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Are the Initial Lymphatics Normally Pulled Open by the Anchoring 
Filaments? 

J.R. Casley-Smith 

Electron Microscope Unit, University of Adelaide, South Australia 

Summary 

The conformation of the walls of initial lymphatics 
was studied in oedema and during the filling- and 
emptying-phases of the inital lymphatic cylce in the 
mouse diaphragm and in the puppy jejunum. It was 
found that the anchoring filaments, attached to the 
endothelium, caused typical distortions of the ves
sels during oedema, but that these did not occur in 
normal tissue. This implies that these filaments do 
not pull them open during the ftll ing-phase of the 
cycle, but that some other force causes them to 
ftll. 

Introduction 

The forces which normally cause tissue fluid 
to enter the initial lymphatics are in some 
dispute (reviewed : 2, 6, 12, 16 , 18 , 35 , 36 , 
42, 43) .Everyone is agreed that in oedema the 
vessels are pulled open and a suction force is 
exerted by the anchoring filaments , which are 
attached to the ablumenal surfaces of the ves
sels and join them to the interstitial tissue ( 1, 
11 , 2 1, 22, 33) ; this , coupled with the in
creased tissue hydrostatic pressure (15) will 
result in a hydrostatic pressure difference di
rected into the vessels. The arguments arise 
in the normal condition . Even here , it is 
agreed that some organs (e.g. the kidney) 
have a positive tissue hydrostatic pressure and 
this may well be greater than the intralympha
tic pressures ( 6). 

In most normal tissues , however, it is very 
likely that the tissue hydrostatic pressure is 
negative (i .e. less than atmospheric 15-18) , 
while intralymphatic pressures - where these 
have been measured (1 2, 19, 23, 25, 26 , 27, 
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29, 40, 41) - have all been approximately at· 

mospheric. The one exception is in the work 
of Hogan and Nicoll (20, 27) which was per· 
formed in the wing of a species of bats whic~ 
uniquely , has contractile initial lymphatics an, 
which had been made oedematous in order to 
visualise the vessels; here it was found that, 
during the filling-phase, tissue hydrostatic prt! 
sure was greater than intralymphatic pressure 
The facts of oedema and of the contractile 1 

sels completely vitiates Nicoll and Taylor's 
(28) attempt to extend this observation to e1 
plain the filling of all the non-contractile irutJ. 
lymphatics in non-oedematous regions. In th 
the initial lymphatics are compressed by the · 
sues ( which are themselves compressed by a~ 
jacent muscular activity, etc .) ; hence there ~ 
no extra-initial-lymphatic space - left by the 
contracting initial lymphatic -- into which til 
sue fluid might be " sucked". However, it mr. 
be that a similar mechanism could function, 
if the anchoring fllaments were tightened dur 
ing compression of the tissue and served to 
forcibly dilate the initial lymphatics once Iht 
compressing force was removed. Then, the 1~ 
tal tissue pressure (15) , relative to the initial 
lymphatics, could be quite negative and yet ' 
could be applied to the endothelium {and to 
the lymph) via the ftlaments . Thus, the lymr 
pressure could be still more negative than tht 
tissue hydrostatic pressure . 

In the light of the almost uniformly atmospr 
ric pressures measured in initial lymphatics, 
mentioned above , such a suggestion might 3f 
pear unlikely. However , except for those per 
formed in the bat wing and mouse ear (and 
even these were restrained) , these observatioc 
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have all been made in exteriorised and mo- Cal 
tionless tissues. I have argued elsewhere (2, 3, 
6, 7) against considering that such observa-
tions can tell us anything about a cycle which 
may well depend on variations in total tissue 
pressure to function. lt seems only fair , then , 
to apply these arguments to the present case 
also. Unfortunately, it seems very difficult to 
use micropipettes to measure the pressures in 
the initial lymphatics at varying stages of the 
cycle, while applying varying total tissue pres
su res. This is quite a different problem from 
that solved so well by Hogan and Nicoll (20, 
27), and requires external compression of 
the tissue - or local muscular contractions, 
while still measuring the pressures. 

An alternative approach is to examine the 
state of the endothelial wall. It has been 
shown (I) that in oedema the filaments severe· 
ly distort the wall , in an easily recognisable 
way. This is illustrated in Fig. 1. Also shown 
is the shape to be expected if the vessels are 
filled by an inflow of fluid (caused by other 
forces), with the intralymphatic hydrostatic 
pressure being greater than tissue hydrostatic 
pressure and thus simply flattening the endo
thelium against the more solid portions of the 
interstitial tissue. This shape would also be 
assumed by the vessels during the emptying
phase, when the increased total tissue pressure 
compresses their walls against the lymph. In a 
series of experiments (3, 8) we had obtained 
initial lymphatics , in the mouse diaphragm , 
which were known to be fixed in either the 
filling- or the emptying-phases. These were 
re-examined to investigate the conformation 
of their walls. To check that the alteration 
in the conformation of the initial lymphatic 
walls observed in dextran oedema of the rat 
foot-pad also occurred in this site , the initial 
lymphatics of mouse diaphragms which had 
been injured with histamine or mild heat 
(10) were also re-examined. The observations 
on initial lymphatics in both stages of the 
cycle were extended to include those of the 
jejuna of puppies, which have been fixed 
with the villi contracted or relaxed by drugs 
(5). 

Fig. 1 A diagram showing (a) what is seen with an 
initial lymphatic in oedematous tissue. The anchor
ing filaments pull portions of the wall out into the 
tissues, while the remainder bulges in, due to the 
pressure against the tissues. Diagram (b) shows what 
would be expected if the intralymphatic hydrostatic 
pressure was greater than the tissue hydrostatic pres
sure - during either filling or emptying - pushing 
the endothelium out against the tissues 

Materials and Methods 

The animals and the experimental techniques 
have been described previously (3 , 5 , 8, 10). 
Essentially , the diaphragms were fixed ( chemi
cally or by freezing) when the lungs were ex
panded (inspiration, the emptying-phase) , or 
collapsed (expiration , the filling-phase). Five 
animals per group were used in those whose 
diaphragms were chemically fixed : 2, 10, 30 
or 60 seconds after the start of the filling
phase , or 2 or 10 seconds after the start of 
emptying-phase (3). There were four in each 
group of those immobilised by freezing , they 
were killed after 2, 10, or 30 seconds from 
the start of the filling-phase, or 2 or 10 sec
onds from the start of the emptying-phase (8). 
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The injured 15 animals had had histamine in
jected into the pleural cavities, a further 15 
had had hot saline (54 °C) washed over their 
peritoneal surfaces; only those uninjected with 
benzo-pyrones were examined ; these dia
phragms were fiXed randomly through the 
cycle (1 0). Eight puppies were used ; adjacent 
regions of jejunum were either contrac ted with 
Carbacol (B.D .H.) or relaxed with atropine (5). 
One block was examined from each of the 
above animals, and five initial lymphatic cross-

Fig. 2 A lacuna in a heat-inured 
mouse diaphragm, showing an en· 
dothelial darkening typical of one 
stage of injury, and an open june· 
tion (J). The wall is pulled out in 
two places, and bulges inwards 
around them. It was classified as 
very much "pulled out". 3250 x 

sections randomly selected and photographed 
at 1,000 to 81000 x in a Siemens Elmiskop L 

The micrographs were examined blindly, i.e. 
without knowing from which group they had 
come. They were assigned to one of seven po~ 
sible groups, depending on the confonnation 
of their walls (Table). This method was the 
only one which seemed appropriate , since 
numerical tests of conformation are notorj. 
ously difficult to devise and apply. An at· 
tempt was made to improve accuracy by usi~ 

Fig. 3 A lacune in a histamine
injured diaphragm, showing 
many anchoring filaments pul· 
ling on a number of endothelial 
projections into the interstitial 
tissue (F). This was classified as 
moderately pulled out. 13000 x 
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Fig. 4 As for Fig. 3 , showing more 
filaments attached to projections (F) 
and some (arrows) pulling perpendi
cularly out from the wall. 26000x 

a series of "typical" micrographs. The blind 
method at least eliminated bias. 

Results 

The general morphologies of the vessels have 
been described previously (op. cit.). ft ap
peared that the walls of the diaphragmatic 
initial lymphatics (Figs. 5-8) were rather 
llatter than those of the jejunallacteals (Fig. 9), 
except when the former tissue was injured 
(Figs. 2-4). This possible difference between 

' the normal tissues was not substantiated statis
tically; that between the normal and the injured 
ones was (Table). 
It could be seen that the diaphragmatic la
cunes in the oedematous tissue (Figs. 2- 4) 
were apparently as distended by the anchor
ing filaments as were those in the rat foot
pad ( I) , except that in the diaphragm they 
were more confined by the surrounding mus
cular tissue - instead of being able to be dis
torted for longer distances into the loose in
terstitial tissue. The pulling outwards of por
tions of the endothelium, and the bulging in-

wards of the remainder, was obvious. The fi
brils could often be seen coming directly 
away from the wall (Figs. 3, 4) - obviously 
pulling on it. The endothelium itself often 
showed considerable divergences into the in
terstitial tissue (Fig. 2); between these it ap
peared to be pushed in towards the centre of 
the lumen - as would be expected if the fila
ments were pulling the portions of the wall 
to which they were attached outwards, while 
the rest was bulged inwards by the interven
ing tissue, with its high total tissue pressure. 

It was apparent, by inspection, that the con
formational characteristics of the initial lym
phatics in oedematous tissue were not com
mon in non-oedematous tissue - in either the 
diaphragm (Figs. 5- 8) or the jejunum (Fig. 9). 
The walls of the vessels during tl1e filling-phase 
were similar to those in the emptying-phase. 
They were characterised by gentler curves, 
with little suggestion of the endothelium be
ing pulled into the tissues; it was obviously 
flattened over t11e tissues - as if held there. 

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.



124 J.R. Casley-Smith 

Table The conformations of the walls of the initial lymphatics a 

"Pulled-<>ut "b Flat "Pushed-out"C 
Very Mod. Slight Slight Mod . Very Total numbers 

Diaphragms - Chemical Fixation 
Filling phase 

2 sees. 0 2 1 8 8 4 2 25 
10 sees 0 1 2 8 7 3 4 25 
30 sees 0 1 1 6 8 4 5 25 
60 sees 1 0 2 6 6 6 4 25 

Emptying-phase 
2 sees 1 1 2 5 5 6 5 25 

10 sees 0 2 7 6 4 5 25 

Freeze Substitution 
Filling-phase 

2 sees 1 0 2 8 6 2 1 20 
10 sees 0 2 1 7 5 3 2 20 
30 sees 0 7 5 3 3 20 

Emptying-phase 
2 sees 0 2 6 5 5 20 

10 sees 2 5 4 4 3 20 

Injury 
Heat 15 14 16 12 10 5 3 75 
Histamine 17 15 13 14 9 3 4 75 

Jejunum 
Filling-phase 2 3 3 7 10 9 6 40 
Emptying-phase 1 3 2 8 11 10 5 40 

a) x2-tests show no significant differences between any of the uninjured diaphragm groups, nor between 
these and the jejunum, but show a very significant (p < 0.0011 difference between all of these and the in-
jured-diaphragm groups, which do not differ between themselves 

b) These vessels had sharp indentations in their endothelium, often with anchoring filaments attached to 
them, extending into the tissues. 

c) These were essentially rounded, applied to the tissues, but with no indication that they were being pu lled 
out into them 

The anchoring ftlaments were still visible in 
both regions , although perhaps less frequent 
in the jejunum - as Dobbins and Rollins (11 ) 
observed. 

The results of the classification of the vessels 
are shown in the Table. It can be seen that 
the visual impressions were confirmed by this 
more objective estimation. It is clear that dur
ing both the filling- and the emptying-phases 
the initial lymphatics are quite different in 
conformation than they are in oedematous 
tissue . No significant differences were found 
between any of the uninjured-diaphragm 
groups, irrespective of the phase of the cycle 
or the method of immobilisation, nor be
tween these and the jejunal-groups , again ir
respective of the phase. Similarly , there was 

no significant difference between the two 
forms of injury. On the other hand, there 
were very significant differences between the 
injured groups and the uninjured diaphragms 
or the jejunum. 

Discussion 

It is apparent that these results militate 
against the suggestion that normally , at least 
in these two tissues, the anchoring ftl aments 
pull the initial lymphatics open during the 
filling-phase . The results in the injured di a
phragms clearly show that the filaments can 
do this ; normally they do not. As Pullinger 
and Florey (3 3) pointed out, it is the posses· 
sian of these filaments which ensures that tlre 
initial lymphatics remain patent in oedematous 
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Fig. 5 A normal diaphragm, dur
ing the filling-phase, immobilised 
by freeze-substitution _ It shows 
few signs of being pulled out, 
rather it was classified as being 
very "pushed out". 5200x 

Fig. 6 As for Fig . 5, but with 
chemical fixation, showing a 
lacune which was classified as 
moderately pushed out . 1300x 
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tissue , while blood vessels - with much high
er hydrostatic pressures - collapse. It is well 
known how relatively minor increases in total 
tissue pressure cause blood vessels to shut in 
normal , non-oedematous , tissue. These are al
so well known to cause the collapse of the 
initial lymphatics in such tissues - indeed 
this is the cause of the emptying-phase of 
the cycle. Clearly the situation is very differ-

Fig . 7 As for Fig. 6 , but it was 
classified as slightly pushed out. 
The region of wall at the arrow 
is not pulled out, but happens 
to be obliquely sectioned. 5200x 

ent between the initial lymphatics being held 
dilated (sucking fluid in) in oedematous tissu 
and these vessels in normal tissue, where the) 
are allowed to collapse during increases of to
tal tissue pressure . Indeed the conformationol 
these vessels in normal tissue , with the endo
thelium tightly applied to the tissues, suggests 
that the hydrostatic pressure in the vessels is 
greater than the tissue hydrostatic pressure. 

Fig. 8 An initial lymphatic in a 
diaphragm during the emptyin~ 
phase; freeze-substitution. This 
was classified as flat . 7800x 
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Fig. 9 A lacteal in a puppy jeju
num, during the emptying-phase, 
was classified as moderately pushed 
out. 7800 x 

Evidently the interstitial tissues are not great-
ly compressed during the increases of total 
!issue pressure which power the initial lym
phatic cycle. This is understandable when one 
considers how much, notoriously incompres
sible, water they contain and the relatively in
compressible nature of their other constituents. 

Indeed, apart from the collapse of the blood 
vessels - if the increase of pressure is enough 
to cause this, the only other place where the 
tissues can obviously loose volume is by the 
expulsion of the lymph. It is obviously im
possible for this to cause sufficient tension 
in the filaments upon release of the increased 
pressure (even assuming that they are perfect
ly elastic and perfectly placed to transmit the 
tension) to cause the initial lymphatics to re
fil except asymptotically over an infinite 
time. Oedema obviously presents a quite dif
ferent condition, when much fluid enters the 
!issues, distorting them and thus pulling on 
the anchoring filaments and hence the initial 
lymphatics. 

What are the forces, then, which cause filling 
of the initial lymphatics in most tissues un-
der normal conditions? The suggestion (11, 
24, 31, 38, 39) that fluid is actively pumped 
across the endothelium ignores the facts that 
the endothelium does not in the least resemble 
tissues which engage in active transport , that 
the small vesicles transfer material randomly 
in the direction of the concentration gradients 
- without the need for cellular energy, and 
1hat much evidence shows that the initial 
lymphatics fill via their open junctions (re
viewed: 2, 6). The suggestion that active con-

tractions of the collecting lymphatics are 
transmitted to the initial lymphatics (34, 37) 
does not agree with the intralymphatic pres
sure measurements merttioned earlier (which 
do not show a fall during the relaxation of 
adjacent collecting lymphatic segments), nor 
does it accord with the absence of anchoring 
filaments on the walls of the larger vessels -
which presumably would be necessary to 
cause such a suction effect. 

We are left with the hypothesis that it is the 
colloidal osmotic pressure of the relatively con
centrated lymph in the initial lymphatics 
which causes fluid (and macromolecules) to 
enter them (2, 6). It has been shown in vitro 
that macromolecules can exert nearly the 
whole of their colloidal osmotic presure across 
very wide pores and that this will cause an in
flow of fluid and macromolecules from the 
more dilute solution (9). 

In spite of earlier difficulties , this concept is 
now gaining support from theory (30, 32, 42). 
Also in spite of contrary evidence (usually ob
tained from experiments where the tissue had 
been irnmobilised and hence where it was im
possible for the cycle to function) , there is in
creasing reason to believe that the initial i 
lymphatic lymph is more concentrated than 
interstitial fluid (reviewed: 2 6, 7). There is 
also evidence that the lymph is diluted dur
ing the filling-phase (by the more dilute tis
sue fluid) and reconcentrated by ultrafiltra
tion during the emptying-phase (3, 5 , 8) . 
Approximate calculations ( 4) indicate that 
much more lymph is formed in the initial 
lymphatics than is transmitted to the collect-
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ing lymphatics , i.e. considerable ultrafiltration 
occurs. Finally, a mathematical model (14) 
shows that the whole cycle could function in 
this way and would be self-correcting, with 
negative-feedback. 

Acknowledgements 

I am most grateful to M/s.'s T. Bolton , J.R. Day 
mond, V.D. Garrow, G.A. Piller, S.K. Shepherd, 
M.A . Sims and A.H. Vincent, and Mr.'s K. W.J. 
Crocker and H.F. W. Ehman for their skilful and 
willing help, and for the support of the Australian 
Research Grants Committee. 

References 

1 Casley-Smith , J.R. : Electron microscopical ob
ervations on the dilated lymphatics in oedema

tous regions and their collapse following hyalu
ronidase administration. Brit. J . exp. Path. 48 
(1967) 680- 688 

2 Cascley -Smith , J.R.: Lymph and Lymphatics. In: 
" Microcirculation" (ed. G. Kaley and B.M. Altu
ra), pp. 423 - 502. University Park Press, Balt. , 
U.S.A. I977a 

3 Casley-Smith , J.R.: The concentrating of proteins 
in the initial lymphatics and their rediculting in 
the collecting lymphatics. F olia Angiologica 25 
(1977b) 81 - 89 

4 Cas/ey-Smith, J.R .: The efficiencies of the 
init ial lymphatics. Z. Lymphologie 2 (1978) 
24- 29 

5 Casley-Smith, J.R. : A fine structural study of 
variations in protein concentration in lacteals 
during compression and relaxation . Lymphology 
12 (1979) 59- 63 

6 Casley-Smith, J.R. : The structure and function
ing of the blood vessels, interst itial tissues, and 
lymphatics. In " Lymphology" (ed. M. Foldi) , 
Schattauer, Stuttgart 1980a (in press) 

7 Casley -Smitli, J.R.: Lymph vs. tissue fluid. Z. 
Lymphologie 1980b (in press) 

8 Casley-Smith, J.R.: The tine structure of initial 
lymphatics, and the varying of lymph concentra
tion, using freeze-substitution. Folia Angiologica, 
in press 

9 Casley-Smith , J.R. : Large colloidal osmotic pres
sures across large pores, and the passage of ma
cromolecules up their own concentration gra
dients. Microvascular Res. (1980) in press 

10 Casley-Smith, J.R., T. Bolton: Electron micro
scopy of the effects of histamine and thermal 
injury on the blood and lymphatic endothelium, 
and the mesothelium of the mouse's diaphragm, 
together with the influence of coumarin and ru
tin. Experientia 29 (1973b) 1386- 1389 

11 Cas/ey -Smith, J.R ., H. W. Florey: The structure 
of normal small lymphatics. Quart. J. exp. Phy
siol. 46 (1961) 101 - 106 

12 Clough, G. , L.H. Smaje: Tissue and terminally 
phatic pressure measurements in the cat mesen~ 
ry . Bibl. Anat. 15 (1977) 116 - 119 

13 Dobbins, W.O., E.L. Rollins: Intestinal mucosal 
lymphatic permeability : an electron microscopK 
study of endothelial vesicles and cell junct ion~ 

J. Ultrastruct. Res. 33 (1970) 29 - 59 
14 E/hay, S .. J.R. Casley-Smith: Mathematical mod! 

of the initial lymphatics. Microvascular Res. 12 
(1976) 121 - 140 

15 Guyton, A.C. : Interstitial fluid pressure-volume 
relationships and their regulation. In "Ciba Sym
posium, Circulatory and Respiratory Mass Tran; 
port" (eds. J. Wolstenholme and J. Knight) 1 

(1969) , pp. 14- 20, Churchill, London 
16 Guyton , A.C. , H.J. Granger, A.E. Taylor: lnte11t 

tial fluid pressure. Physiol. Rev. 51 (1971) 521· 
563 

17 Guyton , A. C. , T.G. Coleman, H.J. Granger: Cir· 
culation: overall regulation. Ann. Rev. Physio. 
34 (1972) 13 - 46 

18 Guyton, A. C. , A.E. Taylor, R.E. Drake, J.C. 
Parker: Dynamics of subatmospheric pressure m 
the pulmonary interstitial fluid. In: " Lung Li· 
quids, Ciba Foundation Symposium" , Elsevier, 
Amsterdam, 38 (1976) 77 - 100 

19 Hargens, A.R., B. W. Zweifach: Transport be· 
tween blood and periopheral lymph in inte tine 
Microvascular Res. 11 (1976) 89 - 101 

20 Hogan, R.D.: The terminal lymphatics and i nt~· 

stitial fluid pressure. In "Tissue Fluid Pressure 
and Composition", ed . A.R. Hargens, Williams 
and Wilkins, Batt., in press (1980) 

21 Leak, L. V. , J.F. Burke: Fine structure of the 
lymphatic capillary and the adjoining connectivt 
tissue area. Am. J. Anat. 118 (1966) 785 - 809 

22 Leak, L. V. , J.F. Burke: Ultrastructural studies 
on the lymphatic anchoring filaments. J. Cell. 
Bioi. 36 (1968) 129 - 149 

23 Lee, J.S. : Glucose concentration and hydrostatK 
pressure in dog jejunal villus lymph. Am. J. Phy· 
siol. 226 (1974) 675 - 681 

24 Mayerson , H.S. : The physiologic importance of 
lymph. In " Handbook of Physiology, Section 1. 
CiLculation" (eds. W.F . Hamilton and P. Dow), 
Waverly Press, Balt., U.S.A. 1963, pp. 1035 

25 McMaster, P.D. : Conditions in skin influencing 
interstitial fluid movement, lymph form ation • 
and lymph flow . Ann. N.Y. Acad. Sci. 46 (1946 
743 - 787 

26 McMaster, P.D. : The relative pressure within 
cutaneous lymphatic capillaries and the tissueJ. 
J. Exp. Med. 86 (1947) 293 - 308 

27 Nicoll, P.A. , A.E. Taylor: Pressures associated 
with lymphatic capillary contraction. Microva~ 
cular Res 15 (1978) 257 - 258 

28 Nicoll, P.A. , A.E. Taylor: Lymph formation 
and flow . Ann. Rev. Physiol. 39 (1977) 73- 95 

29 Nisimaru , Y. : Structure and function of the 
lymph capillaries. Hiro hima J. Med. Sci. 17 
( 1968) 77 - 91 

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.



Filaments and the Normal Lymphatic Cycle 129 

J{) Ogston, A.G., C. C. Michel: General description 
of passive transport of neutral solute and solvent 
through membranes. Progr. Biophys. molec. Bioi. 
34 (1978) 

31 Ottaviani, G. , G. A zzali: Ultrastructure des capil
lairies lymphatiques. Int. Symp. Morpho!. Histo
chim. Paroi Vase., Fribourg, 2 (1965) 325 

32 Perl, W.: Convection and permeation of albumin 
between plasma and interstitium. Microvascular 
Res. 10 (1975) 83 - 94 

33 Pullinger, B.D. , H. W. Florey: Some observations 
on the structure and function s of lymphatics; 
their behaviour in local oedema. Brit. J. Exp. 
Path. 16 (1935) 49- 61 

34 Reddy, N.P., T.A. Krouskip , P.H. Newell: A note 
on the mechanism of lymph flow through the 
terminal lymphatics. Microvascular Res. 10 
(1975) 214- 216 

35 Rutili, G. : Transport of macromolecules in sub
cutaneous tissue studied by FITC-<iextrans. Ac
ta Universitatis Upsaliensis, 197 8, 306 

36 Taylor, A.E. , W.H. Gibson: Concentration ability 
of lymphatic vessels. Lymphology 8 (1975) 43-
48 

37 Taylor, A.E. , W.H. Gibson, H.J. Granger, A. C. 
Guyton: The interaction between intracapillary 

and tissue forces in the overall regulation of in
terstitial fluid volume. Lymphology 6 (1973) 
192- 212 

38 Viragh, Sz., M. Papp, E. T6r6, I. Rusznyak: Cu
taneous lymphatic capillaries in dextran-induced 
oedema of the rat. Brit. J . Exp. Path. 47 (1966) 
563- 567 

39 Viragh, Sz., M. Papp, I. Rusznyak: The lympha
tics in oedematous skin. Acta Morph. Hung 19 
(1971) 203 - 212 

40 Wiederhelm, C.A. , B. V. Weston: Microvascular, 
lymphatic and tissue pressures in the unaesthetized 
mammal. Am. J. Physiol. 225 (1973) 992- 996 

41 Zweifach, B. W., J. W. Prather: Micromanipulation 
of pressure in terminal lymphatics in the mesen
tery. Am. J . Physiol. 228 (1975 ) 1326- 1335 

42 Zweifach, B. W., A. Silberberg: The interstitial
lymphatic flow system. In " Int. Rev. Physiol., 
cardiovasc. Physiol. lll", ed. A.C. Guyton and D. 
B. Young, Un.iv. Park Press, Bait., 18 (1979) 216 -
260 

43 Zweifach, W.B. , A.R. Hargens, H.H. Lipowsky: 
Factors influencing fluid movement between 
blood and terminal lymphatics. Bib!. Anat. 15 
(1977) 499 - 503 

J.R. Casley-Smith , D.Sc. , M.B., Electron Microscope Unit, University of Adelaide, 
South A ustralia 

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.




