
HYDROXYPROLINE 

impulses; and (c) liberation of certain hor- 
mones such as epinephrine or sympathin. 
Paresis of the vagal inhibitory mechanism is 
directly antagonistic to m e  of the actions of 
digitalis. Decreased vagal stirnulation of the 
SA and AV nodes would act to shift the 
pacemaker upward by virtue of the resultant 
greater automaticity of the nodal tissue. In  
2 dogs, however, a slower rate was seen during 
anesthesia than was present in the unanes- 
thetized but over-digitalized heart. An effect 
upon the relaitive irritability of the auricles 
and ventri'cles must be concluded, since the 
rhythm was SA with \this slower rate. 

With thiiopental sodium 4 of the 10 animals 
had no change of the arrhythmia or colnduc- 
tilon defect caused by over-cligitalizataon ; 2 
were worse; and 4 were improved. In  3 of 
the latter 4 the sh0r.t acting glycoside oua- 
baine hlad been used. Since electrocardiograms 
taken upon recovery from anesthesia diid nolt 
show reversion to the abnormalities present 
before anesthesia, there is some doubt as to 

~ - 

7. Samaan, A,, Arch. internat. de pharmacodyn. 
et de therap., 1934, v50, 101. 

OF CHICK EMBRYO 37 

whether the effect was due to the anes- 
thsetic agent or Ito the decrease in activity of 
the digitalis prepaaation. 

Thliopental sodium was found to produce 
either nlo effect or an increase in responsive- 
ness of the heart to vagal stimulation by 
Gruber et a L ( 8 ) .  In1 the presenlt study this 
anesthletic agent was seen to exert no bene- 
ficial effect upon the severimty of the arrhyth- 
mias induced by digitallis preparatijons. 

Summary. Dogs, digitalized to cardiac 
toxicity with ouabaine (0.07 or 0.08 mg/kg) 
or with digitoxin (0.3 mg/kg) were anesthe- 
tized with cyclopropane, lether and thiopental 
sodium. 

Cyclopropane improved OT abolished the 
arrhythmias produlced by digitalis prepara- 
tions. Ether 'caused a reversion to noIrma1 
rhythm. Thbiopental sodium exerted no effect 
upon the electrocardiiographic abnormalities 
of over-digitalized dogs. 
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Previously reported investigations have 
shown that in the developing chick embryo 
the percentage of arginine and lysine remain1 
quite clonstant, tyrosine and h'is'tidine de- 
crease slightly, and tryptophan and cyskine 
increase somewhat ( 1-4). Hydroxyproline, 
qe,parated as the reineckate according to the 
procedure of Kapfhamrner and Eck(5), has 
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been reported to occur in a constant amounlt 
in thle 'egg during the period of incubation( 6).  

In  the present study the cololrimetric pro- 
cedure of Neuman and Logan(7) for de- 
termining hydroxyproline shows it to be ab- 
sent from egg white and yolk, and to accumu- 
late in the embryo and embryonic membranes 
as development proceeds. The presence of 
hydroxyproline in the egg-shell membranes 
of tbe chickenl, duck, and turkey is also re- 
ported. 
- 

6. Ido, R., Ber. ges. Physiol. u. exp. Pharmakol., 

7. Neuman, R. E., and Logan, M. A., J .  B i d .  
1931, v63, 426. 

Chem., 1950, v184, 299. 



38 HE'DROXYPROLINE 

l l l l lcr Outer 
S 13 P c i e s (egg) (shell) Wiole 

I h c k ,  IVliite Pekin  1 .12  0.66 n.89 
Turkey, Mammoth Bronzc 0.87 0.63 U.G6 
('hicken,* IVhite I , cghr~~n 1 .12  0.89 1.00 

Procedure. n'hite leghorn eggs were ob- 
tained from a commercial hatchery and in- 
cubated a t  37.5 to 38.5-C a t  a humidity of 
50 to 60%. They were turned once a day. 
The hydroxyproline content of white and 
yolk, chalaza and vitelline membrane, and 
egg-shell membranes of the fresh egg was 
determined by the colorimetric procedure of 
Xeuman and Logan ( 7) with correction for 
color due to tyrosine. At intervals as the in- 
cubation proceeded, eggs were withdrawn and 
the embryos and embryonic membrane: were 
removed, separated, blotted lightly with filter 
paper, and weighed. They were suspmded 
in 20 to 50 times their weight of acetone 
for 3 hours, and overnight with the same 
quantity of fresh acetone? then removed and 
dried to constant weight a t  108°C for analy- 
sis. T o  determine the extractable hydroxy- 
proline, embryos and serosa were subjected to 
autoclaving in distilled water for two 3-hour 
periods a t  15 lb pressure. The solutions 
and washings of the residues were transferred 
to test tubes. The contents were dried by 
directing a stream of air into the tube placed 
in a boiling water bath. The hydroxyproline 
content of the material removed by extraction 
was determined. 

Results. .4s shown in Table I the whole 
egg-shell membranes from different species 
contained 0.66 to 1 .OO% hydroxyproline. The 
inner membranes of all species contained a 
higher content of hydroxyproline than did the 
outer membranes. The hydroxyproline was 
solubilized to an extent of 2 2 %  by auto- 
claving 6 hours at 15 lb. Pepsin and trypsin 
did not significantly digest thle hydroxyproline- 
containing substances. Other keratinous rna- 
terials analyzed by  the present procedure did 

OF CHICK EMBRYO 

not contain hydroxyproline ( 7 ) .  The egg white 
and yolk, and chalaza and viltelline mem- 
brane contained no detectable amounts of 
hydroxyproline. 

As shown in Table I1 hydroxyproline was 
not detectable in the chick embryo during 
the first 4 days, but appeared in traces on the 
fif'th day, and increased throughout the incu- 
bation period (1.9 days) to 1.16% of the dry 
weight. The logarithmic values of the total 
hydroxyproline of the embryo bear an  ap- 
proximately straight line relationship to the 
logarithmic values for the dry weight of the 
embryo. As recforded in Table I1 hydroxy- 
proline of the serosa was not detectable until 
the sixth day. The content increased to a 
maximum of 2 %  on the fourteenth day. On 
the nineteenth day the total hydroxyproline 
ol the extra-embryonic membrances was 0.92 
mg and the total hydroxyproline of the em- 
bryo was 54.0 mg. The egg-shell membranes 
did not contribute significantly to the accumu- 
lated hydroxyproline for they did not de- 

ThRLE 11. Hyiirusyproline Content of Develop- 
ing ('hick Embryo a n d  Estra-Embq-onie 31em- 

branes. 

D r:- 
Ageof I V t  u f  

eiiil)ryo, einbryo, f-.Emlxyo-, Serosa, 
dq - s  nig Fg/mg Totalmg ggiing 

JI y ci r o x yp r o line c o 11 tent 

1-4 
1 

G 
.v 
I 

8 

9 

1 0  

11 

12 
13 

14 
15 
16 

1 7  
18  
19 

3.6 
.5.8 
7.1 
7.3 

11.3 
39.6 
53.0 
33.2 
61.9 
63.9 

112.8 
134.6 
150.4 
163.1 
2330.0 
328.2 
675.0 
T00.4 
748.9 

1645 
2183 
2337 
'3363 
4552 
4672 

0 
.oa 
. l 5  
.25 
.44 

1.14 
1.46 
1.77 
1.69 
1.9.5 
3.01 
3.78 
3.33 
3.67 
4.80 
5.93 
7.22 
6.4,2 
6.80 
7.45 
8.42 
8.78 

10.41 
11.15 
11.55 

0 
.0005 
.0011 
.0018 
.005o 
.045 
.077 
.097 
.1@5 
. E 5  
.34 
.508 
.501 
3 9 8  

1.20 
1.95 
5.07 
4.52 
5.09 

12.02 
18.02 
20.10 
24.6 
50.8 
54.0 

0 
0 

0.21 

2.10 

2.67 

2.14 

3.39 

4.68 

5.49 
13.1 

31.0 
16.5 
14.9 

12.1 
12.0 
14.9 
12.0' 

* Amnion. 
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TABLE 111. Xxtractable Hydroxyproline of 
Chick Embryo and Xerosa. 

Hydroxyproline 
C- Embryo 7 -Serosa- 

+ 

4 1.7 0 0 
10  100.0 3.00 3.05 
1 2  2.5S.3 5.17 5.48 
13  i01.3 7.06 7 5 0  10.8 10.6 
15 16.5 16.4 
16 8.6 9.2 
1 7  38.59 10.43 9.46 12.1 14.6 
18 10.4 9.7 
19 14.9 13.9 

Fro111 best curve for log total hydroxyproline 

t Serosa from the same egg as extracted serosa. 
versus log dry weight of enibryo. 

crease in weight or hydroxyproliine content 
during incubation of the egg. The egg-shell 
membranes did not contain more than 1.7 
mg of hydroxyproline. 

Essmtially the entire quan'tity of hydroxy- 

proline-containing substances of the chick em- 
bryo and serosa at different ages is extract- 
able by autoclaving (Table 111). Apparently 
the hydroxyproline of these structures is 
principally in the form of collagen1 or collagen- 
like substances which zre oonverlted to gelatin 
by the autoclaving. 

Sztmmary. The egg-shell membranes of 
the chlilcken, duck, and turkey contain 0.66 
to 1 .OO% hydroxyproline depending upon 
species. The remainder of ithe conten,ts of 
the egg contains no detectable amount of 
hydroxyproline. Hydroxyproline appears in 
dietectable aniounlts in  the chick embryo after 
the fourth day and increases to 1.16% of the 
dry weight on the nineteenth day. The 
smo6a contains hydroxyproline after the fifth 
day which inlcreases t o  a maximum of 2.1% 
on the fourteenth day. Most of th'e hydroxy- 
proline of the embryo and serosa is present 
in a form extract'able by autoclaving, prob- 
ably as collagen. 
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When crystalline vitamin B12 is hydrogen- 
ated with platinum as catalyst, its red color 
disappears but can be restored upon shaking 
with air. I n  spite of the restoration of the 
original color, the product possesses only a 
small fraction of the original microbiological 
activilty. Hence, it is biologically different 
and chemically distinct from vit. B12 and is 
given the name vit. BIZa( 1 ) .  Since hydrogen- 
ation of vit. Rlz may involve a simple reduc- 
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tion (that is, gain of electronis) or addition 
of hydrogen atoms to double bonds, it is of 
interest to ascertain whether reducing agents 
can likewise abolish the microbiological activ- 
ity of this vitamin. The results of such a 
study are presented in this communication. 

Experimental procedure and results. A. In- 
activation of t h e  microbiologicaZ activity of 
vi tamin B12 with various reducing agents. 
Attempts were made to inactivate vit. B12 
with different redbcing agents. The pro- 
cedure of a typiclal experiment is given as 
follows: 400 mg of several reducing agents, 
such as cysteine hydrochloride, ascorbic acid, 
thiamine hydrochloride , anid h y d roqu inone, 
were dissolved in 10 ml of water. One ml 
aliquots of these solutions were titrated with 


