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TABLE I. No. of Ossified Sternebrae in Fetuses of Control and Insulin-Treated Rats with 22
Days Gestation.

28 litters 11 litters 29 litters
——Control—— ~—Insulin, 7 units/day— —Insulin, 8 units/day—
Stained No. of No. of No. of
sternebrae fetuses Go fetuses % fetuses %
6 83 98.8 50 94.3 66 51.16.)
b) 1 1.2 0 0 10 7.75 1 66.66
4 ] 0 0 0 10 7.75
3 1} 0 2 3.8 13 10.08)
2 0 0 0 0 11 8.53 | 33.34
1 0 " 0 0 10 7.75
0 0 0 1 1.9 9 6.98 |
Total 84 53 129

this possibility must of course be considered
in the interpretation of results such as those
reported here. Duraiswami(9) found, how-
ever, that inactivation of insulin by the
methyl-alcohol-hydrochloric acid method of
Charles and Scott rendered it ineffective in
producing abnormalities in developing chicks;
in his experiments the effect of insulin on de-
veloping chick embryos appeared to be linked
with its blood-sugar lowering action. After
noting that the skeletal abnormalities induced
by insulin in chicks resembled the abnormali-
ties produced in rats by maternal diets de-
ficient in riboflavin, as reported by Warkany
and coworkers(1-3), Duraiswami speculated
on the possibility that insulin induced hypo-
glycemia might involve disturbances in phos-
phorylating enzyme systems such as arise with
a lack of vit. B complex, thus causing disturb-
ances of carbohydrate metabolism in embry-
onic tissue during critical periods of develop-
ment. Giroud’s studies(15,16) on the effects
of avitaminosis-B; on embryonic development

in the rat also are pertinent to such specula-
tions.

Summary. Protamine zinc insulin adminis-
tered to 51 pregnant albino rats throughout
pregnancy in doses 7 and 8 units daily (nearly
the maximum dose tolerated) had significant
effects on fetal development. Compared with
fetuses of untreated normal control rats, the
average weight of the fetuses of the insulin-
treated rats was lower, and the number in each
litter was less owing to fetal deaths and re-
sorption. Mild skeletal abnormalities were
found, many of the fetuses showing a de-
creased number or complete absence of ossi-
fication centers in the sternum, a few showing
some irregularities in shape and staining of
the ribs and long bones.

15. Giroud, A., and Boisselot, J. Arch. Franc.
pédiat., 1947, v4, 317.

16. Giroud, A., Lévy, G., et Lefebvres-Boisselot,
J., Revue internationale de Vitaminologie, 1450, v22,
308.
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The relationship of the effective circulating

Several methods of determining the blood

blood volume and disease states has assumed volume have been advanced, including the

an important place in surgical physiology.

use of radioactive (I-131) iodinated plasma
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protein.  Storaasli(l) and his co-workers
demonstrated that the stability of the iodin-
ated protein and its relatively secure retention
within the vascular system permits a more
accurate estimate of the plasma volume than
has hitherto been possible. Previous work
(1-5) has shown that after radioactive iodin-
ated plasma protein is injected intravenously,
there is a progressive decrease in the measur-
able radioactivity of blood samples withdrawn
periodically. Storaasli, et af.(1) showed that
the method of disappearance of iodinated pro-
tein from the vascular system is two fold: (a)
by the diffusion of the protein into extra
vascular spaces shown by studies of thoracic
duct lymph(3,4) and (b) by liberation of the
radioactive iodine from the protein as mani-
fested by excretion of iodine in the urine and
increased radioactivity over the thyroid gland.

This method of blood volume determination
‘was shown to be reasonably accurate in normal
individuals and we studied its use in patho-
physiological states. The work reported here
was done in experimental animals and human
‘patients with hypoproteinemia. The existence
of endogenous reserve stores of protein has
been demonstrated by Whipple(6). When
these reserve stores are depleted by inadequate
diet, excessive loss, or metabolic dysfunction,
the ability of tissues to withstand trauma and
to repair themselves is decreased. It was
thought worthwhile to investigate the rate of
disappearance of tagged protein from the
blood stream to see whether or not the state
of the protein reserves of the body could be
determined by deviations from the normal
disappearance rate. This has great clinical

1. Storaasli, J. P., Krieger, H., Friedell, H. L., and
Holden, W. D., Surg. Gyn. Obst., 1950, v91, 458.

2. Krieger, H., Storaasli, J. P., Friedell, H. L,
and Holden, W. D., Proc. Soc. Exp. Bror. anp MEp.,
1948, v68, 511.

3. Krieger, H.,, Holden, W. D., Hubay, C. A,
Scott, M. W., Storaasli, J. P., and Friedell, H. L.,
Proc. Soc. Exp. Bror. ano Mep., 1950, v73, 124,

4. Cope, O, and Moore, F. D., J. Clin. Invest.,
1944, v23, 241,

S. Fine, J., and Seligman, A. M., J. Clin. Invest.,
1944, v23, 720.

6. Whipple, G. H,, and Madden, S. C., Medicine,
1944, v23, 21S.
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importance, particularly in surgery, in de-
termining -.the optimum time for operation in
malnourished and debilitated patients.

Method. The disappearance rates (Fig. 1)
of tagged protein were determined in normal
healthy mongrel dogs, on standard kennel
diets. These dogs were then placed on a low
protein diet, similar to the one employed in
G. H. Whipple’s laboratory (7). Nitrogen bal-
ance studies were not feasible but the amount
of nitrogen per day in the diet did not exceed
one gram. Eleven dogs were studied but
several animals refused to eat this low pro-
tein diet and depletion studies were possible in
only 5 animals. After 4 to 8 weeks on this
low protein diet disappearance rates of radio-
active protein were again determined. Dur-
ing this time the plasma protein levels and
body weights were determined weekly. Fol-
lowing these periods of protein deprivation,
an attempt was made to replete the animals to
a normal nutritional state by placing them
on the standard kennel diet, but all died of
intercurrent infection or distemper, except
animal No. PD 5 which recovered. The
radioactive (I-131) protein* was prepared
from dog plasma by a modification of the
method of Fine and Seligman(8). Prepara-
tions are now available utilizing human serum
albumin for study of human patients.t The
technic used in determining the plasma vol-
ume involves the measurement of the dilution
of tagged protein after intravenous injection
and has been described(1,2). Twenty cubic
centimeters of the tagged protein solution
were injected intravenously and periodic ven-
ous samples were withdrawn without stasis at
10, 15, 30 minutes, 1, 2, 4, 6, 8, 12 and 24
hour periods. The blood was placed in tubes
containing crystalline heparin and then centri-
fuged at 2500 RPM for 30 minutes. The

7. Schilling, J. A., Personal Communication.

* Radioactive protein prepared from dog plasma
was supplied by Dr. Hymer L. Friedell, Western Re-
serve University, supported by AEC Contract No.
W-31-109 eng 78.

8. Fine, J., and Seligman, A. M., J. Clin. Invest.,
1943, v22, 285.

t The Abbott Laboratories generously supplied us
with the radioactive albumin used in human cases
in this study.
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PIG. 1. Average rates of disappearance of radicactive plasma protein in normal human
patients and dogs. Reproduced in part from Storaasli et al., Surg. Gyn. § 0bst., Oct., 1950, by
permission of the publishers.

PIG. 2. Disappearance curves of radioactive plasma protein from cireulation of dog PD 2;
basal condition 10-31-49, protein depletion, 1-14-50.

FIG. 3. Disappearance curves of radioactive plasma protein from circulation of dog PD 5;
basal condition 9-28-49; protein depletion 10-25-49; protein repletion 1-14-50.

FIG. 4. Disappearance curves of radioactive plasma protein from circulation of dog PD 8;
basal condition 10-31-49; protein depletion 1-14-50.

FIG. 5. Disappearance curves of radioactive plasma protein from circulation of dog PD 10;
basal condition 2-2-50; protein depletion 3-14-50.

FIG. 6. Disappearance curves of radioactive plasma protein from cireulation of dog PD 13;
basal condition 2-2-50; protein depletion 3-14-30.

supernatant plasma was removed and 1 cc termined by the Kingsley(9) method utiliz-
samples were then counted by means of a
Geiger-Muller tube and the activity deter- 9. Kingsley, G. R., J. Lab. and Clin. Med,
mined. Total protein, A/G ratios were de- 1942, v27, 840.
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RATIO USING 10 MIN.
AS SAMPLE 1
8

EY.- NEPHROSIS ~ ALB.14-6L0B.13
WK.- HYPOPROTEINEMIA- {CA. COLON.

100

MB.-LAENNEC'S CIRRWOSIS - ALB. 256M. - GLOB. 41GM.
S.B.- HYPOPROTEINEMIA-BASAL CELL CA. - ALB.286R.- GLOB. 216R

ABDOMINAL AB3CESS
L.3.-NEPHROTIC SYNDROME - ALB.L3 - 6L0B.20
FC.- PROBABLE LYMPHOSARCOMA- ALB.17 - GLOB. 595 GM.
E.K- RUEUMATIC HEART DISEASE e FAILURE NEPHROSIS - ALB.14 - 6L08. 2.2
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FIG. 7. Disappearance curves of radioactive human albumin from ecirculation in patients with
hypoproteinemia. Expeccted normal rate of disappearance is shown.

ing the Klett-Summerson colorimeter. Dis-
appearance rates were calculated as activity
per cc of plasma and expressed as a ratio
using the 10-minute sample as 1.000.

Results. The average normal rate of dis-
appearance of radioactive plasma protein in
11 normal dogs is shown in Fig. 1. This
rate of disappearance correlates closely with
that described by Fine and Seligman(8) and
Cope and Moore(4). Fig. 2 to 6 represent
the graphic rates of disappearance of each
dog studied with weight loss and hypopro-
teinemia. In general the differences tend to
be an average of 6% slower in the depleted
state, and we have shown that at least in one
dog (PD 5) this decreased rate of disappear-
ance in the hypoproteinemic state was re-
versed when the dog was repleted to a normal
nutritional state.

On the basis of this study, we do not believe
that this diminution in rate of disappearance
in the hypoproteinemic state is significant.
We feel justified in concluding that the rate
of disappearance of radioactive plasma pro-
tein cannot be utilized in estimating the state
of the protein reserves of the tissues in the

dog. Metcalf(10) studied dogs placed on
protein free diets and then plasmapheresed
them to near edema levels. He found that
transfused serum disappeared in protein de-
pleted animals in quantities of the same
magnitude as in control animals, and that
after protein repletion, the disappearance
curves were essentially unchanged.

The plasma volumes and disappearance
rates in normal individuals were studied in
30 patients by Storaasli(l1). The average
disappearance curve is shown in Fig. 1. Seven
patients with hypoproteinemia were studied
and disappearance curves calculated after in-
jection with tagged (I-131) human serum
albumin (Fig. 7). In these patients the rate
of disappearance of radioactive iodinated
albumin parallels the average normal curve,
and the differences seen are probably due to
variation in fluid intake, ambulation, etc. In
the patients who are losing abnormal amounts
of protein in the urine (E. Y., L. S,, E. K.)
or into abscess cavities (W. K.), the rate of
disappearance appears to be increased. In
the patients with nephrosis, there is an in-

10. Metcalf, Wm., J. Clin. Invest., 1944, v23, 403.
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creased amount of radioactive iodine recover-
able from the urine in a 24-hour period (38%)
over that found in the urine of the normal
patient (8-12%).

Summary. 1. Plasma volumes can be
accurately determined by the radioactive
(I-131) jodinated plasma protein method in
nutritional hypoproteinemia. 2. The rate of
disappearance of radioactive protein from the
blood stream is the same in undernourished
states as in normal and therefore cannot be
utilized to determine the state of the protein
reserves of the body. (3). In patients who

In vivo STAINING OF FAT

are losing abnormal amounts of protein in the
urine or into abscess cavities, the rate of
disappearance appears to be increased. The
use of radioactive serum albumin may offer
a diagnostic aid in the detection of unexplained
protein losses.

The authors gratefully acknowledge the technical
assistance of Miss Jean Hower and Mrs. Eileen
Davis and wish to thank Doctors Ole Jonassen and
Frank Cebul for their aid in the completion of some
of these studies.
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Dyes.* (19086)

MARGARET REED LEWIS, M. L. CrossLEY, AND P, F. DREISBACH.

From the Wistar Institute of Anatomy and Biology, Philadelphia, Pa., and the Calco Chemical
Division, American Cyanamid Co., Bound Brook, N. J.

In a previous study (1) of the effects of the
oral administration of dyes on tumor bearing
mice it was found that certain benzo[a]phe-
noxazines containing 5-phenylamino groups
stained fat iz vivo. The N-phenyl derivative
of Nile Blue A stained fat a brilliant orange
and tumor tissue a pale blue color. On the
other hand, it was shown that the 5-amino and
5-benzylamino - 9 - diethylaminobenzophenox-
azines, Nile Blue A and Nile Blue 2B, re-
spectively, stained tumor tissue deep blue but
failed to stain fat in vivo. The failure of the
S-amino and the 5-benzylamino-9-diethyl-
aminobenzophenoxazines to stain fat in vivo
was of interest because Thorpe(2), Smith(3),
and Heidenhain(4) had shown that these com-
pounds stain fat in vitro. The in vitro differ-
ential fat staining effect was supposed to de-
pend to some extent upon the fat solubility of

* Aided in part by a grant to Dr. Margaret Reed
Lewis from the National Cancer Institute.

1. Lewis, M. R., Goland, P. P., and Sloviter, H. A.,
Anat. Rec., 1946, v96, 201.

2. Thorpe, J. F., J. Chem. Soc., 1907, v91, 324,

3. Smith, J. L., J. Path. and Bact., 1908, v12, 1.

4. Heidenhain, Martin, Arch. ges. Physiol., 1902,
v90, 115.

the dyes or their chemical transformation
products. Hadjioloff (5), however, in his re-
view of the publications on i vivo staining of
fat administered by the enteric route, showed
that many fat soluble dyes failed to stain fat
in vivo. In another study of the benzo[a]-
phenoxazine dyes(6) it was found that of the
dyes available at that time only those contain-
ing the S-phenylamino group stained fat in
Viv0.

The present study is concerned with iz vivo
staining of fat in tumor bearing mice following
oral administration of a number of substi-
tuted 5,9-diaminobenzo[a]phenoxazine dyes.
The majority of these contained a S-phenyl-
amino group while the others had benzyl-,
naphthyl- or heterocyclic amino groups in the
S-position. Generally, the hydrogens of the
9-amino group were replaced by alkyl radicals
containing from one to 6 carbon atoms.

Material and method. Mice of inbred

stains and tumors which were 100% trans-
plantable in mice of the strain of the host

5. Hadjioloff, A., Bull. d’histol., 1938, v13, 81.
6. Lewis, M. R, Goland, P. P., and Sloviter, H. A,,
Cancer Research, 1949, v9, 736.



