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sistent with an hypothesis that a polyanion es- 
sential for maintenance of ATP in aerobic ho- 
mogenates of liver is made unavailable by 
high molecular weight polycations. The com- 
bination of large molecular weight and fre- 
quent positive charges seems essential for ac- 
tivity since ( a )  partial hydrolysis of prota- 
mine by trypsin lowers inhibitory activity. 
( b )  bovine serum albumin exceeding prota- 
mine in molecular weight but containing few 
positive charges is not inhibitory, and ( c )  
compounds such as putrescine, spermidine. 
spermine, and arginine comparable to prota- 
mine as bases but of relatively low molecular 
weight are not inhibitory. Apparently TEA1 
under the conditions studied does not alkylate 
enough groups to reduce the effectiveness of 
the essential polyanion. 

Sunzmaqt. Conversion of mevalonic acid to 
non-saponifiable material by rat liver homoge- 
nates under conditions where conversion is a 

function of ATP level existing a t  time of me- 
valonic acid addition was inhibited markedly 
by preincubation with protamine or polyly- 
sine. Inhibition was less or absent following 
preincubation with trypsinized protamine, bo- 
vine serum albumin or a number of small 
molecular weight bases. The results are in- 
terpreted as indicating that a combination of 
high molecular weight and strong basicity are 
essential for inactivation of a polyanion pre- 
viously shown to be essential for maintenance 
of ATP levels in liver homogenates. 
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Rose Bengal (tetraiodotetrachlorfluores- 
cein) is one of the many dyes utilized in eval- 
uatioa of liver function. Although uptake. 
storage and excretion of Rose Bengal 1':;' by 
the liver have been studied extensively. little 
is known of the metabolic processes involved. 
Clearance of Rose Bengal by the liver is im- 
paired by concurrent administration of brom- 
sulfalein (BSP) ( 1 - 4 ) ,  and possibly by Mi -  
rubin( 5 ) .  Recent studies have shown that 
hepatic clearance of BSP and of bilirubin in- 
vclves con jugation with cys teine/glutathione 
(6,7) and glucuronic acid (8-10) , respectively. 
Such observations suggest that these pig- 
ments may compete with Rose Bengal for ini- 
tial uptake or subsequent metabolism by the 
liver and therefore that the competition may 
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take place a t  a conjugation step. Attempts 
to demonstrate the presence of conjugates of 
Rose Bengal in biological fluids constitute the 
subject of this report. 

Methods. Fresh human bile was obtained 
from 3 subjects with presumably normal liver 
function by means of T-tubes inserted in the 
common bile duct. After collection of control 
samples, 6-10 ml of Rose Bengal (Matheson 
Co.) (8.9 mg/ml) was administered intrave- 
nously; bile was collected a t  30 min. intervals 
for 2 hr thereafter. For isotopic studies, 0.1 
mC of Rose Bengal 1l3I (Robengatope, 
Squibb) was added to each dose before injec- 
tion. Serum and urine samples were obtained 
from an additional subject with obstructive 
jaundice 45 min after injection olf Rose Ben- 
gal. Control specimens were prepared by add- 
ing Rose Bengal in vitro to bile, serum and 
urine in concentrations approximating those 
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Tert butanol/water 5.9 :I 3 
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74,'io 8 3 , 7 4  
* 7  Second value = secondary 1):incl. 

found in the experimental samples. All sam- 
ples were frozen and stored a t  -10°C until 
used. Rose Bengal was extracted and ex- 
traneous proteins were precipitated from bile, 
urine and serum by the addition of 2 volumes 
of acetone. As an alternate procedure on bile 
samples, 0.1 N silver nitrate was used as a 
precipitant and the pigment was redissolved 
in a concentrated sodium chloride solution. 
Bile was initially purified in paired alumina 
columns ( 1 x 5 cmj  . Activated alumina (Al- 
coaj was suspended in 90~% isopropyl alcohol 
containing 0.13% ammonium acetate and 
packed by gravity. Acetone extracts of bile 
dried in vacuo were dissolved in a minimum 
volurre of the packing solution and added to 
the columns. Rose Bengal was eluted in 80% 
isoprcpyl alcohol/NH40H (200: 1 ) .  Bile ex- 
tracts containing Rose Bengal were ini- 
tially purified in similar paired alumina col- 
umns using acetone/water (20: 1 and 10: 1 j 
for losding and acetone/water (8  : 1 and 7 : 1 j 
for elution of pigment. Ascending paper chro- 
matography was performed on all samples be- 
fore and after deproteination and on bile a t  
each step of purification, using Whatman 3 
MM paper and various solvent systems as 
listed in Table I. Mobilities of Rose Bengal 
from experimental and control fractions were 
compxed by visible color and by fluorescence 
with a short wave ultraviolet Woods lamp 
(model SL 2537, Ultraviolet Products, Inc., 

San Gabriel, Calif .) . Chromatograms of Rose 
Bengal 1l3l were cut into 1 cm strips which 
were counted in a well-type scintillation 
counter. Paper electrophoresis, using 0.2 5 R4 
acetic acid or 0.25 hf ammonium hydroxide, 
was performed on acetone-eluted column frac- 
tions from bile. To study the nature of Rose 
Bengal concentrated in the liver, 0.6-1.6 mg 
of the dye per 100 g of body weight was in- 
jected into the inferior vena cava of anesthe- 
tized rats. Animals were sacrificed 10-20 min 
after injection, the liver removed, and the 
pigment extracted by homogenizing the tissue 
in 5 volumes of acidified methylethyl ketone. 
Lipids were removed on the column by ether 
and toluene, and pigment was eluted in the 
isopropyl-alcohol sys tem. Similar extracts, 
prepared by homogenizing the tissue in ace- 
tone/water were subjected to paper chroma- 
tography. Mercaptide conjugation was in- 
vestigated in the perfused isolated liver sys- 
tem described by Brauer, et  aZ.(l l j  and by 
Plaa( 12 j .  After a 1 hr equilibration period, 
51 pC of cystine-S";' was added to the perfu- 
sion media; bile samples were taken a t  30 
min intervals. One hr later, 23.2 mg of Rose 
Bengal was added; bile collection was con- 
tinued. Control and experimental samples, 
each containing an equal number of counts 
per total volume, were extracted and purified 
in paired alumina columns. Column fractions 
of Rose Bengal bile, purified by successive 
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paper chromatography, were tested against in- 
ternal standards for glucuronides by the 
Dische reaction ( 13 ) . 

Results. ilbsorption spectra a t  545 mp of 
pure Rose Bengal were obtained a t  pH 3-8 
in citric acid-disodium phosphate buffers (Fig. 
1 ) . Absorption increased with increasing pH 
until about pH 5 .  The pH of maximum ab- 
sorption of secreted Rose Bengal in purified 
bile fractions was displaced to pH 6. Identi- 
cal displacement, however, was observed with 
control samples of bile containing added Rose 
B engal. 

Chronzatography and electrophoresis. Se- 
creted Rose Bengal in bile moved primarily as 
a single, visible fluorescent spot which could 
not be differentiated by extensive combina- 
tions of chromatographic systems (Table I )  or 
by electrophoresis from Rose Bengal added 
to bile in vitrn.  When bile obtained after 
administration of Rose Bengal Il3I was chro- 
matographed in 6 different f er t  butanol sol- 
vents, mobilities of the visible pigment and ra- 
dioactivity correlated well w e r  a wide range 
of Rf values. 

Rose Bengal in serum, urine and liver. Rose 
Bengal obtained from the serum and urine of 
a subject with biliary obstruction or extracted 
from rat liver was indistinguishable from pig- 
ment added iiz vitro to comparable control 
specimens. 

Conjugation w i th  cysteine or glucuronic 
u(-id. Rose Bengal and isotope appeared rap- 
idly in bile following perfusion with cystine- 
S:!.’ and dye. After purification by column 
and paper chromatography, the Rose Bengal 
fraction from both experimental and control 

bile contained only trace amounts of label. 
Determination of glucuronide content of 
highly purified extracts of bile showed that 
not more than 14% of the Rose Bengal could 
have been conjugated with glucuronic acid. 

Discussion. The fact that secreted Rose 
Bengal was indistinguishable from pigment 
added to control bile and that significant lev- 
els of non-pigmented products were not ob- 
served after chromatography of secreted Rose 
Bengal I1:{I indicates that the pigment need 
not be metabolized on its passage through the 
liver. I t  is unlikely that metabolites of Rose 
Bengal are formed but subsequently degraded 
in bile since none could be detected either in 
the serum of a patient with an obstructed 
common bile duct, where regurgitation of the 
metabolites would be expected to occur, or in 
extracts from rat liver obtained shortly after 
injection of the dye. Under both circum- 
stances, BST’ metabolites have been reported 
(14 ) .  It is emphasized, however, that the 
negative nature of these results does not rule 
out the possibility that secreted Rose Bengal 
is modified but that the modified form could 
not be detected by the chromatographic sys- 
tems employed in this study. 

In  contrast to BSP(6), cystine-S:i“ was not 
incorporated into secreted Rose Bengal. 
Therefore, competition of the 2 dyes for ex- 
cretion does not occur at the step of mercap- 
tide conjugation in the liver. Also, failure to 
discover a Rose Bengal glucuronide suggests 
that the pigment does not compete with bili- 
rubin a t  the level of glucuronide conjugation. 

LTptake and excretion of pigments by the 
liver may involve 2 independent mechanisms 
( 15 ,16) .  Recent experiments as yet unpub- 
lished have shown that BSP is taken up and 
concentrated in the liver as the free pigment 
prim to its ultimate conjugation as a mercap- 
tide. Conceivably, competition of various 
pigments may occur a t  this eaxly uptake step 
( 17 ) and thus be comparatively independent 
of the routes required for subsequent conjuga- 
tion. 

I .  Metabolites of Rose Bengal 
could not be demonstrated in human bile, 
serum or urine or in extracts from rat liver 
by a variety of systems involving paper and 
column chromatography and electrophoresis. 

Summary .  



PEPTIDE DERIVATIVE OF OXYTOCIN : GLYCYLOXYTOCIN 653 

2 .  Conjugation with cystine-S3*j or glucuronic 
acid was not demonstrable. 3. It was con- 
cluded that Rose Bengal is not conjugated by 
the liver in the same form reported for bili- 
rubin (glucuronides) or bromsulfalein (mer- 
capticles) . 

1. l"enclelcff, A. I., Kramer, P., Ingelfinger, F. J., 
Bradley, S. E., Gastroenterology, 1949, v13, 2 2 2 .  

2 .  Mena, I., Kivel, R., Mahoney, P., Mellinkoff, 
H M.. Bennett, L. R., J. Lab. and Cliiz. Med., 1959, 
~ 5 4 ,  16 7. 

3. Cohen, E. S., Giansiracusa, J. E., Althausen, 
T .  L., Gastroenterology, 1953, v25, 237. 

4. Taplin, G. V., Meredith, 0. M., Jr., and Kade, 
H., J .  Louisiana Med.  Soc., 1957, v109, 255 .  

5. Elrown, C. H., Glasser, O., J .  Lab. and Clin. 
iMed., 1956, v48, 454. 

6. Grodsky, G. M., Carbone, J .  V., Fanska, R., 
Fed.  Froc., 1959, v18, 239. 

7. ~ , J. Clin. Invest., 1959, v38, 1981. 
8. Billings, B. H., Lathe, G. H., Biochem. J . ,  1956, 

9. Schmid, R., Science, 1956, v124, 76. 
10. Grcdsky, G. M., Carbone, J .  V., J. B i d .  Chew.,  

11. Brauer, R. W., Pessotti, R. L., Pizzolato, P., 

12. Plaa, G. L., Doctoral Thesis, University of 

1.3. Dische, Z., J. Biol. Chem., 1947, v167, 189. 
14. Carbone, J .  V., Grodsky, G. M., Hjelte, V., 

15. Cantarow, A., Wirts, C. W., PROC. SOC. EXP. 

16. Brauer, R. W., Pessotti, R. L., A m .  J .  Physiol., 

17. Brauer, R. W., J.A.M.A. ,  1959, ~ 1 6 9 ,  1462. 

v63, 6P. 

1957, v226, 449. 

PROC. SOC. EXP. BICIL. AND MED., 1951, v78, 174. 

California, San Francisco, 1958. 

J .  Clin. Invest., 1959, v38, 1989. 

BIOL. AND MED., 1941, v47, 252. 

1950, v162, 565. 

Received June 10, 1960. P.S.E.B.M., 1960, v104. 

Synthesis and Some Pharmacological Properties of a Peptide Derivative of 
Oxytocin : Glycyloxytocin.* (25940) 

VINCENT DU VIGNEAUD, PETER S. FITT, ~MIKLOS BODANSZKY AND 
MAUREEN O'CONNELL 

Dapt. of Biochemistry, Cornell University Medical College, N .  Y .  City 

In  a series of studies on the relationship be- 
tween structure and biological activities of the 
posterior pituitary hormones and their ana- 
logs ilnd derivatives, we became interested in 
the biological properties of peptide derivatives 
of these hormones, i.e. compounds in which 
the hormones remain unchanged except for 
the aktachment of additional amino acids at 
the N- or C-terminal position. As a compara- 
tively simple derivative of this type in which 
the amino group of oxytocin is involved in 
peptide linkage, glycyloxytocin has been syn- 
t heshed. 

*This work supported in part a grant from Nat. 
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capeptide, carbobenzoxyglycyl - S - benzyl - 
L - cysteinyl - L - tyrosyl - L - isoleucyl - L - 
glutaminyl - L - asparaginyl - S - benzyl - L - 
cysteinyl - L - prolyl - L - leucylglycinamide, 
which was employed as the intermediate for 
the glycyloxytocin, was prepared from the 
protected nonapeptide previously used for the 
synthesis of oxytocin ( 1 ) , namely S-benzyl- 
N - carbobenzoxy - L - cysteinyl - L - tyrosyl- 
L - isoleucyl - L - glutaminyl - L - asparaginyl- 
S - benzyl - L - cysteinyl - L - prolyl - L - leu- 
cylglycinamide. For the present experiments, 
this protected nonapeptide was prepared by 
the stepwise synthesis recently described by 
Bodanszky and du Vigneaud ( 2 ) .  To obtain 
the protected decapeptide, the carbobenzoxy 
group was first removed from the protected 
iionapeptide by treatment with HBr in acetic 
acid and the resulting hydrobromide of the 
S,S'-di benzyl derivative of reduced oxytocin 


