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SECTION A,

INTRODUCTICON,

This study is directed towards an ﬁnderstanding of the tissue
fluid and its regulation in the sex skin of the baboon, with
particular reference to the composition of the blood plasma as a
determinant of the composition of the tissue fluid,

The sex skin of the Chacma baboon lends itself particularly
well to such an investigation because it swells under the influence
of oestrogen and the tissue fluids accumulate there in greatb
abundance during the first part of the menstrual cycle, The
perineal tissue is a relatively homogenous comnective tissue,
consisting, like other comnective tissues, of cells, fibres and
tissue gel or tissue fluid,

However, the sex skin of the Chacma baboon is a specialised
connective tissue insofar as the metabolism of the tissue fluid,
the cells and the capillaries 1s rhythmically changed by the ovarian
hormones, Unlike morphologically similar connective tissues in
other parts of the body, the connective tissue of the sex skin
undergoes an enommous expansion in volume during the follicular
phase of the menstrual cycle, and regresses during the luteal
phase, The response of the perineal connective tissue 1s due to
the specific reactivity of the sex skin tissue, and possibly also
to the composition of the perineal tissue fluld, whichchnstitutes

the immediate enviromment of the perineal tissue cells, The
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constancy of the composition of the tissue fluid is a prerequisite
for the continued existence of the cells, On the other hand,
appropriate variations in the_composition of the tissue fluid
maintain the specific reactions of the perineal connective tissue,
The constancy and variability of the tissue fluid are regulated by

a diversity of factors, including local and distant cellular actiwvity,
Some of the physiological factors operative in this rzspect include
diet and the endocrine, cardiovascular, urinary, alimentary and
nervous systems, The blood plasma is an important source of
materials entering the tissue fluid and therefore the composition

of the blood plasma is a determinant of the composition of the tissue
fluid,

A study of the plasma proteins in the female Chacma baboon has
revealed a regular variation in plasma protein concentration during
the menstrual cycle (Cohen, 1954 b), These variations in plasma
protein concentration are associated with perineal hypertrophy and
regression, The baboon sex skin therefore presents a concrete
situation in which to investigate the relationship between the plasma
proteins and the tissue proteins, |

The comparison of the composition of the plasma proteins with
that of the tissue fluid proteins will show a large increment in
perineal proteins during perineal turgescence, Evidence will be
presented to suggest that the protein accumulating in the enlarging

sex skin of the female baboon is derived,in the first instance, from
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the blood plasma, The data to be presented in this study together
wﬂhﬂwjn%mmﬁmzﬂrw@fmmﬂﬂﬂehlmelﬁﬁmhmgwﬂlfmmu
the view that the proteins in the turgescent sex skin are dependent
on a rhythmical alteration in the rate of synthesis and catabolism,
and in the distribution of the plasma proteins during the ménstrual
cycle, The accumulation of protein in the perineum will also
necessitate a consideration of the changing reactivity of the tissues
of the sex skin which, in the first part of the cycle, permits plasma
proteins to accumulate and to be retained in the sex skin and thereafter
to be liberated and discharged into the circulation during the luteal
phase,

The absence of any detectable cyclic increment in the protein
of the collagen fibres will be demonstrated,

Turning from the protein to the water of the perineum, it will
be shown that the major portion of the increment in perineal mass
is due to a local accumulation of water derived mainly from exogenous
sources, It will be suggested that the presence of a polyelectrolyte
gel, possibly containing an acidic polysaccharide, may provide a
parbial explanation, at least, of the water-retaining properties of
the sex skin of the Chacma baboon.

The physiological factors regulating the composition and movement
of the tissue fluids in the sex skin initiate a series of events
unique among the comnective tissues of the body, The specific

mechanisms responsibls for the cyclic swelling in the sex skin of
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the baboon may not necessarily operate in other connective tissues

of the body,., Nevertheless, an understanding of the factors regulating
the composition of the sex skin may serve to indicate the classes

of physiological factors involved in regulating regional differences
in the composition and movement of the tissue fluids in physiological

and pathological states,



SECTION B,

MATERIAL AND VETHODS,

1., The experimental animals,

This study has been conducted upon a group of female baboons
belonging to a single species originally classified as Papio
porcarius, renamed Paplo comatus and now generally called Papio
ursinus (Gillman and Gilbert, 1946). This animel is commonly
known as the Chacma baboon,

Each animal of the colony is sepafately housed in open-air,
wire~netted cages which are about six feet six inches high and five
feet équare and is provided with a shelter, heated during the winter
months, Animals maintained under such conditions are exposed to
considerable fluctuations of atmospheric temperature, humidity,
radiatibn and wind velocity, Despite the very marked seasonal
fluctuationé characteristic of the climate of Johannesburg, the baboons
are in excellent physical condition and very rarely show signs of
illness.

The baboons are fed twice a day at about 10,00 a,m, and 3,30 p.ai.
The first meal is cooked porridge containing 71 percent maize,

12 percent minced liver, 10 percent skimmed milk powder, O percent

fat and 1 percent sodium chloride. The second real is mixed vegetables
and fruit, and always includes potatoes and some green vegetable,

The quantity of food provided is not accurately measured, but the

edible remnants remaining in the cage at the end of the day are



evidence that appetite has been satisfied with the minimum waste of
food, The diet alters with seasonal variations in fruit and vegetable
production, Although the diet is restricted the animals can exccrcisc
a measure of selection,

The baboons are maintained under artificial conditions., The
imposed patterns of diet, physical activity and social behaviour
are very different from t?ose of the animal in the veld, Nevertheless,
certain minimal conditioné have been satisfied which allow the captilve
baboon to maintain that sensitive physiological process which regulates
the menstrual cycle and fertility. The variations in perineal tissue
and plasma proteiﬁ composition which will be recorded for this group
of captive baboons can therefore be regarded as characteristic of
the speciles in general,

Fludtuations in the size of the perineal swelling of the adult
female baboon were established by daily measurement of the distance
between ischial callosities (Figures 1 and 8), From these measurements
the menstrual cycle was divided into two parts (Gillman and Gilbert,
1948), The first, referred to as the period of turgescence, begins
on the first day of menstruation and is characterised by progressive
enlargement of the perineal swelling., The subsequent deturgescent
phase is associated with involution of the perineal swelling and 1s

terminated by the onset of the next menstrual bleeding,



Figure 1, Two baboons showing (1) a perineum in a state of
maximal turgescence and (R) a perineum at deturgescence,



€. The blood sample,

Some conclusions of the present investigation will be based on
the assumption that the protein concentration of a small blood sample
is representative of the protein concentration ﬁhroughout the total
circulating plasma and in pgrticular of the protein concentration in
the capillaries of the perineal tissue., Two factors may alter the
protein concentration of a specific sample and so render it
unrepresentative, These are the technique of collection and storage
of the blood sample and the regional differences in plasma protein
concentration,
Protein determinations are generally carried out on blood from
a peripheral vein., WNumerous investigations have indicated that the
protein content of the sample will be affected by the technique of
venepuncture, blood collection and storage, The factors which have
received attention in regard to their influence on protein concentration
ares- .
(1) venous stasis (Bbhme, 1911; Yamaguchi, 1927; Schwensen, 1934;
Peters, HEisenman and Bulger, 1924; Vahlquist, 19413 Lange,
1946);

(R) haemol&sis (Rowe, 1917; Lange, 1946);

(3) wuse of anti-coagulants (Eisenman, 1927; Schmidt, 1935;
Marx, 1935; Tange, 1946; Wintrobe, 1946; lcLain, Ruhe and
Pastorious, 1949);

(4) storage (Cohen, 1954 b),



In view of these investigations the following routine was
adopted,

The blood was collected in a dry syringe from a peripheral
vein in the horizontally extended arm or leg., The vein was compressed
proximal to the needle for five to thirty seconds and released
immediately after blood flow commenced, The blood was immediately
added to a tube containing solid anti-coagulant (Wintrobe, 1946)
and inverted several times., The blood was stored at 4° C, until
it was used, which was not more than four hours after collection.

The extent to which plasma protein concentration may vary in
different regions of the body has not been fully characterised,
Some studies (Pein, 1922; Achard, Bariety, Codounis and Hadjigeorgies,
19343 Shida, 1939 a, 1939 b; Gerbi, 1951) indicate that the serum
protein level of ronal blood may exhibit an appreciable arterio-
venous difference, the direction and extent of which alters under
changing bilological conditions, A long-standing observation,
recently confirmed, indicates that the plasma fibrinogen level may
be significantly higher in arterial than in venous blood (Dastre,
1893; Schultz, Nicholes and Schaeffer, 1925), and that a concemtration
gradient exists between the blood of the pulmonary artery and vein
(Cohen, 1951).

Protein analysis of peripheral venous blood does not provide
precise information concerning the protein level in different parts

of the circulation, In view of this lack of precise information the
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concentration of plasma proteins in the peripheral limb vein has
been assumed to be identical with that throughout the body and in

the capillaries of the perineum,

3« The tissue,

(a) The tissue sample,

A sample of perineal tissue was removed from the animal

under light general anaesthesia induced by the intravenous administrétion
of sodium pentothal (10 mg., per Kg. body weight) and maintained with
anaesthetic ether,

The perineum was then washed with warm water and dried, A
small area about midway between the anus or vagina and the lateral
margin of the swelling was swabbed with 95 per cent ethanol. From
this area a wedge of tiséue about one inch by half an inch and about
one and a half to two inches deep was excised,

The woupd was closed with two or three deep catgut sutures,
apposing the cut surfaces and arresting ths bleeding., The wounds
healed in about three weeks, More rapid healing was observed
during the luteal phase of the menstrual cycle than during the follicular
phase, probably because there was less mechanical tissue tension
on the wound, The hormones present may also have aided the healing
process,

A tﬁin slice of tissue was excised from each sample at right

angles to the surface and fixed in 10 per cent formalin for histological
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examination.

The dermis and epidermis were separated from the deeper white
connective tissue and only the latter portion was used for analysis.,
The deeper tissue was tranéferred to a tared watch glass and weighed
with the minimum loss of time., Aliquots were immediately removed
for the various analytical procedures,

Two factqrs'could have influenced the composition of the tissue
samples:~

(1) the operative procedures;

(R) regional differences in tissue composition, There

is no information available to indicate in what manner

these two factors influence tissue composition.

(b) Fractionation of the tissue,

Thé tissue sample was tied to the cork of a centrifuge
tube and centrifuged for five minutes at 600xG., A fluid, which
sometimes contained a jelly, settled at the bottom of the tube.

A solid residue remained attached to the cork, This fractionation

is shown schematically in Figure 4 (1),

(¢) Mass of perineal swelling,

The total volume of the perineal swelling was estimated
in the following way. The animal was anaesthetised as previously

described, The hair bordering on the perineal swelling was cropped
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short, The swelling itself was washed well with warm water and
soape. The skin was dried and oil was smeared on all the edges and
crevices where the plaster cast would be likely to adhere. Wet
plaster of Paris bandages were wrapped around the entire swelling
including the clitoral lobe. In this way a cast of the entire sex
skin was obtained (Figure 2), The bandages were allowed to dry and
harden slightly and were then gently removed. The perineum was
washed with warm water, cleaned and dried, The tissue sample was
then excised as previously described. The cast was labelled and
allowed to dry completely. The inside of the cast was impregnated
with molten paraffin wax, The volume of the cast was measured by
adding water until it was full, TFive estimations were made and the
average was recorded as the volume of the cast, The volume of the
cast was assumed to be equal to the volume of the perineal swelling,

Replicate estimations of the volume of one cast yielded an
average of 180 ml, with a range from 150 ml. to 200 ml, In another
case an average of 1580 ml. with a range from 1500 to 1680 ml, was
found, Thus in any particular comparison a variation of under R0
per cent was not regarded as significant.

Dissection of the perineum has revealed that the reactive
tissue is bounded by a fascial layer which is relatively superficial
in relation to surrounding structures (Cohen, 1954 b), Nevertheless,
the exact extent of reactive tissue was not determined in each

estimation and this might have introduced a serious error., Further,



Figure 2, Plaster of Paris casts of the (1) maximally expanded
and (R) resting sex skin,



.

the irregular shape of the swelling might not always have been
reproduced accurately.

Direct gravimetric measurement would have yielded the most
accurate assessment of the perineal mass, Unfortunately, this was
not possible, Nor was it possible to estimate the specific gravity
with any degree of accuracy with the small quantity of tissue available,
It was therefore decided to assume an arbitrary constant specific
gravity of 1,1, which was in most cases likely to be nearer to the
real value than 1.0.

The total mass of the perineum was calculated by multiplying
the measured volume by l.,l. A variation of RO per cent or less
in the total perineal mass as estimated by this method was not

regarded as significant,

(d) Water content of perineal tissue,

The classical methods of estimating water concentration are

extremely easy but not correspbndingly accurate., The technique
of choice in this study was a method of high reproducibility rather
than one of extreme accuracy.

The weighed, wet tissue samples were dried to constant weight
in a dry air oven abt 105° C, To achieve a fair degree of drying a
temperature of more than 100° G, was found necessary. - Temperatures
above 106° ¢, led to considerable charring and combustion of the tissue.
105° ¢, was the highest temperature that could be used without any

charring.
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The amount of water evaporated depends on the temperature,
A1l non~chemically bound water appears to have been estimated because
higher temperatures led to éombustion of the tissue, which usually
only occurs after all free water has been evaporated,

Different samples of the same wet tissue gave results within

& per cent of one another,

4, Protein analysis.

(a) General,

At the present time, apart from proteins having unique
measurable properties such as the enzymes, quantitative protein
analysis depends elther upon the estimation of some element or group
contained in the molecule or on the measurement of certain physical
properties of protein solutions. The chemical methods are based
on the estimation of nitrogen, specific amino acids such as tyrosine
or hydroxyproline, peptide bonds and formol binding groups. In
addition, the presence of certain constituents can be used to
measure proteins; for example, iron and iodine in haemoglobin and
thyroglobulin respectively, Physical methods of analysis include
measurement of deﬁsity (or specific gravity), refractive index,
viscosity surface tension, absorption of radiation, electrical
conduction properties and rotation of polarised light,

A1l methods of quantitative protein determination are ultimately
based on the estimation of a chemical element or group having an

approximapely known distribution within the protein molecule. Errors
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result from the technical difficultiss of the analytical method,

from inadequate knowledge of the percéntage composition of the
particular protein regarding the element analysed and from interference
by nen-protein constituents of the fluid or tissue examined. In
practice, nitrogen is used to measure plasma and tissue proteins,

The virtually unique presence of the amino acid hydroxyproline in
collagen can be used to estimate the concentration of this protein,

The extraordinary complexity of proteins and the difficulty
of separating, purifying and drying these compounds have prevented
the successful elaboration of accurate, direct, gravimetric methods
of quantitative protein analysis (Kirk, 1947), Consequently, all
techniques of protein estimation remain inherently inaccurate, However,
a physiological study of the plasma and tissue proteins does not
require a technique with a high degree of absolute accuracy, but ‘one
of consistent reproducibility.

Kjeldahl'!s method of measuring nitrogen quantitatively is the
most widely applied technigue for the determination of protein in all
biological material, including blood plasma and tissues, The micro=-
Kjeldahl, biuret and amino acid analysis techniques adequately fulfil
the requirement of consistent reproducibiiity and have therefore been
adapted for plasma and tissue protein analysis in the present investigation.

(o) Nitrogen estimations.

Nitrogen determinations were performed by the micro~Kjeldahl

method (Hiller, Plazin and van Slyke, 1948), In addition to the



mercury catalyst a few milligrams of the following selenium mixture
was added to the digestion tube to aid the liberation of nitrogen
from the proteins, |

Selenium mixture:

0.34 g. sodium selenate (NasSe0O4).
20 g. copper sulphate (CuSOQBHZO).
80 g. potassium sulphate (K;S0,).

Investigation of the nitrogen content of human plasma protein
has led to divergent results. Cbserved variations in the nitrogen
content of plasma or serum protein result both from lack of uniformity
of analytical procedures and from differences jin moisture.and ash
content of the proteins analysed (Hiller, Plazin and van Slyke, 1948),
Recent investigations in which these factors are standardised reveal‘
a fairly uniform nitrogen content of total protein approximating to
16 per cent,

The available data indicate that different species are alike in
regard to the nitrogen content of plasma protein (Block, Darrow and
Cary, 1934), 1In the absence of specific information concerning the
babéon it appeared likely that a negligble error would result from
the assumption that nitrogen constitutes 16 per cent of plasma protein.
A somewhat larger error would be involved by assuming that tissue
proteins on the average contain 16 per cent nitrogen.

Perineal tissue in rhesus monkeys contains between 8 and X7 per

cent non-protein nitrogen (Ogston, Philpot and Zuckerman, 1939),
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Thus, working on the assumption that a1l the nitrogen in the perineum
of the baboon is derived from protein, the maximum error incurred
would not be more than 30 per cent, The magnitude of this error

is small compared with the changes occurring during the menstrual
cycle, Although some of the perineal nitrogen in fact is derdived
from non-protein sources, it was deemed adequate for the purposes

of this study, to regard all the nitrogen in the sex skin as derived

from protein,

(¢) Biuret technigue,

The biuret technique has been used to estimate the concentration
of soluble protein, The biuret method has the advantage that the
reaction on which it is based is given by few ofthe probable non-protein
constituents of plasma, In addition all proteins, including serum
albumin and globulin obtained frdm healthy subjects, give almost
exactly the same biuret colour per unit mass of protein,

Total soluble protein, soluble albumins and globulin concentration
were estimated by the biuret method of Weichselbaum (1946) as modified
by Gornall, Bardawill and David (1949). Readings were made in a
Coleman spectrophotometer at 540 my 50 minutes after adding the
biuret reagent (Figure 3). The significant advantage of this method
over techniques previously described is the use of a stable "one-piece'
biuret reagent which maintains optical clarity when mixed with clear

plasma,
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(d) Salt fractionation.

Soluble protein was fractionated into soluble albumin and
insoluble globulin by precipitation with 28 per cent sodium sulphite
(Wolfson, Cohn, Calvary, and Ichiba, 1948), The albumin concentration
was determined by the biuret mgthod, The globulin concentration was
calculated by deducting the albumin concentration from the total
‘protein concentration, This system of fractionation does not separate
electrophoretically pure components, The albumin obtained by salt
fractionaﬂion corresponds to the albumin plus alphaglobulin fractions
‘as measured electrophoretically (Cohen, 1954 b),

The methods of protein analysis thus far described contain two
sources of inaccuracys:-

(1) accidental errors due to faults in the execution of

the technique;

(R) systematic errors inherent in the method,

In all but 5 per cent of cases a single total soluble protein
determination performed according to the biuret method as applied in
this study will give a value within 0,34 g. per cent of a duplicate
estimation. Accordingly, in 95 per cent of instances, deviations in
total soluble protein concentrations greater than 0,34g.er cent cannot
be attributed to accidental analytical error,

In 95 per cent of cases a single determination of albumiﬁ

concentration will be within 0,30 g. per cent of a duplicate
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determination, and a single giobulin analysis will be within

044 g. per cent of a duplicate., 4Again, in all but 5 per cent of
instances, deviations in albumin concentration greater than 0,30 g,
per cent and in globulin concentration greater than 0.44 g. per cent.
cannot be attributed to accidental analytical error,

The use of a single, standard calibration curve (Figure 3) .
assumes an unchanging relationship between the biuret réactivity,
nitrogen content and protein mass in all the samples analysed.
The nitrogen~biuret ratioc of soluble serum proteins is disturbed
in certain severe pathological conditions (Kingsley and Behrend,
1949; Kingsley and Terzian, 1949), On the other hand, studies
mainly on normal sera obtained from human subjects and from dogs,
revealed a maximum deviation of 0.28 per cent between Kjeldahl
and biuret determinations (Weichselbaum, 19463 Gornall, Bardawill
and David, 1949)., The correspondence between the Kjeldahl and the
biuret methods of plasma protein determinaticn have been previously
established in the baboon (Cohen, 1954 b),

The error inherent in the biuret teéchnique therefore is small

in relation to the magnitude of the accidental error.

(e) Electrophoresis.,

It is convenient to distinguish between boundary electrophoresis
and zone electrophoresis, In the former method the movement and

separationvof.boundaries is cbserved by optical or analytical méthods,
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In the latter the components studied migrate as separate zones,
which is possible only if they are stabilized against convection
by some sort of supporting medium, e.g. filter paper, starch, glass
powder, silica, agar gel or cellulose,

The chief advantages 6f zone electrophoresis compared with the
boundary procedure are that it is possible to obtain complete
separation into zones of different migration and nct merely a boundary
separation of overlapping zones, Also, the so-called boundary
ancmalies interfere less in zone electrophoresis, In adiddition,
zone electrophoresis requires only minute quantities of material and
caﬁ be performed with simple and inexpensive apparatus,

These advantages of zone electrophoresis are gained, however,
at the sacrifice of the greater accuracy of the boundary method.

The supporting medium necessary in zone elecirophoresis introduces
'new,variables which influence the results in & way which ié difficult
to cdntrol.

Filter paper strips have recently been widely used with notable
success as supporting media for zone electrophoresis (filter paper
electrophoresis), Recent contributions have converted this simple
procedure into a very iﬁportant ool in biological research (Wieland
and Fischer, 1948; Durrum, 1950, 1951 a, 1951 b; Cremer and Tiselius,
1950; Kunkel and Tiselius, 1951).

Comprehensive réviews of zone electrophoresis have been published

by Tiselius and Flodin (1953) and Kunkel (1954), A brief review of



- 20 -

filter paper electrophoresis has been published by Lederer (1951),
Grassmann and Hannig (1952) have written a detailed discussion
of the method and of its application to the electrophoretic analysis
of blood serum,

In this investigation the basic apparatus of Kunkel and Tiselius

(1951) was employed,

Procedure:

Two spots of plasma, each of 0,01 ml,, were placed two inches
apart on a line (the origin) four inches from the centre on the
cathode end of the Whatman No, 1 paper strips, The paper strips
were arranged symmebrically along a glass plate. Another glaas
plate was very carefully apposed, The two plates were sealed by
forcing petroleum Jelly between them in order to fill the space
between the edges of the paper and of the plates, One litre of
phosphate buffer, pH 7,5, p = 0.1 was placed in each vessel containing
the electrode, The connecting tube between the vessels was opened
and the two liquid levels were allowed to equilibrate., After switching
on the current, the connecting tube was closed by means of a clamp.
The potential difference between the electrodes was set at 300 volts,
giving a potential gradient of 5,9 volts per cm, along the strips,
Under these conditions 2,8 milli-amperes current flowed through the
circuit. The potential was applied for a measured period of time,
usually 22 hours, at room temperature, There was no obvious increase>

in the temperature of the plates.
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After the current was switched off the two glass plates were
carefully separated and the filter paper strip was air dried., It
was then stained for % to % minutes in a 0,5 per cent agueous
Bromophenol Blue solution saturated with mercuric chloride, This
treatment coloured the entire paper a bright yellow, The protein
patterns were then differentiated by immersing the strips for 15
minutes in each of three changes of 0,5 per cent acetic acid.

After differentiation the two patterns stood out yellow-green
on a white background, and were then separated from each other,

One was passed through ammonia vapour which neutralised the acid dye,
transforming it into the more intensely coloured blue dye. This
pattern was kept for record purposes,

The other pattern was divided into consecutively numbered
0,5 cm,. segments starting from the origin. The dye in each segment
was eluted in 2,5 ml, of 0,0l N sodium hydroxide for thiry minutes,
The optical density of the dye in the eluate from each individual
segment was measured in a Beckman Model DU spectrophotometer at
595 my in 1 cm, corex cells with 0,01 N sodium hydroxide as the
blank, The optical density of the dye from each segment was plotted
against the distance of the segment from the origin (Figures 6 and 7),

When the electrophoretic patterns’ of plasma separated by free
boundary electrophoresis in the classical Tiselius apparatus and by

the method described above were compared, they showed a qualitative
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similarity. The proportions of the components varied within 7.5 per
cent of one anothér.

One sample of plasma was separated repeatedly by the method
described and the pabterns obtained were similar to one another;
the proportions of the comparrts varied within 2,0 per cent of the
mean .,

The quantilty of Bramophenol Blue dye bound by denatured proteins
on filter paper is dependent on the nature and degree of denaturation,
the time of staining and the amount of rinsing (Jencks, Jetbton and
Durrum, 1955), The electrophoretic method as described above camot
therefore be used quantitatively with any degrec of accuracy., On the
other hand, it is suitable for recognising similarities and differences
in the composition of protein solutions, Its use in this inquiry is

primarily for this latter purpose.

(f). Estimation of soluble and insoluble nitrogen.

The constituents of the perineal tissue were divided into
two fractions, one soluble and one insoluble in 0,9 per cent sodium
chloride (Figure 4 (R) ).

The wet tissue sample was btriturated and washed three times with
normal saline, The saline extracts were centrifuged until they
yielded a clear solution, This clear saline extract contained the
soluble material, The precipitate and residue remaining in the

centrifuge tube was considered as insoluble nibtrogen~containing
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0.9 per cent sodium chloride

SOLUBLE TNSOLUBLE
(similar, but not (Not identical to
identical, to tissue Fraction B above),
fluid, Fraction A -

above),

Figure 4, Sumary of fractionation procedure, Perineal tissue
was fractionated by (1) centrifugation and (R) solubility
in normal saline.,



material, The respective nitrogen contents were determined by the
micro-Kjeldahl method,

Because variations in the fineness and completeness of trituration
were expected, triplicate estimations were made. The average deviation
of a particular estimation from the mean was + 0,60 g, soluble nitrogen
per 100 g, original wet tissue and + 0.4% g. insoluble nitrogen per
100 g. original wet tissue,

The suitability of nommal saline as a solvent for proteins which
are soluble in tissue fluid is undetermined, It was, therefore, not
possible to assess the accuracy of the method, TFurther, the process
of trituration may have altered the solubility of some of the tissue
proteins, but the error from this source could not be gross,

A certain proportion of the soluble nitrogen was probably estimated
together with the insoluble nitrogen. Soluble nitrogenous material
may have been adsorbed anto the particles and deposited during
centrifugation, The soluble nitrogen was possibly underestimeted and

the insoluble nitrogen overestimated,

(g). Protein hydrolysis,

The proteln hydrolysates used in the amino acid analyses
were prepared in the following way.
The weighed, dried tissue was placed in a clean, dry, pyrex glass
tube, 1 ml, of 6 N hydrochloric acid was added for every 50 mg, of

dried protein, The tube was sealed and incubgted in a dry air oven
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at 120° C, for 16 hours.

The two variables, temperature and time, were fixed empirically.
Temperatures of 140° C, and 150° ¢, yielded lower recovery values for
any period of incubation than did 120° ¢, The loss of tyrosine was
particularly marked at the higher temperatures,

At 120° Ces 16 hours incubation gave the maximum yield of
hydroxyproline from several tissue samples., The extent of the amino
acid destruction was tested by the incubation of crystalline amina
acids, 96 per cent of the hydroxyproline and 90 per cent of the tyrosine
was recovered after 16 hours incubation at 120° ¢,

After incubation the pyrex tubes were opened and the solutions
filtered into volumetric flasks., The solutions were made up to volume.
Aiiquots of thesc diluted solutions were neutralised with sodium

hydroxide and used for amino acid determination,

(h). Hydroxyproline estimations,

Histologically baboon perineal tis-ue is a loose connective
tissue, In the sex skin collagenvfibres can be detected by histological
methods, From collagen fibres probeins commonly known as collagens
can be extracted, These proteins contain a relatively high content
(+ 14 per cent) of the amino acid hydroxyproline (Tristram, 1953).

This amino acid is virtually absent from all non-collagenous proteins.
Tts presence and behaviour can therefore be utilized as a measure of

the amount of collagen in the tissue at any given time.
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Hydroxyproline can be estimated in a protein hydrolysate by
oxidative decarboxylation to indaile derivatives. The latter
substances can then be conjugated with p-dimethyl~amino-benzaldehyde
(Brhlich's reagent) to give a characteristic'orangenred colour, The
concentration of hydroxyproline is proportional to the bptical
density of the colour produced (Figure 5).

The actual method used was that of Neuman and Logan (1950).

A standard curve was prepared using known concentrations of hydroxyproline
solution (Figure 5), Crystalline hydroxyproline was kindly supplied
by Dr. Winter of the Poliomyelitis Research Laboratories, Rietfontein.

Replicate determinations on a standard solution containing
ZO/Jg. of hydroxyproline per ml, varied between 19,0 and Q1,5 ug.
per ml, Replicate determiﬁation;on a standard solution containing
5))g. hydroxyproline per ml, varied betweeﬁ 4,5 and 5.4 pg. per ml.

A difference of more than R0 per cent between two determinations was

therefore regarded as significant.
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Figure 5, Standard curve of hydroxyproline concentration and
optical density using Ehrlich's reagent,



SECTION C,

EXPERIMENTS AND RESULTS,

le Introduction.

In this section it will be demonstrated that the proteins of
the perineum increase in mass as the tissue turgesces, The partition
of these proteins between the tissue fluid and the famed elements
will be described,

The increase in the mass of perineal proteins was mainly due
to an increase in the volume of the perineum, and not to changes in
protein concentration, Therefore, the variations in volume and mass
of the perinea are described, |

Table 1 indicates the volumes and masses of the perinea of six
baboons at the two stages of the perineal cycle, The flaccid perinea
in the several babo.ns showed different volumes, For example, B, 3106
had a volume of 130 ml. and B, 354 a volume of R50 ml, By contrast,
the volume of the turgid perineum in B, 362 was 1180 ml,, which was a
remarkably large incrsase in the volume of the perineum. The increase
in volume in the other animals was also remarkably large, but in each
case wide individual variations were evident.

Throughout this study wide individual variations were found, Since
all the animals studied were mature, adult females, the observed
inter-individual variations were all manifestations of individuality.
One baboon, for example, B, 354, possessed an exceptionally

large turgescent perineum, over 3,5 litres in volume.
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TABLE 1,

Volume and mass of the perinea of six baboons
at maximum turgescence and at deturgescence

Animal | Perineal Volume Perineal mass Ratio of | Increase
Number ml. grams , Turg./ in mass

Turg® | Deturg¥ | Turg., | Deturg, | Deturg, grams

mass,
x ¥ X Koy
y
B, 362 1120 145 1230 159 7.7 1070
B. 344 1400 215 1540 R36 6,5 1300
B, 316 1440 130 1580 143 11,1 1440
B, 253 | 1540 170 1690 187 9.0 | 1500
B. 319 1780 R0 1950 242 8.1 1710
B, 354 3670 250 4040 275 14,7 3770
| ,

*In this and subsequent tables, Turg, = turgescent and

Deturg,., = deturgescent,
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2. The nitrogen content of the perineum.,

(a) Total nitrogen.

The absolute total nitrogen .content of thé sex skin of all-
six baboons increased markedly as the perineum became turgid
(Table 2)e The perinewm of B, 316 showed an increase of total
nitrogen of 7,7 g. The sex skin of B, 354 increased in total nitrogen
by Q3.2 g, The total nitrwen in the flaccid perinea varied frqm
1.9 g. (B. 316, B, 362) to 5.2 g, (B, 319) and rose to between
9.6 g (B, 316) and 13,8 g. (B, 362), In B. 354, however, the total
nitrogen content of the turgescent perineum was 26,5 g. Increases
of from about 4 to 8 times the resting values were observed in the
several baboons,

4 distinct dilution of the total perineal nitrogen during
perineal turgescence was cbserved in three animals, B, 319, B, 316
and B. 344,

The nitrogen of the perineum was divided into nitrogen soluble
in 0,9 per cent sodium chloride and nitrogen insoluble in 0,9 per
cent sodium Chloride (Figure 4 (2) ). The soluble nitrogen included
the soluble ni:irogen of interstitial fluid, cells and fibres, and
intravascular plasma, DBecause perineal tissue is relatively
avascular and acellular, a large proportion of the soluble nitrogen
was probably‘derived from interstitial flvid, The exact proportion

however, was not determined.



TABLE 2.

Total nitrogen concentration and mass in the perinea of six haboons
at maximum turgescence and at deturgescence,

Animal Nitrogen- Mass of Increase
Number concentration - nitrogen in mass of
nitrogen
g, per cent grams grams
Turg,. | Deturg, | Turg, | Deturg,

x vy X -y
B, 316 | 0,61 1.36 9.6 1.9 747
B. 344 | 0,84 Rel5 12,9 5,1 7.8
B. 319 | 0,70 Q.14 13,7 542 845
B. 253 | 0,89 1,06 10.6 R.0 8.6
B. 362 | 1,12 1,19 13,8 1.9 1149
B, 354 | 0,66 | 1,20 26,5 3.3 23.2

(b) Soluble nitrogen,

The mass of soluble nitrogen in the perinea of the six
baboons increased during the follicular phase 5f the menstrual cycle
(Table 3), The mass of soluble perineal nitrogen in B, 354 rose
from 1,3 g, to 16,6 g;, an increase of 15,3 g, The remaining five
animals were grouped more closely together, evincing increases of from
6.3 g. (B, 362) to 9,1 go (B. 319)s The increase of soluble nitrogen

was roughly proportional to the degree of perineal expansion, In the



two extreme cases, the soluble nitrogen mass in the perineum increased
6.9 (B. %44) and 15,2 (B, 316) times its resting value,
TABLE 3,

The mass of soluble nitrogen in the perinea of six baboons
at maximum turgescence and at deturgescence.

Animal Concentration | Mass of soluble | Ratio of Increase

Number of soluble nitrogen. Turg,/ | in mass of
nitrogen, Deturg. soluble

g, per cent grams mass. nitrogen,
Turg,. | Deturg., Turg., Deturg. ps grams
X Y y X =75
B. 362 | 0,56 0,37 6.9 0.6 11,5 6.3
B. 253 | 0.45 0.41 7.6 0.8 945 6.8
B, 316 | 0.48 0.35 7.6 05 15,2 7.1
Be 344 | 0.58 0.56 8,9 1.3 6.9 746
B, 319 | 0.54 0457 10,5 1.4 7.5 9.1
B. 354 | 0.41 0,41 16,6 1.3 12,8 1543

The concentration of soluble perineal nitrogen was remarkably
constant throughout the menstrual cycle (Table 3, columns 2 and 3).
Inter-individual differences in concentration were minimal, These

two observations taken together suggest a specific regulation of the
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concentration of soluble perineal nitrogen, The concentration of

solu.le nitrogen at maximum turgldity varied from 0,41 (B. 354) to

0.58 (B. 344) g, per cent, and during perineal rest, from 0,35

(B, 318) to 0,57 (B. 319) g. per cent. The constancy of the concentration
of soluble nitrogen indicates that the fluid which entered the perineum
possessed a concentration of soluble nitrogen similar to that of the
perineum itself, In other words, the fluid that entered the perineum
contained about 0,5 g. per cent soluble nitrogen or about 3 g, per

cent of soluble protein,

i

(¢) 1Insoluble nitrogen,

A small apparent variation was observed in the mass of
insoluble nitrogen in the perineum during the menstrual cycle (Table 4).
A part of this apparent increase was probably due to the adsorption
of soluble nitrogen to insoluble particles during centrifugation.

Tn 4 of the 6 animals there was a significant increase in
insoluble nitrogen concentration as the s welling decreased in size,
In these 4 animals the apparent increase in insoluble nitrogen mass
was 0.5, 0.6, 0,6, and 1,6 g, In the other 2 baboons, B, 853 and
B. 262, a significant difference was not detectable between the
concentrations of insoluble nitrogen during perineal rest and at
maximum turgidity. These two animals therefore showed an apparent
increase in insoluble nitrogen mass as the tissue became swollen,
The analytical method used was poséibly not sufficiently accurate to

estimate such changes as occurred, These determinations therefore
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suggest that there was no increase in the mass of insoluble nitrogen,

but more accurate methods of estimation are necessary before a definite
¥

conclusion can be reached, Any increase in insoluble nitrogen which

might have occurred was relatively small compared with the increase

in soluble nitrogen (Compare Tables 3 and 4),

TABLE 4,

The mass of insoluble nitrogen in the perinea of six baboons at
maximum burgescence and at deturgescence,

Animal Concentration Mass of Tncrease
Number of insoluble insoluble in mass of

nitrogen. nitrogen. {insoluble

nitrogen.
g. per cent, grams grams

Turg, Deturg, | Turg. Deturg

X v X -y
B. 319 | 0,15 0,99 R.9 R4 0.5
B, 316 | 0,10 0.71 1.6 1.0 0.6
B. 344 | 0.19 0,99 2.9 243 0.6
B, 354 | 0,09 0.72 3,6 2.0 1,6
B, 253 | 0,17 0,44 2.9 0.8 R4l
B. 382 | 0,42 0.59 5.8 0,9 4,3
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The total, soluble and insoluble nitrogen concentrations
were separately estimated, The approximation of the sum of the
soluble and insoluble nitrogen fractions to the total nitrogen mass
is therefore an indication of the accuracy of the three estimations.
The wide variation in the extent of the recovery (72,7 to 11R.8

per cent) is shown in Table 5, The lowest recovery, 72,7 per cent,
TLBLE 5,

The sum of the increments of insoluble and soluble nibrogen masses
in the turgescent perinea of six baboons, expressed as a percenbage
of the increase in total nitrogen,

animal Nitrogen increment Soluble+insoluble x 100
Number grams Total
Soluble Insoluble Total Percentage

B, 354 15,3 1.6 R348 TR,7

B, 362 8.5 445 11,9 \ 89,2

B, 344 7.6 0.6 7.8 105.R

B. 316 74l 0.6 a7 100,0

B, 258 6.8 .l 8.6 103 ,4

B, 319 9,1 Oeb 8.5 11%,8
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occurrec in B, 354, in which case a larger experimental error was
involved beeause of the exceptionally great size of the turgescent
perireum,

iny insoluble nitrogen increment that may have occcurred, might
have been fibrous or cellular, The extra~cellular insc¢luble nitrogen
of the perineum is located in the collagen and elastic fibres, In
order t o gain indenendent evidence of an increase in insoluble nitrogen,
the mass of collagen in the perineum was determined at the two stages
of the cycle, No estimation was made éf any ncn~protein accretion
to the collagen fibres, If the mucopolysaccharides bound to the
collagen incriased in mass, then an increase in the insoluble nitrogen
mass would hav: resulted, but such an increase would not have been

shown by this second estimation,

5. The collagen content of the perineum,

The mass of perinedl collagen did not vary significantly during
perineal expansion (Table 6), Insignificant variations of -1.,5 ge
and +3.,1 ¢, were found, The apparent increase of 3,1 g. in B, %54
was probably due to the increased experimental error caused by the
unusually large increasz in perineal mass that was cbserved in this
animal, The inference that the mass of collagen did not vary was
supported by the virtual absence of hydroxyproline (less than

2 mg,/100 ml,) in ‘"ractiom o (the tissue fluid), and in the blood

plasma, Thus, no soluble, hydroxyproline~containing, collagen
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TiBLE 6.

The mass of hydroxyproline and collagen in the perinea of six baboons
at maximum turgescence and at deturgescence,

sAnimal | Concentration Mass of Increase Mass of Increase
Number| of hydroxy=- |hydroxyproline|in mass of] collagen, |in mass of
proline, hydroxy~- collagen,
mg. per cent NE . proline, grams grams
Turg, |Deturg | Turg, | Deturg, TE . Turg, Deturg,
u v U -V X Ni X =y
B, 3621 10 Q40 170 | 380 -R10 1.2 | 2.7 1.5
B. 316} 20 280 320 | 400 - 80 ReB | 249 ~0,6
B. 319] 30 250 550 | 610 ~ 80 3,8 | 4.3 0,5
B. 3441 80 400 11180 | 940 +240 844 | 6.7 +1,7
B. @53} 50 40 840 | 460 +380 640 | 3.3 +,7
B, 354 30 520 1350 ! 890 +440 9.5 | 6.4 +3,1

precurseors were detectable, The presence of a constant mass of
collagen suggests that the apparent increase in insoluble nitrogen
was not real, However, if there was a real increment of insoluble
nitrogen, then 1t was presumably either cellular, mucopolysacchafides
or phospholipids, all of which, in any case, would only contribute
a small proportion to the total nitrogenous increase,

The ’mass of total nitrogen in the sex skin increased as the

tissue became swollen, The mass of soluble nitrogen in the perineum
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increased during the follicular phase of the ovarian cycle,

The increment in soluble nitrogen was presumably contributed
to in varying proportions by proteins, mucopclysaccharides and
phospholipids, The increase in soluble nitrogen was partitioned
between the interstitial fluid and the formed elements of the sex
skin tissue, The contribution of soluble proteins to the nitrogen
increase and the partition of the scluble proteins between the tissue
fluid anc the formed elements was detemmined by éstimating the variation
in the mass of the protein of the tissue fluid during the menstrual

cycle,

4, Tissue fractionation,

Perineal tissue fluwid was obtained by gentle centrifugation of
whole perineal tissue (Figure 4 (1) ).

The tissue fluid (Fraction &) was a water~clear solution, No
nuclear or cytoplasmic material was microscopically visible in this
solution, The only solid material visible under the microscope was
a few small refractile granules which were probably broken-off cell
processes or cytoplasmic granules, Fraciion i was presumably derived
from the intercellular fluid of the tissue, Perineal tissue samples
centrifuged at 1,500 r,p.m. at 2° C, for 30 minutes yielded perineal
fluid containing less than 0,5 per cent blood plasma (Cohen, 1956),
Perineal tissue was not very cellular, especially when it was

swollen, Themefore, only small amounts of cell contents were
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gseparated with Fraction A, which was therefore as.wmed to be idenfiéal
with perineal tissue fluid, However, a certain unknown proportion
of Fraction A can be expected to have adhered to the fibrous and
cellular elements of the tissue, Furthermore, a certain unknown
amount of the constituents of this solution may have been bound to
solid tissue elements, Therefore, the mass of soluble proteins in
the perineal tissue fluid was probabiy consistently underestimated,
. \

Fraction i was not identical with the saline extract in which
soluble nitrosen concentrations were estimated (compare Firures
4 (1) and 4 (R) ). On the other hand, the discrepancy which arose
from the presence of cellular and intra-vascular soluble nitrogen
could not have been gross, Some measure of agreement was expeched
between the mass of soluble nitrogen estimated in the saline extract
and the mass of nitrogen calculated from the protein estimated in
the tissue fluid,

Fraction B was a white,.dense, solid mass of connective tissue
fibres and cells which presumably contained a certain proportion of
Fraction 4 and some blood plasma, blood vessels, lymph, lymph vessels,

™

nerves and blood cells, Fraction B contained 0.33 g, per cent
hydroxyproline at turgidity and 0,39 g. per cent at perineal rest,
The collagen content of Fraction B did not alter markedly during
the menstrual cycle, but was constant at 2,4 to 2,8 g. per cent.

This indicates that approximately the same proportion of fluid

was left in Praction B in all the samples,
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The proportions of the two fractions varied during the menstrual
cycle, Different perinea contained from 29 to 35 per cenf of
Fraction B at rest and from 3 to 27 per cent at maximum turgidity.

Duplicate estimations in each case differed by less than 5 per cent,

5. The proteins of Fraction A (perineal tissue fluid).

Fraction 4 was a protein-containing solution (Table 7)., The
total protein concentration varied from 2,65 g. per cent (B. 362)
to 4,44 g, per cent (B, 316) in different animals. No consistent
variation was evident in the protein concertration during the
ovarian cycle, The constant concentration of perineal fluid proteins
implies a physiolegical regulation of perineal fluid proteins.‘ In
every animal the total protein concentration of Fraction A was above
R.5 g+ per cent (Table 7)., In different animals, albumin concentrations
in perineal fluid of 1.34 g. per cent (B, 354)and 3,34 g. per cent
(B. 316) were found, No consistent variation in the albumin
concentration during the menstrual cycle was detected. The globulin
concentration ranged fram 0.56 g, per cent (B, 354) to 1.47 g. per
cent (B. 344) and no consistent variation during the cycle was
demonstrable, In all cases, the maximum globulin concentration was
below 2.0 g. per cent, The albumir/globulin ratio of Fraction A

was 0,95 and 4.7% at the two extremes of the cycle in B, 554.



Protein concentration (g. per cent)

TABLE 7.

in Fraction A (perineal btissue fluid)

in eight baboons at maximum turgescence and at deturgescence,

Animal|Total protein|  Albumin Globulin A/G
Number g, % g, % Ze %

Turg.|Deturg,| Turg.| Deturg.| Turg, | Deturg .| Turg.| Deturg.
B, 316|4,44 | 3,73 |3,34 | 2,30 {1,10 | 1.4%3 |3.,04 | 1.61.
B, 516|4,25 2.92 1.35 2.20
B, 319|3,94 | 3,98 {2.64 | 2,99 [1,30 | 0,99 2,03 | 3,02
B, 319{4,08 2,28 1,80 1.27
B, 255|3.82 | 3,55 {2,862 | 2,32 |1.20 | 1.21 |2.18 | 1.92
B, 344/3,50 | 2,90 |2,08 | 1.72 |1.47 | 1,18 [1.28 | 1,38
B. 90|3,14 2,20 0,94 2.34
B, 854|8.75 | 3.R1 [1.34 | R.65 (1,41 | 0.56 [0,95 | 4,73
B, 354[3,33 | 5,42 12,40 | 2.81 (0,93 | 0,61 |2.58 | 4,61
B, %62|2,65 1,47 1,18 1,25
B, 260 3,54 R.64 0,90 2,98
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The volume of Fraction & was calculated from ghe proportions
of the two fractions and the total volume of the perineum, The
mass of protein in Fraction & at the two stages of the menstrual cycle
was derived from the concentfation of protein and the volume of Fraction
L (Table 8).

The mass of protein in Fraction 4 (perineal tissue fluid) increased

noticeably during the first part of the cycle, For example, in B, 316

Mass of protein in Fraction /4 (perineal tissue fluid) in six baboons
at maximum turgescence and at deturgescence.,

Animal Volume of Protein Mass of Increase
Number | Fraction 4. | concentration) protein in |in mass of
in Fraction 4] Fraction A protein,
ml. g. per cent grans grams
Turg, |Doturg o Turg.|Detuwr g Turg,. | Deturg,
x vy X -y
B. 344 | 1250 | 140 3.5 | 2.9 |43.8 | 4,1 39,7
B. 316 {1100 90 4,4 3,7 {44.,0 3.5 40,7
B, 253 |1R00 | 1R0 3,8 3.5 |45,6 4,2 41 .4
B, 319 |1300 | 150 3.9 | 4.0 | 50,7 | 6.0 44,7
B. 354 | 3550 | 170 2.8 3,2 10,1 B4 104.7
B. 362 11000 | 100 Re'l 27,0
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the mass of perineal fluld »rotein rose from 5.3 e Lo 44,0 g., while in
B. 354 it increased from 5.4 g, to 110,1 g. The mass of protein in the
perineal tissue fluid increased during the follicular phase of the ovarian
cycle by 104.7 ¢, in B, 354, and by approximately 40 gz, in four other
animals, Thus, substantial increments were observed in the mass of
protein in the perineal fluid as the sex skin expanded, 4n increase

in the protein of the tissue fluld made a large contribution to the
increase of soluble nitrogen in the whole tissue (Table 8),

The size of the contribution was estimated by calculating the
increment of protein nitrogen in Fraction 4 from the protein increase
in this fraction., The increase in protein nitrogen of the perineal
tissue fluid was compared with the increase in total nibrogen in the
whole tissue (Table 9).

A fairly close correspondence was evident between the increment
in protein nitrogen in tissue fluid and the increment in total nitrogen
in whole tissue, In all five animals examined,the increment in protein’
nitrogen was at least 70 per cent of the dincrement in total.nitrogen;
The inerement in total nitrogen in the whole tissue was consistently
greater than that in protein nitrogen in tissue fluid, The difference
of 6.4 g, in B, 354 was possibly exaggerated by the large increase
in perineal mass which this animal exhibited, The discrepancy of from
1 to 7 g. could have been due to three causes, Firstly, the presence
of an increment in non-protein nitrogen in Fraction 4 would have

given rise to such a discrepancy,., Secondly, the estimation of protein
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TLBLE 9,

Increase in protein nitrogen in Fraction A (tissue fluid)
and in total nitrogen in whole perineal tissue during
' perineal turgescence,

4snimal | Probtein nitrogen | Total nitrogen Vo~ X
Number in Fraction A, in whole tissue

grams grams grams

pd y ,

B, 316 Be5 7a7 1.2
B, 319 7.1 8.5 1.4
B. 344 6,4 7.8 1.4
B, 253 6.6 8.6 R0
B. 354 16,8 R34 6 ¢4
B, 362 11 .9

in only Fraction .. omits any increment in soluble nitrogen occurring
in Fraction B, namély the formed elements, Thirdly, all of Fraction
L was not separated by the gentle centrifugation., & proportion of
Fraction & and its protein constituents was undoubtedly left in Fraction
B.

The tissue fluid proteins increased by 40 g. and 105 g. as the
sex skin became turgescent, The increase in tissue fluid proteins
accounted for a large part of the increase in total tissue soluble

nitrogen,
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The increment in tissus fluild protein may have been due to plasma
proteins or to organ-specific perineal proteins, The proteins of the
perineal fluid were therefore compared with the babon plasma proteins
by electrophoresis and salt fractionation.,

4 visual examination of the staimed electrophoretic patterns
revealed that Fraction & contained proteins of similar mobility to the
plasma proteins, In Fraction & (the tissue fluid) there were components
analagous to gamma, beta, and aléha globulins and albumin, In addition,
there was a component not unlike fibrinogen which remained at the
origin, This component, however, appeared to have been precipitated
because it did not radiate and diffuse as did the othsr fractions,

The graphs of the electrophoretic patterns showed two high peaks
analagous to aluumin énd fibrinogen, and other peaks corresponding
in mobility to the gamma, beta, alpha-R2 and alpha-l globulins of the
same animalls bLlood plasma (Figures 6 and 7),

The protein of tuie perineal fluid was fractionated into two
portions by means of 28 per cent sodium sulphite, as was blood plasma,
The concentrations of these so-called albumins and globulins are
shown in Table 7.

The proteins of perineal tissue fluid and baboon blood plasma
were similar in electrical behaviour and could both be fractionated
by 28 per cent sodium sulphite, These two properties suggest a

similarity between blood plasma proteins and perineal tissue fluid



PLASMA PROTEINS
——=-== TISSUE FLUID PROTEINS

"isjure 6, Electrophoretic pattern o’ plasma proteins (upper
line) and tissue fluid proteins (lower line) in
B, 265, Phosphate buffer, pH = 7,5, #= 0,1,



B.374

PLASMA  PROTEINS
----- TISSUE FLUID PROTEINS

. Figure 7, Electrophoretic pattern of plasma proteins (upper
lire) and tissue fluid proteins (lower line) in
B. 374. ‘hosphate buffer, ph = 7.5, N= O.le
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proteins, but do not prove their identity. Additional evidence
for their identity lies in the decrease of the mass of circulating
plasma proteins during the follicular phase of the cycle and in an
abrupt increase in the mass of circulating plasma proteins which
accompanies deturgescence (Cohen, 1954 b). Further, electrophoretic
and ultra=~centrifugal analyses and studies with radio-iodine suggest
that the protein in the perineal tissue fluid consists of extra-vascular
plasma protein (Cohen; 1956), The rigorous identifieation~gf the
perineal tissue fluid proteins and blood plasma proteins requires a
similarity in the ultra-centrifuge, in the Tiselius electrophoresis
apparatus, in reactions to salts, in amino acid composition, in
serological properties and in other respects, In short, in order to
identify two proteins with certainty, every known property of the
proteins should be shown to be identical, The organic chemist's
methods of identification are inadequate because of the complexity of
the proteins and because of our ignérance of the true constitution
and properties of proteins.

From the evidence presented above if was deduced that the baboon
~plasma proteins contributed to the increase in perineal tissue proteins,

Additional information was sought by comparing the concentrations
of plasma and tissue fluid proteins,

The total protein concentration of the blood plasma varied from

6.12 g. per cent (B, 354) to 10,1 g. per cent (B, 354) (Table 10),
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TABIE 10,

Protein concentration (g, per cent) in the blood plasma of eight
baboons at maximum turgescence and at deturgescsnce,

Inimal |Total protein}  Albumin Globulin A/G
Number ge % g0 % ga %
Turge | Deturg,|{Turg, | Deturg.| Turg. ileturg, | Turg, | Deturg.

B, 319|6.75 | .68 {3.48 | 4,24 |3.27 | 2,44 |1.,06 | 1,74
B, 516|7.47 7.56 5,97 | 4,16 |3.50 | 3,20 |1.13 | 1.30
B, 362|7.25 4,07 3,18 1,28
B. 354(6,12 |10.21 [2.39 | 5.87 (3,75 | 4.34 [0.64 | 1.35
B, 344|7.,08 | 8.18 [3,65 | 3,72 |5.25 | 246 |1.06 | 0.8
B. 90|/9.068 | 6.65 [5.49 | 1,65 |5.57 | 5.00 [0.63 | 0,33

B. 260 11,45 7o14 4,11 1,74

B, 253(6.42 | - 3,70 2.72 1,36

The concentrati-n varied according to the stage of the menstrual

cycle at which the sample was taken (Cohen, 1954 b), The total
protein concentration did not fall below 6,0 g. per cent, The albumin
concentratd n varied from 1,65 g. per cent (B, 90) to 7,14 g, per

cent (B, 260) and the globulin concentration from 2,44 g, per cent

(B, 319) to 5,57 ¢. per cent (B. 90). A/G ratios of

0.33 (B. 90) and 1,74 (B. 319, B, 260) were observed, Electrophoretic

patterns demonstrated albumin, alpha, beta. and gamma .globulin and
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TABLE 11,

Ratio of the total protein concentration in blood plasma

to the protein concentration in Fraction 4 (tissue fluid)
in five baboons at maximum turgescence and at deturgescence,

Andmal
Number | Turg. | Deturg,.

B. 316 | 1,68 Q69
B. 319 | 1,71 1,68
B. 34 | 1,75 R ¢8R
Be 354 | R.,RR2 5,18

B, 362 | R,75

fibrinogen components, The proportions of these several components
amiﬂmﬂ’wmmtxmdmi@'memmmﬂmﬂ.qckamwesﬂﬁhrtothwe
described by Cohen (1954 b),

The ratio of total protein in blood plasma and in Fraction A
varied from 1,68 (3, 316) to 3,18 (B, 354) (Table 11). The concentration
of total protein in the blood plasma was at least 60 per cent greater
than the protein concentration of perineal fluid, The concentration
of rabbit plasma proteins is about 3,2 times that of the protein in
the interstitial tissue of rabbit muscle (Gitlin and Janeway, 1954),

The protein concentration of baboon blood plasma was, on the average,
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TIBIE 12,

Ratio of albumin/globulin in Fraction 4 (tissue fluid)
to albumin/globulin in blood plasma in five baboons
at maximun turgescence and at deturgescence,

Lnimal
Nunber ng.’]kmxg.

B. 36 | 0,98

B, 344 | 1.21 175
B, 354 | 1,48 5450
B, 319 | 1,95 1.74
B. 316 | .69 14R7

R+3 times greater than the protein concentration of Fraction A,

The ratio between the Fraction A 4/C and the blood plasma 4/G
was above unity in 8 of the 9 exam natins (Table 12)., In other words,
the proportion ol albumin in the tissue fluid was greater than in
the blood plasma. The proportion of electrophorzstic albumin and the
more slowly sedimenting ultra-centrifugal component is somewhat
lower in blood plasma than in perineal tissue fluid (Cohen, 1956).
These facts suggest that proportionately more albumin passes in
and out of the perineum than doss globulinji that is, albumin diffuess

more rapidly,



While fractionating the perineal tissue,a gel of varying consiétency
was foﬁd in the tissue fluid, The gel was found every time perineal
tissue was centrifuged at roam temperature, The gel did not appear
if the tissue wasallowed to stand at room temperature for more than
15 minutes before centrifuging,

When the tissue was centrifuged at R° C, a gel was not found
in the fluid, but the fluid gelled after 24 hours at 2° C, or within
a few mintites at room temperature,

The addifion of 0,1 mg, heparin to 5 ml, of fluid separated
in the cold prevented gel formation,even when the fluid was subsequently
warmed to room temperature, Similarly, 2 mg, ammonium oxalate in
5 ml, fluid separated in the cold prevented gelatim completely,

50 units of thrambin in 2 ml, of fluid separated in the cold gave
rise to a gel within R minutes at 2° C, Neither heparin nor oxalate
prevented the formation of a gel when the tissue fluid was 'separated
at room temperature,

On mechanical agitation of about 5 ml of gel, a fluid was expressed
and the gel was resolved into several milligrams of insoluble white
fibres, A sample of these fibres was hydrclyzed in % normal éulphuric
acid for RO hours and then neutralized with solid barium carbonate.

The solution was centrifuged and the supernatant was spotted on filter
- paper. The spot did not stain with p-anisidine hydrochloride which

colours reducing sugars (Block, Durrum and Zweig, 1956). A ninhydrin
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reagent gave a violet colour with the spot, This means that the fibrous
material contained no recucing sugars, but Aid contain amino acids,
The‘fibrous material contained no detectable hydroxyproline and was
the re foret*not collagen,

The gel itself was soluble in R Molar urea, but the fibrous
material was nob soluble in this solution,

The gel resembled a fibrin gel in the following respects, Heparin
and oxalate prevented, while thrombin accelerated the formation of
the gel, The gel was quite soluble in R Molar urea, but the seolid
fibrous material was not soluble in 2 Molér urea, The fibrous material

contained no reducing sugars and although amino acids were present,

the fibres were not collagen,

6. Increment in non-protein material,

The increase in the protein mass of Fraction A (tissue fluid)
accounted for about 40 g. to 110 g. of the total increase in perineal
mass, In addition to the increase in protein, other solid constituents
of the sex skin contributed to the total tissue increase,

The dry material contributed from about 60 g, (B. 316) to about
150 go (B. 354) to the total increase in perineal mass in different
animals (Table 13)., The dry material increased 3 (B, 319) and

7 (B, 316) times from the resting to the maximum level in two animals,
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TABLE 13,

Dry weight of perineal tissue in six baboons
at maximum turgescence and at deturgescence,

Animal| Percentage Mass of dry Ratio of Increment
Number| dry weight material, |Turg./Deturg,|in dry mass
- dry mass
g. per cent, grams grams grams
Turg.|Deturg,.{Turg.| Deturg, . X
X v ¥y X =7
B. 316}4,40 7«17 | 69.9) 10,3 6.8 59.6
B, 319{5,58 | 14,95 }[108,9] 36.R 3.3 7R .7
B, 344(6.62 | 11,60 |10R.,0| R7.4 5.7 74,6
B, 25315,44 7,52 | 91.8] 14,1 645 T7.7
B. 362|7,74 9,98 | 95.,2] 15,9 8,0 7943
B, 354{4.46 | 11,68 |180,0] 3R.1 5.6 147,9

In all six baboons the nercentage of dry material was
significantly higher during perineal rest than during turgescence,
In the turgidstate the percentage of dry weight varied from 4.4b Ze
per cent (B. 316) to 7.74 g. per cent (B. 362) and in the flaccid
state from 7.17 g, per cent (B, 316) to 14,93 g. per cent (B, 319),
The perineal tissue underwent a varying degree of dilution as it -

progressed from the resting to the expanded state,
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The largest portion of the perineal increase was contributed
by an influx of water (Table 14), 1 Kg. and 3,6 Kg. of water
entered the perinea of B, 362 and B, 354 respectively, during the
follicular phase of the ovarian cycle. The mass of water in the resting
perinewn increased 7 (B. 344) and 16 (B. 354) times during turgescence

in two of the animals examined,

TABLE 14,

Mass of water in the perinea of six baboons
at maximum turgescence and at deturgescence.

Animal Mass of water Ratio of Increase in
Number Turg./Deturg, | mass of water
grams mass of water grams
Turg. Deturg, ' x
X J ¥ X -5¥
B, 362 1140 140 7.9 1000
B, 344 1440 210 6.9 1230
B, 253 1600 170 9.8 1430
B. 316 1520 130 11,4 1490
B. 21¢ 1840 210 8.9 1630
B, 354 3860 R4.0 15,9 3620
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The increment in total body weight is compared with the increment
in perineal mass in Table 15, The increase in perineal mass in all
five cases was apparently greater than the corresponding intrease
in body weight,

The body weight was estimated to the nearest 100 g, and the
volume of the turgid perineum with an accuracy of + 1oo»m1. Therefore,
a discrepancy of 0.4 Kg., in body weight and in perineal mass was
not regarded as significant, The measurement of perineal mass was
possibly consistently overestimated due to irregularities of the
perineum and to the unknown depth of the reactive tissue, Occasionally,
although the perineum expands normally, the body weight increases only
slightly, due to a dissociation between body weight increase and
perineal expansion (Gillman and Gilbert, 1956 b.), In three successive
cycles, three monthé prior to the present investigation, B, 316
showed body weight increases of 2 Kg., 0.0 Kg. and 2 Kg. respectively
(Figure 8), The absence of the normal body weight increase accampanied
by a normal perineal expansion can only be detected by measuring
several successive cycles,

The data presented in Table 15 suggest that the perineum receives
increments ffom other body tissues, but more precise experimental
methods are required to establish definitely the redistribution of
body tissues to the perineums

At the preéent time it can ohly be asserted that the bulk of the

increase. in perineal mass was due to material derived from the diet,
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TABLE 15

Weight of five baboons at the stage of
maximum turgescence and at deturgescence.

*Animal Weight Incremont | Increment Y =X
Number of baboon in weight | in perineal
of baboon mass
Kg. Kg. Kg. Kg.
Turg . Deturg, x y
B, 319 19.9 18,5 1.4 1.7 - 0.3
B, %44 16,7 15,7 1.0 149 0.5
B, 253 1648 15.6 1.0 1,5 0.5
B, 362 11.9 11,4 0,5 1.1 0.6
B, 316 1,0 R045 0.7 1.4 0.7

A few preliwiay comparisons were made of the sodium, potassium
and chloride concentrations in the blood plasma and in the perineal
tissue fluid of several baboons, The tissue fluid was obtained by
centrifuging the whole tissue at 2° C (Figure 4 (1) ). The sodium and
potassium estimations were performed with a Beckman Model B flame
photometer. The chlorides were estimated by titration with mercuric
nitrate using S-diphenyl-carbazone as indicator (Schales and Schales,
1941; Asper, Séhales and Schales, 1947). All three electrolytes were

estimated with an accuracy of + 2 per cent, The results are shown



in Tables 16 and 17,

Even these few results indicate that the concentration of electrolytes
in the tissue fluid does not passively follow the corresponding -
concentration in the Llood plasma, Consequently, it dis possible that
a specific mechanism exists which is responsible for the passage of

electrolytes across the capillary endothelium, However, a full
TiBLE 18

Concentration (milli-equivalents per litre) of sodium and potassium
in blood nlasma and perineal tissue fluid
in seven baboons during perineal turgescence,

finimal Sodium Potass ium
Number Blood Tissue Blood Blood Tissue Blood
m, eq./Ll. | me ©9./1,| Tissue | m. eq./1.| m. eq./1. | Tissue
X v x u v u
v v
B. 260 159 150 1,06 4,5 5,6 0.80
B. 260 145 139 1,04 3.4 5.5 0,62
B. Q95 157 1 150 1,05 4,2 5,8 0.81
B, 371 150 134 1,12 4,7 4.9 0.96
B, R65 173 131 1.3% 4,7 7.8 0.60
B. R86 150 126 1,19 5.2 E.R 0.84
B, 396 138 3.5 4,8 0.73
B, 365 | 138 ‘ 4,6
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TABLE 17,

Concentration (m., eq./1l.) of chloride
in blood plasma and perineal tissue fluid
in four baboons during perineal turgescence,

Chloride
Animal| Blood Tissue {Blood
Number|m, eq./1l.{m. eq./1l.| Tissue
x ¥ x
J
.B. 60 112 115 0,97
B, 295 116 116 | 1,00
B, 371 1RR 117 1.04
B, %65 117 106 1,11

investigation into the electrolytes of the tissue fluid is required
before any conclusions can be drawn coﬁcerning the regulation of tissue
fluid electrolytes by either the blood plasma or the capillary

endothelium,



SECTION D
DISCUSSION

1, Introduction,.

The experiments performed in this studyl(see Section C)
demonstrated that the mass of the sex skin of the Chacma baboon
increased by about 1 to 4 Kg, as the sex skin progressed from the
resting to the expended state, The major portiom of the increase
in mass was due to an influx of water,, Nitrogenous substances
contributed substantially (7.7 to 23,2 g. nitrcgen) to the increase
in mass of solid material that occurred during the follicular
phase of the ovarian cycle, Increases of 6 to 15 g, of soluble
nitrogen were accampanied by small or no increases in insoluble
nitrogen and by no increases in the mass of the collagen of the
tissue, The perineal tissue fluid proteins increased by approximately
40 g. in each of four animals and by 105 g, in a fifth animal, The
proteins in the tissue fluid possessed similar electrophorstic
mobilities to the plasma proteins, and were prasent in about half
the concentration of the plasma proteins,

In general terms, the cyclic expansion and contraction of the
sex skin may be divided into *hree phases. Firstly, there is the
entry of the solution into the perineum. Secondly, this fluid is

retained in the perineum, Thirdly, the fluid leaves the perineum.
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In addition, it is necessary to consider whether the proteins
are altered in any way as they pass through the perineum, and whether
there is any protein synthesis, degradation or amino acid incorporation
of the shifting proteins.

The cycle may also be considered as the resultant of the two
apposing movements in and out of the perineum, This latter formulation
takes into consideration the kinetics of the various movements.

The explanation of the phenomenon may be arbitrarily divided
into a vascular and a tissue component, The latter in turn can

be subdivided into water, electrelyte and nitrogenous components,

R+ Nitrogen movements.,

The absolute total niftrogen mass in the sex skin of all six
baboons increased markedly as the perineum hecame turgid, The
increments in total nitrogen mass varied from 7.7 g. (B. 318) to
3,2 g, (B. 354), The mass of soluble nitrogen in the perinea of
the six baboons also increased during the follicular phase, The
mass of insoluble nitrogen increased very slightly or not at all,
The protein fraction of the tissue collagen did not apparently
contribute to the nitrogen increment,

The increment in soluble nitrogen was due mainly to an increase
in the soluble proteins of the tissue fluid, which increased.by ahout
40 g, in each of four animals and by 105 g, in.onc awimal, Cohen
(1955, 1956) demonstrated that between 50 g, and 60 g, of protein

are deposited in the sex skin during the follicular phase of the
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cycle, and that roughly 50 g, of protein leave the perineum within
the first 2 to 4 days of deburgescence,

Fraction 4 (btissue fluid) accounted for the majority of the
increase in the tissue mass and in the mass of soluble protein, The
total protein concentration of Fraction A varied between 2.7 g.
per cent (B, 362) and 4,4 g, per cent (B, 316), Salt fractionation
in 48 per cent sodium sulphite separated baboon blood plasma into
albumin and globulin with a fair degree of electrophoretic homogeneity
(inderson and Cohen, 1951; Cohen, 1954 b), This method also separated
the proteins of Fraction A into two moieties which were presumably
albumin and globulin, Paper electrophoresis of Fraction & showed
the presence of components with similar electrophoretic mobilities

~

to the albumin and globulins of baboon blood plasma (Figur@s 8 and 7).
At maximum turgidity the perineal tissue shows grossly expaﬁded
extracellular spaces and swollen cells, In the monkey the perineal
swelling consists estentially of ocedematous comnective tissue,
and during turgescence there occurs a dispersion of cell nucleil
indicative of a cqnsiderable accumulation of intercellular fluid
(Zuckerman and Parkes, 1932),
These several . observations suggest that the increase in perineal

protein is mainly due to an increase of extra-vascular plasma proteins

situated primarily in the intercellular spaces of the perineal tissue.
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(a) Source of new perineal protein,

There are three possible sources of this new protein that

is lodged in the périneum during turgescence,

£11 the new protein way be formed de movo in the perineum.,
This explamation postulates a constant extra-perineal plasma
probein pool size, and a cyclic expansion and contraction of the
perineal protein mass, Slternatively, the source of the new protein
may be the body plasma protein pool; blood, lymph, extravascular and
possibly intracellular, In the latter case, there would be a constant
plasma protein pool size and a cyclic alteration of the proportions
in the intra-vascular, extravascular and perineal compartments,
Thirdly, increased synthesis of plasma proteins during turgescence
may acéount for the new protein, This latter possibility implies
a regular increase and decrease of the total plasma protein pool
size,

(b) De novo synthesis in the perineum,

The data presented in Section C militate against the
de novo synthesis of the new protein in the perineum, The new
protein in the merineum ap-eared to be plasma protein, containing
both albumin and globulins,., The fluid expressed from the swollen
sexual skiﬁ of the rhesus monkey contains three ultracentrifugal
components, two of which resembled normal serum proteins (Ogston,

Philpot and Zuckerman, 1939), The proteins in baboon perineal tissue
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fluid are ultracentrifugally and electrophoretically similar to
blood plasma (Cghen, 1956), Proteins similar in nature to those
present in blood éerum are found in the ground substance of
comective tissue (Ropes and zauer, 1953),

It is coubtfvl whether connective tissue is capable of
synthesising all the varieties of plasma proteins, However, the
participation of the perineum of the Chacma baboon in plasma
protein synthesis has been sugzested (Gohen,‘1954 a). No amino
acid incorporation into plésma albumin occurs in the carcass of a
hepatectomised animel (Miller, Bly and Bale, 1954), That is,
comective tissue 1s unable to synthesise plasma albumin, Therefore,
the perineal tissue was probably not capable of synthesising the
albumins which accumulated there in the follicular phase of the
ovarian cycle, In addition, there was a simultaneous loss of all
plasma proteins from the blood as the perineum enlarged, and an increase
with perineal involution, sugzesting a passage of protein between
the blood plasma and perineum (Cohen, 1955), However, the connective
tissues of the sex skin may synthesise globulins in common with other
connective tissues and at a similar rate, Such a synthesis may be

linked with the sexual expansion of the perineum,
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(¢) Extra-perineal source of the new protein,

The sex skin is apparently not the sole and specific
source of the new protein, The information provided by the present
investigation does not enable one to decide whether there is an
increased protein synthesis or merely a redistribution of preformed
protein, The decrease in intravascular plasma protein mass during
the follicular phase of the ovarian cycle is insufficient to account
for the increase in perineal protein (Cohen, 1955). This indicates
that there 15 either a gynthesis of new plasma protein during
turgescence or that there is a redistribution of preformed
extravascular protein., The extravascular protein may be intra-
cellular or in the tissue fluid.,

In order to differentiate these two pos=ibilities two facts
are of paramount importance, They are the total size of the plasma
protein pool and the rate of plasma protein synthesis during the ,
menstrual cycle, Provided with these data‘it might be possible
to establish whether the new protein is synthesised by increasing
ﬁhe rate of plasma protein synthesis and thereby increasing the
total plasma protein pool, or whether it is obtained by a redistribution
of preformed probtein, In the latber case there would be no increase
in the rate of protein synthesis or in the plasma protein pool

during the follicular phase of the cycle,
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(d) The size of the plasma protein pool.,

The total exchangeable plasma protein pool increased
during turgescence and contracted during deturgescence (Cohen, 1956).
The proportion of labelled protein retained in the circulation
100 hours after injection was 33 per cent during perineal resorption
and only 18 per cent during turgescence, The urinary excretion of
radio-iodine, on the other hand, was constant during both phases
of the cycle (22,4 to R5.4 perrcent of the dose after 100 hours),
These facts suggest that there is a larger plasma protein pool
in the follicular phase of the cycle (Cohen, 1956), The size of
the pool was estimated to be 128 g, and 130 g. during perineal
resorytion and 150 g, and 151 g, on the 8 -~ 9th day of perineal
hypertrophy in two dif ferent animals respectively,

Additional support for an increased pool siz: was derived
from the rate of excretion of radio-iodine in the wrine; and the
rate of plasma protein catabolism calculated therefrom, In the second
half of the menstrual cycle the rate of catabolism rose above the
level observed during the latter two Weeké of turgescence,

Further, the rate of plasma protein synthesis calculated from
the apparent half-life of total plasma protein (0,693/t% (daysx100) )
was 5,1 per cent of the pool per day during perimeal turgescence,
Between the 5th and 1Rth days of the luteal phase the decay of plasma

radio-activilty ceased and total protein specific activity varied
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by less than one per cent in five successive estimations, These
results suggest that the rate of plasma protein synthesis is
cons iderably or even completely inhibited during part of the luteal
phase.

The net result of these rates of synthesis and catabolism
was that the total plasma protein pool size increased progressively
from 117 g, at the onset of menstrual bleeding to 192 g, at the
end of perineal turgescence, Between the 5th and 12th days of the
luteal phase the pool size diminished progressively from 195 g.
to 154 g, |

However, the validity of data obtained by the use of iodinated
protein has been seriously questioned in recent years (Berson,
Yalow, Schreiber and Post, 19533 Armstrong, Kukral, Heishman, McLeod,
Wolter and Bronsky, 1955; Masouredis and Beeclmans, 19553 Volwiler,
Goldsworthy, Macmartin, Wbod, Mackay and Fremont-Smith, 1955). Other
investigations have shown that plasma protein lodinated according
to the method described by McFarlane (1956), which Cohen (1956)
employed, provides data concerning the distribution and elimination
of albumin and globulin closely similar to that o>rtained with the
corresponding ¢l4.labelled fractions in both the rabbit (Cohen,
Holloway, Matthews and McFarlane, 1956) and the rat (Cohen, 1956),

Moreover, since Lol liberated by catabolism is promptly excreted
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(Dixon, Bukantz and Iammin; 19515 Cohen, Holloway, Matthews and
lMcFarlane, 1956), the rate of plasma protein catabolism and the
pool size can be estimated repeatedly, These are precisely the
events which it is desired to measure 4n the female baboon., .

In the particular case of the female baboon there is cne
further, special objection to the radio-iodine labelling method,
Plasma proteins may be segregated and stored in cells during the
luteal phase of the cycle, Thesé cells may be capable of removing
the iodine as they absorb the plésma protein, Such a process will
simulate plasma protein catabolism, The plasma proteins ré—entering
the M"exchangeable! pool in the next follicular phase will simulate
plasma protein synthesis, There is no positive evidence excluding
this sugzestion, Indirect evidence indicates that cells do not remove
the iodine since radio-iodine bound to proteins has been detected
inside cells (Crampton and Haurowitz, 1950; Haurowitz and Crampton,
1951), Nonetheless, definitive evidence is necessary befare a
decision can be reached on the reliability of radio~iodine data,

In view of the objections raised other evidence relating
to a possible increase in plasma protein pool size was considered,
The evidence shows that sites of plasma protein synthesis are availalle
and also that the female baboon is probably able‘to manufacture

plasma protein at an adequate rate,
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Immune plasma globulin is formed in plasma cells (Fagreus,
1948), Chicken liver slices incorporate 1% _amino acids into
plasma albumin (Peters and .nfinsen, 1950 a, 1950 b; Miller,

Bly, Rbtsén and Bale, 1951; liiller énd Bale, 1954), The liver of
fasting rats incorporates Cl4iépsilon~1ysine in all of the plasma
proteins except gamma-globulin, & perfused eviscerated carcass
incorpeorates radio-activity into the.gammauglobulins (Miller, Bale,
Yuile, Masters, Tishkoff and Whipple, 1949; Miller, Bly and Bale,
1954), By analogy, the liver and carcass of the female baboon is
probably capable of synthesising the entire range of baboon plasma
proteins,

Chicken liver can synthesise plasma albumin at the rate of
0.7 mg. albumin per g. liver protein per hour (Peters and Anfinsen,
1950 b), The liver of an adult female baboon weighs approximately
350 g. Assuming a protein content of 15 per cent; then the liver
conbains about 50 g. of protein., The mass of the exchangeable albumin
in the protein pool of the female baboon increases by about 1 g, per
day during turgescence (Ccohen, 1956) representing a synthesis of
0.8 mg, albumin per g, liver protein per hour. Such a rate of
synthesis is not far in excess of that found in chicken liver,

Rat liver can synthesise about 4.8 mg. plasma protein per g.
liver protein per hour (Miller, Bly, Watson and Bale, 1951; Miller,
and Bale, 1954), Intact rats synthesise plasma pfotein at the rate

of 4,0 mg, per g, liver protein per hour (ibdou and Tarver, 1951).
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kbout 4 g, of plasma protein accumulate in the turgescent perineum
per day (Cohen, 1956). If all this protein is newly synthesised,
it represents synthesis at the rate of 3,35 mg, plasma protein per
g. liver protein per hour, The rate of plasma protein synthesis in
the female baboon during perineal turgescence would be, at most
only double the rate in the rat,

The female baboon i1s therefore probably able to expand her
plasma protein pool during perineal turgescence and to contract
it again during perineal involution,

(e) The distribution of plasma protein,

Absolute retention of plasma proteins within the bloéd
vascular system does not occur, Thus plasma proteins are found
in the lymph channels, Further, approximately fifty per cent of
small (i,e. relative to plasma content) infusions of serum albumin
disappear from the circulation within the first day (Fine and Seligman,
1944; Sterling, 1951), A considerable portion of the "lost!
protein may be contained in the intercellular spaces, The dynamic
equilibrium between intra-vascular and extra—vascu;ar protein has
been demonstrated with homologous antibody (Gitlin and Janeway,
1953), The volume of the extra~vascular space is considered to
be about two or three times the plasma volume (Gamble and Robertson,
1952; Guadino, Schwartz and Levitt, 1948). The protein content

of this extravascular fluid probably varies widely, the average
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value lying somewhere between zero and 2 to 4 per cent (Drinker
and Yoffey, 1941),

| The tobal protein concentration of perineal tissue fluid is
on the average 3,4 g, per cent, range 2,7 to 4,4 g. per cent
(Shall, 1955) (Table 7)., The protein con£ent of sexual skin tissue
fluid in three immature rhesus monkeys averaged 2,58 g. per cent
(Fisher and Zuckerman, 1938), Cchen (1956) found that the total
protein ;oncentration of three samples of baboon perineal fluid
obtained at intervals during turgescence was 2,0 to 2,3 g. per cent,
The protein content of normal mammal ian lymph is api roximately 3,0
g, per cent, with a range from 0.5 to 4,0 g. per cent (Drinker and
Field, 1933), Ther: appears to be no significant difference betweén
the protein content of baboon perineal tissue fluid and nomal mammalian
lymph. Normel lymph and tissue fluid contain protein in about equal
concentrations (ﬁminker and Field, 1933). On this basis perineal
tissue fluid and normal tissue fluids elsewhere in the body possess
the same concentration of protein. The level of rabbit plasma
proteins is about 5;2 times that of the protein in the interstitial
tissue of rabbit muscle (Gitlin and Janeway, 1954). The concentration
of protein in the blood plasma of most mammals fluctuates around
7.0 g. per cent, From this it follows that the protein concentration

in rabbit interstitial comective tissue is about 2,2 g. per cent,
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Taking into account the different techniques used, this value

of ®.2 g. per cent is fairly close to the 3,4 g. per cent (Shall,
1955) and the 2,0 to .5 g. per cent (Cohen, 1956) found in baboon
sex skin, |

The extra-vascular plasma protein pool can therefore be
expected to be equal to or larger than the intra-vascular pool,

Thus there would be sufficient plasma protein to contribute a
certain amount to the eXpandihg perineum without an excessive drop
in the concentration,

Inother possible reservoir of plasma proteins lies within cells,
Immunochemical studies have demonstratéd the presence of heterologous
proteins and homologous plasma proteins within cells (Coons and
Kaplan, 1950; Coons, Leduc and Kaplan, 1951). Furthermore, that
this represents a true penetration of garma-globulin was indicated
by injectingvit into a child who was genetically unable to synthesise
this protein, Tﬁe child's tissues, which did not stain for gamma-globulin
before injection, showed a nomal staining pattern after injection
(Gitlin, Lending and Whip-sle, 1953).,

It is not known whether plasma proteins can reversibly enter
and again leave the cell, although heterologous proteins have been
-shown to disgppear from cells at about the same time as disappearance
from the circulation should occur (Coons, Leduc and Kaplan, 1951),

L quantitative approach to these experiments has not been possible,
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so that the magnitude of the effects is unknown. However, 1t was
noted that only traces of plasma proteins could be detected within
muscle cells (Gitlin, Landing and Whipple, 14:83), Therefore, any
large cellular deposits would be found in the body cavities or in
the connective tissues of the body. The evidence does indicate,
however, that an intracellular accumulation of plasma proteins is
a distinct possibility. In relation to the source of the baboon
perineal plasma protein, we should bear in mind the poésibility of
an intracellular store of plasma protein which may be altermnately
discharged and resorbed,

The female baboon thus experiences a regular and recurrent
physiclogical process imediately under the control of the sex
homones and in this res@ect differs from the male and from castrated
females, [nything which interferes with the disposal of prdteins,
complex lipids, carbohydrates and clectrolytes fram the sex swelling
in the post-ovulatory phase of the cycle may have far-reaching
repercussions on the physiology of the orzanism,

Female baboons experience the disease known as primary
anyloidosis, whereas castrate females and male bha.oons are free
from this disease (Gillman and Gilbert, 1954),

The materials dislodged into the blood stream fram the perineal
swelling were derived from the intercelliular matrix and were comprised

mainly of waver, electrolytes and plasma proteins, Preliningry
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examination of the blood of a baboon which had developed primary
amyloidosis revealed a very marked increase in the sedimentation
rate and a profound change, amongst other things, in the plasma
proteins. The globulins and fibrinogen were elevated and,
electrophoretically, the globulin complex was fragmented into at
least 10 small camponents; the albumins were abnormal and an
unknown fraction migrated well ahead of the albumin (Shall, 1954),

The view has been expressed that in chronic suppuratiqn a
soluble protein circulates in the blood and under certain conditions
is deposited in the tissues, The suggestion has been put forward
that amyloidosis was due to chronic protein intoxication. Finally,
it was believed that the development of amyloidosis was dependent
on a hyperglobulinaemia (Gillman and Gilbert, 1954)., A1l three views
are compatible with an explanation involving the specific events
which occur in the female baboon during the reproductive period of
its life,

Suming up all the evidence available the likeliest explanation
of the origin of the plasma protein in the pérjneum is that during
the follicular phase there is increased plasma protein synthesis,
decreased breakdown, and a redistribution of plasma proteins from
the extravascular and intravascular compartments to the intercellular

spaces of the perineum,-
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(f) The metabolism of plasma proteins in the perineum.

No experiments were performed which could give precise
information as to the nature and extent of any alteration or
metabolism of the plasma proteins in the sex skin, There is, in fact,
no positive evidence that the proteins undergo any alteration or
metabolism in the seglskin itself, Since the proteiné in Fraction
4 showed similar electrophoretic mobilities to those in the blood
plasma and no new proteins were apparent in Fraction &, it 1s likely
that the proteins did not undergo any severe changes in passing
through the capillary membrane, A clear answer to this problem
requires the use of labelling techniques, the most useful of which
at present are isotopes and antibodies,

(g) The i/G ratio in blood plasma and perineal tissue fluid,

The ./C ratio in Fraction A was consistently greater
then the 4/G ratio in the blood plasma (Table 12), The proportion
of electrophoretic albumin and the more slowly sedimenting ulhra
ultracentrifugal canponent was higher in baboon perineal tissue fluid
than in blood plasma (Cohen, 1956). The 5pecifi§ activity of plasma
albumin and perineal fluild albumin was the samej; On the other hand,
all the globulin camponents in the perineum possessed a higher specific
activity than did those in the blood plasma (Cohen, 1956), These
findings may be explained by a binding of the globulins to something
in the perineum or by a more rapid diffﬁsion of.the albumin across
the cépillary'endathelium. If albumin diffuses more rapidly than

globulins through the capillaries of the perincum, then there would
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be a higher 4/G ratio in the tissue fluid than in the blood plasma,
4slso the specific activity of the globulins in the perineum would

be higher than in the blood plasmé. In addition, the outpouring

of albumin foll owing ovulation would not result in a large increase

in the plasmavconcentratian, because it could be quickly distributed,
The opposite would occur with the globulins, In fact, after ovulation
the concentration of plasma globulins rises sharply, while the

concentration of plasma albumins rises only slightly (Cohen, 1954 b).

(h) Initiation of the protein changes,

Oestrogen is known to initiate the perineal hypertrophy,
with the consequent plasma protein changes,. Cohen (1955) removed
the sex skin from a céstrate female baboon, Courses of ocestrogen
therapyy repeated 3 and 10 weeks after excision of the perineum led
to a reduction in plasma protein mass of only 3,7 g, and 1,1 g.
respectively as against an average of about 6 g, in a nomal animal
and 6,0 g, and 14,8 g, in spayed animals on oestrogen therapy.

The decrease in plasma protein concentration induced by cestrogen

therapy in the castrate female baboon depends upon the occurrence

of perimeal swelling, Presumably, the éame appnlies in the normal

animal, The protein changes are probably dependent on hypertrophy
and involution of the perirseum and not directly on the presence of
cestrogen, Hypoproteinaemia in a healthy animal is a powerful

stimulant to protein synthesis (Madden and Whipple, 1940; Whipple, 194%;
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1948; Whipple and Madden, 1944), As protein is transparted into

the sex skin a relative hypoproteinaemia develops in the circulating
blood plasma, and possibly stimulates the various or ans of the

body to synthesise or redistribute plasma protein, This view is
substantiated by the relative stability of the plasma protein
concentration in human females during the ovarian cycle (Danforth,
Boyer and Graff, 1946), despite the fluctuations in the concentration

of circulating oestrogen.,

5. The tissue component.

Modification of the capillaries alone camnot account for the
retentlion in the perineum of 1 to 4 litres of fluid during the
first part of the cycle, Each day about 250‘m1. of water and several
grams of solid material accumulate in the perineum, That is to say,
as the water moves through the perineal tissues some mechanism fixes
about 50 ml, of water in the tissue every day.

(a) Weter and electrolyte metabolism.

In all body tissues there is a continuous turnover of
water. Wkater is consbtantly entering the tissues froni the capillaries.
Simultaneously, water is being removed via the venules and Imphatics.
These movements constitute the basic water turnover of tissue fluid
which may vary in volume and rate. The regulation of this turnover
involves vascular, renal, suprarenal, pituitary, skin, bowel and

other systems, In addition, the specific nature of a given tilssue
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is important in regulating the basic water turnover through that
tissue,

Superimposed on this tufnover is the retention and‘utilization
of water by the tissues, To a certain extent this retention and
utilization is independent of the basic water turnover, The two
functions may fluctuate in opposite directions, Ior instance,
the baboon sex skin may swell although the animal is dehydrated;
alternatively the sex skin may deturgesce although the large volume
of water released is not excreted by the kidneys. In certain
circumstances, the volume and rate of water turnover may influence
the volume and rate of water retalned and utilized,

In the study of the baboon perineum both functions should be
considered, The swelling of the perineum is primarily an increase
in the volume of water retained in the sex skin tissue (Tables 1
and 14). Beyond certain 1limits, the quantity of water ingested
plays no part in determining the volume of fluld diverted into the
perineal tissue during ﬁurgescence (Gillman and Gilbert, 1956 a,
1956 b, 1956 c, 1956 d)., Both the basic water turnover and the
retention and utilization of water in the tissues i1s under metabolic
“control, In the baboon sex skin there is alsb an endocrine regulation
of these events,

Irmediately after the onset of menstruation the rising output

of oestrogens causes the sex skin to swell at a constant speed until



- 76 -

the swelling is maximal, The per ineum is usually maximally enlarged
before ovulation, R4 to 48 hours after owvulaticn an acute decrease
in the size of the sex swelling occurs, associated with the decreasing
concentration of oestrogen and the increasing concentration of
progesterone, The sex skin rapidly contracts to its resting volume
and remains in that state until the next bleeding bezins. in
increase in body weight and a decrease in body weight occur during
the foliicular and luteal phases of the cycle respectively, &
marked diuresis accompanies the resolution of the sex swelling
(Zuckerman, 1930, 1935 a, 1935 b 4Allen, 1926, 1927; Hartman, 1927,
19323 Parkes and Zuckerman, 19313 Gillman, 1935, 1937 a, 1937 Db,
19385 Gillman and Cilbert, 1946, 1956 a, 1956 b, 1956 c, 1956 d;
Gilbert and‘Gillman, 1944 a, 1944 Db; Giilman, Giloert and Levy,
19525 Clark, 1946, 1947).

Oestrogen also enhances the water content of non-sexuwal skin,
Selye (1944) treated the so-called hairless mouse with topical
applications of a solution of osstradiol (R5 mg. per cené). The
treated animals responded with a non-pitting cutaneous cedema,
histologically similar to that which occurs in the sexual skin of
monkeys .

Endogenous hormonal stimulation or oestrogen administration
leads to an influx of wabter and electrolytes into the tissues of

the female generative tract (4istwood, 1938 a, 1938 b, 1939; Talbot,
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Lowry and nsstwood, 1940; Carroll, 1945; Cole, 1950; Roberts and
Szego;, 1947,'1955; Zuckerman, Palmer and Bourne, 1939; Zuckerman,
Palmer and Hansen, 1950). Lndrogems and progesterone antagonise

the effect of oestrcne in moving electrolytes and water (Roberts

and Szego, 1953), Similarly, androgens, prcjesterone and
desoxycerticosterone antagonise the cestrozen effect in the baboon
and cause the ceturgescence of the sex skin swelling, with the
consequent moveament of electrolytes and water from the perineum into
the circulation (Gillman, Gilbert and Levy, 1952),

| i considerable amount of water accumulated in the perineum of
the baboon during the follicular phase of the ovarian cycle (Table 14).
Moreover, the water accumulates at a constant rate of about R50 ml.
per day, irrespective of the water turnover (Gillman and Gilbert,
1956 a)., The retention of water therefore, can be ascribed only to

a local tissue reaction, the rate of which is the limiting factor in
the expansion of the perineum, That is to say, the water is actively
maintained in the sex skin, and this active retention is regulated
by the ovarian hormonea, To explain this retention one may postulate
the existence in the péfjneum of a system having the property of
reversibly binding large quantities of water, Such a binding system
could be provided by a polyelectrolyte gel, which could bind water
under the influence of ocestrogen, and subsequently release the water

as the hormonal pattern alters,
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4% this juncture it may be useful to consider some of the
general properties of polyelectrolyte gels and their possible
significance in the water retention in the sex skin of the baboon
during the first part of the ovarian cycle,
fccording to the nature of the ionizable groups the gels may
be of three major types: polyacid, polybase or polyampholyte.
fmong the bilological gels the most studied are the protein gels
which belong generically to the polyamﬁholyte type. The other
large group of gels is the polyacids, consisting mainly of
polysaccharides, To this latter group belong hyaluronic acid and
the polysulphonic acids such as chondroitin and mucoitin sulphate
(Pigman and Goepp, 1948; Meyer, 1954, 1956 and Meyer, 1950) and
heparin, Special note is taken of the inclusion of hyaluronic acid,.
The suggestion has been macde that hyaluronic acid participates in
the binding of water in the baboon sex skin, The classical gel
forming substance, agar-agar, is a polysaccharide carrying one sulphate
group every tenth monomer and also belongs to the gro.p of polyacid
gels (Barry, Dillon and McGettrick, 1942; Barry and Dillon, 1944).
inother important group from the biological point of view comprises
the gels resulting from the interaction of two or more polyelectrolytes,
examples of which are the gel structures of the chromosomes, resulting
from the interactions of nucleic acid with protamines and histones
(Stedman and Stedman, 1947). The gels of the comective tissues,

produced by the interaction of procollagen with hyaluronic, chondroitin
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sulphuric and mucoitin sulphuric acids (Meyer, 1947) and the constituents
of muscle derived from the interaction of actin and myosin (Szent=Gyorgyi,
1947; Momaerts, 1950) belong to this class of complex gelis,

4 necessary condition for the formation of a gel is the existence
of a cross-linked network, The cross-linking may take place by
covalent bonds, by van der Wsal's forces or by electrovalent links.
The network may grow from polyfunctional monomers during polymerisation,
or may result from the Jjunction of polymeric chains, as is usual
with biological gels,

The main covalent bonds of the protein chains in biological
gels are the S - S bonds (Speakmann, 1931), amide bridges between
the amino and carboxylic groups situated on nzighbouring chains
(Bjorksten, 1951) and ester and ether links (Katchalsky, 1954),
The stability of the primary cross links makes the network robust
and almost independent of the nature of the imbibing medium and of
imer stresses. The network is not torn apart by absorbed solvent
and the swelling of these gels dees not lead to ultimate diSsolution
of the network, Swelling, even in the best solvents, is always
limited and reaches a state of "equilibrium swelling". The sex
skin swelling of the Chacma baboon also has a limiting size, Excess
cestrogen or water and electrolytes does not increase the size of
the swelling beyond this limit. Many covalent bonds in a polyelectrolyte

gel may well be the explanation of the limited maximum perineal size.
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The swelling of the sex skin may also be limited by the tension
of the epidermis and fibrous strands and by metabolic cotrol of the
blood vessels and connective tissue cells,

The formation of biological gels by van der Mmal's forces
and hydrogen bonds is by now well estabiished. Many physical
properties oI such gels demonstrate the lability and reversibility
of the van der UWaal's linkages. The swelling of the baboon sex
skin is very labile and easily reversible, Decrease in oestrogen
or relative excess of progesterone causes a deturgescence of the
perineum,. The end result of the hormonal acticn may be a breaking
of van der Waal's forces and hydrogen bonds,

The classical example of electrovalent bonding in polyelectrolyte
gels is provided by the vroteins at their iso~electric points,
Lttractive forces operate in gel formation of proteins when the
molecules carry approximately equal mumbers of positive and negative
charges,

The contribution of the charged groups to the stabilization
of the network is determined not only by the number and valency of
these groups but also to a large extent by their spatial arrangement
in the chain units and in the network, Ejuality in number of positive
and negative charges is not sufficient to produce efficient bonding.
Thus in rendomly arranged fibrillar molecules of the gelatin type

the overall electrostatic attractions at the iso-electric point will
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e negligble as compared with other forces., On the other hand,

in highly organised collagen, in which the natwal arrangement of
the network elewents provides for close ?roximity of posifiive

and negative groups, the electrostatic attraction plays a predominaht
role in the organisation of the fibres, In the parinea of the six
baboons examined, collagen was present in gquantities of from 1 to
10 z. During swelling the microscopic appearance of the collagen
fibres alter (Gillman, 1956), The collagen fibres may orovide a
specifically organised skeleton onto which a mucopolysaccharide
may fit itself, Conseguently, the mucopolysaccharide will be a
highly arganised polyelectrolyte capable of reyersibly bpinding
large quantities of fluid during the ovarian cycle,

In attempting’to analyse the electrostatic contribution to the
stability of the more complicated biological gels, it is necessary
to consider the influence of three variables; the degree of
ionization of the different groups, which may be regulated by the
exterior pH; the dielectric comstant of the mediwm, which constant
may be varied by the polarity of the solutes in it; and the salt
concentration of the external solution.

The swelling of gelatin gels increases when the pH is shifted
from the iso-electric point either to the alkaline or to the acid
side, 4n analogous swelling occurs with collagen (Bowes and Kenten,

1950).
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This increase in swelling capacity may bhe attributed to two
factors, The first depends on the accumulation in the gel of
"ecounter" ions of the alkali or acid which peretrate the network
and neutralize the fixed charges on the prétein molecules, This
accumulation of small ions in the gel incresses its osmotic pressure
and makes it swell by absorption of water. The other factor depends
on the change of the electrostatic potential of the macromolecules.
Shifting the pH from the iso-electric point diminishes the number
of attracting intermolecular zwitterion pairs and causes the
atiraction potential to be slowly replaced by one of repulsion.

The number of elactrovalent bonds therefore decreases and the network
is loosened, permitting hicher degrees of swelling.

The cells of the glomerular tubules regz.late the pH of the urine,
The cells of the perineal comnective tissue may possess the abllity
to regulate the hydrogen ilon concentration of the fluid in the
vicinity of a polyelectrolyte gel, thus modifying the degree of the
gel's swelling,

Lepressin, the dielectric constant of the aguecus medium
increases the ‘electrostatic potential and strengthens the long range
orientating forces, The polarity of protein surfaces is capable of
altering the dielectric constant of the adjacent fluid medium.
Suitable apposition of protein molecules may therefore modulate the

structure of a polyelectrolyte gel.
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The Influence of neutral salts onpolyelectrolyte gels is of
various kinds. The concentration of neutral salts may play a
decisivs role in the transformation of sols into gels, The
Donnan distribution of salt between the gel and the solution will
be a prominent factor in determining the physical properties of the
zel, These effects, apart fram their purely electrostatic character,
detemined simply by the charge of the ions, are also specific, as
expressed by the Holfmeister series, The most important general
effect of neutral salt is the formation of Iebye atmospheres around
the charged grovps of the polymeric chains with a subsequent diminutbion
of the electrostatic potential, In the case of attraction at the
iso-electric point, the a dition of salt decreases this attraction.
The nﬁmber of network junctions diminishes, Correspondingly, the
swelling at the iso-electric point increases, On the other hand,
in the pH region of electrostatic repulsion, the screening effect
of the salt weakens the repulsion., Therefore a larger number of
crosslinks, say of the van der Uuaalls type, 1s made possible,
Consequently a decrease in swelling takes place,

Hichly ionized polyelectrolyte molecules exert sufficiently
grong atbraction on polyvalent lons of opposite charge to cause
association between the sgall ions and the polymeric chain (Bjerrum,
1926), Thus polyvalert ions influence the number of cross links not
only by changing the potential of the polyelectrolyte but also by

parbtlcipating directly in the network junctions.
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Gelation of polyuronic acids by polyvalent ions is of great
practical importance, In particular, the gelation of hyaluronic
acid rmay be influenced by polyvalent ions., The calcium ion
associated with polyuronic acids may be exchanged with anAéXCGSS
of monovalent salt and from the exchange equilibria the strength
of the bond can be estimated,

The swelling of protein gels is determined mainly by the
osmotic pressure difference between the ions in the gel and those
outside (Proctor, 1914; Proctor and Wilson, 1916), TYet the estimate
of the osmotic contribution of the counter ions and other small
ions does not follow from the classical laws of ideal SOIutions;
Even in the case of very dilute polyelectrolyte gels the deviations
from the ideal are very pronounced, The osmotic co-efficient of
sodium ions in the presence of ilonised polyacrylic acid may drop to
as lowavde ags 16 per cent of the ideal (Kern, 1938 a, 1938 b, 1939),
Tecreased osmotic activity of the counter ions is due to the attraction
of the powerful electrostatic field of the macromolecule,

Oestrogen is capable of altering the ionic composition of
tissue fluid (Roberts and Szégo, 1953), The hormones may similarly
reculate the ionic composition of the perineum, Consequently,
ozstrogen may modulate the properties of a polyelectrolybe gel in

the perineum by altering the ionic composition of the tissue fluid.
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It is suggested hhat in the sex skin there is a polyelectrdyte
gel to which large quantities of water could be bound. In the early
part of the ovarian cycle the gel may imbibe water and electrolytes.
In addition, the imbibed electrolytes could draw more water into
the gel by virtue of the osmotic gradient, The proteins would have
adequate opportunity to diffuse evenly through the gel because the
imbibition would take place over a period of days, The overall
energy with which the water would be bound and the internal
cohesion of the gel matrix will limit the degree of swelling. A
constant interchange of water, electrolytes and proteins would occur
between the bound and unbound segments, The unbound segment would
constitute part of the normal water turnover, which in the circumstances
may well be augmented, ..fter ovulation the bound water and
electrolytes would be more or less rapidly released and would then
be part of the continuing water and electrolyte turnover,

The binding system may function through one of two main types
of mechanisms. The retention and subsequent release of water may
be effected by a change in the properties of the system or by an
increase in its mass, Changes in the properties of the binding
systen could be of four main types. Firstly, there may be a change
in the molecular structurerr composition of the binding material,
Secondly, as has been shown, the degree of ionization of the groups
in the molecule may change, possibly due to some change in the »pH

of the external solution. Thirdly, the polarity of the solutes in
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the imbibing medium may alter theﬁgielectric constént of the latter,
Fourthly, the salt concentration of the eXternal medium may vary
Anderson (1956) has suggested that ocestrogen may'alter the electrolyte
composition of perineal tissue fluid. Cestrogen could thus modify
the polarity of the binding system, making it more hydrophilic
in the first part and more hydrophobic in the second part of the cycle,
lhatever the mechanism, it is integrated .into the metabolism of
“the tissue, and it is regulated by the gonadal hormones,

in Increase in the mass of the binding system may be due to
oestrogenic stimulation of synthesis or to.oestrogenic inhibition
of destruction. UThe latter may operate via ocestrogenic inhibition
of the enzyme system responsible for destroying the binding material,

Proteins, nucleoproteins, polysaccharides and mucoproteins

possess the properties requisite for the postulated binding syst

Unequivocal evidence of the presence of nucleic acids in the

perineal fluid was not found, However, the administration of ces

to many mammals initiates an increased protein and nucleic acid
synthesis in the reproductive tract (Rdberts and Szego, 1955).

Appreciable quantities of a mucinous polysaccharide accumulate
in the sex skin of the female monkey during the cestrus phase of the
menstrual cycle, 'The mucin is viscous, stringy and is precipitated
by acetic acid (Ogston, Philpot and Zuckerman, 1939), Testis

hyaluronidase causes an immediate drop in the viscosity of the mucin



solution, a loss of precipitability by acetic acid and the liberation
of reducing substances consisting of N-acetyl-glucosamine and
glucuronic acid, The mucin of the sexual skin of monkeys was
therefore thought to be hyalurénic acid or a closely allied substance
(Chain and Duthie, 1940)., The inoculation of hyaluronidase into

the sex skin of the monkey at first brings about a softening of

the tissue which Vpits under pressure and later collapses entirely.
The complete disappearance of metachrdmasia is the most conspilcuous
histchemical finding in the sex skin injected in vivo or treated

in vitro with hyaluronidase (Duran-Reynals, Bunting and Van Wagenen,
1950), The suggestion has been made that the metachromasia is

dug to a mucopolysaccharide containing both hyslurcnic acid (Boas,
1949; Boas and Ludwig, 1950; Ludwig and Boas, 1950) and chondroitin
sulphuric acid (Schiller, Benditt and Dorfman, 1952). In combingbion
Wbh proteins, hyaluronic acid constitutes the mucinous component of
the connectlve tissue ground substance generally (AsboeuHapsen, 1954).
The acid polysaccharides have been implicated in the binding and
transfer of small ions and of water (Kulonen, 19523 Paudson, Sylwen,
Hirseh and Snellman, 19513 Ropes and Bauer, 195%; Sylwen, Paulon,
Hirsch and Snellman, 1951). &lthough hyaluronidase can cause‘the
collapse of the monkey sexkskin it may not be the factor operative

in vivo, Substances other than hyaluronidase give spreading reactions;

for example, factors in mammary glands, thyroid, azoproteins,
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mercurial diuretics and ascorbic acid (Duran-Reynals, 1954), In
general, the evidence suggests that hyaluronic acid may be an
integral part of a polyelectrolyte gel which would permit reversible
expansion and contraction of the sex skin in the monkey. By
analogy, oestrogen may increase the concentration of hyaluronic acid
in the sex skin of the baboon. Hyaluronic acid in other parts of
the body appears to function in water binding, as a lubricant and
as a shock absorber (Meyer, 1954), The structure of hyaluronic acid,
as a highly hydrated coiled sphere easily deformed by flow and edsily
tdrained!, appears to explain well these biological funections. |
However, the babooﬁ sex skin may differ from that of the monkey.
The baboon may elaborate a polysaccharide different from hyaluronié
acid, A4lready six different polysaccharides have been isolated,
They are (Meyer, 1954):

1. hyaluronic acid,

2+ chondroitin sulphate A,

3. chondroitin sulphate B,

4, chondroitin sulphate C,

5, chondroitin, and

6. keratosulphate,
Chondroitin sulphuric acids possess no particular viscosity.and
unlike hyaluronic acid, only a slight capacity to bind water

(isboe-Hansen, 1954). 4 variety of acid polysaccharides exist and
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it is possible that the polysaccharide in the perineum of the baboon
is of a new type;

slternatively, the mechanism of sex skin swelling in the baboon
may not involve a polysaccharide at all, The gross behaviour of
the sex skin of the baboon is markedly different from that of the
monkey., Whatever the nature of the polyelectrolyte gel in the
baboon sex swelling, it is regulated by the ovarian hormones,
oestrogen and progssterone,

The ocestrogen or an oestrogen metabolite may act directly on
the binding'substance the properties of which are thereby regulated,
The oestrogen may inhibit the destruction of the binding system, or
may stimulate its production or finally ocestrogen may alter the
physico-chemical properties of the binding system. The withdrawal
of oestrogen leads to the subsidence of the sw=lling. Thus, oestrogen
must be constantly present to maintain a specific bélancé of
several different relevant reactants,., If the biﬁding material is
hyaluronic acid, ocestrogen may inhibit the synthesis or activity of
hyaluronidase, Oestro en is known to suppress the spreading reaction
of hyaluronidase (Sprunt, 1950), By contrast, progesterone and
androgens may promote synthesis or activate the enzyme.

Alternatively, oestrogen may regulate cellular activity.

Cellular activity, in turn, may alter the properties or rate of
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synthesis of the binding substance, Oestrogen is known to influence
cellular activity (Roberts and Szego,1953), Oestrogens are deposited
in the active sex skin (Fisher; Krohn and Zuckerman, 1936), but
their influence on the activity of perineal cells is unknown,

From the available evidence, however, it can be asserted that
the gonadal hormones do regulate the metabolism of the sex skin.
A polyelectrolyte gel may form an integral part of the sex skin
physiology, rezulated by the gonadal hormones and responsible in

part for the swelling of thé sex skin.

4, The vascular component,

(a) The vascularity of the perineun.

The vascular system is the main portal of entry of substances
into the perineuwn, The tissue is not unusuaIIJ vascular when at rest.
When swollen the tissue is noticeably avascular, although the blood
supnly to the dermis is dncreased as is ov*dyt from the pink colour
and warm surface, The blood vessels are coiled during the resting
state and as the p.rineum expands the vessels uncoil and thereby
supply the entire swollen bissue (Gillman, 1956), The uncoiling
of the blood vessels explains the avascularity of the subdermal
tissues evident at maximal turgidity. Some vascular proliferation
during perineal expansion has been observed (Gillmen, 1956), 4

small increasc in insoluble nitrogen mass 1s therelore expected

when the perineum passes from the resting to the expanded state.



The deeper vessels of the subcutaneous layer of the sex skin
of the monkey, Macacus rhesus,’are larger and cotain more blood
then the vessels in the skin elsewhere over the body, . direct
correlation exists between the degree of reddening, the size of
the superficial vessels and their‘degrae of engorgement (Collings,
1926),

| In his discussion, Colling (1926) observed;
"This stimulus (to engorgement ) may be directly
upon the vessels, but it seems more 1ikely that
‘the control is effected through a vasomotor
mechanism, as is the case in erectile tissue "

The perineum is innervated by the same nerves as the external
genitalia, including the penis (Langley, 1890; Langley and Sherrington,
1891; Sherrington, 1892)., Nervous regulation of muscular veins in
the penis participates in penile erection, The main veins leaving-
the perineum are unususlly muscular (Gillman, 1956). Muscular
contraction would cause a greater hydrostatic pressure ﬁhich could
lead to a more rapid formation of tissue fluid.

Zuckerman (1934) produced evidence that neural lesions disturb
the rhythm of the menstrual cycle in monkeys. On the other hand,
oestrin écts as readily and as well on the denervated as on the
nomal sex skin (Zuckerman, 1935 b), Zuckerman (1935 b) postulated

a physiological balance in the normal animal between sympathetic and
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parasympathetic control of at least the central sex skin vessels.
Similarly, in the completely denervated preparation there is a

parallel loss of both these cmtrols, In both cases, the sex skin
fesponse was a balanced one from the point of view of nervous influences,
On the other hand, if one side of the autonomic mechanism were to
sufficiently overpower the other, the manifestations of sex skin
activiby might be different from those which would appear were the

other side dominant., Zuckerman (1935 b) reported such observations,

but they have not yet been confirmed.

Osstrogen is known to affect the vascular system in many other
tissues. Stimulation of the uterus and vazina by cestrogen causes
hyperaemia of those tissues (Markee, 1932; Holden, 1939; Freed and
Lindner, 1941; Hechter, Krohn and Harris, 1941, 194R; Reynolds, 1949;
Richter and .lbrich, 1952). The ocestrogenically produced hyperaemia
in the monkey sex skin is partly, at least,a local phenomenon
(Chamberlin, CGardner and [llen, 1941), although inunction of cestrogens
on the sex skin of the Chacma baboon produces no hyperaemia (Gillman,
1956), The cestrogens may, however, act directly on the capillaries
of the sex skin of the Chacma baboon,

Three different and possibly dissociated effects may result
from the action of cestrogen on the perineal capillaries, Firstly,
there may be uncoiling of capillaries., Secondly, the uncoiling may

be associated with or independent of proliferation of new capillaries.
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Thirdly, there may be alterations in the capillary permeability.
flthough the three phenomena are integrated they may be modulated

by different regulations. Under specific physiological conditions
the three events may vary‘independenfly of one another, thus altering
the degree of participation of the several events in the swelling

of the perineum,

(b) The permeability of the perineal capillaries,

In addition to the uncoiling and proliferation of the
capillaries, a high dégree of capillary permeability is required
to allow the movement of 1 to 4 litres of fluid, about 40 g, of
protein and quantities of carbohydrétes, 1lipids and electrolytes.

Some evidence is available to support the contention that the
permeability of the perineal vessels is the same as in other comnective
tissues of the body., The protein conccatration of perineal tissue
fluid (Fraction &) was from 1.7 to 3,2 times lower than the corresponding
concentration in the blood plasma (Table 11), The concentration
of the proteins of rabbit muscle interstitial fluid is about 3,2
times lower than in the corresponding rabbit blood plasma (Gitlin
and Janeway, 1954). The capillaries in the pefineumlof the baboon
apparently possess a permeability similar to the capillaries in
rabbit muscle,

The expancding perineum retains about 250 ml. of water per day
(Gillman and Gilbert, 1956 a). The volume of water moved through

the gquiescent sex skin daily is probably several litres., That is



to say,’the permeability of the commective tissue capillaries, in
general, is more than sufficient to allow the passage and the retention
of 50 ml, of water per day. The permeébility of the capillaries

of the comnective tissue of the perineum therefore, may be substantially
the same as the permeability of capillaries in other comective
tissues,

The average rate of disappearance of Evans Blue dye (T~1824)
in the first hour after injection into the peripheral blood of
the Chacma babcon is high in the first half of the follicular phase
and low for the remainder of the follicular phase, only to rise
again during the luteal phase (Cohen, 1953), Hence plasma albumin
permeates more rapidly through the capillaries during the first
half of the follicular phase and during the iuteal phase, These
variations in permeation of albumin may result from alterations in
the size of the functional capillary bed or from variations in
capillary permeability which may be general or confined to the
reproductive tract and perineal tissues,

Administration of oestrogen to castrated rats and rabbits
increases the permeability of ubterine and vaginal vessels.(HGChter,
Krohn and Harris, 1941, 194R), |

L1though more direct evidence is necessary to establish the
precise regulation of perineal vessels by cestrcgen, the evidence

available suggests that cestrogen not only regulates the vascularity



- 05 -

of the perineum, but that it also modulates the permeability of

the capillaries of the sex skin,

5. Conclusion,

The reactions in the baboon sex skin probably occur in the
following way,

The ovarian hormones, oestrogen and progesterone, are the primary
regulators of the phenomena described,

Oestrogen dominatesAthe hormonal pattern in the first part
of the cycle, The ocestrogen determines the observed reactions in
the cells, fibres and the tissue fluid, The tissue response modifies
the properties of the tissue gel in such a wéy that water is absorbed
by the gel, 4t the same time, the tissue becomes more vascular,
capillaries uncoil and there may even be an increase‘in capillary
permeability, 4s. a consequence, the flow of fluid through the tissue
may be greatly increased,

The rising comcentration of cestrogen permits the gel to retain
abcout R50 ml, of fluid per day. This retention of fluid is not a
function of tle total water metabolism of the organism. Duringthe
follicuwlar phase the animal goes into positive water balance,

However, the volume of water passing through the perineum greatly

exceeds the volume retained, Therefore, the volume of water retained
in the sex skin is not limited by the water turnover of the animal

as a whole, However, the rate of water retention in the sex skin
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is limited to a maximum of 250 ml, per day., Therefore, a limiting
reaction presumably operates as part of the water~-retaining mechanism,
This limiting reaction may be associated with the expansion of the

gél system, The gel system can expand sufficiently to absorb up

to about 1 to 1% litres of fluid and, provided cestrogen ig available,
the gel is sufficiently stable to retain the water indefinitely,

In addition, a framework of organised collazen or cells and their
processes would impose on the gel a high degree of organisation,
which may contribute to the expansion of the gel system.,

The perineum swells at a constanﬂ‘rate until it achieves its
maximuﬁ size near the end of the follicular phase of the cycle,
Fm*avmﬁﬁﬂ;paimiﬁwmmfmrtm swelling is maintained at
its maximum size by the persistent presence of cestrogen, During
this period the perineum 1is in an unstable dynamic equilibrium, neither
increasing nor decreaéing in size, This dynamic equilibrium is
immediately dependent on the presence of oestrogen, 4 decrease in
the concentration of oestrogen is accompanied by a decrease in the
volume of the tissue gel.

The composition of the tissue fluid Jn the turgild perineum is not
the same as that of the blood plasma, possibly the consequence of the
specific metabolic activities of the capillary endothelium and of the
tissue cells, The concentration of plasma proteins in the tissue
fluid remains at approximately half that of blood plagma, 4lthough

the capillary endothelium does allow all the various fractions of the



- 97 -

plasma proteins to pass through into»the tissues, the plasma proteins

afe not treated equally by the endothelium,. The proportion of globulins
in the tissue fluid is lower than in the blood plasma, possibly due

to a slower transfer of globulins across the capillary membrane,

The tissue fluid is‘formed slowly and continuously, The proteins
of the turgid sex skin are equaliy distributed throughout the tissue
fluid both in the water bound to the\gel and in the unbound,water; The
capillafies aprarently pérticipate in maintaining the concentration of
protein in the tissue fluld at a fairly stable level by regulating
the influx of plasma proteins, The protein in the tissue fluld is
derived directly from the blood plasma, The removal of plasma proteins
from the circulati.n is associated with a relative hypo-proteinaemia,
which in turn may be correlated with a possible increase in plasma
protein synthesis, a decrease in protein catabolism and a redistribution
of plasma protein,

The supervention of ovulation fundamentally alters the hommonal
pattern, The concentration of progesterone rises, & new regulation
is established which is dcmiﬁated by progesterone, In an anovulatory
cycle where progesterone is not usually elaborated, the new harmcnal
pattern is dependent on a decreasing concentration of oestroiens
Jhether prosesterone is present together with oestrogen or whether the
progester one concentration is low accompanied by a fall in the cestrogen
concentration, the gross effect on the enlarged sex skin is a decrease

in the size of the sex skin,
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The changing hormonal pattern in either case induces a profound
change in the tissue metabolism and initiates a neW'set of events,

The properties of the tissue gel are radicaiiy altered, Instead of
absorbing water the gel system rapidly releases the bound water,

The unbound water forms part of the free tissue water and passes out
of the tissue through wnuswlly large lymphatic channels which have
opened up., The large volume of free water, electrclytes, proteins and
other substances passes rapidly into the lymphatics and venules.
Within several days the gel is resolved, The dermis recedes and the
capillaries coil while some of them even atrophy and disappear, As
the gel resolves, the sex skin swelling returns to its resting volume
and remains in that state until the next bleeding beginé.

The diminution in the size of the gel is accompanied by the egress
of fluid from the perineum, The solutes, proteins included, pass into
the circulation together with the water, The outflow of protein from
the perineum can be correlated with a sharp hyperproteinaemia mainly
due to the globulins, possibly because they leave the circulation more
slowly than do the albumins. The albumins are rapidly distributed
from the pefineal tissue fluid to the blood plasma and further to the
interstitial tissue fluid of the whole body. The hyperproteinaemia
may be associated with a depression of protein synthesis and a new
distribution of the plasma proteins,with proteins being deposited in
the cells and in the tissue spaces throughout the body, The water

release is dissociated from the general water metabolism of the



organism, During this psriod the animal exhiuits a negative water
balance. Ncnetheless, the water turnover of the animal is markedly
increased,

The large volume of water and electrolytes released from the
perineum increases the circulating: volume and stimulates a diuresis.
Fost of the fluid from the sex skin dis eventually excreted,

As with the water metabolism, so, tbo, the protein metabelism
of the »nerinsal tissue is disscciated from the general protein
metabolism of the organism, During the early luteal phase of the
cycle when the plasma proteins from the sex skin are dislodged into
the circulation and a hyperproteinaemia is evident, the dietary
protein intake of the animal rises sharply,

The animal passes once again into a premenstrval state,
ImmhthnoftMamwym]ﬂmmninanomﬂﬁm@'@dmemdﬂm development

of a new ovarian foliicle once again initiate an 'oestrogen! hormonal

pattern with the characteristic increcase in the volume of the tissue
gel and wth the associated increase in plasma proteins, water and
electrolytes,

The retention of these metabolites is thus directly under the
influence of oestrogen, On the other hand, after ovwulation the
resolution of the zel and the removal of the protein, water and
clectrolytes from the tilssue is directly controllecd by progesterone,
Thus we conclude that the cyclic behaviour of the tissue gel and of the
plasma proteins, water and electrolytes contained in the gel, are directl

regulated by the ovarian hormones,



SECTION B
SUMMARY

The study of the relationship between the blood plasma proteins
and the tissue proteins was conducted upon 14 andmals belonzing to
the spescies Paplo ursinus, using the perineal tissue of this animal
as an example of connective tissue, The conditions under which the
baboons are maintained within the experimental colony were described,
The physblo ical regulation of the rhythmical swelling and deturgescence
of the perineum waz recorded.

Hethods for obtainin. samples of perineal tissue, and for fractlonating
these sa.ples wers detalled, The Biuret and micro-Kjeldahl methods
were employec for cuantitative protein and nitrogen determination
respectively, Plasma protein fractionation was achieved by means of
a sodium sulphite method as well as by electrophoresis, The tissue
was separated into components, soluble ancd insoluble in 0.9 per cent
sodium chloride respectively, Collagen concentrations were determined
by vitue of its specific hydroxyproline content.

The protein and water content of the perinea of six adult female
Chacma baboons was determined at the stases of minimel and maximal

sex skin swelling

(o2 4

In all the estimati-ns performed, wide interindividual
variations were observed,
The mass of the perineum fluctuated widely during the ovarian cycle,

&t perineal rest the mass of the perinea in the six animals was shown

to vary between 143 g, and 275 g, By contrast, at maximum turgescence
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the mass\of the perinea rose to between 1R30 . and 4040 g, The
increase in mass varied from 1070 g, to 3770 g, in different animals,
against the backeground of this phenomenal increase in tissue
mass, the behaviour of the nitrogen and protein in the tissue was
examined,
The mass of nitrogen in the perinea increased by aboﬁt 7 e
and 83 g, in ddfferent animals, Most of this increase was due to

soluble nitrogen which contributed an increment of about 6 g, and

Se
15 g. in different animals. A very small, and possibly insignificant,
increase was observed in the mass of insoluble nitrogen. The
concentration of soluble nitrogen did not vary significantly during
the menstrual cycle,

The mass of hydroxyproline in the tissue was constant during the

menstrual cycle, supggesting

)

that the protein of the
collagen fibres did not increase in mass as the tissue swelled,
By gentle centrifugation, the perineal tissue was separated
into two fractions, These were:-
1. Fraction ., a liquid, presumably derived mainly from the
tissue fluid; and,
2. Fraction B, the solid residue which consisted of collagen
and elastic fibres, cells, nerves and blood vessels.
Fraction 4, the tissue fluld, contained between 4 g. and 6 g.
of protein in different animals during perineal rest, When the

perinea were swollen the tissue fluids contained betwsen 27 g. and
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110 g. of protein, Four different animels evinced increaseg of
about 40 g. in protein mass and one animal showed an increase of
about 105 7, The increase in protein mass in the tissue fluid
mainly accounted for the increase in total nitrogen in the whole
tissue, At the same time there was no consistent variation in
the protein concentratilon of the tissue fluid,

The proteins in the tissue fluid and those in the blood plasma
yielded similar paper electrophoretic patterns, Both protein solutions
could be fractionated by 28 per cent sodium sulphite, From this, and
from the evid:nce of another investigator, it was concluded that
the protein in the perineal tissue fluid is plasma protein,.

The concentration of total protein in the blood plasma was from
1,7 to 3,2 times hi~her than the concentration in the corresponding
tissue fluid, The proportion of albumin in the tissue fluid was
greater than that in the blcod plasma,

The major portion of the increased mass of the perinea was
caused by an increment in water content, The rater in the perinea
contributed about 1000 z. and 3620 g, to the swelling in different
animals. In one instance the water conhent increased by about 7
times and in another by 16 times, Solid constituents of the perinea
added from 60 o, to 150 2, to the total increase in mass in the

different perinea,
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In all six animals the body woisht  varied rhythmically with
the mass of the perinea, ‘Most of the increase in body weirht was
located in the perineum, The bulk of the increase in perineal mass
was due to water derived from the diet,

The experimental work has shown that quantities of proteins
accumulate in the perineum during the follicular phase, The source
of this new perineal protein was discussed, The available evidence
militates against a de novo synthesis in the perineum of this new
protein, The protein which accumulates in the perineum was considered
to be plasma protein and to have its origin from circulating plasma
proteins, It was suggested that during the follicular phase, plasma
protein synthesis is increaéed, and catabolism is decreased, with a
redistribution of plasma probteins from the intra-cellular, extra~vascular
and intra-vasculdr compartments to the intercellular spaces of the
perineum, It was suggested that these metabolic changes are associated
with the withdrawal of plasma proteins from the circulation and their
retention in the perineum.

The accumulation of fluid in the perineum is presumably due to
a fluid-retaining mechanism, & polyelectrolyte gel, possibly
containing an acidic polysaccharide, may operate in the retention
of waber in the enlargin: sex skin. The properties of polyelectrolyte

gels and their relevance to the baboon perineum were discussed,
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Vascular changes are evident dwuring perineal swelling and
deturgescence, The vascularity of the perineum and the permeability
of the perineal capillaries possbly increased during turgsscence,

4 brief description of the events in the perineum during the
ovarian cycle ends the discussion, The perineal sex~swelling is
regulated directly by the ovarian homones, oestrogen and progesterone,
which regulations constitute the opposing phenomena of the central
dynamic process upon which is dependent all the other events in the

perineal cycle,
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