and 2-4 y partially protected against 
64-128 milligamma DON/10 cc (Fig. 1-3). 
Increasing the dose of guanine and inosine did 
not protect against higher concentrations of 
DON. Adenine and xanthine were less ac- 
tive, and the ribosides and ribotides of aden- 
ine and guanine were less effective than 

Min effective 
dose protec- 
tive agent, 

7/10 cc 
9 
* 
* 
Y 

16-32 
x 
* 
-x 

1-2 
9 
L 

64 16- 32 16-32"t 
32-44 8- 16 Q 

~~~~~ ~~ 

t Swiniiniiig movements blocked. 

adenine but gave some protection against 
doses of 32 to 64 milligamma of DON. DPN 
and ATP also gave definite protection. It is 
of interest that DPN paralyzed the swimming 
movements of the embryos, and although de- 
velopment proceeds for a time, the plutei 
were clumped a t  the bottom of the dish. 
When DPN is added to untreated motile gas- 
trulae or plutei, 32 7/10 cc stopped movement 
within 1 minute. Adenine oxide, AIC, glu- 
tamic acid, cytosine, thymine and uracil gave 
no appreciable protection against DON. At 
the doses used, the agents examined for pro- 
tective activity, with the exception of DPN, 
appeared to have no adverse effect on the de- 
velopment of the embryo. 

b) Protective effects of inosine when given 
at various periods after DON. Inosine, 32 7, 
was added to embryos exposed to doses of 
DON ranging from 16 to 4096 milligamma/lO 
cc. DON was added 1 hour after fertilization, 
and inosine .was given either 20 minutes be- 
fore or after DON. Inosine had similar protec- 
tive activity when given before or after DON; 
there was little protection at  256, slight at 128, 
and complete protection a t  64 milligamma 
DON/10 cc. Embryos, exposed to various 
doses of DON (64, 32, 16 milligamma/lO cc) 
shortly after fertilization, were treated subse- 
quently (3%, 6,9, 12 and 20 hours after ferti- 
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lization) with inosine (32 ./,,'lo cc).  Inosine 
provided protection against DOX when added 
up to 1 2  hr. Protection was poor a t  20 hr, 
where evidence of blastula interruption was 
present before inosine was added. Embryos 
exposed to lower doses of DOX (16 milli- 
gamma '10 cc) and treated with inosine a t  20 
hours sometimes gastrulated. but were 
blocked in the early pluteus stage. suggesting 
that slight protection was possible even at  20 
hours. 

111. Llzaseri~ze ( Diazo-L-Scrinc) . Aza- 
serine, an analogue of DOS. was compared 
with DON for its effects on the sand-dollar 
embryo. Interruption in the blastula stage 
was produced by 500 milligamma/lO cc. more 
advanced development with interruption in 
aastrulation occurred a t  200-2 50 milligamma / 
10 cc. and mixed development. blocked gas- 
trulae and plutei a t  100-128: normal plutei 
were found among embryos treated a t  64 mil- 
ligamnia. Thus. the effects produced by 500, 
256 and 128 milligamma of azaserine/lO cc 
of sea-water were equivalent to those of 16, 
8 and 4 milligamma of DOS. an activity ratio 
of approsimately 32 : 1. Tn protection studies 
guanine a t  32 ./,'lo cc gave slight protection 
a t  2560 to 5120 milligamma of azaserine'l0 
cc: definite protection a t  1280. and complete 
a t  640. Adenine was less active. The pro- 
tection ratios are thus not related to the 
amount of the azaserine or DOS used. but to 
the multiples of the minimum effective doses 
of DO% and azaserine. 

Discussion. The effects of DON and aza- 
serine on the sand-dollar embryo are appar- 
ently similar, but DOK is approximately 32 
times more active by weight. The data sug- 
gest that DOS is blocking a system in the 
embryo which appears or begins to function 
some hours after fertilization. and is uniquely 
susceptible to the action of DOX. I t  further 
appears that the protective agents are acting 
in a non-competitive manner. replacing an es- 
sential substance whose presence or function 
has been blocked by DOS. 

The protective action of the purines sug- 
gests that DON and azaserine interfere with 
purine synthesis in the sand-dollar embryo; 
this has already been demonstrated in bac- 
teria ( 12,13 ) , tumors, leukemic and normal 

tissues ( 14,lS) and pigeon liver system ( 16, 
17). In  the pigeon liver system, this has been 
shown to be due to the specific inhibition of 
one reaction in purine synthesis. the conver- 
sion of formylglycinamide ribotide (FGAR) 
to formylglycinamidine ribotide (FGAM) . 
Glutamine is the natural substrate of this re- 
action, and the antimetabolites inactivate the 
enzyme system involved in transferring an  
amino group to FGAR to form FGAM.. Glu- 
tamine added before azaserine or DON in 
vitro will protect this enzyme to some extent, 
but glutamine is of no protective value when 
added after the antimetabolites( 17). There 
is evidence that higher concentrations of aza- 
serine and DON affect other systems( 15,17), 
presumably by interfering with other reac- 
tions involving glutamine. DOK is about 20 
to 40 times as active by weight as azaserine 
in ziivo( 2,15) and in vitro( 17)  : differences of 
the same magnitude as those found in the 
sand-dollar studies. These antimetabolites 
appear to be considerably more active, how- 
ever, in inhibiting sand-dollar deveIopment. 
Thus, the amount of DOX inhibiting FGAR 
to FGAJ4 in the pigeon liver system (esti- 
niated a t  7.5 x M) (1 7 )  and the concen- 
trations of azaserine inhibiting bacterial 
growth (6 x M) (13) may be contrasted 
with the concentration of DON blocking the 
sand-dollar embryo (1.75 x M). 

IVhile the locus of action of azaserine and 
])ON is weil-defined, there is evidence that 
the effects of DON, or the activity of protec- 
tive substances are not the same in several 
biological systems. Thus, for example AIC 
and adenine protect the chick embryo to some 
extent against the teratogenic effect of DON, 
and guanine is ineffective (2 ) , whereas AIC 
does not protect the sand-dollar embryo, and 
guanine is more protective than adenine 
against DOS. In contrast to the marked 
sensitivity of the sand-dollar embryo to aza- 
serine, the frog embryo is reported to be un- 
affected when exposed to a 0.25% solution of 
azaserine (25,000,OOO milligamma/lO cc) 
over a 12-day period( 18). 

Why does the interruption of de novo syn- 
thesis of purines by DON and azaserine fail 
to produce a developmental block until the 
blastula or early gastrula stage, when cell di- 
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vision is proceeding actively prior to this 
stage? The fertilized egg contains a large 
amount of RNA, and relatively little DNA. 
Hoff - Jorgensen and Zeuthen ( 19) describe cy- 
toplasmic deoxynucleosides in high concentra- 
tions in the sea-urchin and frog egg cyto- 
plasm, which may serve as precursors of 
DNA. There is good evidence that the DNA 
does not come from cytoplasmic RNA, but is 
formed independently( 20,2 1,22). Abrams 
( 2 2 ) ,  on the basis of glycine C1* studies, 
states “the larger part of the DNA purines 
(iu sea-urchin embryos) probably were de- 
rived from an endogenous precursor the na- 
ture of which is unknown a t  present.” He es- 
timates that 75% of DNA guanine and 88% 
DNA adenine are obtained from endogenous 
sources, the glycine label being twice as high 
in the DKA guanine as compared to DNA 
adenine, whereas the RNA purines are equally 
labelled. Hultin (23 1 has observed that the 
rate of 
ines of 
during 
rapidly 

. I  

incorporation of CI4 formate into pur- 
the sea-urchin embryo was “rather low 
the first hours of development, but 
increased during the early blastula 

stage.” 
If preformed endogenous purine precursors 

are present in the embryo, the purine de- 
ficiency produced by DON might not be mani- 
fest until the precursors were exhausted. 
DON and azaserine, as extraordinarily potent 
antimetabolites, may prove useful in analyz- 
ing the events associated with nucleic acid 
synthesis and embryonic development. 

1. DON and azaserine inter- 
rupt the development of sand-dollar embryo 
a t  mid-blastula and early gastrula stages. The 
minimum dose of DON producing consistent 
effects is 3 milligamma/lO cc of sea-water; 
azaserine is approximately 1/32 as active. 
Large doses of DON up to 1 mg/lO cc of sea- 
water have no appreciable effect on fertiliza- 
tion, cleavage or early development. 2. Vari- 
ous physiological purines and derivatives will 
protect against the action of DON and aza- 
serine: even when added up to 1 2  hours after 
fertilization. The most active ones are guan- 
ine, hypoxanthine and inosine. The protec- 
tive action of these substances appears to be 
non-competitive, and they are not effective 
against large doses of DON and azaserine. 

Summary. 

3. In view of the fact that DON and aza- 
serine, acting as glutamine antagonists, appar- 
ently interrupt the de novo synthesis of pur- 
ines, it is suggested that embryonic develop- 
ment in the sand-dollar is blocked at  the time 
when DNA production, initially supplied by 
endogenous purine precursors, becomes de- 
pendent on de novo purine synthesis. 

We wish to express our appreciation to Parke- 
Davis and Co. for supplying DON and azaserine; and 
to Dr. Alvin F. Rieck, Marquette University for 
thc phmotographs of sand-dollar embryos. 
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