
Other proteins higher in concentration in females chan i. . 
males, are i - lipoprotein, ceruloplasmin and imnunogloL, u- 
lins -G and -M, while prealbumin, albumin, ore-omucoi ., 
haptoglobin,/?1 -lipoprotein and /^-globulin w - 
higher in males than in females. (Ganrot, 1972 .

During an investigation of serum protein chan r- 
man pregnancy, it was observed that th r .L an t.c-.uL
precipitin line in the fast oc 2~globulin region •• - ... : 
only anti-pregnancy serum (Hirschfele . "d- , ' -
Afror.so & Farnham, 1q*52; Pedreira et . , 1 ~; _o r,
1963; Afronso & De Alvarez, 19^-4; . , 1

Stimsor. & Eubank-Scott, 197 2 .

The human has only one «<-
fraction, isolated and describe .
(1 958), while two distinct serum <*. -m*cr:.-glob . 
andc<2 ) have been described in norm , rab: . I . : . 
Heremans, 1 963; Got et al, 1 - 6 ; K n ' jie r :• , '
Berthillier et al, 1 968). Dog ...... henr. t.
tain two trypsin-binding fTaction ', .• an- 1 y -•< -.uae;. • ... u 1 - n 
and o<i -antitry in (Ohlsson, 1971 . -eleet • ophor- : ’ j .. . 
these two trypsin-bindang protei n. <»*• -.
globulins of rabbit serum. The human •ry* - ! • . -
tein has been identified as ^ - m a c r o g  I ; u . an.: -
to ®<i-macroglobulin of the rabbit and to ; norma^ ;r.t 
the rat which has not yet been identif e. : Bern- et
1971).

Cne of the first worker,. • ^-/cr.; • ; jl_; u l . .
aloplasnin, was Pedersen (1945). The possible r. . 

ceruloplasmin have been suggeste .1 and summarized ;;y Putnam 
(1975). Firstly ceruloplasmin may act: as a ferroxidast , 
secondly it is responsible for copper transport and it may 
also aid in the maintenance of hepatic copper homeostasis. 
In the rat (Williams e_t a_l, 1974) and the pig (vtoeser et al
I970) ceruloplasmin appear:-, to be essential for the- ilow ^ : 
iron from reticuloendothelJ il cell transferrin*



Another main metal-binding protein is transferrin which is 
capable of corabining with iron, copper and zinc. Transfer­
rin has the mobility of a /S’ -globulin and comprises as much 
as 4,5% of the plasma proteins. Twenty or so inherited va­
riants of transferrin have been noted, but none have been 
implicated in a pathological condition (Schultze & Here- 
mans, 1966; Putnam, 1975).

The final plasma proteins to be mentioned are the y-globu­
lins (antibodies). The association of antibody activity 
with the %  -globulin fraction of serum was described many 
years ago by Tiselius and Kabat. In each species the im­
munoglobulin molecules can be subdivided into different 
classes on the basis of the structure of their "backbone". 
This is a heterogeneous group which mainly differ in pny- 
siochemical, antigenic and biological properties. For 
example, in the human there are five structural types 
called the immunoglobulins-G, -M, -A, -D and -E. They are 
abbreviated to IgG, IgM etc. Immunoglobulins have molecu­
lar masses between approximately 150 000 and 900 000. The 
latter two globulin types (D and E) are minor classes in 
comparison to the other classes. IgG could be arouped into 
four subclasses now termed IgGi to IgG.}. Their differences 
lie in the heavy chains.

Each major class can be distinguished from the ethers* on 
the basis of subunit polypeptide structures. Ail the immu­
noglobulins appear to have a structure comprised of two 
types of polypeptide chains which have been termed light (L) 
and heavy (H). A light chain may be linked by a disulphide 
bond to a heavy chain to give a basic monomere (LH). Most 
classes of immunoglobulins are in the form of the dimer(LH) 2 

(Roitt, 1971iDisulphide bridges appear to contribute appreciably 
to the shaping of the immunoglobulin molecule and they are 
considered to be of crucial importance for the stabiliza­
tion of the antijen-combininq site of antibodies. The class 
of the immunoglobulins is determined by the nature of the 
heavy chain ( 'S’ for IgG, <=< for Iqh,/U for IgM, £ for IgD and



£ for IgE) but a molecule of any class may have a pair of 
identical light chains of either the A (kappa) or the X 
(lambda) type, though not a hybrid mixture. Purified IgG 
antibodies, when visualized in the electron microscope by 
negative staining, can be seen to be Y-shaped molecules 
which swing open on combination with antigen. The unique 
structural characteristic of immunoglobulins is the division 
of their polypeptide chains into variable (v) and constant 
(c) regions, which determine respectively the specificity 
of antibodies and the characteristic class djfference and 
various biological effector properties. The v region of 
both chains are involved in the antibody combining site.

The immunoglobulins may also be differentiated by their 
centrifugal and immunoelectrophore lie behaviour although 
they have a very wide range of electrophoretic mobilities 
within each class, ranging from y  - to X.
case of IgG aue to different net charges on the different 
immunoglobulin molecules (Roitt, 1971). Immuno­
globulin -G comprises approximately 80% of the total plasma 
immunoglobulins (White e_c al, 1 968) and is particularly a- 
bundant in body fluids where it combats micro-organisms and 
their toxins. Immunoglobulin -A is the major immunoglobulin 
in sero-mucous secretions such as saliva, tears, nasal fluids, 
colostrum and secretions of the lung and gastrointestinal 
tract, where it defends external body surfaces. Although 
IgM is a minor constituent of human plasma (White et al,
1968), it is an extremely efficient agglutinator which is 
produced early in immune responses. It is often referred 
to as the macrocjlobulin-antibody because of its high mole­
cular mass (900 000 Roitt, 1971). The low concentration 
of IgE in serum is increased in parasitic infections and is 
responsible for symptoms of atopic allergy. The biological 
properties of IgD are not yet well defined, but there are 
preliminary reports of IgD antinuclear-antibodies and of 
antibodies to BSA (Bovine Serum Albumin) in gut fluids (Roitt,
1971) .

The synthesis of antibodies can briefly be summarized as 
follows (Guyton, 1 976).* The lymphocytes in normal lymphoid
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tissues are distinctly divided into two separcte populations, 
although they look alike when studied under the microscope. 
The one is responsible for forming the sensitized lympho-

• . • rpvide cellular immunity and the other is for
antibody formation providing humoral immunity. These two 
immunological reactions may occur when an antigen enters the 
body. With humoral immunity the antibody acts by direct 
combination with and neutralization of bacterial toxins by 
coating bacteria to enhance their phagocytosis etc. The 
production of sensitized lymphocytes, which have the anti­
body on their surface, are effectors of cell mediated immu­
nity, expressed in such reactions as the rejection of tissue 
transplants.

Both of these types of lymphocytes are derived originally 
in the smbrvo from lymphocytic stem cells in the bone marrow. 
A number of these descending stem cells migrate to the thy­
mus gland where the sensitized lymphocytes are preprocessed. 
For that reason they are called T-lymphocytes and are respon­
sible for cellular immunity. Another population of stem 
cells migrate to an unknown area of the body, possibly the 
liver or spleen. Gut-associated lymphoid tissue such a-= 
the tonsils, acDencix and Fever's patches, have also been in­
cluded as possible candidates (Roitt, 1971). Bursa- 
equivalent- lymphocytes were discovered in birds in which 
this preprocessing occurred in the bursa cf Fabricius, a 
structure not found in mammals. The B-lympnocvtes are 
destined to form antibodies and are responsible for humoral 
immunity.
The T- and B-lymphocytes tend to be localized in separate 
parts of the lymphoid tissue. Upon entry of a foreign anti­
gen, the E-lymphocytes enlarge and undergo morphological 
channes to form lymphoblasts which further differentiate to 
form plasmablasts, which proliferate and undergo morphologi­
cal changes to form plasma cells. The mature plasma cell 
produces V  — globulin antibodies at an extremely rapid rate. 
The antibodies are secreted into the lymph and are carried 
into the circulating blood.

1 2.



The antibody can act in three different ways to protect the 
body against invading agents. These are by direct attack 
on the invader in one of several ways, agglutination, pre­
cipitation, neutralization, lysis etc. Secondly the com­
plement system can bf activated to destroy the invade, and 
thirdly by activation of the inflammatory reaction that 
changes tne local environment around the invading antigen 
and in this way probably prevents its action 'uyton, 1 97 6 ; p82) .

1 .1 . 2  Lymph

The lymphatic system can be regarded as an accessory route 
bv which fluids can be transported from the interstitial 
space back into the blood stream, generally via the thoracic 
duct. Lymphatics were discovered by Asellius in 1627, but 
have recently been studied more comprehensively with the 
aid of the electron microscope (Palay s. Karlin, '959b;
Fraley & Weiss, 1961; Caslev-Smith, 1 962, 1964). The lym­
phatics mainly crrry large particles and proteins which are 
not or cannot be uxrectly absorbed by the blood capillary. 
(Drinker, 1946; Courtice & Morris, 1955). On tne basis of 
studies using vital dyes, lymphatics are thought to be mere 
permeable to large molecules than blood capillaries as 
studied by Yoffey and Courtice (1956), Palay and Karlin 
(1 959a) and French et _al (1 960). It must be realized, 
however, that this extravascular circulation does not apply 
to all plasma proteins to the same extent. In general the 
smaller protein molecules e.g. albumin are present in larger 
amounts in lymph ccmpared to larger protein molecules (Drin­
ker & Yoffey, 1941; Washerman & Maverson, 1952; Korner 
et al, 19 54; Courtice & Morris, 1955; Maverson, 1963; 
Jacobsson & Kjellmer, 1964; Schultze & Heremans, 1966; 
Rusznyak et al, 1967; Rei~hel, 1970, 1971, 1974; Renkin, 
1970; Courtice, 1972}. The similarity between the plasma 
proteins ana the lymph proteins of the same animal has also 
been demonstrated by Perlman et _aJ (1943) and Yoffey and 
Courtice (1970). Concentration differences mainly depend 
on tne molecular sizes (Mayerson, 1963; Rusznyak et al,



1967; Renkin, 1970; Reichel, 1970, 1971, 1974; Courtice,
'? 72). Besides the molecular sizes this is also determined 
by the types of capillaries in the various organs (Reichel 
et al, 1976). Most of the proteins leaving the vascular 
system cannot re-enter the system by the same route since 
the hydrostatic pressure against which it will have to move, 
is too great.

Lymph collected from various areas differs in albumin content, 
suggesting that capillaries are only partially permeable to 
albumin, and that the permeability varies in different areas 
^Shirley e_t al, 1957). T.iis does not necessarily signify 
differential permeability, but may rather indicate the dif­
ference in surface area of capillaries actually functioning, 
but with normal leakage of protein (Wasserman & Mayerson, 
1952). Ine rates at which the plasma proteins penetrate 
from the vascular compartment to the extravascular compart­
ments, also differ greatly from one tissue to another 
(Dewey, 1 959) .

The precise mechanism by which proteins are transferred 
across the bloodvessel wall to the tissue spaces and ul­
timately to the lymphatic vessels, is still uncertain 
(Quin it Shannon, 1 977). From recent findings it seems rea­
sonable to conclude that the transcapillary passage of plas­
ma macromoles is essentially based on diffusion and filtra­
tion, either occurring through pores and/or leaks by a pro­
cess involving capillary endothelial cells or by random 
confluences of micropinoc/totic vesicles, fenestrae of cyto- 
pempsis (Karnovsky, 1962; Landis & Pappenheimer, 1963; 
Mayerson, 1963; Winne, 1965; Jennings & Florey, 1967;
Garlick & Renkin, 1970; Simionescu et al, 1972). Grotte 
(1956) indicated that there are tv»o kinds of functional pores 
in the walls of capillaries and this pore theory is also 
supported by Shirley et al. (1957), Landis and Pappenheimer
(1963) and Crone (1974). These two pore systems could be 
explained by a large number of small pores which more or 
less completely restrict albumin, and a small number of



larger pores with no selective restriction.

Lymph is generally accepted as interstitial fluid that flows 
into the lymphatic with no gradient between the two (Drinker 
e. Yoffey, 1941; Courtice & Morris, 1 955; Key! et al, 1965; 
Beil et al, 1969; Gartner et al, 1973; Kargens & Zweifach, 
l97 6 ; Rutili & Arfors, 1977). In recent reports (Casley- 
Smith & Bolton, 197 3; Casley-Smith, 197 6 ) it has been sug­
gested that as a resuit o* lymphatic vessel compression, 
lymph is ultra-filtered through the endothelium, thus in­
creasing the protein concentration of the lymph, as compared 
to the interstitial fluid concentration.

All tissues cf the body, with the exception of a few, have 
lymphatic channels. The exceptions are the superficial 
portions cf the skin, the central nervous system, deeper 
portions of peripheral nerves, the endcmysium of muscles 
and bones (Guyton, 1976).

Although many electron microscopic investigations of blood 
capillary endothelium have been made (Maynard et a 1. 1 957 ; 
Moore & Ruska, 1957), there are only a few recorded studies 
on lymphatic endothelium (Palay & Karlin, 19 59a; French 
et al, 1960; Papp et al, 1962; Cliff & Nicoll, 1970). The 
most important features of absorbing lymphatics are a poorly 
developed or absent basement membrane, and the presence of 
openings, or gaps, in the endothelium lining of the walls 
that may be up to 1 0 across (Palay & Karlin, 1 9 59a & b; 
French et al, 1 960; Casley-Smith & Florey, 19f;l> Casley- 
Smith, 1 964; Leak & Burke, 1 966; Russnvak e_t _al1 969; Cliff 
& Nicoll, 1970; Leak, 1971; Taylor et al, 1973). Papp et 
al (1962), however, did not find any example of intercepted 
endotnelial in the collecting lymphatics during their study 
of lacteals. No gaps have been found or reported in the en­
dothelial layers of the transport channels (Cliff & Nicoll, 
1970). Valves have been reported in the transport channels. 
The structure of the lymphatic valves is extremely delicate 
being only two thin layers cf endothelium separated by a



narrow zone containing fine fibrillar material.

It is also thought that the gaps identified are sites where 
the lymphatic endothelical cell junctions have opened in a 
manner of "flap valves" in response to the tissue hydrosta­
tic pressure which is higher than the lymphatic pressure, 
to permit the passage of materials into the lymphatic lumen 
(French et al, I960; Casley-Smith, 1962, 1964; Papp et al, 
1962; Leak & Burke, 1966). Any rise in the intra-lymphatic 
pressure would close the flap valves to prevent the passage 
of fluid out of the lumen. The functioning of a lymphatic 
system operating as described, would be basically indepen­
dent of absolute interstitial fluid pressure as long as a 
centrally directed pressure gradient exists.

Moreover, Leak and Burke (1968) and Cliff and Nicoll (1970), 
found anchoring filaments connecting the small lymphatics to 
the surrounding connective tissue, representing the mechanism 
responsible for opening the lymphatic capillaries under con­
ditions of increasing tissue pressure as originally proposed 
by Pullinger and Florey (1935).

Up to a molecular mass of 600 to 2 300 the lymphatic en­
dothelial offers no hindrance to the rapid and free permea­
tion of most substances (Mayerson et _al, 1962). In addi­
tion, vesicular or phagocytic transport systems have been 
reported for greater particles (French et a_l, 1 960; Casley- 
Smith a Florey, 1961; Papp et a_l, 1 962; Rusznyak et al,
1969; Cliff & Nicoll, 1970).

The transport channels contain smooth muscle cells in their 
wall which are responsible for the propulsion of lymph. These 
cells are not innervated and this probably indicates a myoge­
nic control (Burnstock & Merrillees, 1964; Cliff & Nicoll,
1970). These intrinsic contractions have been well documen­
ted in the guinea pig (Florey, 1927; Pullinger & Florey, 
1935; Smith, 1949), in the rat (Webb, 1933; Pullinger & 
Florey, 1935; Smith, 1949), the mouse, rabbit and dog 
(Smith, 1949).
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It would appear from various reports that a definite normal 
structure for th< lymph nodes is almost an impossible cr • 
dition (Frey, 1875; Gulland, 1894; Schumacher, 1896; Bun­
ting, 1905; Jolly, 1909, 1910; Lewis, 1909; Clark, 1912; 
Godbille, 1915; Job, 1915, 1922; Bach & Lewis, 1973).
Age, sex, physical condition and the topographical anatomy 
are a few factors which determine the structure of the nodes.
It has been shown by Beh e_t al (1974), Quin et al (1 974) 
and Quin and Shannon (1977) that the lymph node may contri­
bute 30 to 50% of the protein output observed in the effe­
rent lymph. These workers did their study by using the pop­
liteal node in the thigh. After antigen injection an in­
crease in lymph flow and protein concentration was observed 
in the efferent lymph from the popliteal node. This increase 
could not entirely be accounted for by changes in afferent 
lymph to the node, or by immunoglobulin synthesis at the 
node (Smith & Morris, 1 970; Qui' et aj.,1 974; Quin & Las- 
celles, 197 5). These changes are undoubtedly associated 
with an increase in the vascular supply to the rode (Herman 
et al, 1972; Hobbs 4 Hay, 1975). It is also suggested that 
: jse proteins accompany the continual movement of lympho­

cytes across the wall of the vessels of the node, as has been 
shown in the dog (Chapman & Bopp, 1970), the mouse (Schoefl, 
1970; Mikata & Niki, 1971; van Deurs et al, 1975) and rat 
(Nopajaroonsri et al, 1974). It should be considered that 
all lymph passes through at least one lymph node and that 
this may be as much as eight to ten (Yoffey Courtice, 1970). 
Not only do molecules leave thecapillaries in the nodes, but 
small molecules are also able to diffuse into the blood 
stream (Mayerson et _al, 1962), while macromolecules are re­
tained in the lymph (Mayerson e_t al, 1 962; Casley-Smith,
1973). There are numerous reports on the cannulation of 
lymphatic vessels in many animals such ax the dog (White et 
al, 1933; Mayerson et al, 1962; Schad & Brechtelsbauer, 
1977a, b), cat (Jacobsson & Kjellmer, 1964), rabbit (Lewis 
& Westcott, 1968; Lewis, 1969; 3oyels et al, 1970;Jasani 
& Lewis, 1971; Lewis & Yates, 1972; Bach & Lewis, 1973;
Tibes et al, 1974, 1977), mouse (Friedman, 1957) and even in



the human (Courtice et al, 1951; Engeset e_t al, 1 973,
1 977; Olszewski jst al, 1y77).

Considerable variation in both the rate of lymph flow and 
the concentration of protein in lymph from various regions 
of the animal body have been reported in the literature 
(Drinker & Field, 1931; White et al,1933; Field et al, 
1934; Warren & Drinker, 1942; Sugarman et al, 1943; 
Courtice e_t al, 1951; Nix jst al, 1951; Jacobsson & Kjell- 
mer, 1964; Bach i Lewis, 1973; Engeset et al, 1977; Ols­
zewski ejt al, 1 977). Passive movements (White et al,
1 9 33; Ladd et _al, 1952; Jacobsson & Kjellmer,
1964; Tibes et al, 1977), exercise (Ranke, 1865; 
Barcroft & Kato, 1915; Kjellmer, 1964; Jacobsson & Kjell- 
mer, 1964; Engeset et al, 1977; Olszewski et al, 1977; 
Scfcad i Brechtelsbauer, 1977a), high and low temperatures 
(Lewis & Westcott, 1968; Lewis, 1969; Lewis & Yates, 1972; 
Bach & Lewis, 1973; Olszewski et al, 1977), nerve stimula­
tion (Lewis & Yates, 1 97 2), immunological injury (Jasani & 
Lewis, 1'71), pressure (Vreim e_t al, 1 976b; Olszewski et 
_al, 1977), pain (Jones & Shannon, 1972) etc. have been shown 
to change the lymphatic flow rate and protein concentration. 
An overall tendency, although of different degrees, is an 
inverse relationship between lymphatic flow rate and lymph 
protein concentration which agrees with Drinker's theory 
(1933) when capillary permeability is constant (White et al, 
1933; Benson et al, 1^55; Landii . Pappenheimer, 1963; 
Courtice & Sabine, 1 966; Arthurson et a_l, 1965; Garlick 
a. Renkin, 1970). No correlation between the lymphatic flow 
rate and protein concentration was found by Engeset et al.
(1 9 7 7 ), but this could be due to the fact that experimenta­
tion was done during the night or first thing in the morning 
and that time was required to wash the protein-rich lymph 
formed during rest out of the interstitial apace and lympha­
tic vessels before the period of activity. The accumulation 
of proteins in lymph at night might have played a role here.
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Most studies on lymphatics have been performed in animals 
which were anaesthetised. This may result in significant 
alteration in thoracic duct lymph composition (Cain e_t al,
1 947; Browse e_t al, 1 974). Other studies were conducted in 
conscious animals with thoracic duct fistulae in which there 
is the disadvantage of continuous loss of fluid and protein 
(Brown & Hardenbergh, 1951; Doemling & Steggerda, 1960; 
Nelson & Swan, 1969; Giradet & Benninghoff, 1973; Schad 
& Brechtelsbauer, 1977a). There still remains a paucity 
of information regarding the influence of anaesthesia cn 
both concentration and flow rate in the lymphatics (Polder- 
man et al, 1943; Quin & Shannon, 1975).

The lymphatic flow would be expected to be higher in con- 
cious than anaesthetised animals because of the action of 
the "tissue pump" (Allen & Vogt, 1937; Polderman et al,
1943; Casley-Smith, 1967; Leak & Burke, 1968; Quin & 
Shannon, 197 5; Schad & Brechtelsbauer, 1977b) and because 
anaesthesia is likely to block the intrinsic pumping mecha­
nism of the lymphatic vessels (Hortsmann, 1959;
Zweifach & Prather, 1975; Guvton et al, 1975). A 
third possibility could be because of circulatory changes, 
such as decreased net capillary filtration (Guyton, 1965; 
Gibson & Gaar, 1970; Guyton et al, 1976). Lymphatic flow 
could also be reduced by the re-uptake of fluid from the 
interstitial spaces into the vascular compartment (Quin & 
Shannon, 1975). Authors who also found lymphatic flow ex­
ceeding tne reported values for anaesthetised animals by 
50% are Watkins and Fulton (1 938), Shafiroff ejt al (1 943), 
Furneaux and Ham (1970), Pilon and Bittar (1973) and Schad 
and Brechtelsbauer (1977a).

It could be expected that the lymphatic protein concentration 
may be lower and the albumin/globulin ratio higher in con­
scious as compared to anaesthetised animals because of the 
reduced blood flow during anaesthesia(Yoffey & Courtice,
1 9 56; Rusznyak et. a_l, 1 969; Schad 6> Brechtelsbauer,
1977a).



. . -ems that the suppression lymphatic return of
1 . i and protein by anaesthetics is mainly due to immobi- 

... it jn of the animal arid that passive movement will en- 
i..’.' lymphatic flow significantly as reported by White et 

, McCanell (1939), Yoffey and Courtice (1956)
. isznyak et _al (1 969) and Schad and Brechtelsbauer (1977b,..

- . iid also mean a : iucti on of the extravascular pool 
- : : : t•. r«ti tial fluid .

• • ■ rsti tia.l FI

capillar ie.- thd* t. e m a m  function of the cir-
■ curs, name .1 y , : at rchange of nutritients, respiratory 
llular excreta becween the tissues and the circu- 

. . • > d. Th space b-tween the capillaries and tissues is
. -.ue interstitial fluid space and is filled with both 

.. -. and a gel medium. By far the most important means
ub stance.- ..re t: ansferred between the plasma and 

r t • ti al fluid (:.f . by diffusion (Guyton, 1 976).
:.o evidence cl.at; active transport is involved in 

: • ari',e aero? * membrane, enabling us to consider 
•.ran ct'ilul i; : 1 a  Fulton, 1 955? Bland, 19 63).

c:mry t . : is partlv determined bv local
• - . i : . ;fferenr regions may have different IF compo- 
. .n.' depending on the:; own tissue metabolic needs and

• of roetaboil. ii; charge from their cells (Luciani,
. r . n 1 9 21; Win ton & Bayliss, 1 955; Bland, 1 963).

•it ii :. . : ooth a free fluid and fluid
. ; ■ i‘ (!" a j ’lark, 1 933; Gersh & Catcnpoie,

. o; al, 1 '■ . Most work on IF was done to measure
‘ :i the fluid. Two entirely separate ranges of

ive been obtained. n> range bteir. 3 a slightly posi- 
. ure (McMa ter, 1946; Kjellmer, 1964; Wiederhielm

■ ■■■ 1 n, 197 3) tnd the other being moderately negative 'Guy- 
1 *6 *; Ana et ,-i 1, 1 968; Hopkinson et al, 1 968; 
ir.de : t al, 1960; Ladegaard-Pedersen, 1 970? Strom- 

i -• r • Wiederhielm, 1970). The positive pressures have



recently been identified as total tissue pressure, li­
the negative values have been identified as interstit. .. 
fluid pressure (Guyton et al, 1975).

Different methods hav* • been used for determ: n: n.; . -
tial fluid pressure. Direct measurement? have been pex 
by the implantation of perforated capsules which accumui 
fluid, by a wick method, a skin capsule method ana a :• 
other related methods. rhese method, have al/-. b- 
for interstitial fluid analy.- : • H , - ...
values, proteins etc.

The wick methe 1 has been developed for
protein concentration and has been iiscr.be;: c. ::__ar.
et al (1968) , Stromme et a_i 1 969 , ; oulser 19": , . .. la. 
and Fadnes (1973), and Aukland and Joh: -en ' 74 . 
thod described by Aukland andFadne.. 1Qn : is 3cm .on; . 
0,5mm thick nylon thread which :s sewn int. subcutaneoa 
tissue and left for 35 to 240 minute.- . The middle par-: i 
quickly transferred to a test-tube containing 2ml -al.n- 
and then weighed. Total protein, albumin and haemogl 
centrations were measured in the °luato.

Local tissue fluid (extracellular flu- . .itr.i: t.. 
taneous tissues has been sampled with a liquid •ara::. 
cavity method described by Haljamae (197 . I'his i.~ 
by making a 2 to 3cm incision through the epidermal a.-. : 
dermal layers under a layer of liquid paraffin. d
of the incision are immediately widely separate d. . -
cision is kept covered with paraffin to avoid evapora* - . 
Micropipettes are used for th" ■* Jling ot fluid, 
the wick and liquid paraffin method? involve incisions 
through the skin and the problems of intracellular rlua . 
escaping at the incision, haemorrhage anc  ̂ inflammation 
not been taken into account when doing prote n concentra­
tions. According to Aukland and Fadnes (1973) the possi­
bility ot ..oo high values which might be the result of tn< 
insertion of the wicks which may produce bleeding or local 
inflammation with increased 'apillarv permeability to pro-



teir.s is not applicable in their study which they have pro­
ved by doing a haemoglobin test. Haljamae et al (1974) con­
cluded that the compositional and functional characteristics 
of the directly sampled fluid fit the requirements of a 
hypothesized true IF far better than does capsular fluid.

A similar type of method is the skin capsule (Guyton, 1965). 
In using this procedure the skin is sucked up into a cup by 
a temporary vacuum. An adhesive material, previously applied 
to the cup, then holds the skin in this position for 24 or 
more hours. After this period free fluid is found in the 
section of tissue that has been held up in the cup. A 
curved syringe needle inserted through the skin, curves 
upward into the cupped area. Results obtained according to 
this method are not as constant as those measured with the 
perforated capsule. A possible explanation for these erra­
tic results could be the compression of the surrounding tis­
sue by the edges of the cup. Equilibrium time for the cup 
method is also much longer than that required for the 
capsular technique (Guyton et _al, 1 97 5).

The perforated capsule technique has been used most widely 
and employs a perforated capsuie implanted in a tissue 
(Guyton, 1963; Floyer, 1969; Libermann et al, 1972;
Lucas & Floyer, 1 97 3; HaljamSe e_t al, 1 974). Following 
implantation, fibrous tissue and new vessels grow in^o the 
capsule through the perforations. After 12 days, the en­
tire wall of the cavity is lined and the lining is approxi­
mately 1 to 2mm in thickness. Thus the fluid inside the 
cavity is not in contact with the capsula itself, but in­
stead it is a true tissue space (Guyton, 1963; Jones et al,
1969). It was shown that the intracapsular fluid is in dy­
namic equilibrium with the extracapsular IF (Guyton, 1963; 
Meyer e_t al, 1 968; Guyton et al, 1971).

Guyton (1963) showed that four weeks is the optimal period 
of time for signs of inflammation to disappear and air from 
the capsule to be absorbed and replaced by IF.



Besides inflammation, which is the most difficult problem 
to prevent, it has been suggested that the capsule might 
develop a membrane which is impermeable to protein, and that 
this might cause an osmotic effect at the membrane thus 
creating a pressure in the capsule which is not a true 
measure of IF pressure. Guyton (1963) contradicted this 
possibility by using a dye (T-1824) which attaches to the 
proteins.

In general the concentration of the protein in the IF is 
about 20 g / 1  in most tissues of the body, as high as 60 g / 1  

in the liver (Rusznyak et al, 19 67) and as low as 0,25 g/1 
in cerebrospinal fluid (Davson, 1960).Interstitial fluid protein 
concentration has been measured at 25g/l for rabbits (Haljamae 
et _al, 1 974), 37 g/1 for rabbits (Stromberg & Wiederhie-un,
1976), 19,6 g/1 in dogs (Guyton, 1963), 24 g/1 and 34,4 g/1 
in rats (Libermann et. al. 1 972; Aukland & Fadnes, 1 973) 
respectively.

Up to now the perforated capsule technique has been the most 
widely accepted method for the sampling of interstitial fluid.

1.1.4 Cerebrospinal Fluid

Cerebrospinal fluid (CSF) is the fluid found in the ventri­
cles of tne brain, in the cisterns around the brain, and in 
the subarachnoid space around both the brain and the spinal 
cord. All these chambers are connected with one another 
(Guyton, 1976). In certain regions, notably the cisterns 
cerebello medullares (cisterna magna), the space is excep­
tionally large, and this constitutes a useful sampling 
locus for studies on experimental animals and man. The main 
function of CSF is to cushion the brain within its solid 
vault. The determination ~f total protein content is one 
of the most useful diagnostic laboratory procedures for the 
neurologist (Merritt & Fremont-Smith, 1937; Kirk et al,
1974).



The CSF within the ventricle is formed continuously by 
choroid plexuses and originates from blood plasma (Merritt 
& Fremont-Smith, 1937). The choroid plexuses are protru- 
tions of the vascular system into the ventricle, covered 
with ependyma which has become morphologically ar.d functio­
nally differentiated from its neighbouring regions and is 
called the choroidal epithelium (Davson, 1976). Although 
the choroidal capillaries have been shown to be highly per­
meable to large molecules, such as iodinated serum albumins, 
the epithelial layers are sealed laterally to form tight 
junctions (Reese & Karnowsky, 19 67; Brightman & Reese,
1 969; Burgess & Segal, 1 970; Carley & Max-well, 1 970;
Cserr et al, 197 2) and it is this morphological feature 
that constitutes the barrier to the passage of dissolved 
material from blood to CSF. Ever since Ehrlich's earlv ob-•»
servation that cerulin-s, which freely stains most body 
tissue, does not seem to penetrate the brain, there has 
been a growing body of evidence that there is a great se­
lectivity regarding the entry of substances from blood into 
brain tissue.

Obviously CSF is then not a simple filtrate from the capil­
laries, but a choroid secretion. A functional leak from 
fenestrated capillaries at the root of the choroid plexus 
has been described as a pathway to bypass the barrier 
(Brightman & Reese, 1969), as well as a widespread transfer 
across the arterioles (Wostergaard & Brightman, 1973). Ac­
tive and carrier-mediated transport (Eidelberg et al, 1 967 ; 
Davson, 1970b; Bito & Myers, 1970; Katzman & Pappius,
1973; Davson & Hollingsworth, 1973), molecular polarity 
(Crone, 1960) and n^urochemical alteration of entering mole­
cules at the endothelial level (Bertler et al, 1964; 
Bjorklund et al, 1969) are among many factors which are com­
ponents of the barrier system as well as certain arteriolar 
endotheliums capable of vesicular transport (Westergaard & 
Brightman, 1973; Amtorp & Sorensen, 1974).

Cerebrospinal fluid is not exactly like other extracellular



fluids, since the sodium concentration is 7% greater than 
the concentration in other extracellular fluid, while both 
the glucose and potassium levels are much decreased in CSF 
(Guyton, 1 976). The total protein content of CSF has been 
found to vary between 0,15 and 0,65 g/1 (Denis & Ayer, 1 920; 
Marron, 1941; Abelin, 1 943; Pappenheimer _et a_l, 1 962;
Klatzo et a_l, 1 964 ; Kirk e_t al, 1 974). Much higher pro­
tein concentrations in CSF have also been reported by Kabat 
et al (1942) and Laraoureux et al (1975). They reported 
values between 2,7 and 3,5 g/1 in normal adults. High CSF 
protein values are commonly observed in newbcrns (Levinson, 
1950; Davson, 1970a) and in subjects of advanced age, as 
reported by Schultze and Heremans (1966).

It has been noticed that the electrophoretic protein pattern 
of CSF is somewhat different from that of lumber CSF e.g., 
the high proportion of prealbumin in ventricular CSF 
(Schultze & Heremans, 1966). The plasma proteins in CSF 
are in proportion to their concentration in serum and in 
inverse proportion to their molecular mass (Schultze & 
Heremans, 1966; Laurell, 1972). Plasma proteins of high 
molecular mass are almost completely absent in CSF 
(Kabat et al, 1942; Rosenthal & Soothill, 1962). According 
to Kabat et al (194 2) the mobilities of the CSF components 
correspond closely to those of blood. The prealbumin 
band is barely discernible on plasma electrophoresis, but 
in concentrated CSF this component normally produces a 
strong uand with a slight y higher migration rate than in 
plasma (Laurell, 1972). It has been suggested that trypto­
phan-rich prealbumin and transferrin may be produced in nor­
mal CSF to some extent (Parker & Bearn, 1962; Schultze & 
Heremans, 1966).

Antisera raised against normal human plasma proteins, demon­
strate that many of the CSF proteins are identical with those 
in plasma (Schultze & Heremans, 1966). Fifteen plasma pro­
teins were determined in CSF by means of rocket immunoelectro 
phoresis (Bock, 1973a).



Several authors have found that there are at least 9 or 10 
antigenic constituents iri CSF that are not demonstrable in 
normal unconcentrated plasma (Clausen, 1961; MacPherson & 
Cosgrove, 1961; Denker & Swahn, 1962; Laterre & Heremans, 
1963; Laterre et al, 1964; Link, 1967; Bergman et al,
1963). These antigens were studied by various quantitative 
immunological techniques and originate predominantly from 
brain tissue (Bock, 1973b).

A fluid formed continuously must be drained away and there­
fore almost all the CSF formed is reabsorbed into the blood 
through special structu* ;s called arachnoidal villi .abo 
& Maxwell, 1968a, b; Alksne & Lovings, 197 2; Tripathi & 
Tripathi, 1974; Guyton, 1976). This system has unidirec­
tional valves resulting in passive outflow (Welch & Fried­
man, 1960). Thus these projections may be compared to a 
lymphatic drainage, large enough to permit a relative un­
restricted flow cf fluid and solutes of large molecular 
weights (Davson et al, 1 970, 1 973).

1.1.5 Aqueous Humor

Aqueous humor is the part of the eye fluid which lies in 
front and to the sides of the lens. It is continually being 
formed and reabsorbed. For many years aqueous humor was con­
sidered to be a secretion of the ciliary process (Duke-Elder, 
1927), based on a simple filtr^cion process dependent on 
hydrostatic pressure differences (Leber, 1903; Henderson 
& Starling, 1904, 1905). Today the capillary pressure is 
considered to play a minor role in the formation and circu­
lation of aqueous humor, as reported ty Langham (1 958).

The formation of aqueous humor by the ciliary processes is 
much the same as that of CSF by the choroid plexus (Guyton, 
1976). The anatomical and histological features of the sys­
tem through which aqueous humor circulates, is fairly well 
understood (Dvorak-Theobald, 1934, 1955; Friedenwald, 1936; 
Ashton, 1 951, 1952; Ashton .'mith, 1 953; Carpenter, 1 954;



Flocks, 1 956; Ashton e_t al, 1956). Numerous reviews on the 
permeability of the blood-aqueous humor barrier have been 
roblished (Duke-Elder and Davson, 1948; Friedenwald, 1949- 
Adler, 1950; Kinsey, 1950; Davson, 1953; Stjernschantz 
et al, 1 973 ; Neupert and Lawrence, 1 970; Schmut and Zirm,
1974). The possibility of a parasympathetic nervous control 
for the blood aqueous barrier has been reported by Uusitalo 
et al (1974).

The most striking difference between the chemical composi­
tion of aqueous humor and plasma is in the concentration of 
the proteins. Both in man and laboratory animals such as 
rabbits, the protein concentration is less than 1 % of th^t 
in plasma (Kinsey, 1951; Langham, 1958; Adler, 1959;
Kuhlman & Kaufman, 1960; Anjou & Krakay, 1961; Krause & 
Raunio, 1 969; Takase, 1 970; Dernouchamps et: al, 1 974;
Schmut & Zirm, 1975 etc.). Higher protein concentrations 
have been reported in rats by Davson (1956) and Stjern- 
schantz et al (1973), and in humans by Hemmingsen and Other 
(1967). It should be borne in mind that the latter two 
authors collected samples from post mortem specimens.
Francois and Rabaey (196C) found that the composition of 
aqueous humor changes very rapidly after death. As in the 
case of CSF, a high albumin/globulin ratio for aqueous humor 
has been reported as a result of the blood-aqueous barrier 
which restricts the movement of certain higher molecular 
mass proteins (Francois e_t al, 1958; Francois & Rabaey, 
1960; Krause & Raunio, 1969; Neupert & Lawrence, 1970; 
Stjernschantz et _a_l, 1 97 3). Several authors have reported 
albumin/globulin ratios I or normal aqueous humor to be simi­
lar to those of the respective sera (Moore, 1945; Svensson, 
1946; Sallman & Moore, 1948).

Apart from a few results (Hagen, 190; L3wenstein, 1 920), 
most authors working on paracentesis of the eye,found an 
increase in total protein concentration and a decrease in 
albumin/globulin ratio levels of the aqueous humor until they 
equalled that of serum levels (Dieter, 1925; Kronfeld et al, 
1941; Adler, 1965; Yangaizawa, 1965; Neupert & Lawrence,
1 970) .



In the eye there is no separate system of lymphatic verssels 
(Eisler, 1930; Duke-Elder, 1961) which has raised much 
speculation as to the drainage routes for proteins of the 
intraocular fluid. Schlemm's canal at the circumferential 
annular space of the human eye which lies within the sclera, 
has been described by Langham (1958). A similar but not 
identical drainage system in the form of an irregular series 
of collecting vessels, which borders the trabecular mesh- 
work, has been noticed in animals (Troncoso & Castroviejo, 
1936; Troncoso, 1942; Greaves & Perkins, 1951).

1.2 ELECTROPHORETIC METHODS FOP THE STUDY OF PROTEINS

In this study electrophoresis was the meLnod cf choice for 
the study of proteins in body fluids. E 1^ctrcp^oresis is the 
moverer.t of ions through a medium under trit: influence of an 
electric field (Michaelis, 1 909). A wide ^Jtri??ty ot suppor­
ting media have been used. The passage cf fluids through 
the pores of a gel may be due to hydrostatic r3S& rlec-
troendosmosis, or a combination of both of tic 
Fortunately, however, with the generally used act; .'amide gels, 
electroendosmosis does not occur, or is so slow compare - 
to the mobility of the proteins, that it may be ignored 
(Gordon, 1 97 5).

1.2.1 Polyacrylamide Gel Electrophoresis

Polyacrylamide gel electrophoresis (PAGE), also used in this 
study, provides a versatile high resolution method for 
fractionation and physico-chemical characterization of mole­
cules on the basis of size, conformation and net charge 
(Raymond & Weintraub, 1959; Davis, 1964; Ornstein, 1964; 
Narayan et al, 1964). Since 1968, electrophoresis using 
acrylamide gels has become one of the most commonly used 
techniques in all laboratories concerned with proteins, en­
zymes and nucleic acids (Gordon, 1975). Although the appa­
ratus required to carry out electrophoresis is relatively 
simple, the time required for gel preparation according to



the method of Davis (1964) is considerable (Gordon, 1975). 
This is due to the use of three separate gel layers each 
containing a different buffer. This method was simplified 
by Hjerten e_t a_l (1 965) by the introduction of a single ho­
mogeneous gel containing buffer of the same molarity and pH.

The name of "disc electrophoresis" was given to this method 
because of the extreme sharpness of the protein zones sepa­
rated on the gels (Gordon, 1975). Originally, PAGE was 
carried out at either very high pH (Raymond & Weinstraub, 
1959; Ornstein, 1964), or very low pH (Potts et al, 1967). 
This ensured that ail proteins moved in the same direction, 
but minimized differences in net charge and reduced efficien­
cy of charge fractionation (Hendrick & Smith. 1968). The pH 
in the region of the gel in which separation occurs should be 
such that the maximum difference of mobility exists between 
the different molecular species undergoing separation (Phelps 
& Putnam, 1960). For this reason a pH of 8 , 6  is generally 
used. Above pH 8 , 6  denaturation may be found to occur. The 
ionic strength isusually set at 0,1M (sometimes 0,05M) be­
cause at higher electrolytic concentrations the conductivity 
of the buffer would cause the development of an undesi^ible 
amount of heat through the Joule effect and also an incon­
veniently slow migration rate of the proteins. At lower con­
centrations the buffering capacity would become too slow 
(Schultze & Heremans, 1966).

The gels are formed by polymerizing acrylamide monomers in 
the presence of methylenebisacrylamide, which acts as a 
cross-linking agent. By adjusting the total acrylamide con­
centration, the average pore radius of the polymers can be 
varied between 0,5 and 3nm (Bishop et a_l, 1 967). The work 
of Fawcett and Morris (1966) on the effect of varying concen­
tration of bisacrylamide in gels from 6,5 to 2 0 % total acry­
lamide concentration, provides considerable data in this re­
gard. It is this pore size variability which is mainly re­
sponsible for the versatility of PAGE.
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