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Further work along these lines is needed to
determine the reasons for the lowered
digestibility.

Summary. Ten rats born and maintained
in a low pressure, pure oxygen environment
did not differ in growth rates from ground
level controls. However, overall digestibility
was lowered in experimentals, 74.3% wvs
79.5% for controls (P<.001), with even
greater differences in protein digestibility,
65.5% wvs 74.6% (P<.001). Although less
fat was digested by experimentals, 75.6%
vs 81.4% for controls, these differences were
not significant. Net caloric intake was simi-
lar due to a slightly greater food intake by
experimentals. Calories given off as heat
did not differ, suggesting similar metabolic
rates.

The author is indebted to Lester L. Dzuik, Leo-
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Variations in amino acid composition of
collagen, both from species to species and
from tissue to tissue in a given species have
been reported by a number of investigators
(1-9). The importance of total pyrolidine
amino acid, (i.e., proline plus hydroxypro-
line) to the stability of the collagen struc-
ture has been discussed by Harrington et al
(10). A possible role of lysine in the forma-
tion of intra- and inter-molecular cross link-
ages in collagen was reported by two inde-
pendent groups{11,12). To understand alter-
ations of collagen in pathological states, the
complete elucidation of the normal com-
position of collagens from the various tissues
is necessary. In the past few years, soluble
collagen has been prepared from skin, tendon,
and fish swim bladder(7,8,9) and the heat
denatured products and their amino acid
compositions have also been determined.
Recently we reported the preparation and
amino acid composition of collagen from

human uterus(13). The present report de-
scribes (a) methods of preparing 1 M NaCl-
and 0.5 M acetic acid-soluble collagens from
pig uterus; (b) the separation of the a-
and B-chains of these collagens after heat
denaturation; and (c) the determination of
the amino acid composition of the «- and
B-chains of these pig uterine collagens.

Methods. Uteri from 6- to 12-month-old
pigs, obtained from a local slaughter house,
were cut into 1 inch squares and ground
with dry ice in a meat grinder. All procedures
were performed at 5°C. All extractions were
done with a magnetic type stirrer and the
extracts were cleared at 30,000 rpm in a
Spinco Model L centrifuge for 1 hour before
precipitation.

Preparation of 1M NaCl soluble collagen.
Uterine tissue was first extracted with 1M
NaCl and collagen was precipitated by the
addition of solid NaCl to 20% concentra-
tion. In one instance this precipitation was
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repeated twice. The crude collagen precipi-
tate was reextracted with 1 M NaCl and
dialyzed against phosphate buffer pH 7.6,
jonic strength — 0.4. Trichloroacetic acid
(TCA) was then added dropwise to a pH of
3.5 in order to precipitate non-collagenous
protein (NCP). After removing the NCP
collagen was precipitated by addition of
ETOH to 14%(14).

Preparation of 0.5 M acetic acid-soluble
collagen. The residue after 1 M NaCl extrac-
tion was extracted with 0.5 M acetic acid.
After centrifugation the collagen was pre-
cipitated in the supernate by the addition of
solid NaCl to 5%. The crude collagen was
reextracted with 0.5 M acetic acid and pre-
cipitated by dialyzing against 0.02 M Na,
HPOs. This partially purified collagen was
extracted with 1 M NaCl and either repre-
cipitated with 20% NaCl or purified by
removal of NCP with TCA and then precipi-
tated with ETOH as described previously.
In some instances, a combination of these
two methods was used.

Separation of B~ and a-chains on Sephkadex
G-200. Soluble collagen was dissolved in 0.1
M acetate buffer, pH 4.8 and denatured at
40° for 30 minutes. The resulting solution was
chromatographed on a Sephadex G-200
column with recycling as described previously
(13). The B- and qg-components were col-
lected during the 3rd cycle.

Separation of By; and B and ol and o2
chains on carboxymethyl (CM )-cellulose
columns. f11 and By2 and ol and «2 chains
were separated on CM-cellulose columns by
the method of Piez ef af(7). The Beckman
DB Spectrophotometer was set at 219 mp.
The absorbency was recorded.

Amino acid analysis. Amino acid analysis
was done with the Technicon amino acid
analyzer (Chauncey, N.Y.). Corrections for
destruction and liberation of amino acids dur-
ing hydrolysis were made according to the
method of Piez et @f(15).

Chemical analysis. Nitrogen was deter-
mined by microkjeldahl digestion and the
Conway diffusion techniques(16). Hydroxy-
proline was determined by the method of
Newman and Logan(17).

Results and discussion. The purification of
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1 M NaCl-soluble and acetic acid-soluble col-
lagens of pig uterus is shown by the succes-
sive increases in the concentration of hydroxy-
proline with each step of purification (Table
I). Increasing the time of extraction did not
improve the yield of soluble collagen. Precipi- -
tation with 20% NaCl increased the hy-
droxyproline concentration from 0.1-0.5% to
approximately 2-8%. Repeated precipitation
with 20% NaCl did not further augment
the yield of hydroxyproline. TCA precipi-
tation of noncollagenous protein further raised
the hydroxyproline concentration to 4-10%.
Precipitation with 14% ETOH raised the
hydroxyproline concentration of the prepa-
ration to that which would be expected for
collagen in a purified state (11.0-13.7%).
The total yield obtained represented ap-
proximately 0.02% of the weight of wet
tissue.

In the preparation of acetic acid-soluble
collagens, the 5% NaCl precipitation in-
creased the hydroxyproline concentration by
50 to 100%. Purification of the acid soluble
collagen by dialyzing against 0.02 M Nap
HPO, or precipitation with 20% NaCl fur-
ther increased the percentage of hydroxy-
proline. TCA precipitation of noncollagenous
proteins and ETOH precipitation raised the
hydroxyproline concentration to 12-13%.
The total yield of acetic acid soluble col-
lagen is approximately 0.005-0.01% of the
weight of wet tissue. The yield of NaCl
soluble and acetic acid soluble collagen from
pig uterus was approximately one-half that
previously observed with human uterus.

The approximate percentage distribution
of the components of denatured salt- and
acid-soluble collagen of pig uterus is shown
in Table II. The salt-soluble collagen con-
tains approximately 65% a- and 35% B-com-
ponents. In contrast, acid-soluble collagen
contains 55% a- and 45% B-components.
In comparison with the component distribu-
tions reported by Piez ef al(7,8), the dena-
tured salt-soluble collagen of pig uterus con-
tains 20% less a-component than that of the
rat skin and 10% less than that of human
skin. These data agree well with those ob-
tained on human uterine samples(13). Salt-
soluble collagen of pig uterus differs from
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acid soluble collagen are not shown since

that of the human uterus by containing a
relatively higher percentage of B;; and a

lower percentage of fBis.

they were essentially the same as those for

salt-soluble collagen. In Table III, the simi-
larity of the amino acid composition of al

and B1; components is apparent. There were

The «l1 component

of the acid soluble collagen of pig uterus
is slightly greater than that of either human

uterus or human skin.

differences in amino acid composition between
al and a2 components in more than half
of the amino acids determined. Like the find-
ings in the study of human uterus(13), higher

The amino acid composition of pig uterus
salt soluble collagen and its components is

shown in Table III. The data on the acetic
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TABLE II. Percentage Distribution of Compo-
nents in Denatured Salt- and Acid-Soluble Collagen
of Pig Uterus.

Components
Collagen al a2 Bu B1e
Salt-soluble 1 37 23 15 25
2 42 21 15 21
3 43 27 10 19
Avg 41 24 14 22
Acid-soluble 1 43 13 13 31
2 37 16 15 32
Avg 40 14 14 31

# Caleulated from the area under the appropriate
peaks on both CM-cellulose and Sephadex G-200
columns, The y-component is not ineluded.

TABLE III. Amino Acid Composition of 1M
NaCl-Soluble Collagen and Its Components of Pig
Uterus (Residue/1000 Residues).*

Collagen al B Bie a2

Cysteic acid 1 1 2 1 1
4 Hydroxyproline 102 101 96 94 86
Aspartie acid 43 42 43 46 47
Threonine 16 16 16 15 16
Serine 35 36 39 34 31
Glutamic acid 74 75 79 75 71
Proline 121 130 125 122 116
Glyecine 334 331 328 332 338
Alanine 113 119 121 114 110
Valine 25 21 22 30 37
Methioninet 4 3 1 2 2
Isoleucine 10 7 8 11 14
Leucine 23 19 19 24 30
Tyrosine 3 1 Trace 1 2
Phenylalanine 12 13 14 13 13
Hydroxylysine 10 8 9 9 11
Lysine 25 28 28 23 19
Histidine 4 2 3 5 8
Arginine 51 52 54 54 55

* Mean value from 3 sets of experiments.
t Methionine sulfoxide is included.

amounts of hydroxyproline, proline, alanine,
phenylalanine, lysine and lower amounts of
aspartic acid, valine, leucine, isoleucine, hy-
droxylysine and histidine were present in the
al chain as compared with the o2 chain.
In addition, larger amounts of serine, glu-
tamic acid, methionine and lower amounts of
tyrosine were found in the «l chain than
in the «2 chain. The amino acid composi-
tion of the B85 chain is consistent with the
concept that this is a 1:1 mixture of «l and
a2 chains.

The present data are in good accord with
previous data on human uterus. Pig uterine
collagen contains higher concentrations of

737

hydroxyproline and hydroxylysine than the
collagen of the skin of rat or the human
(7,8,13). These findings also agree well with
those of Harding(6). Pig uterine collagen
contains more hydroxylysine than human
uterine collagen(13). It also contains less
valine and more proline than the human
uterine collagen; and less methionine than
human skin. Between 0.7-1.5 residue/1000
residues of cysteic acid was found consis-
tently in pig uterine collagen. This was also
observed in human uterine collagen(13).

The total collagen content of 36 pig
uterine specimens was found to be 26.5 +
0.7% of the total protein. The solubility
of pig uterine collagen is even less than that
of human uterine collagen.

Summary. 1. 1 M NaCl-soluble and 0.5 M
acetic acid-soluble collagen were purified
from pig uterus. The total yield was ap-
proximately 0.03% of the weight of the
wet tissue. 2. After heat denaturation, the
a- and B- components were separated on
Sephadex G-200 and CM-cellulose column.
Like the finding in human uterine collagen,
less a- and more B- components were found
in the salt soluble collagen of pig uterus
than in the skin of the rat and human being.
However, more a- and less 8-component were
found in the uterine collagen of pig than in
that from the human being. 3. Pig uterine
collagen contained a somewhat higher level
of hydroxyproline and hydroxylysine than
dermal collagen of rat and human being.
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and advice of Dr. C. R. Treadwell.
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Little is known concerning the effects of
exercise on cerebral blood flow. This is per-
haps due to the difficulties involved in the
application of the methods available in the
past (inert gas, indicator injection) which
require blood samples from the jugular sinus
and an artery(l). Only one report could
be found in the literature—that of Kleiner-
man and Sancetta(2) who observed that mild
steady-state exercise produced a slight de-
crease in cerebral blood flow, which they
attributed to decreased carbon dioxide in
blood(3).

The development of the impedance rheo-
graph offered an opportunity for quantitative
but relative measurement with continuous
recording of cerebral blood flow before and
after a short period of exercise(4-7).

Methods. The experiments were carried
out on a group of 11 volunteers (4 males and
7 females). Two of the females were labora-
tory. technicians, the other 9 subjects were
fourth year university students enrolled in
Physical and Health Education.

Cerebral blood flow was recorded continu-
ously using an E. & M. Impedance Rheo-
graph and scalp plate electrodes 2 c¢cm in
diameter, attached to the frontal and parieto-

* This work was supported by a grant from the
Defence Research Board of Canada.

t Permanent Address: Dept. of Physiology,
Escuela Nacional de Ciencias Biologicas, Inst.
Politecnico Nacional, Mexico, D. F.

} Medical Research Associate of Medical Research
Council of Canada.

temporal regions. This instrument measures
the changes in impedance to an A.C. current
of 75 Kc/sec occurring in the tissue between
the electrodes, during each systole, these
changes being proportional to the instantane-
ous blood flow(4-7). Thus it provides a
flow pulse that reflects any changes in blood
flow. To have a better appreciation of the
changes in blood flow, the pulses were elec-
tronically integrated and the total “pulse
area per unit time” was recorded in a second
channel of the polygraph (Grass 5A). The
electrocardiogram (E.K.G.) in the II stand-
ard derivation and the skin temperature be-
tween 2 fingers were also recorded simul-
taneously.

The subjects sat quietly for 5 minutes,
during which a basal recording was taken.
The EX.G. in all the standard derivations
was also taken in order to obtain informa-
tion about possible abnormalities that might
interfere with the results. All except one of
the hearts were electrocardiographically nor-
mal and the only abnormality found in one
of the females was a right branch block;
data on this subject were not included in
the general averages.

After basal recordings, the subjects per-
formed a modified Harvard Step-Test (step
up and down to a 45 cm block) at a fre-
quency of 20/min for 5 minutes. No record-
ings could be done during the exercise be-
cause of movement artifacts. Immediately
after the exercise they sat down again, and
recordings were made for at least 10 minutes.





