
normal physiological niaiiiier. The results o f  7 experiments are 
suniniarized in Table I a i d  show significant regeneration of blood 
p 1 a snia pro t ei 11s. 

In one dog not included in the table, which received the digest 
intravenously over a period of 33 days, the blood plasma proteins 
were 4.93 at the beginning o f  the injection period ( Heniatocrit 40.2, 
red blood count, 6.7 M )  a i d  4.82 (Heniatocrit 30, red blood coullt 
5.2 hI)  at the termination with a loss in weight of .7 kg. ,4 second 
dog was obviously ill during the entire iiijectioii period of 13 clays 
during which time the plasma proteins changed f roni 4.69 (Ileniato- 
crit 32, red blood count 5.8 M )  to 4.66 (Heniatocrit 20, red blood 
count 1.3 M ) ,  the loss in weight being from 8.8 kg to 7.73 kg. 
Death of the animal terminated tlie experinieiit. 

Regeneration of plasnia proteins was fouiid to occur 
in dogs with depleted proteins stores and lowered plasma proteins on 
a nitrogen-free diet receiving intravenously an enzymatic liydrolysate 
of casein as the sole source of nitrogen. Parenterally administered 
casein digest constitutes an effective iiietliotl of pareliteral nutritioii. 

C‘o1rcZz4sioaz. 
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The Form of Combination of Radioactive Iron and Copper in 
Plasma Following Ingestion. 

H. YOSMIKAWA,* P. F. HAHN AND W. F. BALE. (Introduced by 
G. H. Wliipple.) 

From thc lkpartmpents  of Pathology and Radiology, U?aiversity of Rochester School 
of Medicine and Dewtistq.  

It has been generally accepted as a fact that iron in transport in 
tlie blood plasma following its ingestion occurs in combination with 
glohulin. The use of radioactive isotopes enables us to distinguish 
between iron+ and copper: nornially found and that recently added to 
tlie body economy. In  earlier experiments we reported that, whereas 

“Fellow of the Rockefeller Foundation. 
t We tire deeply indebted to Professor $1. 0. Lawrence and members of the 

IZndiation Laboratory of the ‘University of California for the radioactive iron used 
in these cxperirnents, and in lmrtivular t o  Ih. M. D. Kamen, who was directly 
responsible for preparing the isotope. 

t The radio copper was prepared in the cyclotron of the I>epartment of Physics 
of the University of Rochester tlimugli the kindness of Dr. Gerhard Dessauer. 
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about 80% of the radio iron in plasma shortly after feeding was 
in the filtrate following precipitation of the proteiiis by trichlor- 
acetic acid, nearly all of the iron in the red cell was in a form which 
was precipitated with this acid.’ Below we tabulate further data 
relating to this subject. 

of iron in the plasma which is not precipitated by trichloracetic 
acid constitutes ahout 90% of the total iron (Table I )  under the coii- 
clitioiis of these experiments. Furthermore, the time after ingestion 
does not seem t o  he re la td  to  the aiiiount of iron found in this 
f ractioii. 

In Table I1 arc listed the results obtaiiied in an extension of these 
o1)servations. By various proccdtii-es, the aiiiount of iron in conibina- 
tion with protein was tleterniiiierl and found to be about 95% of the 
total. Hon-e~er ,  oiily ahout 1.5% of the iron was found to be 
~ t i i a l l y  110uiid t o  glol>~ilin ;is tletermined by ha1 f-saturation with am- 

It can be seen that in a longer series of observations the fraction * 

TABTX I. 
l’orlii of (‘(~n11)iii;itioii of h‘:idio:ic.ti\-o Iron iu Plasiii:~ J?ollowing Administration. 

Fraction of 
Time after isotope in  

I € ~ ~ c t o c r i t ,  7- -.-- -, Forin of adniinistr., filtrate, 

‘I’ ri v 111 OI’R v tAt ic. ;i v i (1 1)recipit a t ion of proteins. 

1)osc of iron isotope 

Ihg Wt, k g  % ing wunts/inin.” iron sd t  Route lir % 

38-112 10.0 36 122 12.400 Ferrous intrav. 
gluconatc 

Ayerage of all detcrniinatioiis 

1 67 
2 7 7 

12 82 

1 100 
4 92 
6 98 
8 93 

10 94 

0.5 98 
0.75 91  
1 96 
3 88 

0.5 93 
1 91  
1.5 90 
2.5 85 

0.5 84 
2.0 92 

90 
- 

”Bctirity cspresscd as counts 1wr minute on a scale of four Geiger Miiller 

1 Hahi, 1’. P., Balc, W. F., L:jwrcncc, E. O., and TVhipple, G. H., J .  Exp. Med., 
counter . 

1939, 69, 739. 
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moiiiuni sulphate. Since all but l O - l S %  of the iron appears in  the 
filtrate following treatment with tricliloracetic acid, it is likely that 
that iron which is not bound as globulin is in rather loose combina- 
tion and is quite easily split off. IVe have not determined9 whether 
or not this latter fraction of the iron is merely adsorbed or in com- 
bination as a salt. Only about 5% of the plasma iron was dialyzable 
against distilled water using cellophane tubes. When the plasma was 
acidified, on the other hand, about 60% of the iron dialyzed. When 

TABLE 11. 
Form of Combination of R:idioactiw I ron  in Plasma Following Oral Adniinistr:i- 

tion. 
~~ 

Dog No. 40-149 39-196 
Date 6/17/41 7/7/41 
Dose, mg 0.93 4.1 
Activity, counts per illin. 1980 7450 

Red cell hematocrit, % 25.5 19.5 
Time after feeding, hr 1.7 5.2 

L4ctivity per 100 ml plasma 19.3 4.4 

A Protein-bound iron, precipitated by (SH4),S04, % of 
total 93 98 

B 

C 

D 

E 

F 
G 
H 

I 

Protein-bound iron: precipitated by 80% alcohol, (70 of 

Protein-bound iron, precipitated by 4 volumes of 

Globulin-bound iron, precipitated by ?& saturation 

Residue from dialysis against distilled water, (70 of 

Trichloracetic acid soluble fr;ivtion, yo or total  
Dialyzable iron, 7~ of tot:il 
Dialyzable iron following acidifica tion wj th sulphuric 

Dialyzable iron following addition of 1 nig of ordinary 

total 

acetone, % of total 

with (NH4)zS04, % of total 

total 

. 

acid, YC of total 

iron a s  FeS04 

94 74 

- 95 

17 15 

S 

3.5 7 

- 
- ‘79 

- 59 

- 17 

Procedures used in treatment of plnsina for determination ~f form in which 
iron is combined. References by letter are to Table 11. 

A. Protein-bound iron: 10 1111 of plasina + 10 nil of water + 20 g of ammoniud 
sulphate. Filtered. 

B. Protein-bound iron: 10 1111 plasma + 50 nil 9 5 7 ~  ethyl alcohol. Allowed t o  
stand for 30 min. Filtered. 

C. Protein-bound iron: 10 nil plasma + 40 1111 of acetone. 
D. Globulin-bound iron: 10 ml plasma + 10 nil of water + 90 in1 sxtnrated 

E. Residue from dialysis: Rec G below. 
F. Trichloracetic soluble fraction: 10 in1 plasma + 10 in1 of 1 0 7 ~  trichloract?tic 

G. Dialyzable iron: 10 in1 of plasma dialysed against 300 nil of distillrd water 

H. Dialyzable acidified: 10 ml plasma + 10 nil of water + 10 ml of 0.3 N 

I. Dialyzable iron aftcr addition of neutral iron: 10 nil of p1ssiii:t + 1 rng of 
Dialyzed ;igainst 200 nil of 

Q Dr. Yoshikawa’s stay being interrupted, i t  was considered advisable to put  on 

Filtered. 

sodium sulphate. Filtered. 

acid. Stood 30 minutes. Filtered. 

in  ice-box for 24 hours. 

€12R04 dialyzed in cellophane for 24 hours. 

iron as  F‘eS04 iH,O allowed to stand ovcriijglit. 
distilled water in ice-bos for 24 hours. 

record tlic observations a s  they s t a d  



ordinary iron of the order o f  magnitude o f  100 times the amount 
present in plasnia was allowed to stand in contact with plasma con- 
taining some of the tagged iron? exchange took place to some extent 
since subsequent dialysis yielded 17 % of the isotope. 

While these studies were I)eiiig carried out some preliminary in- 
vest igat ion s’ concerning the nict a1 mli six o f  radioactive copper were 
under n-ay and sorile effort to determine the form in which copper 
is traiisported in the plasnia n-as indicated. These experiments are 
suiiiinarizecl in Table 111. 

Dog 40-1 33 used in these experiments was a iiormal animal, where- 
as dogs 40-149 and 40-17O \VCW aieiiiic, having been made so by 

w i ; r x  11 r. 
Form of C’oi1iLin:rtioii of Kadioavtivc1 (‘opper i n  1’1asin:i Following Ingestion.” 

h e  tivity 
conc. in Activity 

‘I‘inic :iftc>r plasma, conc. in  
fovding, total fraction % o f  

1)og Irr couiits/loo iul eounts/100 ml total 

X I’rc,ttIia-l)ouiitl c q q ) ~  : 
Precipitated by four 
vol. of acetone 

E Copper 1Jrecipitated by 
5 1-01. of 95% alcohol 

C Globulin-bound copper : 
Precipitated by half- 
saturation with 
(SH,) .SO* 

D Trichlorncctic acid 
soluble copper 

E Copper in  diethyldithio- 
carbamate ether extr. 

F Dialyzable copper 

40-133 2.4 

40-17!) 1.8 
40-73:< 4.2 

40-179 2.5 
40-149 1.7 

3700 
3790 

3460 
3860 

3800 
3700 

8634, 97 

3045 80 

975 26 
570 15 

2380 69 
2500 65 

1770 63 
240 7 

“Procedures used in treatnient of plasma for dctermination of the form in 
which copper is combined. Refcrcnccxs by letter are to Table 111. 

A. Protein-bound copper: 5 in1 of plasma + oxnlutc added to 20 ml of acetone 
and filtered. 

B. Copper precipitated by alcohol: 2 ml of plasma + oxalate added to 10 ml 
95% alcohol, allowed to  stand 30 minutes and filtered. 

C. Globulin-bound copper: 3 nil plasma + oxalate diluted with equal volufne 
of saturated ammonium sulphate, allowed to stand 30 min. After centrifugation, 
the precipitate mas washed with half -satnrated ammonium sulphate lsef ore ashing. 

D. Tricliloracetie acid solublc coplwr: 3 nil of plasma + oxalate were diluted 
with 3 in1 of water and 3 ml of 20% CC’1,COOII added. After 30 min. the mixture 
was centrifuged and the precipitate washed with V% CC1,COOH. 

K. Dietliyldithiocarbaniate extravted copper : 5 nil of plasma + oxalate t o  
which was added Na+Y,O, solution. After addition of 1.5 ml of sodium diethyl- 
ditliiocarbamate reagent the solution was extracted with cthyl ether repeatedly 
and the combined extracts aslied for counting. 

F. Dinlyzable copper: 3 nil of plasma + oxalate was dialyzed against distilled 
water :it room tcnipcrature for  24 hours in  :i celloplinne membr:rne. 

2 Tosliik:iw;i, II., Halin, P. F., and  Rale, W. F., J. Bxp. Med., in  preparation. 
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repeated hemorrhage. The diets used consisted chiefly of white 
bread and salmon, providing a low iron intake, and have been de- 
scribed elsewhere.' 

Nearly all of the copper is bound in some manner to protein. 
About two-thirds of the element is split off by trichloracetic acid 
and about the same amount is removed in the diethyldithiocarbamate 
procedure, so the binding is apparently not a very firm one. -As in 
the instance of plasma iron, only a small amount of the copper is 
found tied to the globulin fraction of proteins. The fact that such 
a small amount of the copper is in the dialyzable fraction suggests 
that very little of the nietal is likely in an ionizable form. Again, as 
in the case of the plasma iron, the data do not show whether we are 
dealing with true salt formation or whether tlie protein tie-up is one 
of adsorption. 
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Inhibition in the Slow Muscle of the Scallop, Pecten circularis 
nequisulcatus Carpenter. 

l\NDREW A. EENSOK, J O H N  T. HAYS A N D  RICHARD N. LEWIS. 
(Introduced by C. A. G. Wiersnia.) 

Prom the Williuj,l G .  Kerckl tof  Marine Laboratory, Corona del Ma,; mid the 
TJ'illia111 G. Kerckliofs Lnborutories of the Biological Sciences, Califorviia Insti tute 

of T~'rchnology, Pasadena. 

The adductor niuscle of Pecten consists of two parts, the larger 
of which is responsible for the rapid niovements during swimming, 
and the smaller, which contracts slowly, is responsible for keeping 
tlie valves closed. The peculiarities of this muscle have been studied 
repeatedly.'? ' 9  -4 satisfactory answer has not been given to the 
question of how the slow muscle can withstand rather large tensions 
for indefinite periods without appreciable fatigue and at the same 
time be able to relax very quickly when necessary. 

Reflex Kclcr-a-otion. In Pecteii stimulation of the niouth in a nor- 
mal animal leads to rapid relaxation of the slow niuscle. In o ~ i r  ex- 
perience the sensitive area for this reflex is niucli wider than hitherto 

1Uexkuel1, J. yon, 2. f. Bid., 1912, 58, 305. 
2 Bayliss, L. E., Eoyland, E.? mid Kitchie, A. D., Proc. Roy. Soc., Series B, 1930, 

3 Bozlcr, E., %. vcrgl .  Pliysiol., 1930, 12, 590. 
1 0 6 ,  363. 


