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amino acid solution per tube, supplemented 
with 0.7 mg of L-glutamine (heat labile) per 
tube, was found to substitute partially (Table 
11) for the peptone (concentrations given in 
mg o/c ) : m-alanine ( 5 1.9), L-arginine mono- 
hydrochloride "( 5 1-9), L-asparagine mono- 
hydrate ( 5.18) ? L-cysteine hydrochloride 
( 10.4), glycine ( 5.18) , L-histidine monohydro- 
chloride monohydrate (5 .1  8), ~~-isoleucine 
( 5 1.9), L-leucine (2 6.0), DL-lysine mono- 
hydrochloride (10.4), DL-m'ethionine (5.18) > 

DL-norleucine ( 10.4), DL-norvaline ( 10.4), 
DL-phenylalanine (26.0), L-proline ( 5.18), 
DL-serine ( 10.4) DL-threonine (10.4), DL- 
tryptophan (5.18), L-tyrosine (10.4), and 
DL-valine (38.9). The solution just described 
will be referred to hereafter as Solution A, 
and unless otherwise indicated the amount 
used per tube was 1.0 ml. 

Growth equivalent to that obtained with 
peptone (Table 11) was obtained with the 
amino acid mixture (Solution A) when it was 
further supplemented with 0.7 ml of the fol- 
lowing vitamin-purine-pyrimidine-salt solution 
per tube (concentrations given in micrograms 
per cent) : thiamine hydrochlorimde (6.7), 
pyridoxine hydrochloride ( 10.7), pyridoxal 
hydrochloride (O.67), pyridoxamine dihydro- 
chloride (0.67), calcium DL-pantothenate 
( 13.4), riboflavin ( 13.4), niacinamide ( 13.4), 
biotin (0.034), p-aminobenzoic acid (0.67), 
folic acid (0.034) ~ choline chloride (51.1), 
inositol ( 168), adenine sulfate (80), guanine 
(go), uracil (go ) ,  xanthine (go), MgS04 
(6581, FeS04.  7HzO (67) ,  and MnS04. HzO 

(51.1). The solution just described will be 
referred to hereafter as Solution B, and unless 
otherwise indicated the amount used per tube 
was 0.7 ml. 

The basal medium supp1,emented with di- 
alysed rabbit serum and Witte's peptone was 
found to support growth of Leptospira cani- 
cola through a prolonged series of transfers. 
When the peptone was r'eplaced by Solutions 
A and B plus glutamine good growth was ob- 
tained in the first transfer, but growth was 
reduced in subsequent transfers. I t  was ap- 
parent, neverth'eless, that the semisynthetic 
medium consisting of the basal medium sup- 
plemented with dialysed rabbit serulm? glu- 
tarnine, and Solutions A and B might serve 
as a basis for determining many of the amino 
acid and vitamin requirements of Leptospira 
canicola. Experiments to determine these re- 
quirements as well as further studies on the 
nature of the serum factor and the peptone 
factors required for good growth in serial 
subcultures are in progress. The results of 
these experiments are to be given in subse- 
quent papers from the authors' laboratories. 

Summary. Nutritional. experiments with 
Leptospira canicola have been described. -4 
semisynthetic medium containing dialysed rab- 
bit serum, salts, vitamins, amino acids, and 
purine and pyrimidine bases was developed 
and appeared to be adequate as a basis for 
determining amino acid and vitamin require- 
ments of this organism. 
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Respiration of Embryonic Blood. (18148) 
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Embryonic respiration has long been a views contemporary works on the respiratory 
matter of great interest to physiologists. A role of the blood in his report on hemoglobin 
review of extensive literature on the subject function in the blood of the chick embryo. 
will not be attempted. Hall(1) briefly re- These works, however, have been largely 

qualitative and concerned with the changes 
in the character and function of hemoglobin 1. Hall, F. G., J .  Plzysiol., 1934, v83, 2 2 2 .  
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throughout development. The data here re- 
ported are the results of preliminary investi- 
gations into the quantitative changes in 
respiratory rate of the chick embryo, day by  
day. throughout the period of incubation. 
Since methylene blue is known to be a 
catalyst in respiration of adult blood it was 
deemed feasible to ascertain its effect on 
respiration of embryonic blood. 

Material  and methods. Determinations of 
osygen consumption were made on samples 
of whole blood. Eggs from white leghorn 
fowls were incubated in an electric incubator 
under carefully controlled conditions of 
temperature (100 F)  and humidity (65% 
at 100-F). L-nder optimum conditions a 
hatch in excess of 90% was obtained. Blood 
samples were taken a t  ages of 14. 16, 18, 
19, 20. 21. 2 2 .  23, 24, 26, 28, and 29 days 
after the onset of incubation. In  the case 
of the younger embryos the blood was drawn 
from the vitelline artery into an hypodermic 
syringe. From those 18 or 19 days of age 
and older the blood was taken by direct 
cardiac puncture. Samples 2 cc in volume 
were used throughout, coagulation being pre- 
vented by the addition of 1 mg of heparin. 
It was found necessary to pool the blood from 
several embryos to obtain the required vol- 
ume for a determination, but according to 
H a l l ( l ) ,  the variation among embryos is so 
slight as to introduce no significant error in 
so doing. The apparatus employed was that 
of Warburg. The vessels used with the 
apparatus were those having an approximate 
volume of 20 cc with an "inset-cup" in the 
center and a side-arm. Brodie solution was 
used in the manometers. The water bath 
was maintained a t  a constant temperature 
of 37.7 +- .05"C by an  ether and mercury 
contact thermo-regulator. The manometers 
were shaken in the bath through an angle 
of about 2 5 '  a t  the rate of 126 oscillations 
per minute. 

I n  most cases 2 cc of whole blood were 
placed in the main chamber of the vessel, 
.5 cc of 10% KOH in the inset cup to absorb 
the C 0 2  evoived, and . 75  cc of .06% methy- 
lene blue in 3% XaC1 solution in the side 
arm. I n  2 determinations only .25 cc of 
KOH and .50 cc of methylene blue were 
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F I G .  1. 
Suinmar,v curve showing quantitatirely the rate 

of respiration of embryonic blood during incuba- 
tion. 
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TABLE I. Cell Volume and Oxygen Consumption. 

Cell O2 consumption per 
Age volume cc blood per hr 

28 days 
24 ’) 
23 ) ’  
22 )’ 
2 1  ” 
20 ) )  

19 ) ’  
18 ” 
- 

29.5% 
30.0 
33.3 
31.9 
34.3 
30.8 
34.9 
32.1 

19.0-35.7* 

~ 

5.1 cu mm 
5.0 
5.25 
5.1 
5.1 
5.0 
5.9 
6.0 - 

* Figures of Tiptonz for  chicken blood. 

investigated at  the beginning. Tipton( 2 )  
demonstrated an apparent lack of correla- 
tion between red cell count, red cell size and 
red cell volume, on the one hand, and oxygen 
consumption, on the other, in the blood of 
the adult chicken. Cell counts were not made 
in this experiment but cell volume determina- 
tions made on the blood of embryos, by means 
of the Wintrobe (3) hematocrit tube, showed 
a lack of correlation with rate of oxygen con- 
sumption similar to that found by Tipton ( 2 ) .  

The relative rate of respiration 
of the embryonic blood of the chick was found 
to decrease steadily from 14 to 19 days after 
the onset of incubation. From this time on- 
ward until 29 days after the onset of incuba- 
tion the rate is virtually constant (Fig. 1) .  
Cell volume a t  various ages was determined 
by means of the Wintrobe hematocrit. The 
percentage cell volume was found to fluctuate 
within rather wide limits although, in general, 
it becomes less as the age increases. How- 
ever, there seems to be no direct correlation 
between cell volume and the rate of respiration 
in embryonic blood (Table I). 

Barron and Harrop (4) and Tipton ( 2 )  have 
previously pointed out that methylene blue 
has no appreciable effect on the respiration of 
chick erythrocytes. (These findings are here 
confirmled.) AEthIough (this is true, mjethylene 
blue does demonstrate its usual capacity to 
neutralize the effect of cyanides. In 2 de- 
terminations .S cc of a .01 M solution of 

ResuEts. 
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ECN was added to the usual sample of 
blood. This was not a sufficient quantity 
to completely suppress respiratory activity 
but i t  did show a marked inhibitory effect on 
it (Table 11). 

Upon the addition of methylene blue to 
blood containing cyanides it acts only to 
overcome the effect of the cyanide. The rate 
of respiration of the sample returns toward 
that found for normal unadulterated blood 
or blood containing methylene blue but no 
cyanide. Thus, although methylene blue 
shows no effect on normal respiration it does 
neutralize the effects of KCN and raises the 
oxygen consumption close to but not above 
normal a t  29 days. At 20 days the effects 
of KCN are neutralized but the recovery in 
oxygen consumption was found to be slight. 
Reasons for this differing effect with age 
have not been established. 

The respiratory rate of em- 
bryonic blood of the chick, determined by 
the oxygen consumption of samples of a 
given volume .of blood, is found to, decrease 
gradually from 14 to about 19 days after 
the beginning of incubation. From this time 
onward there appears to be little change. 
Hall (1) postulates a change in the character 
of the hemoglobin molecule from the embry- 
onic to the adult condition. When the embryo 
consumes only the oxygen that can diffuse 
through the egg shell it is respiring from an 
atmosphere of low oxygen tension. When 
this condition prevails, a hemoglobin with a 
high affinity for oxygen is needed. When the 
egg shell becomes permeable to gases, as 
i t  does with age, and later when the chick 
tears the shell membrane and breathes from 
the air-space and eventually from the atmos- 
phere directly, the oxygen tension of its 
atmosphere is greater and a hemoglobin with 
a somewhat lesser affinity for oxygen is sup- 
plied. I t  is the changing ratio of the quanti- 
ties of these types of hemoglobin that ac- 
counts for the shift of the dissociation curve 
for embryonic blood of the chick as age 
progresses so that the position of the adult 
dissociation curve is gradually approximated 
(Hall) (1). 

It is during the earlier stages of develop- 
ment, when the blood volume and the oxygen 

Discussion. 
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tension are low. that hemoglobin with the 
hizhest afijnitj- for oxygen is present. -At this 
stage a gi\,en volume of blood shows a high 
osj-gen uptake. I n  later stages, when the 
blood volume and oxygen tension are greater, 
there is present a greater number of mole- 
cules of hemoglobin having a lesser affinity 
for oxygen. -At this stage the same volume 
of t)lood has a smaller osygen uptake. How- 
ever. this is only true if the percentage cell 
\7olume and the needs of the embryo are 
considered. -4s pointed out above. there 
seems to be no verx esact correlation between 
cell \wlume and I-ate of oxygen consumption 
oi blood (Talile I ) ,  

The 2rOIVth rate from 14 d a j ~  of incubation 
i y  i-er!. small arid steadily becomes less. 
?'hi.; seems t o  indicate that the needs of the 
em!)rj-o are becoming relatively constant dur- 
in: this lieriod. 

f'revious workers [\\-right ( 5 )  and Tipton 
( 2  ) 1 have demonstrated the fact that young 
blood cells produced during anemia have a 
ii:m> higher respiratory rate than have ma- 
ture red blood cells. These **primitive" cells. 
hon-ever. are formed in a different locale than 
are the young cells found in embryonic blood. 
Thus. though the two be structurallj- similar, 
the!- may be physiologically dissimilar. Primi- 
tive cell:., produced during anemia are much 
larzer than mature red blood cells (Tipton) 
( 2 ) .  These may show their high respiratory 
rate because of the fact that their production 
is initiated in a previously established hemo- 
poietic organ by a complex mechanism set in 
motion bj- the lack of a sufficient quantity of 
cells. Thus. their high respiratory rate may 
be due to a process of rebuilding or differentia- 
tion. 

l-ounc,r enibrj-onic cells. on the other hand. 

arising irom the generalized mesenchyme: be- 
cause of their rapid growth, would be expected 
to have a high metabolism and therefore their 
oxygen uptake should be greater, as shown. 

The growth rate of the embryo is ever de- 
creasing from at least 7 days of incubation 
onward. Since fewer and fewer young cells 
are being added to the circulation, the ratio 
of mature or maturing red blood cells to 
young or primitive red blood cells would 
seem to be going toward the side favoring the 
older cells. If then the respiratory rate of 
younger cells is greater than that of the 
mature cells it would seem that the gradual 
decrease in the rate of respiration of embry- 
onic blood found to take place from 14 to 
19 days of incubation niight conceivably be 
due in part to the fact that  there is a gradual 
diminution in the number of young red blood 
cells in comparison with the number of ma- 
ture cells in the circulation. Supporting this. 
to bring about the drop in respiratory rate 
with age. there might also be considered the 
change in the relative quantities of the two 
tj-pes of hemoglobin present in the developing 
and mature chick, as postulated by Hall( 1). 

1. The rate of respiration of a 
given volume of embryonic blood gradually 
decreases from the 14th to the 20th day of 
incubation. From this time until 29 days 
after the onset of incubation (the greatest age 
investigated) i t  remains virtually constant. 
2. I t  is suggested that the decrease in respira- 
tory rate is due to a decrease in the number 
of young cells having a high respiratory rate 
and a hemoglobin with a lesser affinity for 
oxygen. 3. Methylene blue shows no cataly- 
tic effect on the rate of respiration of embry- 
onic blood of the chick. I t  will, howevel, 
counteract the inhibitory effect of KCN when 
present. 

Received August 2 2 ,  19iO. P.S.E.B.M., 1950. 1 7 7 . 5 .  

Sunzvznry. 


