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though Boxer et al.(5) found some inhibi-
tion of coA itself by PAET, we have found
that supplementation of the media with coA
allowed the amebas to overcome inhibition by
PAED. This establishes the importance of
coA in the nutrition of E. kistolytica.

Summary. 1. PAED, a pantetheine an-
tagonist, inhibited bacteria-free cultures of
E. histolytica. 2. Reversal of inhibition was
possible with pantetheine and coenzyme A,
but not with pantothenic acid. 3. The pos-
sible mechanism of action of PAED is dis-
cussed.

The Cyclic Disulfide Ring of Oxytocin.*

CHARLOTTE RESSLER.
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The structure of oxytocin, the principal
oxytocic hormone of the posterior pituitary
gland, has been established through its syn-
thesis(1,2) as the cyclic disulfide of rL-cys-
teinyl - L-tyrosyl - L-isoleucyl - r-glutaminyl-
L-asparaginyl - L-cysteinyl - L-prolyl - L-leu-
cylglycinamide, which is represented by I. On
the basis of structural studies, it has been

i i
CyS-Tyr-Ileu-Glu(NH,)-Asp(NH,)-CyS-Pro-

Leu-Gly(NH,)
I

proposed that the antidiuretic hormone from
oxen is structurally similar to oxytocin(3,4),
with r-phenylalanine and rL-arginine in vaso-
pressin replacing the r-isoleucine and vr-leu-
cine, respectively, of oxytocin. An octapep-
tide amide synthesized according to this struc-
ture has been found qualitatively to have the
expected biological activity(5). Moreover,
vasopressin isolated from the hog has been
found to differ in composition from beef vaso-
pressin by the substitution of lysine for ar-
ginine(6). It has been suggested that both
these vasopressins are otherwise structurally

* This work was supported in part by a grant from
the National Heart Institute, Public Health Service,
Grant H-1675.

identical (3), and this has received strong sup-
port from the results of recent studies on the
synthesis of lysine vasopressin(7).

Although some of the more well established
physiological activities of oxytocin, namely,
the oxytocic, milk-ejecting, and avian vasode-
pressor effects, are strikingly different from
the pressor and antidiuretic activities of vaso-
pressin, it may be noted that qualitatively
these hormones possess several biological ac-
tivities in common. Thus the vasopressins also
have some oxytocic, avian vasodepressor (8,9)
and milk-ejecting activity(9-11), and oxy-
tocin also possesses low but definite degrees of
pressor and antidiuretic activity(12), in addi-
tion to the other physiological activities of
each of these hormones.

A striking structural feature of both of
these hormones is a 20-membered cystine-con-
taining peptide ring. It is of interest that in
the structure of insulin as postulated by San-
ger and his associates, an intrachain disulfide
ring of the same size as that which occurs in
oxytocin and vasopressin has also been pro-
posed (13).

One interesting speculation resulting from
these observations is that the ring structure
itself of the posterior pituitary hormones
might possess intrinsic biological activity. Ac-
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tivity inherent in the ring might then account
for the presence of many of the same physio-
logical activities in oxytocin and vasopressin.
In this connection and as part of a general
study in this laboratory of the relationship of
structure to the biological activity of the
posterior pituitary hormones, the synthesis of
the compound, the cyclic disulfide of r-cys-
teinyl - L-tyrosyl - r-isoleucyl - rL-glutaminyl-
L-asparaginyl - wL-cysteinamide, represented
by II, was undertaken.

i
Cy8-Tyr-Tleu-Glu(NH,)-Asp(NH)-CyS(NH,)
11

This compound represents the ring moiety
of oxytocin, where the prolylleucylglycinamide
side chain linked to the cyclic portion of oxy-
tocin has been replaced simply by an amide
grouping. The C-terminal residue of the re-
sulting peptide is therefore a half-cystine
amide residue which forms part of the 20-
membered ring, being linked through its amino
group to the carboxyl group of the asparagine
residue and through its sulfur to the other
half-cystine residue which bears the free
amino group.

Of the several routes possible for preparing
this compound the one described was chosen
because of its similarity to the route used
originally in the synthesis of oxytocin(1.2).
By the use of a parallel approach. it has been
possible to take advantage of the fact that
several intermediates common to both these
compounds could be used. Thus the tripep-
tide and dipeptide derivatives, tosyl-L-isoleu-
cyl - r-glutaminyl - r-asparagine(14) and
carbobenzoxy-S-benzy] - r-cysteinyl - r-tyro-
sine(15), respectively. which had been used
previously in the synthetic oxytocin work also
served as intermediates in the synthesis of the
cyclic disulfide II. However. for the tetra-
peptide amide S-benzyl - L-cysteinyl - L-pro-
lyl - r-leucylglycinamide(16) used in the for-
mer synthesis, the amino acid derivative S-
benzyl - L-cysteinamide has now been substi-
tuted. The yields in this synthesis, however,
were somewhat lower.

Experimental.t S-benzyl - r-cysteinamide
was prepared by the amination of ethyl S-
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benzyl-L-cysteinate! in methanolic ammonia.
A suspension of 7.9 g of ethyl S-benzyl-r-
cysteinate hydrochloride in 50 cc of ethyl
acetate was treated with 7.9 cc of triethyl-
amine for 30 minutes. It was then filtered
and concentrated and the residue was dis-
solved in 135 cc of anhydrous methanol
saturated with ammonia. After 3 days the
solvent and NH; were removed and the resi-
due was crystallized from ethyl acetate, 5.5 g
(92%); mp. 78.5-79.5°. A sample of the
free base was recrystallized from toluene;
m.p. 80°, [«]p®® 4 5.65° (¢ 3, acetic acid).

Anal. Calcd. for C;oH;;ON-S: §, 15.3; N,
13.3. Found: S, 15.2; N, 13.3.

The S-benzyl - L-cysteinamide (0.56 g) was
coupled with tosyl-L-isoleucyl - r-glutaminyl-
L-asparagine(1.0 g) at 95° for 1 hour in 10
cc of diethyl phosphite by the use of 1.4 cc
of tetraethyl pyrophosphite(17). The pro-
tected tetrapeptide tosyl-L-isoleucyl-L-gluta-
minyl - r-asparaginyl-S-benzyl - L-cystein-
amide was precipitated with water and washed
with warm methanol; wt. 1.0 g, m.p. 249-
250°. After several crystallizations from
acetic acid or diethyl phosphite a sample
melted at 273-274°.

4nal. Calcd. for C;2H;0sN:Se: C, 53.4;
H. 6.3: S, 89. Found: C, 53.7; H, 6.3; S,
8.8. Removal of the S-benzyl and N-tosyl
protecting groups and rebenzylation was ef-
fected in 70% yield by treatment of 100 mg
of the protected tetrapeptide with sodium in
liquid ammonia followed by 0.05 cc of benzyl
chloride in 0.5 cc of toluene(18,19). The
isoleucyl-glutaminyl-asparaginyl - S - benzyl-
cysteinamide+? obtained was purified by coun-
tercurrent distribution(20) in the system 2-
butanol-0.01 M NHj; in which the partition
coefficient was approximately 1.0. A suspen-

t The reported melting points are corrected, capil-
lary melting points.

t This compound was prepared according to Har-
ington, C. R, and Pitt Rivers, R. V.(15). It melted
at 161-162°; reported, 156-157°.

$1 When the tetrapeptide was used without purifi-
cation, several byproducts were isolated along with
the final product. Studies on these products will be
reported separately.
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sion of 100 mg of this tetrapeptide in 0.5 cc
of diethyl phosphite containing 0.1 cc of tet-
raethyl pyrophosphite was allowed to react
with 135 mg of N-carbobenzoxy S-benzyl-r-
cysteinyl - L-tyrosine at 85° for one-half
hour. The resulting protected hexapeptide
N-carbobenzoxy-S-benzyl - L-cysteinyl - L-
tyrosyl - L-isoleucyl - L-glutaminyl - L-aspara-
ginyl-S-benzyl-L-cysteinamide, which was also
prepared by the use of the coupling agent N,
N’-dicyclohexylcarbodiimide(21), was washed
with warm methanol; wt. 93 mg. When it
was reprecipitated from formamide it melted
at 249-250°. This was treated with sodium
in liquid ammonia to remove the protecting
groups(18) and after evaporation of the am-
monia the sulfhydryl product was aerated in
aqueous solution at pH 6.5(1,2), after which
the solution was adjusted to pH 3.3, concen-
trated under reduced pressure and finally
dried by lyophilization. The material was
isolated by the use of countercurrent distribu-
tion in the system 0.05% acetic acid-2-bu-
tanol. The distribution of material was deter-
mined by following the absorption in the
ultraviolet at 275 mpu and the distribution of
weight. The contents of a peak having the
partition coefficient K = 0.19 were concen-
trated and lyophilized and yielded a white
powder, {a]p?® — 20.5° (¢ 0.51, water).

For analysis the compound was dried at
100°C in vacuo and showed a loss in weight
of 3.9%. The analytical values are calcu-
lated on the basis of the dried sample and are
corrected for 1.0% ash.

Anal. Calcd. for C30H4509N952 hd C2H402 :
C, 48.1; H, 6.2; N, 15.8. Found: C, 47.8;
H, 6.5; N, 16.0. When the material was hy-
drolyzed in acid and analyzed on the starch
column according to the quantitative pro-
cedure of Moore and Stein(22), it showed
the expected amino acid composition in the
following ratio: isoleucine 1.0, tyrosine 0.8,
glutamic acid 1.0, aspartic acid 1.1, cystine
1.0, ammonia 3.6. Like oxytocin, this poly-
peptide underwent cleavage into two peptides
on treatment with bromine water(2).

Results. The purified peptide was assayed
for the principal physiological activities nor-
mally associated with oxytocin, namely, the
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oxytocic, milk-ejecting, and avian vasodepres-
sor activities, the latter being the effect on the
blood pressure of the fowl. The USP Stand-
ard posterior lobe powder served as the refer-
ence in each of these determinations. The
cyclic peptide was found to have a low but
definite degree of oxytocic activity. When
measured on the isolated rat uterus according
to the method of Burn(23>"), it assayed
approximately 3.3 U/mg. It was there-
fore roughly 1/150 as active as oxytocin and
approximately 1/10 as active as beef vaso-
pressin in this respect. The cyclic peptide
was also found to be active in effecting the let-
down of milk,$ the potency being approxi-
mately 1.1 U/mg. These activities, while
low, are considered real because of the great
sensitivity of the assay methods. The sensi-
tivity of the uterus method is approximately
2 mU, and in the assay for milk-ejecting ac-
tivity, 0.5 mU can be detected(12). The
material was also assayed for strepogenin ac-
tivity by the method used previously for re-
lated peptides(24) and had a potency of 55
U/mg.l

The most striking aspect of the pharma-
cology of the cyclic peptide was concerned
with the avian vasodepressor effect. The de-
pressor effect of oxytocin on the blood pres-
sure of the chicken has been associated with
its oxytocic activity (25) and in pure oxytocin
the former activity is present to the same de-
gree as the oxytocic activity. The official
assay for the hormone adopted by the United
States Pharmacopeia(26) is in fact based
on the avian blood pressure depressor method.
Assay of the cyclic peptide, however, for this
effect on blood pressure by the method of
Coon(27) wusing the anesthetized chicken
showed that, although the compound pos-

§ The assays for milk-ejecting activity were kindly
performed by Dr. H. B. van Dyke, Mr. S. L. Engel,
and Dr. K. Adamsons, Jr. of the College of Physicians
and Surgeons, Columbia University, to whom appre-
ciation is expressed. The assay procedure involved
measurements of the pressure within the lactating
mammary gland of the rabbit.

|| Strepogenin activity was determined through the
kindness of Dr. D. W. Woolley and Dr. R. B. Merri-
field of the Rockefeller Institute for Medical Re-
search.
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sessed significant oxytocic and milk-ejecting
activities, the avian depressor effect was ab-
sent within the limits of the assay method.
Any avian depressor activity, if present, would
therefore be less than approximately 0.03
U mg. The small pressor effect which oxy-
tocin has been found to possess(12) was also
not detectable in the cyclic peptide.

Considerable interest arises from a com-
parison of the ratio of the potencies of the
biological effects of the peptide with that ra-
tio in oxytocin. Thus, while the oxvtocic,
milk-ejecting. and avian depressor activities
of the hormone are equipotent in terms of the
standard, the corresponding ratio of these
activities in the cyclic peptide is approxi-
mately 3:1:<0.03. There is. therefore, 3
times as much oxytocic as milk-ejecting ac-
tivity per unit of weight of the peptide. Sim-
plification of the structure of oxytocin has
thus resulted in a markedly disproportionate
change in the potencies relative to each other
of the several physiological activities of the
hormone. It is conceivable that this type of
change may be a general consequence of
structural alteration when dealing with com-
pounds that exhibit multiple physiological ac-
tivities.

The virtual absence of avian depressor ac-
tivity in the cyclic peptide and the difference
in the relative oxytocic and milk-ejecting ac-
tivities afford a pharmacological differentia-
tion of it from the hormone. The compound
has been differentiated from oxytocin in an-
other way, i.e., by means of a comparison of
the degree of potentiation of the oxytocic ef-
fect brought about by the presence of mag-
nesium ion. This in vitro effect of mag-
nesium has been described by Fraser(28) in
experiments in which the oxytocic activity
of various preparations of oxytocin and vaso-
pressin of low potency as well as of mixtures
of these was determined using the guinea pig
uterus in a medium containing graded
amounts of magnesium. The cyclic peptide
was assayed directly against a solution of
pure synthetic oxytocin diluted to approxi-
mately the same potency in modified Locke
solution(23%) using the rat uterus. A simi-
lar assay was performed in Tyrode solution
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(29), which contained 10 mg% MgCl.. The
oxytocic activity of the cyclic peptide was in-
creased approximately 10 times in this con-
centration of magnesium ion, while the syn-
thetic oxytocin underwent approximately 63
fold potentiation.

It could be suspected that the relatively
low degree of biological activity in this pep-
tide may not be a property of the compound
itself, but may be due possibly to the presence
of a small amount of oxytocin picked up as a
contaminant in the laboratory. However, the
absence of avian depressor activity in the
cyclic pentapeptide, the differences between
oxytocin and the cyclic peptide with respect
to the ratio of the oxytocic. 'milk-ejecting po-
tencies and the degree of potentiation of the
oxytocic effect by magnesium ion, as well as
the fact that the final product was extensively
purified, make this possibility extremely un-
likely.

The results of the bioassays of the peptide
allow certain deductions with respect to some
of the structural requirements for biological
activity in oxytocin and closely related com-
pounds. The significant degree of activity
possessed by the peptide that represents the
cyclic moiety of oxytocin makes it clear that
the entire molecule of oxytocin is not neces-
sary for the existence of milk-ejecting and
oxytocic activity. The fact that the activity
of the cyclic peptide is of a relatively low or-
der of magnitude could suggest that the mini-
mum requirements for milk-ejecting and oxy-
tocic activities in oxytocin might possibly be
defined by the cyclic part of the oxytocin
molecule. The tripeptide side chain of oxy-
tocin or portions of the side chain would then
serve to enhance these biological activities.
For significant avian depressor activity to be
present in these peptides, however, there
would appear to be different, perhaps more
extensive structural requirements. It may be
added in this connection that several other
peptides closely related in structure to oxy-
tocin have been tested and have been found
not to have significant activity. Thus, the
linear peptide the disulfide of r-isoleucyl-L-
glutaminyl - L-asparaginyl - L-cysteinyl - L-
prolyl - L-leucylglycinamide(24) which rep-
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resents an even larger, although partly dif-
ferent, portion of the sequence of the amino
acids of oxytocin than does the cyclic peptide
has been found to possess negligible oxytocic,
milk-ejecting,$ and avian depressor activity.
Preliminary testing of an aqueous solution of
the disulfide of i1-isoleucyl - r-glutaminyl-
L-asparaginyl - vr-cysteinamide obtained by
the treatment of the corresponding tosyl S-
benzyl peptide with sodium in liquid ammonia
followed by aeration without further purifica-
tion showed that this compound also seems
to have negligible oxytocic and avian depres-
sor activity.

Comparison of the highly active oxytocin,
the weakly active cyclic pentapeptide, and the
inactive heptapeptide and tetrapeptide disul-
fides with respect to their potencies of oxy-
tocic, milk-ejecting, and avian depressor ac-
tivity show clearly that a considerable degree
of biological specificity is involved here.
However, inasmuch as oxytocin and the two
vasopressins do share these activities to vary-
ing degrees and inasmuch as the cyclic pep-
tide possesses two of them, it is apparent that
certain structural changes are allowable. It
would seem that perhaps within a necessary
framework of the molecule, a minimum re-
quirement of which may be the cyclic part,
some change, such as the substitution of cer-
tain of the amino acids by others, may be
tolerated without complete destruction of
these three biological activities of oxytocin.

It is of interest that there appears to be a
completely different type of structural speci-
ficity involved in the biological effect associ-
ated with strepogenin activity. Thus, the
otherwise inactive heptapeptide disulfide was
found to be almost as active as oxytocin itself
in stimulating the growth of L. casei(24). On
the other hand the cyclic pentapeptide which
does have significant oxytocic and milk-eject-
ing activities also has considerable strepo-
genin activity, and this activity is less than
the strepogenin activity of the heptapeptide
disulfide. It has been indicated that chain
length of the peptide may be of some impor-
tance in determining the strepogenin activity
for L. casei(30), and the strepogenin activity
of the cyclic peptide would not be inconsistent
with such a viewpoint.
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Summary. A cyclic pentapeptide amide,
the disulfide of r-cysteinyl - L-tyrosyl - -
isoleucyl - r-glutaminyl - L-asparaginyl - r-
cysteinamide, which represents the cyclic moi-
ety of oxytocin has been prepared synthetic-
ally and some of its physical and chemical
properties are given. This compound - has
been found to have low but significant oxy-
tocic (3.3 U/mg) and milk-ejecting (1.1 U/
mg) activity but no detectable avian depres-
sor activity. Moreover, this simplification of
the oxytocin molecule appears to have re-
sulted in a change in the ratio of the potencies
of oxytocic, milk-ejecting, and avian depres-
sor effects, the ratio being 3:1:<0.03 for the
cyclic pentapeptide amide compared to 1:1:1
for oxytocin. Some of the possible structural
requirements for biological activity in oxy-
tocin have been discussed in the light of these
results.

The author wishes to thank Mr. Joseph Albert for
carrying out the microanalyses, Dr. Paula Zimmer-
ing for the starch chromatography, Miss Lorraine
Silverman for her assistance, and Mrs. Sylvia Kirsi-
magi White for the oxytocic and blood pressure assays
reported herein. The stimulating discussions of the
problem with Dr. Vincent du Vigneaud are ac-
knowledged with pleasure.

1. du Vigneaud, V., Ressler, C., Swan, J. M,
Roberts, C. W., Katsoyannis, P. G., and Gordon, S.,
J. Am. Chem. Soc., 1953, v75, 4879.

2. du Vigneaud, V., Ressler, C, Swan, J. M,
Roberts, C. W., and Katsoyannis, P. G., ibid., 1934,
v76, 3115.

3. du Vigneaud, V., Lawler, H. C., and Popenoe,
E. A, ibid., 1953, V7S, 4880.

4. Acher, R., and Chauvet, J., Biochim. Biophys.
Acta, 1953, v12, 487.

5. du Vigneaud, V., Gish, D. T., and Katsoyannis,
P.G., J. Am. Chem. Soc., 1954, v76, 4751.

6. Popenoe, E. A, Lawler, H. C., and du Vigneaud,
V., ibid., 1952, v74, 3713.

7. Bartlett, M. F., Johl, A., Roeske, R., Stedman,
R. J., Stewart, F. H. C.,, Ward, D. N,, and du Vig-
neaud, V., ibid., 1956, v78, 2905.

8. Popenoe, E. A, Pierce, J. G., du Vigneaud, V.,
and van Dyke, H. B, Proc. Soc. Exp. BrorL. AND
Mep., 1952, v81, 506.

9. van Dyke, H. B., Engel, S. L., and Adamsons,
Jr., K., ibid., 1956, v91, 484.

10. Whittlestone, W. G., J. Endocrinol., 1952, v8,
143.

11. Cross, B. A., and van Dyke, H. B,, ibid., 1953,



730

v9, 232. References to earlier related work are in-
cluded here,

12. van Dyke, H. B., Adamsons, Jr, K., and
Engel, S. L., Recent Progr. Hormone Research, 1955,
vil, 1, Academic Press, Inc, New York 10, New
York.

13. Ryle, A. P., Sanger, F., Smith, L. F., and Kitai,
R, Biochem. J., 1953, v60, 541.

14. Katsoyvannis, P. G., and du Vigneaud, V., J.
Am. Chem. Soc., 1954, vi6, 3113.

15. Harington, C. R, and Pitt Rivers, R. \',, Bio-
chem. J., 1944, v38, 417.

16. Ressler, C., and du Vigneaud, V., J. 4nt. Chem.
Soc., 1954, v76, 3107.

17. Anderson, G. W., Blodinger, J., and Welcher,
A. D, ibid., 1952, v74, 5309.

18. Sifferd, R. H., and du Vigneaud, V., J. Biol.
Chem., 1935, v108, 7533.

19. du Vigneaud, V., and Behrens, O. K., ibid,,
1937, v117, 27.

20. Craig, L. C., Anal. Chem., 1950, v22, 1346.

21. Sheehan, J. C., and Hess, G. P., J. Am. Chem.
Soc., 1933, v77, 1067.

22. Moore, S.. and Stein, W. H., J. Biol. Chem.,

HuMAN EPITHELIAL-LIKE STRAINS (DETROIT)

1949, v178, 53.

23. a. Burn, J. H., Quart. J. Pharm. Pharmacol.,
1931, v4, 517.

b. Burn, J. H,, Finney, D. J., and Goodwin, L. G.,
Biological Standardization, 2nd Edition, Oxford
University Press, 1950, p180Q.

24. Woolley, D. W., Merrifield, R. B., Ressler, C,,
and du Vigneaud, V., Proc. Soc. Exp. BioL. AND MED.,
1953, v89, 669.

25. Gaddum, J. H., J. Physiol., 1928, v63, 434.

26. The Pharmacopeia of the United States of
America, 14th revision, Mack Printing Co., Easton,
Pa., 1950, p475.

27. Coon, J. M., Arch. Intern. pharmacodynamie,
1939, vé62, 79.

28. Fraser, A. M., J. Pharmacol. Exp. Therap.,
1939, v66, 85.

29. Cowdry, E. V., Laboratory Techniques in
Biology and Medicine, Williams and Wilkins, 1952,
Baltimore, Md.

30. Merrifield, R. B., and Woolley, D. W, J. 4Am.
Chem. Soc., 1956, v78, 358.

Received June 12, 19536. PS.EBM, 1956, v92.

Eight Culture Strains (Detroit) of Human Epithelial-Like Cells.*t (22595)

LAwRENCE BERMAN AND CYRIL S. STULBERG.

(Introduced by Harry Eagle.)

Department of Pathology, Wayne University College of Medicine, and The Child Research Center
of Michigan, Detroit.

Various investigators have reported the de-
velopment of stable strains of human cells
capable of growing on glass surfaces in rela-
tively simple fluid media(1-8). Some strains
have been derived from tumor tissue and
others from presumably normal tissue. Most
have been described as “¢pithelial” although
there are also human fibroblast-like strains in
existence. Virologists have given a great deal
of attention to one of these human cell strains,

* This investigation was supported in part by each
of the following: research grants (C-2149) and
(E859) from the National Institutes of Health, De-
partment of Health, Education and Welfare; the Re-
ceiving Hospital Research Corp. Detroit; and by
institutional grants from the American Cancer So-
ciety.

t Presented in part at Annual Meeting of Tissue
Culture Assn., Milwaukee, Wis., April, 1956.

the Hela strain(l), and wide use of this
strain has stimulated the development of
other human cell strains which might have
additional or different useful properties.

A total of 8 epithelial-like strains have now
been isolated in these laboratories(9,10). The
present report is concerned with histories of
the cell strains, procedures used for their iso-
lation and maintenance, and preliminary ob-
servations on their morphology and growth
behavior.

Histories of the cell strains. Five strains
(Detroit-6, -32, -34, -52 and -98) were de-
rived from cultures of sternal bone marrow.
Two (Detroit-30A and -56A) were cultured
from carcinomatous ascitic fluids and one
(Detroit-116P) was obtained from lympho-
matous pleural fluid. Table I lists the origin
of each cell strain, pertinent data on the





