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£ for IgE)but a molecule of any class may have a pair of
identical light chains of either the k (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 mclecules
which swing open on combination with antigen. The unique
structural characteristic of immunoglobulins is thedivision
of their polypeptide chains into variable (v) and constant
(c) regions, which determine respectively the specificity
of antibodies and the characteristic class di fference and
various biological effector properties. The v region of
both chains are involved in the antibody combining site.

The immuncglobulins may also be differentiated by their

centrifugal and immunoelectrophore:ic behaviour although
they have a very wide range of electrophoretic mobilities
within each class, ranging from ¥ - to K ,-globulin in the

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 et al, 1968) and is particularly a-
bundant in body fluids where it combats micro-organisms and
their toxins. Immunoglobulin =-A is the major immunoglobulin
ip serco-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 macroglobulin-antibody because of its high mole- 'r}
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 biclogical
properties of IgD are not yet well defined, but there are
preliminary reports of IgD antinuclear-antikodies and of
antibodies to BSA (Bovine Serum Albumin) in gut f£luids (Roitt,
1971).

The synthesis of antibodies can briefly be summarized as
follows (Guyton, 1976)! The lymphocytes in normal lymphoid
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The antibody can act in three different ways to protect thre
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 be 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,1976;p82).

1.31+.2  lvmoh

The lymphatic system can be regarded as an accessory route
by which fluids can be transported from the interstitial
space back into the hlcod stream, generally via the thoracic
duct. Lymphatics were discovered by Asellius in 1627, but
have recently been studied more comprehensivelvy with the
aid cof the electron microscope (Palay & Karlin, 1959b;
Fraley & Weiss, 1961; Casley-Smith, 1962, 1964). The lyn-
phatics mainly cerry large particles and proteins which are
not or cannot be directly abscrbed by the blood capillary.
(Drinker, 1946; Courtice & Morris, 1955). On the basis of
studies using vital dyes, lymphatics are thought to be mcre
permeable to large mclecules than blood capillaries as
studied by Yoffey and Courtice (1956), Palay and Karlin
(1959a) and French et al (1960). It must be realized,
however, that this extravascular circulation dces 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 compared to larger protein molecules (Drin-
ker & Yoffey, 1941; Wasserman & Mayerson, 1952; Korner

et al, 1954; Courtice & Morris, 1955; Mayerson, 1963;
Jacobsson & Kjellmer, 1964; Schultze & Heremans, 1966;
Rusznyak et al, 1967; FKkei~hel, 1970, 1971, 1974; Renkin,
15970; Courtice, 1972). The similarity between the plasma
proteins and the lymph proteins of the same animal has also
been demonstrated by Perlman et al (1943) and Yoffey and
Courtice (1970). Concentration differences mainly depznd

on the molecular sizes (Mayerson, 1963; Rusznyak et al,
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1967; Renkin, 1970; Reichel, 1970, 1971, 1974; Courtice,
1672). 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 et al, 1957). Tuis doesmot necessarily signify
differential permeability, but may racher indicate the dif-
ference in surface area of capillaries actually functioning,
but with normal leakage of protein (Wasserman & Mayerson,
1952). 7Tne 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, 1959).

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 & Shannon, 1977). 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 micropinocytotic vesicles, fenestrae of cyto-
pempsis (Karnovsky, 1962; Landis & Pappenheimer, 1963; - 8
Mayerson, 1963; Winne, 1965; Jennings & Florey, 1967; :
Garlick & Renkin, 1970; Simionescu et al, 1972). Grotte
(1956) indicated that there are tvo 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
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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
& Yoffey, 1941; Courtice & Morris, 1955; Keyl et al, 1965;
Bell et al, 1969; Gartner et al, 1973; Hargens & Zweifach,
1976; Rutili & Arfors, 1977). In recent reports (Casley-
Smith & Bolton, 1973; Casley-Smith, 197¢) it has been sug-
gested that as a result oi 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 cof the body, with the exception ¢f a few, have
lymphatic channels. The excepticns are the superficial
portions of the skin, the central nervous system, deeper
portions of peripheral nerves, the endomysium of muscles
and bones (Guyton, 1976).

Although many electron microscopic investigations of blood
capillary endothelium have been made (Maynard et al. 1957;
Moore & Ruska, 1957), there are only a few recorded studies
on lymphatic endothelium (Palay & Karlin, 1959a; 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 gresence of
openings, Or gaps, in the endothelium lining of the walls
that may be up to 104~ across (Palay & Karlin, 195%9a & b;
French et al, 1960; Casley-Smith & Florey, 19€1; Casley-
Smith, 1964; Leak & Burke, 1966;Russnyak et al1969; CIliff
& Nicoll, 1970; Leak, 1971; Taylor et al, 1973). Papp et
al (1962), however, did not find any example of intercepted
endothelial in the collecting lymphatics during their study
of lacteals. No gaps have been found o:s reported in the en-
dothelial lavers 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 twe thin layers cof endothelium separated by a
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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, 1960; 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 o©f 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 al, 1960; Casley-
Smith & Florey, 1961; Papp et al, 1962; Rusznyak et al,
1969; Cliff & Nicoll, 1970).

The transport channels contain smooth muscla 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 the lymph nodes is almost an impossible cc
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, phycical condition and the topographical anatomy

are a few factors which determine the structure of the nodes.
It has been shown by Beh et al (1974), Quin et al (1974)

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, 1970; Qui' et al,1974; Quin & Las-
celles, 1975). These changes are undoubtedly associated
with an increase in the vascular supply to themde (Herman
et al, 1972; Hobbs & Hay, 1975). It is also suggested that
thzse proteins accompany the wntinual 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, 197%; 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 thecpillaries 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 et al, 1962; Casley-Smith,
1973). There are numerous reports on the cannulation of
lymphatic vessels in many animals such ar the dog (White et
al, 1933; Mayerson et al, 1962; Schad & Brechtelsbauer,
1977a, b), cat (Jacobsson & Kjellmer, 1964), rabbit (Lewis

& Westcott, 1968; Lewis, 1969; Boyels et al, 1970;Jasani

& Lewis, 1971; Lewis & Yates, 1972; Bach & Lewis, 1973;
Tibes et al, 1974, 1977), mouse (Friedman, 1957) and even in
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the human (Courtice et al, 1951; Engeset et al, 1973,
1977; Olszewski et al, 1977).

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 et al, 1951; Nix et al, 1951; Jacobsson & Kjell-
mer, 1964; Bach & Lewis, 1973; Engeset et al, 1977; Ols-

zewski et al, 1977). Passive movements (White et al,
1933; 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;
Schad & Brechtelsbauer, 1977a), high and low temperatures
(Lewis & Westcott, 1968; Lewis, 1969; Lewis & Yates, 1972;
Bach & Lewis, 1973; Olszewski et al, 1977), nerve stimula-
ticn (Lewis & Yates,1972), immunological injury (Jasani &
Lewis, 17°71), pressure (Vreim et al, 1976b; 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 degre2s, 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, 1955; Landiv . Pappenheimer, 1963;
Courtice & Sabine, 1966; Arthurson et al, 1969; Garlick

& Reukin, 1970). No correlation between the lymphatic flow
rate and protein concentration was found by Engeset et al
{1977), but tais could bedue 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 space 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 et al,
1947; Browse et al, 1974). 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 & Hardenkergh, 1951; Doemling & Steggyerda, 1960;
Nelson & Swan, 1969; Giradet & Benninghoff, 1973; Schad

& Brechtelsbauer, 1977a). There still remains a paucity

of information regarding the influence of anaesthesia on
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, 1975; 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 the reported values for anaesthetised animals by
50% are Watkins and Fulton (1938), Shafiroff et al (1943),
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,
1956; Rusznyak et al, 1969; Schad & Brechtelsbkauer,
1977a).




lhus it seems that the suppression c¢f lymphatic return of
ild and protein by anaesthetics is mainly due to immobi-
lization of the animal and that passive movement will en-
hance lymphatic flow significantly as reported by White et
al (1933), McCarrell (1939), Yoffey and Courtice (1956) .
fusznyak et al (1969) and Schad and Brechtelsbauer (1977b).

his could also mean a reduction of the extravascular pool
of intexstitial fluid.

l«la2 Intarstitial Fluid

it is at the caplllaries that the main function of the cir-
»zlation occurs,namely,interchange of nutritients, respiratory
rasas and cellular excreta becween the tissues and the circu-
iating blood. The space between the capillaries and tissues is
called tne interstitial fluid space and is filled with both

4 liguid and a gel medium. By far the most important means

Ly which substances are transferred between the plasma and
interstitial fluid (IF) is by diffusion (Guyton, 1976).
There is no evidence that active transport is involved in
e exchanges across the membrane, enabling us to consider

IF as a transcellular fluid (Fulton, 1955; Bland, 1963).

interstitial fluid composition is partly determined by local
metabolism. Different regions may have different IF compo-

sitions depending on their own tissue metabolic needs and
the tvpe of metabolic discharge from their cells (Luciani,
1901; Cannon, 1927; Winton & Bayliss, 1955; Bland, 1963).

- e

a gel state (Clark & Clark, 1933; Gersh & Catchpole,
19603  Guyton et al, 1975). Most work on IF was done to measure
rvessure of the fluid., Two entirely separate ranges of
values have been obtained. One range being a slightly posi-
tive pressure (McMaster, 1946; Kjellmer, 1964; Wiederhielm
a Westcn, 1973) and the other being moderately negative (Guy-
~°m, 1963; Anas et al, 1968; Hopkinson et al, 1968;
Scholander et al, 1968; Ladegaard-Pedersen, 1970; Strom-
verg & Wiederhielm, 1970). The positive pressures have

torsgtitial fluid 1s composed of both a free fluid and fluid
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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 (19€3) 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/l in most tissues cof the body, as high as 60 g/1

in the liver (Rusznyak et al, 1967) and as low as 0,25 g/l

in cerebrospinal fluid (Davson, 1960).Interstitial fluid protein
concentration has been measured at 25g/1 for rabbits (Haljamde
et al, 1974), 37 g/l for rabbits (Stromberg & Wiederhieun,
1976), 19,6 g/l in dogs (Guyten, 1963), 24 g/l and 34,4 g/1

in rats (Libermann et al. 1972; Aukland & Fadnes, 1973)
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 cisterna
cerebello medullares (cisterna magna), the space is excep-
tionally large, and this constitutes & 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 totali protein content is one
of the most useful diagnostic laboratory procedures for the
neurologist (Merritt & Fremont-Smith, 1937; Kirk et al,
1974).
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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 and functin-
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 tignt
junctions (Reese & Karnowsky, 1967; Brightman & Reese,
1969; Burgess & Segal, 1970; Carley & Maxwell, 1970;
Cserr et al, 1972) and it is this morphological feature
that constitutes the barrier to the passage of dissolved
material from blood to CSF. Ever since Ehrlich's early 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 (Westergaard & Brightman, 1973). Ac-
tive and carrier-mediated transport (Eidelberg et al, 1967;
Davson, 1270b; Bito & Myers, 1970; Katzman & Pappius,
1973; Davson & Hollingsworth, 1973), molecular polarity
(Crone, 1960) and nsurochemical alteration of entering mole-
cules at the endothelial level (Bertler et al, 1964;
Bjorklund et al, 1969) are amcng 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
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Several authors have found that there are at least 9 or 10
antigenic constituents in 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,
1968). These antigens were studied by various quantitative
immunclogical techniques and originate predominantly from
brain tissue (Bock, 1973b).

A fluid formed continuously must be drained away and there-
fore almost all the CSF formedis reabsorbed into the blood
through special structu.:s called arachnoidal villi (chabo
& Maxwell, 1968a, b; Alksne & Lovings, 1972; 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 of fluid and solutes of large molecular
weights (Davson et al, 1970, 1973).

1.1.5 Agueous 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 agqueous humor was con=-
sidered to be a secretion of the ciliary process (Duke-Elder,
1927), based on a simple filtracion 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 already reported ky Langham (1958).

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 agqueous humor circulates, is fairly well
understood (Dvorak-Theobald, 1934, 1955; Friedenwald, 1936;
Ashten, 1951, 1952; Ashton & Smith, 1953; Carpenter, 1954;
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