
pop might be expected to be less pro- 
ductive than Nal-Tel or Chapalote, and 
its increased prominence deserves an 
explanation. A plausible one is that, 
although the ears are small, the stalks 
may have been prolific, normally bear- 
ing more than one ear. The present- 
day race to which it bears some re- 
semblance and to which it may be 
related is prolific, usually producing 
two or three ears per stalk. 

Minor categories include cobs and 
kernels which appear in later levels and 
which are recognized as belonging to 
several of the modern races of Mexico 
described by Wellhausen et al. (5). They 
occur much too infrequently to be of 
significance in the total picture of food 
production but they are important in 
showing that these modern Mexican 
races were already in existence in pre- 
historic times. The only previous evi- 
dence of this was the fact that casts of 
ears appear on Zapotec funerary urns. 

Other Parts of the Corn Plant 

In all, 3597 specimens of parts of 
the corn plant, other than cobs, were 
found in the five caves. These speci- 
mens confirm the conclusions reached 
from the study of the cobs. There has 
been no change in the basic botanical 
characteristics of the corn plant during 
domestication. Then, as now, corn was 
a monoecious annual bearing its male 
and female spikelets separately, the 
former predominating in the terminal 
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inflorescences and the latter in the lat- 
eral inflorescences, which, as in mod- 
ern corn, were enclosed in husks. Then, 
as now, the spikelets were borne in 
pairs; in the staminate spikelets one 
member of the pair was sessile, the 
other pediceled. The only real changes 
in more than 5000 years of evolution 
under domestication have been changes 
in the size of the parts and in pro- 
ductiveness. 

The importance of these changes to 
the rise of the American cultures and 
civilizations would be difficult to over- 
estimate. There is more foodstuff in a 
single grain of some modern varieties 
of corn than there was in an entire 
ear of the Tehuacan wild corn. A wild 
grass with tiny ears-a species scarcely 
more promising as a food plant than 
some of the weedy grasses of our gar- 
dens and lawns-has, through a combi- 
nation of circumstances, many of them 
perhaps fortuitous, evolved into the 
most productive of the cereals, becom- 
ing the basic food plant not only of 
the pre-Columbian cultures and civil- 
izations of this hemisphere but also of 
the majority of modern ones, including 
our own. 

Summary 

Remains of prehistoric corn, includ- 
ing all parts of the plant, have been 
uncovered from fire caves in the Val- 
ley of Tehuacan in southern Mexico. 
The earliest remains, dated 5200 to 
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Remains of prehistoric corn, includ- 
ing all parts of the plant, have been 
uncovered from fire caves in the Val- 
ley of Tehuacan in southern Mexico. 
The earliest remains, dated 5200 to 

3400 B.C., are almost certainly those 
of wild corn. Later remains include 
cultivated corn and reveal a distinct 
evolutionary sequence which gave rise 
ultimately to several still-existing Mex- 
ican races. Despite a spectacular in- 
crease in size and productiveness under 
domestication, which helped make corn 
the basic food plant of the pre-Co- 
lumbian cultures and civilizations of 
America, there has been no substantial 
change in 7000 years in the funda- 
mental botanical characteristics of the 
corn plant. 
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When the structure of oxytocin, a 
hormone produced by the posterior pi- 
tuitary gland and isolated from it in 
highly purified form (1, 2), was being 
investigated, evidence was obtained 
that the hormone contained a disulfide 
ring (3). That the backbone of this 
ring consisted of 20 members was 
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established by the total synthesis 
oxytocin (4) according to the striu 
ture (Fig. 1) postulated from studi 
in this laboratory on degradation 
the hormone (4, 5). An identical stru 
ture was independently postulated 
Tuppy (6). 

The occurrence of a 20-member 
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ture (Fig. 1) postulated from studi 
in this laboratory on degradation 
the hormone (4, 5). An identical stru 
ture was independently postulated 
Tuppy (6). 

The occurrence of a 20-member 

disulfide ring in this octapeptide amide 
structure for oxytocin represented the 
first time that such a disulfide ring had 
been encountered in nature. Subse- 
quently, a disulfide ring of the same 
size was shown to be present in insulin 
(7). A 20-membered disulfide ring 
was also found to occur in 8-arginine- 
vasopressin (8, 9), 8-lysine-vasopres- 
sin (8, 10), 8-arginine-vasotocin (11), 
and isotocin (4-serine-8-isoleucine-oxy- 
tocin) (12). 

With the establishment of the pres- 
ence of this novel structural feature in 
oxytocin, studies were initiated to evalu- 

of ate its importance to the manifestation 
ic- of some of the biological activities 
ies characteristic of this hormone. Oxy- 
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tocin causes contractions of the uterus 

(the oxytocic effect) and brings about 
the release of milk in mammals (the 
milk-let-down or milk-ejecting effect). 
It also lowers the blood pressure of 
birds. This avian depressor effect is, in 
fact, the basis of the official method of 
assay for oxytocin in the United States 
Pharmacopeia. Oxytocin also has slight 
but definite action in raising the blood 
pressure and decreasing the urine flow 
in mammals-these being referred to as 
the pressor and antidiuretic effects. 

That the cyclic moiety of oxytocin 
could not, alone, account for its phar- 
macological activity was shown by Res- 
sler in this laboratory (13). This was 
accomplished by the synthesis and study 
of a cyclic pentapeptide amide in which 
the tripeptide amide side chain of oxy- 
tocin was replaced by an amide group. 
This cyclic pentapeptide amide had no 
detectable avian depressor effect and 
showed only slight oxytocic and milk- 
ejecting activities. 

An indication that the biological 
properties of oxytocin might be related 
to the size of the disulfide ring was 
afforded by the pharmacological be- 
havior of synthetic 4-isoglutamine-oxy- 
tocin (14). This substitution of iso- 
glutamine for glutamine in oxytocin 
leads to an increase in the size of the 
disulfide ring from 20 to 22 members. 
However, the carboxamide grouping in 
the 4 position of this isomeric octapep- 
tide is attached directly to the ring, 
whereas in oxytocin the carboxamide 
group at this position is separated from 
the ring by two methylene units. Nei- 
ther oxytocic nor avian depressor activ- 
ity was detected in the 4-isoglutamine- 
oxytocin. 5-Isoasparagine-oxytocin, an 
analog possessing a 21-membered ring, 

with the carboxamide group at the 5 

position attached directly to the ring, 
was also found to be inactive (15). 

Evidence that the relationship to the 
ring of the carboxamide group of the 
asparagine residue has great influence 
on the activity of oxytocin resulted 
from the study of 5-glutamine-oxytocin 
(16), 4-asparagine-oxytocin (17), and 

4-asparagine-5-glutamine-oxytocin (17). 
Only the 4-asparagine-oxytocin showed 
appreciable activity. Moreover, studies 
of 4-decarboxamido-oxytocin (4--a-ami- 
nobutyric acid-oxytocin) (18) and 5- 
decarboxamido-oxytocin (5-alanine-oxy- 
tocin) (18) have shown the vital 
importance of the presence of the car- 
boxamide group of asparagine to the 
activity of the hormone, since the 5-de- 
carboxamido-oxytocin is practically in- 
active and 4-decarboxamido-oxytocin is 
fairly potent. Thus, the lack of activity 
of isoglutamine-oxytocin and isoaspara- 
gine-oxytocin is, in all probability, not 
attributable to the change in ring size 
alone. 

1- (Hemi-homocystine) -oxytocin, the 
analog of oxytocin which is obtained 
by substituting a hemi-homocystine res- 
idue for the hemicystine residue of the 
hormone which bears the free amino 
group, is almost completely devoid of 
biological activity (19). The substitu- 
tion in this instance leads simultane- 
ously to an increase, by one methylene 
unit, in the size of the ring and in the 
separation of the amino group from the 
disulfide bond. Analogs of oxytocin 
studied thus far, in which there is an 
additional amino acid residue in the 
ring, enlarging it to 23 members, were 

virtually inactive (20). 
Studies centered around a highly ac- 

tive analog of oxytocin, deamino-oxy- 

tocin (21, 22), have now provided 
significant data on the importance of 

ring size to biological activities charac- 
teristic of oxytocin. The structure of 
this analog, lacking the free amino 

group but having a ring of the same 
size as that in oxytocin, is shown in 
Fig. 2. 

Highly purified, amorphous deamino- 

oxytocin exhibited the principal phar- 
macological properties of oxytocin to a 

very high degree (22, 23). It was 
found to possess an avian depressor 
activity of 733 ? 23 units per milli- 

gram, approximately 50 percent higher 
than that of oxytocin. Its oxytocic ac- 

tivity, tested with isolated uterine strips 
of rats in natural estrus, was 551 ? 17 
in comparison with 546 + 18 units 
per milligram for oxytocin under the 
same conditions (24). It also exhibited 
a milk-ejecting activity about the same 
as that of oxytocin. The antidiuretic 
activity was about fivefold higher than 
that of oxytocin, whereas the rat pressor 
activity was only about one-third that 
of oxytocin. 

The high potency of deamino-oxy- 
tocin (1-p-mercaptopropionic acid-oxy- 
tocin) provided an opportunity to study 
more directly the importance of ring 
size to pharmacological activity by add- 
ing a "CH2" unit to, or subtracting a 
"CH2" unit from, the ,-mercaptopropi- 
onic acid residue in position 1. This 
was accomplished by synthesizing 1-y- 
mercaptobutyric acid-oxytocin and 1- 

mercaptoacetic acid-oxytocin, which 
contain a 21-membered ring and a 19- 
membered ring, respectively. The meth- 
ods of synthesis and purification paral- 
leled those used for deamino-oxytocin. 
In the case of l-y-mercaptobutyric 
acid-oxytocin, the protected intermedi- 

CH.1OH C2H5 C,H.OH C2H5 

NH2 0 CH2 0 CH-CH0 CH 0 CHO CH-CH, 
I 1 I I II II I 

CH2-CH-C-NH-CH-C-NH- CH CH2-CH2-C-NH-NH- CH-C-NH-CH 
1 2 3 1 1 2 3 1 

S C--O S C=O 

S O 0 NHS O O NH 
6 11. 5 11 4 1 6 11 5 11 4 I 

CH2--CH-NH-C-CH-NH-C-CH- (CH2) 2-CONH2 CH2-CH-NH-C- CH-NH-C- CH-(CH2) 2-CONH2 

CHI2 CH2 
C)- I C-0 I 
I CONH2 I CONH2 

CHl--N 0 0 CH2-N 0 0 
\7 11 8 9 \7 11 8 I1 9 

CH-C-NH-CH-C-NH-CHI2CONH2 CH-C-NH-CH-C-NH-CH2-CONH2 

CH-CH2 CH C CH2-CH CH2 

CH(CH3)2 CH(CH)2 

Fig. I (left). Oxytocin. Fig 2 (right). Deamino-oxytocin. The numbers indicate the position of individual amino acid residues in 
the structure. 
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ate S-benzyl-y-mercaptobutyryl-L-tyro- 
syl- L - isoleucyl - L- glutaminyl - L - aspara- 

ginyl - S - benzyl - L - cysteinyl - L - prolyl-L- 

leucyl-glycinamide was synthesized and 
reduced with sodium in liquid ammo- 
nia. The resulting disulfhydryl com- 

pound, 1-y-mercaptobutyric acid-oxyto- 
ceine, was oxidized to the corresponding 

cyclic disulfide in aqueous solution by 
means of potassium ferricyanide, and 

purified by countercurrent distribution. 
The desired compound was obtained as 
a white, fluffy powder possessing satis- 

factory elemental and amino acid anal- 

yses. This analog was found to be 
almost devoid of avian depressor and 

oxytocic activities. 1-Mercaptoacetic 
acid-oxytocin was prepared from the 

appropriate intermediate and purified 
in an almost identical manner, and the 

purified material gave the expected ana- 

lytical values. This analog was found to 

posses 4 units per milligram of avian de- 

pressor activity and 25 units per milli- 

gram of oxytocic activity. Thus, it can 
be clearly seen that the high pharma- 
cological activities possessed by deami- 

no-oxytocin are greatly reduced when 
one "CH2" unit is deleted, and are 
almost completely eliminated when an 
additional "CH2" unit is introduced. 
These striking alterations in pharamaco- 
logical properties may be due to 

changes in the relationship of the side 
chains of the constituent amino acids to 
each other and to the disulfide bond, 
such changes having been induced by 
the changes in ring size. 

Alternatively, deamino-oxytocin may 
be looked upon as an analog of 1-mer- 

captoacetic acid-oxytocin to which ac- 

tivity has been restored, in high degree, 
simply by the insertion of a "CH2" unit 
into the residue in the I position. Hence 
it is conceivable that the insertion into 

1-mercaptoacetic acid-oxytocin of a 
"CH2" unit at points other than the 1 

position might also restore appreciable 
activity. As one step in this direction 
we have synthesized 1-mercaptoacetic 
acid-6- (hemi-homocystine) -oxytocin, a 
homolog of 1-mercaptoacetic acid-oxy- 
tocin in which a "CH2" unit has been 
inserted in the 6 position. This com- 
pound possesses a ring of the same size 
as that in deamino-oxytocin and differs 
from deamino-oxytocin only with re- 
gard to the distribution of methylene 
units about the disulfide bond. This 
1 -mercaptoacetic acid-6-(hemi-homocys- 
tine)-oxytocin exhibited 16 units per 
milligram of oxytocic activity and no 
detectable avian depressor activity. 
Thus, in these structures possessing 
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Fig. 3. Crystals of deamino-oxytocin. 

rings of the same size, the shifting of a 
"CH2" unit from one side of the disul- 
fide bond to the other affects the mole- 
cule in such a way as to cause a pro- 
found change in the pharmacological 
behavior. 

When an attempt was made to dis- 
solve the highly purified amorphous 
1-y-mercaptobutyric acid-oxytocin in a 
small amount of 1N acetic acid, the 

analog unexpectedly crystallized. The 

amorphous compound had dissolved al- 
most completely in the 1N acetic acid 
and this solution, in the presence of a 

slight amount of the remaining solid, 
had been allowed to stand at room tem- 

perature. After several hours it was 
noticed that crystals were beginning to 
form. A quantitative experiment was 
then performed. One hundred milli- 
grams of the lyophilized powder (mois- 
ture content approximately 8 percent) 
was completely dissolved in 4 ml of 
acetic acid. The solution was diluted 
with 20 ml of water, seeded and left 
to stand for 8 hours at room tempera- 
ture, in which time the analog sepa- 
rated as thin hexagonal plates (66 mg). 

The crystallization of 1-y-mercapto- 
butyric acid-oxytocin is the first instance 
of the crystallization of an analog of 
oxytocin insofar as we know. It might 
be pointed out that although crystalline 
salts of oxytocin with flavianic acid 
(2) and p-hydroxyazobenzene-p'-sulfon- 
ic acid (25) have been described, the 
free hormone itself has not, as yet, 
been crystallized. 

The fortuitous crystallization of 1-y- 
mercaptobutyric acid-oxytocin immedi- 

ately suggested the exciting possibility 
that deamino-oxytocin might be induced 
to crystallize under similar conditions 
since, as already mentioned, the struc- 
tures of the two compounds differ only 
by one methylene unit. Approximately 
20 mg of deamino-oxytocin in the 
form of a lyophilized powder (22) was 
dissolved in 1 ml of 1N acetic acid. 
To this solution an additional small 
amount of solid was added; the mixture 
was shaken to wet the solid and then 
left to stand overnight at room tem- 

perature. By the following morning a 

heavy deposit of crystals (Fig. 3) had 
formed. The crystalline deamino-oxy- 
tocin was filtered off and was found to 
possess high avian depressor and oxy- 
tocic activities. Another sample (70 
mg; moisture content 7 percent) of 

lyophilized powder was dissolved in 2.5 
ml of 1N acetic acid, seeded and left 
to stand at room temperature where- 
upon crystallization took place. The 

crystals (30 mg) were filtered off and 
dried at room temperature under re- 
duced pressure for 10 hours. The de- 

amino-oxytocin dried in this manner 
had an avian depressor activity of ap- 
proximately 900 units per milligram and 
an oxytocic activity of approximately 
750 units per milligram on isolated 
uterine strips of rats in natural estrus, 
higher values than had been found 
previously for the amorphous material 
(22-24). 
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When the sample was heated at 
100?C under reduced pressure over 
P205 for 51/2 hours, there was a loss in 
weight of 1.7 percent. This heated 
sample was then assayed. No decrease 
in biological activity was detected as a 
result of the heating. If crystalline de- 
amino-oxytocin after suitable study 
meets other requirements for stability, 
it may merit consideration for possible 
use as an international standard for 
the assay of oxytocin. Intensive phar- 
macological studies would be in order 
to explore this possibility, if criteria of 
stability for this purpose are met. 

The crystallization of these two 
closely related analogs, deamino-oxyto- 
cin (1-/3-mercaptopropionic acid-oxyto- 
cin) and 1-y-mercaptobutyric acid-oxy- 
tocin, one highly active and the other 
practically inactive, affords for the first 
time crystalline analogs of oxytocin for 
use in various physical and physical- 
chemical studies. The availability of 
these two analogs may possibly facili- 
tate the elucidation of the relationship 
between molecular architecture and 
biological activities which are charac- 
teristic of oxytocin. 

When the sample was heated at 
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teristic of oxytocin. 
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Appropriations: The Critics 
of Congress Often Slight an 
Inner Redoubt of the System 

The literature of analysis and abuse 
of the U.S. Congress is a rich one, but 
for a year or two it has been evident 
that criticism of the national legislature 
has been mounting toward one of its 
periodic peaks. 

Liberal critics argue that Congress 
is unresponsive to the exigencies of the 
latter half of the 20th century. Resist- 
ance to innovating legislation they at- 
tribute to rigid rules and customs which 
they claim make Congress, in practice, 
an extremely undemocratic institution. 
Concentrated fire has been turned on 
the Senate filibuster and the House 
Rules Committee, and broader criticism 
is directed at a feudalistic committee 

548 

Appropriations: The Critics 
of Congress Often Slight an 
Inner Redoubt of the System 

The literature of analysis and abuse 
of the U.S. Congress is a rich one, but 
for a year or two it has been evident 
that criticism of the national legislature 
has been mounting toward one of its 
periodic peaks. 

Liberal critics argue that Congress 
is unresponsive to the exigencies of the 
latter half of the 20th century. Resist- 
ance to innovating legislation they at- 
tribute to rigid rules and customs which 
they claim make Congress, in practice, 
an extremely undemocratic institution. 
Concentrated fire has been turned on 
the Senate filibuster and the House 
Rules Committee, and broader criticism 
is directed at a feudalistic committee 

548 

system, which, fused to the principle 
of seniority, makes the inheritance of 
power in Congress depend primarily on 
survival. 

While study of congressional path- 
ology is popular these days, relatively 
little attention is paid to an extremely 
significant area of action-the domain 
of the appropriations committees in 
the House and Senate. Because appro- 
priations business is so complicated 
and is usually conducted so discreetly 
in committee and so smoothly on the 
floor, the public is likely to be little 
aware of its import. But just as a 
connoisseur of football often watches 
the line play rather than the backfield, 
an observer of Congress can instruc- 
tively focus on the appropriations 
process. 

It is true that Representative Otto 
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Passman (D-La.), chairman of the 
House appropriations subcommittee 
which deals with foreign aid appropria- 
tions, in recent years has gained public 
notice by organizing an annual Donny- 
brook over the aid program's appro- 
priations. It is also true that, with much 
less spectacle, Albert Thomas (D-Tex.), 
as chairman of two appropriations sub- 
committees which control the funds for 
the space program and the National 
Science Foundation, exercises a strong 
influence over the federal science ef- 
fort. 

It is gratefully acknowledged within 
the medical research community, also, 
that Representative John Fogarty (D- 
R.I.) and Senator Lister Hill (D-Ala.) 
have used their appropriations subcom- 
mittee chairmanships to enhance the 
fortunes of the great federal health re- 
search program. But the system which 
gives these men their leverage seems to 
get little attention. 

The appropriations committees de- 
rive their influence from a main well 
of congressional authority, the right 
to spend or withhold money. Federal 
programs which involve the spending 
of money require a dual legislative 
process-authorization and appropria- 
tion. Standing legislative committees 
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