
the aiiinials receiving pectin are not very different from those of the 
control animals. If pectin had heen stored in the liver to the extent 
found by -1ndersch and Gibson' im acacia, the furfural values for the 
livers of the pectiii-treated animals would have been of the order of 
1.5 to 18 ing. S o  attempt w a s  iiiade to determine the tinie during 
wliicli the pectin reniaiiietl in tlic hIooc1. &-hi analysis was made 7 
days after the last injection nicidy t o  slion. that the pectin had been 
eliniiiiated from the blood. 

Our work so iar indicates that : ( 1 ) Massive amounts of pectin in 
thc iorrii of autoclaved isotoiiic solutions map be injected into the 
blood stream of rahliits over ;I ;)c.ric )(I o f  some weeks witliout causing 
any iioticeable effect upon tlic iiitvriial organs of tlie animals. ( 2 )  
Clieinical analyses showetl 110 ( \ep  )sit ion o f  pctiii in the liver and 
kidiieys. ('3) S o  pectin coulcl be iouiicl in tlie blood 7 days after 
in jcctioti. 

'I'Iie antiiors :IW iiidti1)tcd to 31r. I\. 19:. 1:;iic.r ; t i i d  t o  X r .  T. C. Nmchester of 
tlli.; l)t>p:irtnitwt for tlic air1 tlicy pi \ ( '  iii c.ccr+t:iiii ] ~ l i : t s c ~ S  of tliis ivo~k.  
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'Utilization of Parenterally Administered Casein Digest for 

Synthesis of Proteins." 

Intravenous or subcutaneous administratioii of casein cligcst (rep- 
resenting amino acids and polypeptides) as a nieans of parenteral 
nitrogen adiiiiiiistration lias lweii studied recently by Wliipple and 
associates' in dogs previously depleted of plasma protein and on a 
loiv protein diet. Elnian and II'eiiier~ first reported that casein 
digests coulcl he safely administered to iiiaii when certain precautions 
were observed. Clinical use of casein digests by parenteral adminis- 
tration in nephrotic cliildren has lieen reported 1)y Farr and asso- 
c i a t d  Sliohl. Eutler, Blackfati aiid 1 tacLaclilin.5 and Shohl and 
- _ . ~ _ _ _ _ _ _ _ _ I _ _ _  - ~ ___ 
' This work w t s  fncilitated by :I grant f r o m  Mead Joliiisoii and Company, 

1 Madden, S., Zeldis, L,, Hei igcr(~ ,  .4.. Mil lc~ ,  I,., and Whipple, G., Science, 

2 Elman, R., and TVciiier, D., J .  A. 11. A., 1939, 112, 796. 
:: Farr! T,., .T. Pd.. 1940, 16, 673. 
4 l'arr, L., : I n d  MCacFadyen, D., PROC. SOC. ESP. BIOL. -4x~  >$ED., 1939, 42, 444. 
ri Sholh, A., Butler, A.,  Blackfan, K., and JlacLachlin, E.; J .  PPd., 1939. 13, 409. 

Evansville, Indiana. 

1941, 93, 330. 



Blackf anu have made extensive iiietalmlic studies 011 iiif ants receiv- 
ing in traveiious casein digest and crystalline aniirio acids. 

Preliminary to cliiiical studies by the writers on the use of casein 
digests it was desired to ascertain whether the animal organism 
could actually regenerate plasnia proteins with the intravenously 
adniinistered digests as the sole .soiirce of ?ritrogcjcii except for 15 to 
30 nig of nitrogen injected intraniuscularly in the forni of liver 
extract (analysis of liver extract used showed a content of 15 nig 
of K per cc). Such a denionstration has iiot previously been re- 
ported as in other studies some protein was always present in the 
basic diets, a1 though the aniount might appear to be negligible. 

The product used was an eiizyniatic hydrolysate of casein (Ami- 
gen) kindly furnished by Mead Johnson and (3onipany of Evansville, 
Indiana, as a 10% solution. One hundred grams of the dried digest 
yield 12 g of nitrogen and it contains all the essential aniiiio acids.‘ 

Dogs were depleted of their plasma protciiis by feeding the fol- 
lowing nitrogen-free diet: 100 g dextrose, 50 cc olive oil, 50 cc 
“niineral niilk,” 10 gtts “Vi- Peiita Oil” ( Iioffniari-l,aKoche) con- 
taining Vitamins A, EL, k, C, D. 

The “niiiieral niilk” was a formula modified after that pub- 
lished by McLance and Widdowsoiih and \vas inade up as follo.cvs : 
Water, 5000 cc; KHsP04, 204 g ;  calcium lactate, 337 g ;  MgS0,- 
7H20, 65 g ; FeS0 ,7H20 ,  .- ? g ; “iodized” NaCl (coiiiniercial,), 
200 g ; copper sulpliate, “piiicli.” The aniount given daily supplied 
the niineral requirenients adequately. Liver extract was injected iii 

doses of 1 cc intramuscularly at one- to 2-week intervals throughout 
the entire periods of ohservation. The quantity o f  diet iiieiitioned in 
the above paragraph supplied about 800 calories. The dogs were fed. 
aniounts equivalent to 80 calories per kg of body weight. During 
the depletion period they ate the diet readily. After the injection of 
casein digest began, which was carried out by syringe on an average 
of 5 to 7 tinies a day in SO cc aniounts, the appetite was frequently 
lost, iiecessitating forced hand feeding. This was carried out by 
placing a bolus of the alinieiit in the back part of the aiiinial’s nioutli 
and inducing deglutition. While cunibersoiiie, the method was sat- 
is f actory. 

Plasma proteins were determilied in duplicate hy the niicro-Kjel- 
6 Blackfan, K.., and Shohl, A., J. AT?&., 1940, 20, 303. 
7 Muclkr, A., Kemmerer, K., Cox, W., Jr., and Barnes, S., J. Ziol. Chew. ,  7940, 

8 MeLanw and Widdowson, / ,a, /cet ,  1935, p. 143i. 
134, 573. 
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dahl-titration niethod.!' The values for non-protein nitrogen were 
always within the normal range. Hematocrit determinations were 
made by centrifuging oxalated whole blood. 

In all, 7 dogs were employed. Each experiment consisted of a de- 
pletion period on the nitrogen-free diet and then an experiniental 
period during which the basal nitrogen-free diet was supplemented 
with daily intravenous injections of the casein digest. In 2 dogs on 
which 2 experiments were performed an intervening period of 
stock feeding was given permitting protein regeneration in the 

TABLE I. 
Summary of Experiments on Plasnia Protein Regeneration with 1ntrave.nous 

Injection of ('mein Digest (Amigen). 

,ix-.g daily 
Depletion casein digest 

period Duration intrav. Beginning End 
N-free diet, of inj., (10% sol.), 3 

1 )og days days PC of inj. period 

Eddie 
Esp. 1 

Eddie 
Esp. 11 

Fuzzy 
Exp. I 

Fuzzy 
Esp. I1 

Pete 

Mike 

Kate 

47 1" 165 Wt, kg 6.7 6.1 
Total PP", g % 4.06 5.64 
Hematoerit 39 34.2 
RBCt, M 6.2 5.8 

r ' l  1 7  177 Wt, kg 7.0 6.2 
Total PP, g % 4.66 4.91 

RBC, M 8 5.8 

- 9 7 "1 248 Wt, kg 9.2 8.3 
rota1 PP, g % 4.74 5.12 
I-Iem:tt,ocrit 43 35 
RBC, M 7 5.0 

Hematocrit, 41 32 

3 i  15 210 Wt: kg 9.1 9.2 
Total PP,.g % 4.31 4.97 
Hema tocrit 43 35 
RBC, M 6.1 6.0 

18 -- 
1 I  

21 11 

309 wt, kg 7.4 6.6 
Total PP,. g 5% 5.0 5.97 
Hematocrit 37 2.5 
RBC, M 7.5 4.7 

256 Wt, kg 8.6 8.1 
Total PP,. g % 3.98 4.99 
Hematocrit 38.2 27 
RBC, M 7.5 6.14 

76 7 2 14 Wt, kg 8.1 i .6 
Total PP,. g % 5.31 5.7 
Hematocrit 40 36 
RBC, M 5.5 6.1 

*Plasma protein. tRed blood count. 

9 Peters and VanRlyke, Qirantilnl ivr Clinicd Cizcmistry, Williams and Wilkins 
Company, Baltimorc, 1932, 2, 530. 



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. 


