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citrate to spleen citrate is roughly 0.4, 1.0 and 
1.67 at  the 1, 2, and 3.5 mg doses of fluoro- 
acetate, respectively. 

The data in Fig. 1 show that the citrate 
content of the tissues falls with time, after 
the maximum has been reached, in the case 
of the non-lethal doses. This suggests that 

-___ 

rats that received the 50 mg/kg dose as a source of 
tissues. Twelve-gram postiuns of pooled tumor 
tissue, pooled livers, and combined hearts, spleens, 
lungs, and kidneys were fed, respectively, to 3 
groups of 2 rats each, in the absence of other food. 
Eighteen hours later, the tissues had been completely 
eaten, and one of the tumor-fed animals was dead, 
having shown the typical signs of fluoroacetate pois- 
oning. The remaining rats were killed, and the 
spleens and kidneys from the six rats (one post- 
mortem), cf Buffa and Peters(2) were analyzed for 
citrate. Thc citrate content in p g  per gram in the 
spleens was as follows: tumor-fed, 1404 and 790 
(dead specimen) ; liver-fed, 1440 and 1130, pooled 
organ fed, 970 and 1310. The citrate contents in 
t!ic rcspcctivc kidceys were 457 and 242, 192 and 
203, and 238 and 614. On the basis cf the iact that 
the splcms contained more than the kidneys, in 
every CSCC, it would appcsr that the fluorcaretate 
given was equivalent to an injected dose of less 
than 2.0 and n i x e  t!ian 1.3 mg p:r k:, and that 
thc tumors contained approsimately as much as the 
other tizsucs 

9. Schub-rt, J., 1953. unpublished. 
10. Hagan, E. C., Ramsey, L. L., and Woodward, 

G.. J .  Pharin. Exp. Ther., 1950, v99, 432. 

in the case of the higher doses, although no 
decline is seen, owing to the death of the 
animals, the apparent rise is merely the re- 
sultant of the rate of production and the rate 
of removal, so that the amount actually ac- 
cumulated is not a full measure of the citrate- 
producing potential of the tissue. In  inde- 
pendent studies elsewhere (personal communi- 
cation from Dr. J. Schubert ( 9 ) ,  Argonne S a -  
tional Laboratory) these 2 processes have 
been examined in greater detail, but the re- 
sults of these studies have not been applied 
here. 

Summary. Sodium monofluoroacetate was 
administered to Holtzman white rats in doses 
ranging from 0.3 to 50 mg per kg, and the 
citrate content of kidney, thymus, brain, 
spleen, heart, liver and tumors was determined 
at times ranging from 20 minutes to 48 hours. 
‘4s in previous studies liver and tumors did 
not accumulate citrate, but the remaining 
tissues did, with the maximum occurring in 
all cases with a dose of 3.5 mg per kg at 3 to 
6 hours after the injection. As a standard 
procedure this dose was recommended for the 
study of certain phases of the metabolism of 
individual tissues in vivo. 

11. Frick, E. J., and Boebel, F. W., Veter. -Wed., 
1948, v41, 196. 
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Sequential Blocking of Metabolic Pathways in viva.* (18383) 

VAN R. POTTER. (With the technical assistance of H. Simonson.) 
From the McArdle Mcmorial Laboratory !or Cancer Research, University of Wisconsin, 

Madison, Wis . 

Malorlate is well known as an inhibitor of 
succinic dehydrogenase in in vitro systems. 
Relatively few studies have been made of its 
action in viau, and these have been limited to 
the metabolism of the organism in terms of 
blood( 1,2) or urine (3,4) changes or to the 
phosphate halance in a single organ ( 5 ) .  Since 
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rnalonate presumably shouId interrupt the 
citric acid cycle by blocking succinic de- 
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hyciropenase. it should be possible to stud!- 
the efiect of malonate in eivo by measurins 
its effect upon the citric acid accumulation 
i n  individual organs in an animal treated with 
iluoroacetate, which has recently been shown 
to block the oxidation of citric acid in zlijlo 

The present study was undertaken as a 
model for what might result from the com- 
bined action, in viva, of two inhibitors, each 
of which acts on the same metabolic sequence 
IN t upon different enzymes within a limited 
portion of the sequence. The combined use 
oi two or Inore inhibitors in this manner \\-ill 
be referred to as sequential blocking. 

In  attempting chemotherapy by prevent- 
ing the formation of an *,essential metabolite" 
two inhibitors may be better than one from 
the following considerations. Both in the 
Iihenonienon of competitive inhibition by re- 
\-ersible inhibitors and in substrate "inter- 
ference'' in the case of irreversible inhibitors 
( 9 )  an enzyme is less liable to combination 
xith the inhibitor if its specific substrate is 
present in excess. \\-hen one inhibitor is 
used. the inactivation of part of the enzyme 
results in an accumulation of its substrate. 
which tends to protect the remaining enzyme 
f rom attack. However. the reaction might 
be slowed sufficiently so that if the nest en- 
zyme in the sequence is attacked by a second 
inhibitor the formation of its substrate by 
the prior enzyme may be so limited that the 
protection afforded to the second enzyme by 
its substrate becomes negligible. I n  this case 
the inactivation of the second enzyme should 
proceed farther toward completion, and the 
formation of product from the sequentially 
blocked system should be less than could have 
been accomplished with either inhibitor alone. 

The study of sequential blocking in iliw 

requires a fairly complete knowledge of the 
individual steps and converging pathways in 

( 6-8 ) . 

a metabolic sequence, the availability of ef- 
fective inhibitors for a t  least two of the steps, 
and satisfactory analytical methods for the 
accumulating metabolites or the inhibited en- 
zymes. There are indeed relatively few in- 
stances in which these requirements are ful- 
filled. In  the case of the Krebs cycle, the 
ease with which citrate may be determined, 
the availability of malonate and fluoroacetate 
as inhibitors, and the immense amount of 
literature on the main metabolic pathway 
and its side reactions made the experimental 
manipulations in this study fairly simple. 
Severtheless, it  was found that the results 
obtained could not have been fully predicted 
on the basis of existing in vitro data. 

The nature of the Krebs cycle is such that 
the product of citrate oxidation is ultimately 
converted to oxalacetate, which combines 
with acetate(C2) to form more citrate, and: in 
the absence of ancillary reactions that pro- 
duce the acids of the Krebs cycle, the amount 
of citrate that could accumulate would be no 
larger than the summation of these inter- 
mediates( 10). The amounts of citrate that 
are actually found(6-8) are so large in some 
tissues that it might be assumed that pro- 
teins or other sources were, in fact, being 
mobilized as precursors of the Krebs inter- 
mediates during the development of the flu- 
oroacetate block. On the basis of the known 
side reactions, these precursors might enter 
the Krebs cycle either between citrate and 
succinate or between fumarate and oxalace- 
tate. 

If sodium malonate acts in vivo according 
to u-hat might be expected from in vitro 
studies, its primary effect should be to inter- 
rupt the Krebs cycle a t  the point of the con- 
version of succinate to fumarate. Thus the 
proper dosage of sodium malonate might be 
expected to alter citrate production in the 
nresence of a fluoroacetate block in a manner ~~- - ~ ___~__ 

o. Potter, 1-, R.. Busch, H., and Bothwell, J., that would depend upon the nature and ex- 
tent of the side reactions. The  present study 

tion differently in various organs and thus 

of the side reactions differs widely from one 
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organ tcJ another. 
Exp~ri inentul .  Young male rats weighing 

from 180 to 240 g were obtained from the 
Holtznian Rat Co. Neutral 1 M solutions of 
sodium malonate were injected subcutane- 
ously in several sites on the back, following 
the indications from previous studies( 1-5). 
The concentration was not varied but the 
dose was varied and increased beyond what 
had been used hitherto. Preliminary trials 
with ~ O ~ Q S S ~ U I P Z  malonate intraperitoneally re- 
sulted in almost immediate deaths, and no 
experiments of this type are reported. Freshly 
prepared s o h  t ions of sodium monofluoroace- 
tate (Monsanto) were injected intraperi- 
toneally a t  a dosage of 3.5 mg per kg in all 
cases, either into rats that received no other 
treatment, or into rats that had received 
sodium malonate. This level of fluoroacetate 
was shown to result in the maximum rate of 
citrate production during the first 3 hours(6). 
In  general, one animal was injected with 
fluoroacetate alone and tested in parallel with 
2 or 3 animals that had received additiona1 
treatment. The animals were decapitated a t  
1 to 3 hours after the fluoroacetate injection, 
and the organs were quickly removed and 
chilled as before( 6 ) .  In  this study, only the 
heart, brain, kidney, thymus and spleen were 
removed for analysis. Protein- f ree filtrates 
were analyzed as before, using the modified 
pentabromoacetone method(8,ll).  Results 
are expressed in terms of micrograms of citric 
acid per gram of fresh tissue. 

The results of the experiments 
with corn binat ions of malonate and fluoroace- 
tate are given in Fig. 1.t The first point to 

Restdts. 

11. Karelaon, S.! Lugovoy, J. K., and Pincus, J. 
B., 1. B i d .  Chem., 1947, v l i0 ,  597. 

+ Fig. 1 represents only the data obtained with the 
more efiective doses of malonate and fluoroacetate. 
-4 number of tests were carried out with lower 
doses of both inhibitors. Two animals received 0% 
cc of 1.0 M malonate per 1o(E g followed immediate- 
ly by the standard 3.5 mg dose of fluoroacetate. 
Three hour.; later the average citric acid values were: 
brain 215, kidney 1000, thymus 720, spleen 1315, and 
heart 1200. The kidney and thymus values are 
significantly lower than the controls and all of the 
values support the findings in Fig. 1. Tests with 
lower doses of malonate in combination with 1 mg 
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F I G .  1. 
Citric acid accumulation in rat  tissues following 

sequential blocking of  the Krebs citric acid cycle 
by various combinations of malonate and fluoro- 
acetate. Animals receiving fluoroacetate only are 
called controls, and the data are given in  dashed 
lines labeled C. Malonate was given jn various 
combinations in addition t o  fluoroacetate. Curves 
labeled P M  (prior malonate) represent 1.2 cc of 
1 M malonate per 100 g 6,O min. prior to the fluoro- 
acetate. C’urves labeled SM (simultaneous malo- 
nate) represent the same dose of malonate, but the 
malonste was given a t  the same time as the fluoro- 
acetate. Gurves labeled YSM (prior and simul- 
taneous malonate) represent a dosage of 1.2 cc of 
1 M malonate per 100 g followed in 60 min. by 
one-half this amount of malonate and the usual 
dose of fluoroacetate. The data have been multi- 
plied by the numbers indicated for each tissue in 
order to use the same scale for the ordinates. Each 
point represents the average of 2 to 14 animals 
(usually 3) and the control, I’M, SM, and PSM 
curves represent 17, 5, 9 and 5 animals respectively, 
except in the case of thymus in which 12,  5, 4, and 
5 analyses were obtained, owing t o  insufficient 
samples in the remaining animals. 

be emphasized is that the 5 different tissues 
responded individually just as in the case of 
fluoroacetate alone, again suggesting that the 
results depend essentially on the metabolism 
of the individual tissues. Thus in the mal- 
onate treated animals, the data have to be 
discussed for each tissue. The fact that 
strikingly different results were obtained sug- 
gests that no individual result can be ascribed 
to a general systemic effect. 

The most decisive malonate block of citrate 
formation was obtained in the case of thymus 
when 1.2 ml of 1 M malonate was followed 

of fluoroacetate were inconclusive. When 1.2 cc of 
malonate per 100 g was injected and no fluoro- 
acetate was given, the citrate values were not ele- 
vated (27-49 pg per gram). 
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in one hour b!. one-half this dose with the 
fluoroacetate given at  the time of the second 
nialonate injection (curves labeled PSJI, prior 
and simultaneous malonate. in Fig. 1 ) .  

IYhen only one dose of malonate was given, 
the results depended on the time of admin- 
istration: the prior dose of malonate (1’31) 
suppressed citrate formation for two hours, 
but then wore off. indicating that the effective 
ilialollate concentration was maintained for a 
total of only 3 hours following a single sub- 
cutaneous injection. This conclusion is in 
harmony m-ith the recent report that nialonate 
can be metabolized in mice but that the CO, 
arising therefrom appears in the first 2 to 3 
hours ( 12 ) . Similar experiments on rats, in- 
cluding tests on urine would be of interest. 
\\-hen the siniultuneous dose of malonate 
( S N )  was given there was evidently some 
citrate synthesis before the malonate block 
became effective. Only in the case of the 
PSJI dosage was the block fully effective. 

Of the other tissues studied, only the kidney 
yielded data resembling that obtained from 
thymus. In the case of kidney the same 
phenomena were observed but the block was 
quantitatively less complete. In  the case of 
splcrii the prior malonate (I’M) dose was 
without effect although the PSJI dose showed 
a significant decrease in citrate accumulation. 
Broin showed a response that was very much 
like that of spleen escept that the total 
aniounts of citrate were much smaller a t  all 
combinations. 

Heart  showed a striking deviation from the 
other tissues. IYhen prior malonate was given, 
the citrate formed during the third hour after 
Auoroacetate was markedly increased above 
that found in the animals receiving fluoroace- 
tate alone. This finding suggests that in 
heart, oulacetate may be formed from a 
source other than succinate under these con- 
ditions.: Had the 1’11 or PS3I dosages re- 

12. Liison. S.. and Stolen. J .  I., PROC. SOC. EXP. 
Bior.. XSD MI:~., 1Q50. vT4. 4.fil. 

.lmong the \\ ell-knou-n sources o i  cnalacetatc 
that are independent o i  succinate oxidation arc (1) 
the transamination bctu ccn aspartic acid and 
a-keto:lutaric acid to yield o~alacetic and glutamic 
acids, and  (2) the Wood-Werkman reaction. or its 
mcdifications, by which pyruvate and CO, lead 

sulted in citrate accumulations no greater 
than in the controls it might have been pos- 
sible to suggest that the amount of succinate 
formed in the malonate system was great 
enough to break through the competitive in- 
hibition which is characteristic of malonate 
in vztro. However, the finding of a signifi- 
cantly greater citrate than in the case of flu- 
oroacetate alone is not satisfactorily explained 
in these terms.: -4 clue to the alternative 
source of oxalacetate stems from experiments 
on fasting animals. In  fasting rats, the in- 
jection of fluoroacetate results in a greater 
citrate accumulation in heart than is observed 
when fed animals are injected(l3). The 
heart utilizes fatty acids(l4) , and moreover 
hearts from fasting(l5) and diabetic( 16,17) 
animals have higher than normal glycogen 
levels, while injected ketone bodies lead to 
increased heart glycogen values( 18). Since 
malonate has been reported to induce keto- 
nemia( 1 ) .  the question arises as to whether, 
in the heart, ketone bodies may be convertible 
to both glycogen and to ciltrate by a path- 
way involving oxalacetate but not succinate. 

The heart findings are of interest from 
another standpoint, since regardIess of the 
explanation of how the oxalacetate became 

through a condensation reaction to oxalacetate 
Since i t  was difficult to see how these reactions 
wouId be accelerated in the presence of malonate 
our attention was led to a consideration of ketone 
bcdy formation, a reaction that  is increased in the 
presence of malonate in liver in vi t ro  (cf. Recknagel 
and Potter, to  be published) and on this basis 
ketone bodies were discussed in the above text. 
Isotope experiments are in progress which may 
help to decide which, if any, of the 4 possible 
sources of oxalacetate predominates in the hearts of 
the malonatc-poisoned animals. 

13. Potter, V. R., a n d  Simonson, H., unpublished. 
14. Cruickshank, E. W. H., and Kosterlitz, H. W., 

J .  Physiol., 1941, v99, 208. 
15. Lackey, R. W.: Bunde, C. -4., and Harris, L. 

C., -4n i .  J .  Phjlsiol., 1946, v145, 4’10. 
16. Lackey, R. W., Bunde, C. .%, Gill, A. J., and 

Harris, Id. C., PROC. SOC. EXP. BIOL. AND MED., 1943, 
v.57, 191. 

l i .  Siliprandi, S.. and Siliprandi, D., Boll. SOC. 
Itol. Biol. Sper. ,  1936, v Z Z ,  1167. 

18. Lackey, R. W., Bunde, C. A., a n d  Harris, L. 
C., PRoC. SoC. EXP. BTOL. AND MED., 1947, v66, 433. 
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available for citrate synthesis in the heart, 
it apparently was not available to kidney or 
thymus via the bloodstream. 

The results of these experi- 
ments are complicated by the fact that fluoro- 
acetate per se does not inhibit citrate oxida- 
tion but has to be converted to some com- 
pound (possibly fluorocitrate or a derivative 
of it) (8,19,20) that is the true inhibitor. 
However, in the malonate experiments for ex- 
ample, where the data indicate a failure to 
form citrate, a failure to form fluorocitrate 
would yield the same result, the difference 
being that in the one case the citrate oxidation 
would be impaired while in the other it would 
not. This point can be tested experimentally 
by studying the oxidation in vitro using tis- 
sues from the poisoned animals. Busch and 
Potter(l0) found a marked decrease in the 
ability of kidney homogenates from fluoro- 
acetate-treated animals to oxidize citra'te, 
without a concomitant decrease in the rate of 
Oxidation with pyruvate plus fumarate. Fur- 
ther tests, including thymus, remain to be 
made. 

In  these experiments it has been tenta- 
tively assumed that malonate blocked SUC- 

cinate oxidation in all tissues, but the results 
in certain tissues might lead to alternative 
hypotheses ithat in these tissues malonate did 
not enter the cells, or was rapidly destroyed, 
or was overwhelmed by accumulating succin- 
ate. While the determination of succinate 
and of malonate is not as feasible as that of 
citrate, it is hoped to determine the amounts 
of these substances chromatographically. 
Earlier in vivo studies do not provide an an- 
swer to the tissue differences, but do indicate 
that succinic dehydrogenase was blocked, 
because increased amounts of succinate ap- 
peared in the urine(3,4). 

I t  should be emphasized that the failure 
to form citrate after some pretreatment that 
is followed by fluoroacetate does not imply 
that the pretreatment, e.g. malonate, neces- 
sarily inhibited some enzyme in the metabolic 

19. Elliott, W. B., and Kalnitsky, G., J .  Bid. 

20. Liebecq, C., and Peters, R. A., Biochem. and 

Discussion. 

_-_._-I__ __ __.____ 

Chew.,  1950, v186, 487. 

BioPhvsica Acta.. 1949. v3. 215. 

sequence immediately prior to citrate. I t  
was understood a t  the outset that the experi- 
mental basis for sequential blocking would 
have to be fairly well established by inde- 
pendent studies before a sequential block 
could be assumed to have occurred. The 
fluoroacetate block might result in no citrate 
formation in a tissue in which the cells have 
received lethal or near lethal treatment of 
any kind, even though the animal as a whole 
is destined to die much later. Through the 
cooperation of Dr. K. P. DuBois( 2 1 ) ,  unpub- 
lished experiments may be cited in which rats 
that received lethal doses of 800 r of X-ray 
irradiation, were given the standard fluoro- 
acetate block (3.5 mg per kg and killed 3 
hours later) at  various times after irradiation. 
Non-injected animals died 4 to 5 days after 
irradiation. The injected animals were found 
to have a marked decrease in citrate produc- 
tion in spleen and thymus, a definite decrease 
in the case of kidney, and no effect in heart 
or brain. These changes began within 0 to 3 
hours after irradiation and continued until 
death. I t  seems likely that in this and numer- 
ous other instances a destruction of some 
cell component will have repercussions that 
may involve the Krebs cycle and be revealed 
by the technic herein described before patho- 
logical changes will be evident microscopi- 
cally. It would not be appropriate to con- 
sider such phenomena as sequential blocking 
in the abseece of further information as to 
which specific enzyme, if any, is involved. 
However, the data illustrate another example 
of the usefulness of the fluoroacetate block 
in revealing differences in the metabolism of 
individual organs in animals following some 
treatment administered to the whole animal.$ 
Further studies to be reported later have been 
carried out in this laboratory using the fluoro- 
acetate block in fasting animals and follow- 
ing the administration of aminopterin, al- 
loxan,, cortisone, and insulin. Ia all cases, 
the individual organs do not give parallel 
responses. I t  appears that the technic may 
have wide applicability in the study of tis- 
sue metabolism and in combination with iso- 
- - ~_________~._______l_l 

21. Du Bok, K. P., Cochran, K. W., and Daull, J., 
PROC-. SOC. Exv. BIOL. AXD MED.. in mess. 
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topically labeled precursors should permit the 
determination of the rate of entry of a given 
metabolite into the Krebs citric acid cycle in 
individual organs. 

From the therapeutic standpoint, combina- 
tions of inhibitors or inhibitors and hormones 
that act sequentially on metabolic pathways 
such as protein and nucleic acid synthesis 

+ Sa te  added f a n .  20. 1931: Livers from irradi- 
a ted male rat; \\-ere icund t o  accumulate large 
amounts oi  citrate iollon-ing the iluornacetate treat- 
m e n t ( ? ] )  in contrast to livers irom normal male 
rzts, which do not accumulate citrate. I t  was alsn 
fcund that  normal f p i i i n l c  rats shoLved a liver re- 
spon-c to Auoroacetate a n d  the latter finding has 
been confirmed in this laboratory. in which prelimi- 
narl- tests with n z 1 2 l ~ s  given dessicated thyroid have 
yiven liver responses in -1 out o i  9 animals. suggi.,-t- 
ing that several hormone relationship, may be in- 
vo 1 ve d . 

should be sought. Not onlJ- shcruld sjniul- 
taiieous injections (cf. S1;ipprr 1 i 2 1 ) he at- 
te:iipted: but the individual druris should also 
be given separately and in c1itY.frrt.n; _cequences 
of administration. 

The action of tn-o 1 lr more in- 
hibitors, each of which acts on the  same meta- 
bolic sequence but upon difiiertn; enzymes 
within a limited portion of the : TP -j-- mice’ .  was 
defined as sequeizfid blockin<. -3s a model 
of such a system, the combined ac;!im of mal- 
onate and fluoroacetate was studied in ~ i m .  
I t  was shown that malonate drcreased citrate 
formation to varying degrees in Thymus. kid- 
ney. spleen and brain, but increased citrate 
formation in heart following th r  jnjectinn of 
Buoroacetate into rats. 

Summary. 

Effect of Yolk Removal in Day-old Chicks on Early Nutritional 
Requirements.*- (18384) 

H. NENGE, R. E. MOREXG,~  AXD G. F. COMBS. 
(Introduced by H. R .  Bird.) 

From t h e  D e p u r t l l i m t  of Yoid t ry  Hirsba,idry, I -n ivers i ty  of :Maryland, Collr.ic P < , Y ~ .  

Several investigators have found a positive 
relationship between early chick growth and 
the diet of the dam. Rubin and Bird(1) 
demonstrated that an unidentified growth 
factor present in cow manure. later shown to 
be identical with vit. BIZ, was transmitted 
through the egg and thence to the chick. 
Subsequently, Rubin and Bird( 2 )  reported 
the chick growth factor to be chiefly concen- 
trated in the yolk of the egg. Bethke et aE. 
( 3 ) .  1IcGinnis and Carver(4), LViese e t  aE. 
( 5 ) .  Robblee rt  oZ. ( 6 ) .  and Csonka and Olsen 

*: Scientific paper S o .  =1392. Contribution S o .  
2255  of the Maryland .~gricultural Experiment St2- 
tinn (Department oi  Poultry Husbandry) .  

t Present address : Poultry Department. S o r t h  
Dakota Agricultural College, Fargo. S o r t h  Dakota. 

1. Rubin. M., and  Bird. H. R . J .  Biol. C h e m . ,  
1946. v163, 393. 

2 .  Rubin, M., and Bird, H. R.. Poultry Sci., 1947, 
v26. 309. 

( 7 )  also found that the diet oi the breeders 
had a definite influence on the crowth of the 
progeny. It is evident! therefore. that nutri- 
tional studies involving the chick are limited 
by the extent to which the chick can be de- 
pleted of the nutrients under consideration. 
Studies concerning vit. B12 and unidentified 
chick growth factors conducted by Menge et 
d ( 8 )  in this laboratory have involved the 
use of chicks from dams fed rations contain- 

3 .  Bethke, R .  M., Pensack, 1 1 .  nntl Kennard, 

3 .  McGinnis, J., and  Carver. J .  5 Poultry .Sci., 

.5. Riese. A. C., Petersen. C. F.. s i x j  L a m p m m .  

6. Robblee. A.  R.,  Xchol .  C.  A..  C r ~ v r n s ,  W. IT., 
El\-ehjem. C. X., and Halpin. 3 G . PouZlry S c i ,  
19;1S, v27, 442. 

7. Csonka, F. A., and Olsen, 11. If- , .?. Nzlirjijon, 
1949, 1739, 485. 

I). C . ,  Poultry Sci., 1947, v26. 12s. 

1W7. \-26. 457. 

c. E.. P o d t r y  sci., 1948, 1727. -!bb. 


