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Beta-Aminoisobutyric Acid, A Possible Factor in Pyrimidine Metabolism.9 
(1gow 

KAY FINK, ROBERT B. HENDERSON, AND R. M. FINK. 
From the Department of Investigative Medicine, Veterans Administration Eospital, Long Beach, 
Calif., and the Departments of Biophysics and Physiological Chemistry, University of California 

Medical School, Lvs Angeks. 

The unknown substance previously re- 
ported ( 1 ) as a major ninhydrin-reacting 
component in a number of urine chromato- 
grams, particularly in those of patients with 
malignancy, has now been isolated from the 
urine of a normal subject(2) and 2 cancer 
patients and identified as beta-aminoisobu- 
tyric acid (BMB). Preliminary animal ex- 
periments indicate that its precursor is a 
5 -methylpyrimidine, 

Experimental. Isolation and identification 
of beta-aminoisobutyric acg .  Urine samples 
from cancer patients were collected in bottles 
containing thymol and stored in the fareezer. 
When several specimens containing high con- 
centrations of the unknown compound had 
been collected from a single patient they were 
pooled and fractionated in ion-exchange col- 
umns. The large variety and high concentra- 
tions of extraneous substances in urine made 
the fractionation more difficult than in the 
case of protein hydrolysates(3), but ion ex- 
change 'appears to be the method of choice for 
separating the small quantity of amino acids 
in urine from the much larger quantity of 
strong electrolytes and non-electrolytes. Gen- 
erally, our best results were obtained as 
follows: The urine was diluted 2-fold or more, 

*Aided by a grant from the University of Cali- 
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filtered, and passed through a large column 
(diam. 2-4 cm; ht. 50-70 cm) filled with 
coarse particles of a cation exchanger of the 
sulfonic acid type (Amberlite IR-105, Am- 
bedite IR-120, or Duwex SO). The column 
was washed with water and the amino acids 
eluted *with dilute NH@H (0.1 to 0.3 N), 
the eluent being collected in tubes containing 
thymol. The band of amino acids occupied 
only a small portion of this first column and 
the fronts were often quite irregular (with 
precipitates sometimes forming local dams 
which had to be broken by stirring the 
column) so usually little or no fractionation 
of the individual amino acids occurred, and 
all the alkalhe ninhydvin-positive fractions 
were pooled and concentrated in wcuo to re- 
move ammonia, and then all the amino acid 
fractions were combined and diluted for pas- 
sage through a second column. The second 
column (diam. 1-2 cm, ht. 40-60 cm) con- 
k i n d  60-80 mesh particles of an anion ex- 
changer of the strong lbase type (Amberlite 
IRA-400). The pooled fractions from the 
first column were added, the column was 
washed with water, and the amino acids were 
displaced *with 0.5 N NH@H or 0.16 N acetic 
acid. (Acid elution sometimes caused forma- 
tion of gas bubbles, presumably CQZ, in such 
quantity as to interfere with the flow and 
necessitate their removal by occasional stir- 
ring of the columln). Usually some separa- 
tion of the various amino acids occurred a t  
this stage and only the fractions found 
chromatographically to contain significant 
concentrations of the unknown compound 
were pooled, concentrated in vacuo, and 
diluted. Final ion exchange fractionation was 
carried out in a column 3-10 mm in diameter 
and 40-60 cm high, filled with sulfonic acid- 
type wsin of 80-100 mesh. The selected eluate 
of the previous column, a water wash, and 
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dilute ammonia were passed through at a rate 
of 1 ml per minute, or less, and the eluate was 
collected in mal l  fractions. 

The best ion exchange froactions contained 
the unknown compound as the only ninhydrsin- 
reacting component, but the usual procedures 
failed to produce crystals, and concentration 
and chromatography revealed the presence of 
colored and fluorescent substances. -4ccord- 
ingly, some of the best fractions were streaked 
across large sheets of washed filter paper, 
chromatographed in butanol, acetic acid, and 
water ( 2  : 1 : l ) ,  and the areas containing the 
ninhydrin reacting substance were isolated 
and eluted as previously described( 1) or by 
Soxhlet extraction with methanol. 

-\ solution of the unknown compound pre- 
pared from the urine of one cancer patient 
by ion exchange and chromatography yielded 
67 mg of a crystalline benzenesulfonyl deriva- 
tive when subjected to the Schotten-Baumann 
procedure (4). This derivative, when recrys- 
tallized from water or toluene (0.2 ml per 
10 mg), melted at  83.0 to 83.6”C: and yielded 
equivalent weight values of 254, 247, and 
247. (Equivalent weight calculated for the 
benzenesulfonyl derivative of a 4-carbon, 
mono-amino, mono-carboxylic acid 243.3). 

-~nalysisO-CloH18h’SO~. 
Calculated: C 49.36, H 5.39, ,1’ 5.76 
Found: C 49.49, H 5.63, S 5.68 

Hydrolysis of a small portion of the derivative 
overnight at 1OO’C in 12 S HCl yielded a 
ninhydrin-reacting compound with the orig- 
inal chromatographic properties. The iso- 
lated substance could be distinguished from 
the available 4-carbon mono-amino, mono- 
carboxylic acids. alpha-amino-n-butyric acid, 
alpha-aminoisobutyric acid, and gamma- 
amino-n-butyric acid by its chromatographic 
properties and reaction to cupric ion.‘ Its 

4. Keston, -4. S., Udenfriend, S., and Cannan, R. 
IC., J .  Am. Chefit. SOC., 1949, v71, 251, 

-- - - - - - - - - - -_ 

All melting points corrected. 
0 Elek Micro Analytical Laboratories, Los Angeles. 
1 The previous paper(1) failed to make clear that 

it was a vuviution of the Crumpler and Dent(5) 
copper technic, with the amino acids remaining in 
the copper-brushed area of a one-dimensional chroma- 
togram, in which ninhydrin gave a peculiar color 
reaction with the unknown compound. The two- 

stability to acid hydrolysis served to distin- 
guish it from beta-amino*-butyric acid( S), 
and camparisan of the chromatographic be- 
havior of glydne and sarcosine appeared to 
rule out X-methyl alanine, X-methyl beta- 
alanine, K-dimethyl glycine, and K-ethyl gly- 
cine as possible structures for the unknown. 
The remaining isomer, beta-aminoisobutyric 
acid, was synthesized following the procedure 
of Clemo and Melrose( 6 )  by HCl hydrolysis 
of the 5 -me thyl-4,5 -dihydrour acil obtained 
from the condensation of urea and ethyl 
methacrylate. The synthetic amino acid was 
chromatographically indistinguishable from 
the urinary compound and gave the same 
reaction to copper. A benzenesulfonyl de- 
rivative of the synthetic BAIB, prepared as 
before, melted at  80-83”C, and a mixture of 
the synthetic and natural derivatives melted 
at  79-82.5”C. 

The “best fractions’’ from the urine of a 
second cancer patient yielded about 15 mg of 
clean crystals of the free amino acid after the 
fractions were evaporated, dissolved in hot 
butanol and bwice recrystallized. The isolated 
compound melted a t  181-184”9=, a synthetic 
sample of BAZB prepared by Pollack(7)li 
melted at 177-178”C, and a mixture of the 
natural and synthetic compounds melted at 
163-1 78°C. The infra-red absorption spectra 
of the natural and synthetic compounds 
showed only slight differences, similar to those 
shown by the spectra of I and dl leucine,tt and 
as the two preparations also appeared to be 
identical in their reaction to copper and their 
Ghromatographic behavior in various solvents, 
it was assumed that the melting point varia- 
tion was due to optical isomerism in the 
natural B-41B. This assumption appears to 

dimensional technic described by Crumpler and Dent 
results in the usual color reaction. 
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have been verified by the recent publication of 
Cmpler ,  Dent, Harris, and Westall( 2) , 
whose isolated BAIB was laevorotatory, 
melted at 183-184OC, and required racemiza- 
tion before melting point and X-ray diffrac- 
tion data showed its identity with Pollack's 
( 7 )  synthetic BAIB. 

Clinical studies.** First morning urine 
specimens were collected in bottles containing 
thymol, an aliquot was s t u d  at -2OOC for 
possible rechecking, and the remainder stored 
at 5°C until the chromatograms were set up, 
which was rarely mom than 2 hours after -the 
specimen was voided. Duplicate two-dimen- 
sional filter paper chromatograms were pre- 
pared from 25 pl aliquots of the fresh urine 
specimens, one with known amino acids added 
as markers, using water-saturated phenol as 
the first solvent and the upper phase from a 
mixture of tertiary butanol, secondary bu- 
tanol, and water (155.6)  as the second 
solvent. The density of the ninhydrin-de- 
veloped spots was determined with a photo- 
electric cell, and the urinary concentration of 
the vaFious amino acids then estimated from 
standard curves prepared from similar dxom- 
atograms containing a known number of 
micromoles of the various amino acids. The 
standard curves could be reproduced within 
about t,20%, and addition of known amounts 
of various amino acids to urine indicated that 
much of our data on urinary amino acids also 
falls within this range of accuracy. Over- 
lapping, streaking, or distortion of the spots 
on urine chromatograms can increase the error 
markedly, however, and the routine urinary 
data, particularly as regards amino acids 
present in very high or very low concentra- 
tions, are considered as p e n t i d l y  in error 
by a factor of two or more. 

Data on BAIlB levels in urine specimens 
from a group of 140 apparently healthy sub- 
jects (physicians, nurses, laboratory person- 
nel, and members of an Air Force National 
Guard unit) are shown in Table I. The vari- 

**The authors are indebted to several members 
of the staff of the Veterans Administration Hospital, 
and especially to Dr. Philip M. West and Dr. Frank 
W. Ellis of the Neoplastic Disease Section, for their 
cooperation in the clinica.l studies. 

TABLE I. Urinaq Exmetion of beta-Aminoisobu- 
t p i c  Acid by 140 Appmntly Normal Hmiam. 

No. af Avg BAIB conc., 
e8c1811 BAIB/daninierartio .milMmolea/liter 

88 BAIBllotdatwtable <.lS 
41 .3-1.9 .3 
8 2-3 .4 
1 6 2.6 
2 12-13 3 

ability in concentration of the more common 
urinary amino acids and in the chromato- 
graphic development is to some extent mm- 
pensated for by subdividing the group ac- 
cording to the ratio of BAITB to alaine shown 
by each Chromatogram. In 63% of the group 
studied BMB was not detectable, indicating 
urinary levels less than about 0.15 micromde 
per liter, the ninhydTin .test being only about 
half as sensitive for B U B  as for most of the 
simple alphaamino acids. In  29% of the 
cases BAIB was deitedable but showed con- 
centrations less than twice those of alanine. 
Eight individuals d the 140 showed BAIB 
levels 2 to 3 times their alanine levels, and 3 
subjects showed still higher BAIB/alanine 
ratios. 

Medical histories of individuals included in 
the control group were not requested, but the 
individual who showed the highest BAXB con- 
centration was at sirst dubious about con- 
tributing a control speoimen because of a 
family history of malignancy. This individual 
has remained in good health during the 1% 
year period since .phe first observation. One 
of the early members of our control p u p  
has regularly s h m  a high BAfB level for the 
past 2 years (abaut one millimole per liter, 
5 times his alani4e level), but was omitted 
from the control group ~ @ d  here since he 
recently noted the appearance on h i s  leg of a 
small, rapidly growing nodule which was sub- 
sequently excised and diagnosed as a primary 
fibrosarcoma. Several individuals in the nor- 
mal group were checked at infrequent inter- 
vals for periods up to 2% years and were 
found to show little variation in their BMB 
excretion. In day-to-day studies of patients 
with neoplastic disease, on the other hand, 
extreme variatim in .the urinary BAIB level 
haw occasionally been noted, and the level 
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FIG. 1. Data 011 cam of chronic myelogenous leukemia. So te  that the blood cell counts and the 
iwinarF levels of aliiiliiie and BAIB (beta-axninoisobutyric acid) are plotted on logarithmic 
scales while the body teiiiperature and urethane dosage are on arithmetic scalcs. The patient mas 
:zcutel;t- ill and bed-ridden during period from about 80-105 d a y  but felt well and was ambuls- 

tory during the remainder of the obscrt.ation pcriods. 

seems to be affected by therapeutic regimes 
and the clinical state of the disease. The 
factors responsible for the variations are not 
clear, however, and although over a thousand 
urine specimens from cases of maiignancy 
have been analyzed with duplicate 2-dimen- 
sional chromatograms, it appears that an in- 
tensive study of the relevant case histories as 
well as the collection of a larger quantity of 
data will be required before it can be accu- 
rately determined whether BAIB is signifi- 
cantly related to any given type of neoplasm 
or other disease. 

The variability of BAIB excretion seen in 
some patients is illustrated in Fig. 1, which 
shows a portion of the clinical data obtained 
during 2 flareups of a case of chronic myelo- 
genous leukemia. A marked elevation of 
urinary BAIB was found in only one specimen 
(day KO. 1 2 )  during the first of the two 
episodes shown, and it was accompanied by a 
moderate elevation of other urinary amino 
acids. The patient had been hospitalized on 

the lbasis of his blood count at the beginning 
of bhis period (note that both the blood counts 
and the urinary amino acid levels are plotted 
on logarithmic scales) {but he continued to feel 
well, was allowed to leave the hospital on 
weekends, and after about three weeks was 
discharged to return to his work and continue 
urethane therapy at home. His blood picture 
gradually improved, but on the 81st day an 
exacerbation of the leukemic process occurred 
and the patient was acutely ill for about three 
weeks, with a very high total white blood cell 
count, a high proportion of immature cells, 
fever, and a greatly enlarged spleen. Follow- 
ing an increase in urethane dosage and X-ray 
to the spleen the patient again became ambu- 
latory, showed a drop in white count and blast 
cells, gained 10 pounds in 2 weeks, was al- 
lowed to go home on weekends, and finally 
was discharged with instructions to continue 
hrethsne therapy. During the acute phase 
of this second episode the urinary BAIB 
reached levels as high as 30 millimoles per 
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TABLE 11. Urinary Excretion of beta-Aminoisobutyric Acid, Ahnine) and Leucines by Rat 
No. 1 Under Various Dietary Regimes. 

Urinary concentration ($4720 ml) Urine Rat 
Diet BAIB" Manine Leucines vol (ml) wt (g) 

1 
2 
3 day 
3 night 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

ohow 
40% DNA t 

chow 
9 ,  

9 9  

8 76 thymine$ 9 ,  

0 
20 

120 
2 
2 
0 
0 
4 
3 
5 
0 
0 
0 
0 
3 
3 
6 
5 
3 
3 
6 
0 
0 

2 
2 4  

2 
2 
3 
3 
2 
2 
2 
4 
3 
2 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 
1 

0 
6 
2 
1 
1 
2 
2 
1 
1 
2 
2 
1 
2 
2 
1 
1 
1 
1 
1 
1 
2 
1 
1 

16 

2 
17 
27 
1 0  
22 
32 
34 
17 
18 
13 
14 
14 
16 
20 
26 
25 
25 
20 
14 
16 
14 

19 t 
250 (est.) 

205 

215 

231 
237 
2 36 
23 0 
232 
241 
2 29 
252 
251 

* The chromatogram spot reported in this column. has been identified as BAIB (beta-Amino- 
hbut.yric acid) with reasonable certainty in the m e  of the 40% DN14 diet, and it is probable, 
but leas wr-tain, that the new wot which appeared during the thymine and 10% DNA feedings 
was also BSIB. 

t Dmoxyribonucleic acid from sperm (Nutritional BioohemicalaJ a r p . ,  (Yleveland, Ohio). 
Tho rat conmmed 4.2 g at the 40% level and 8.3 g at the 10% level. 

$ Diarrhea, sample contaminated with feces. 
9 Rat consumed 1 g of thymine. 

liter (rechecked for accuracy with smaller of alanilne and the leucines are included for 
aliquots) , about a 2Oefold #increase over comparison. Neither rat excreted detectable 
some previously determined levels, and then amounts of BAIB duning the preliminary 
fell again as the patient's clinical condition basal diet period. The 40% desoxyribonu- 
improved. The great variation in BAIB ex- cleic acid (DNA) diet resulted in a marked 
cretion was not caused by a generalized amino- loss in weight, a short period of diarrhea, a 
aciduria, for the levels of other regularly de- brief and generdIy small rise in the cancen- 
tectable amino acids were found to show only 
about 3 to 10-fold variations in the urine 
specimens of this patient. 

Afiimal experiments. Adult male albino 
rats were placed in metabolism cages and fed 
finely ground purina dog chow for a day or 
two to permit collection of control urine 
specimens. During an experimental period 
the dry test substance was thoroughly mixed 
with powdered chow. The urine was collected 
under toluene and chromatograms were pre- 
pared as in the clinical studies. The excretion 
levels of BAIB in the urine of .two rats sub- 

tration of several urinary amino acids, and 
the appearance of a very hligh concentration 
of BAXB. The 40% ribonucleic acid (RNA) 
diet likewise Mused a drop in body weight 
and production of very soft (but not liquid) 
feces, but i t  failed to produced notable 
changes in amino acid excretion. A 10% 
DNA diet was well tolerated by the rat for 
several day3 and chromatograms prepared 
during this period showed a. rather light spot 
in the position taken by BAIB. The 8% 
thymine diet produced a similar spot, but not 
as dark as would have been expected from 

jec td  to various dietary regimes are shown in 
Tables I1 and 111, and data on the excretion 

feeding DNA containling an equivalent gum- 
tity of thymine. 
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TABLE 111. Urinary Excretion of beta-Aminoiwbut.yTic Acid, Alanine, and Leucines by Rat 
No. 2 Under Various Dietary Regimes. 

Urinary concentra.t.ion (pM/20 ml) Urine Rat 
DRY Diet BAIR" Alanine Lcuuc.incs vol (ml) w t  ( g )  
--- __ - - - - - - - - - - ___- 

2 2 2.6 300 
8 22 

1 chov 0 
3 40% D S A t  4 

2 2 22 
> - 282 

4 0 3 
'7 0 4 

3 ChOW 10 4 2 31 267 
4 2 21 
> - 29 

0 6 

0 3 - 21 305 
0 

8 
9 40% RXA$ 0 3 1 3" 283 
1 0 ) Y  0 3 1 18 269 

2 1 10 274 
12 cho1v 0 -J 2 22 

0 11 

0 3 2 37 304 13 
0 3 2 30 317 14 

15 > )  2 9 18 313 0 

I- 

3 

7 ,  

,, 

I- 0 

> )  

0 

?, 

? Y  

7 ,  

¶ ,  

7 7  

_- -- - - . - - - - - ___-_- 
* beta-Aminoisobutyric acid. 
t I)twoxyvribonucleic acid from sperm (Xutritional 12iochc~niczils Corp., Cilcvcland, Ohio). 

$ Diarrhea, sample contaminatcd with feces. 
$ Ribonncleic acid (Sutritioiial Biochemicals Corp., Cleveland, 0.). Rat consumed 7.7 g. 

Rat consumed 8.2 g. 

Rat urines generally yield poor chromato- 
grams, and the area of the chromatograms 
occupied by B.UB is potentially a crowded 
one( l ) ,  but there is very little doubt that the 
intense spot produced by the 40% DX.4 diet 
actually was B-LZIB, for its chromatographic 
behavior in a number of solvents, its stability 
to acid hydrolysis, and its reaction to copper 
appeared to be identical with that of the 
BA41B isolated from urine of humans with 
neoplastic disease. Although the 8% thymine 
and 10% DSA diets each produced an acid- 
stable compound which gave a spot in the 
chromatographic position of BATB, and these 
spots are listed as BAIB in Table 11, the con- 
centrations in these cases were so low that a 
partial purification will be required before 
extensive chromatographic and chemical tests 
can establish the identity of the spots beyond 
reasonable doubt. 

Discussion. There appears to be no doubt 
that many human subjects do excrete BAIB 
and that some of them excrete a greater 
amount of i t  than of any other free amino 
acid. In  addition to the data presented in 
this paper, Crumpler et a2.(2) have reported 
that about 5 %  of their large group of normal 
subjects showed consistently high urinary 
levels of BAIB and that a study on relatives 
of some of these indicated the involvement of 

a genetic factor. Some of the available data 
suggest that B.UB may be related to the 
cancer process, but a determination of whether 
the suggested relationship is real and of 
metabolic significance will require further 
study. 

-4 ",blackboard survey" of conceivable 
BAIB precursors pointed to the S-methyl- 
pyrimidines as likely possibilities. In  pre- 
liminary animal experiments a diet high in 
5 -met h ylp yr imidine-con t aining DNA caused 
B-UB excretion and appeared to support the 
hypothesis, especially siance a similar diet in 
which the DNA was replaced by RNA failed 
to show the effect and thus served as a control 
which tended to rule out some possible com- 
plicating factors such as an adenine effect on 
the kidney(8). A 4  diet high in free thymine 
caused excretion of a substance tentatively 
identified as BAIB, but at a lower concen- 
tration than might have been expected on bhe 
basis of the probable combined thymine cm- 
tent of the DNA diet. It is possible that the 
free thymine was poorly absorbed or inef- 
ficiently catabolized, and isotopic studies or 
feeding experiments with thymidine, S-meth- 
ylcytosine( 9,10), and other compounds may 

8. Bendich, A., Browm, G. B., Philips, F. S., and 

9. Wyatt, G. R., Nature, 1950, v166, 237. 
Thiersch, J .  B., J .  B i d .  Cbem., 1950, v183, 267. 
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clarify the point. No evidence has been ob- 
tained to indicate which of several conceivable 
biochemical pathways might [be involved in 
the formation of BMB from ’it 5-metbyl- 
pyrimidine. 

The hypothesis(2) of a genetically deter- 
mined error in kidney resorption seems logical 
as an explanation of the high BAIB levels in 
some normal individuals, but it does not ap- 
pear to be consistent with clhical data show- 
ing marked lowering of the RAIB excretion 
following therapeutic regimes more likely .to 
injure than to improve kidney function. The 
studies dlescribed suggest, as one alternative 
hypothesis, that a high BAIB level might in- 
dicate an abnormal rate or type of S-methyl- 
pyrimidine catabolism. 

Summary. (1 )  A compound frequently 
noted in a chromatographic study of urinary 
amino acids has now been isolated from the 
urines of two cancer patients and identified as 

10. Johnson, T. B., and Coghill, R. D., J .  Am. 
Chem. SOC., 1925, 1747, 2838. 

beta-aminoisobutyric add (MIB) . (2)  In a 
p u p  of 140 apparently healthy subjects, 52 
individuals showed detectable urinary levels 
of BAIB (>0.15 millimole per liter), and 
three of these shvwed concentrations over 1 
millimole per liter. Individual control sub- 
jects studied at intervals for periods up to 
2% years showed little fluctuation in BAIB 
excretion. (3 )  In individual patients with 
neoplastic disease, the urinary BAIB level 
occasionally varied markedly and appeared to 
bear some relationship to the neoplastic 
process. Such variations are illustrated by a 
report of a case of chronic myelogenous leu- 
kemia. (4) Theoretical considerations pointed 
to a 5-methylpyrimidine as a likely precursor 
of BAIB, and evidence favoring this view was 
obtained by rat experiments in which BAIB 
excretion was produced by a diet containing 
large amounts of desoxyrilbonucleic acid but 
not by one sirmilarly enriched in ribonuckic 
acid. 

Received August 27, 1951. P.S.E.B.M., 1951, v78. 

Effect of Cortisone on the Mast Cells of the Rat. (19001) 

CESARE CAVALLERO AND CARLO BRACCINI. (Introduced by C .  G. Tedeschi.) 
From the Anatomo-pathological Institute, University of M&n, Italy. 

Recent observations have stressed the im- 
portant role played by cortical hormones, 
especially cortisone, in the collagen diseases 
and in the biochemistry of the mesenchymal 
changes in dermal connective tissue both in 
man and in laboratory animals under normal 
and pathological conditions. These changes 
concern both the fibrillar and cellular con- 
stituents of the connective tissue and the 
homogeneous interfibrillar ground substance. 
There are two prevalent opinions concerning 
the physiological significance of the mast cells: 
some authors believe that these cells produce 
the hyaluronic lacid of the ground substance; 
according to others the mast cells produce 
heparin. 

In view of the evident changes caused by 
cortisone on acid muco-polysaccharides (hyal- 

uronic acid) of the tissues, we wished to as- 
certain whether these histochemical and bio- 
chemical changes were related to the morph- 
ology of the mast cells. 

Material. For this purpose, 36 unselected 
adult male rats, fed on a fixed and balanced 
standard diet, were divided in groups of 6 
animals. Three groups were injected sub- 
cut’aneously with cortisone (“Ciba”) 10-5-1 
mg/day per animal for 3-20-70 days respec- 
tively. For the same period 3 groups of con- 
trol animals were given similar doses of physio- 
logical saline alone. At the end of experiment 
all animals were killed with a sharp blow on 
the head. Specimens were taken from the skin 
of the neck and from the muscles of the thigh 
and myocardium; these were fixed in Carnoy 
fluid, cut in series, and stained with an aqueous 


