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Lymphoedema which is caused by impedance of lymph outflow from a region. is 
becoming recognised as the origin, or a contributing factor of many diseases. It has 
been shown that surgical obstruction of the cervical lymphatics results in Lymplzo
static EncefJizalopathy. This is characterised by striking central nervous signs and 
a series of morphological alterations in the brain and the eye, accompanied by a 
lymphoedema of the muzzle ( I-8). Surprisingly, it was found that these signs and 
a lterations can be largely and safely prevented by treatment wilh high doses of 
Pantothenic acid and Pyridoxine (9, 10). This has been established in a number of 
species. includ ing the rat, the dog and man. 

T he electron microscope was used to help investigate how this treatment works. 
Observations were made on the lymphatics in the tongues of normal rats, of some 
whose cervical lymphatics had been ligated. and of others with a similar operation 
but with the treatment as well. The tongue was chosen since il is drained by the same 
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lymphatics as is the brain, yet it possesses the normal, small , "in itial" lymphatics 
which a re not present in the brain. The p lenti ful supply of lymphatics in the fascial 
planes of the tongue made it easy to find enough of them. Preliminary experiments 
on the skin of the cheek showed similar results to those repor ted here, but a re lative 
paucity of lymphatics made the find ings less reliable. 

Methods 

The cervical lymphatics of 6 rats ( 180-200 gms.) were occluded by passing liga
tures around the lymph nodes ( I). Three of the rats were given subcutaneous injec
tions of 125 mg/kg of P antothenic acid"· and 25 mg/kg 9f Pyridoxine•:·"- on the day 
of the operation and on the next two days. In the 3 untreated rats the oedema of 
the muzzle and the tongue was max imal on the th ird day. At that time pieces of the 
tongues of both g roups of rats were excised for electron microscopic analysis. The 
tongues of 5 normal rats were also studied. The tissues were fixed in phosphate
buffered 40/o forma ldehyde (with 70/o sucrose) for l hour at 4 ° C and post-fixed in 
20/o Osmium tetroxide for 12 hours. The blocks were embedded in araldite, sectioned, 
and stained with Lead citrate (pH 10) and Uranyl acetate by conventional methods. 

Results 

Macroscopically and with the light microscope the tongues of the three operated, 
non- treated animals appeared quite oedematous when compared with those of the 
normal animals, or of the treated ones. The tongues of the th ree operated, but treated, 
rats were very similar to normal tongues. 

Under the electron microscope the tongues of each g roup of animals showed dif
ferences between the groups, but were fairly homogenous within the groups. Na
turally some variations were observed from one animal to another within a group 
and from one site to another within the one tongue: such variations are norma l. They 
did not obscure the considerable cliff erenccs between the normal and the operated 
animals, nor between the operated ones with and without treatment. 

The fine structure of a ll five normal tongues showed no oedema; the ly mphatics 
(Figs. 1-3) were s imilar to those observed in other regions (11- 14). As would be ex
pected, since the longue is in fairly constant mild activity, these vessels were rather 
more dilated, conta ined rather more protein, and had rather mo re open endothelial 
intercellular j unctions than are found in small lymphatics in quiescent regions - e.g. 
the pinna of the car (2). However they were not nearly as dilated, nor did they 
have the protein content and the open junctions associated with lymphatics in very 
active (12) or injured regions (l I, 12, 14). In fact, they were sligthl y more sim ilar 
lo the quiescent regions than they were to the very active ones. In this they resem
bled the lympha tics of the normal fooli-pad of the rat (14). There was the usual 
tenuosity of the basement membrane, the paucity of zonulae ad haerentes and occlu
dentes, and the p resence of many fine fibri ls connecting the endothelial cells with the 
connective tissues. 

"" Pan thenol, Jcnapharm. 
*"· Pyridoxine, Egypt. 
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There was considerable oedema in the tongues of all operated, untrea ted animals 
(Figs. -!-6). There was much p lasma protein in the connective tissues and in the 
lumen of the widely di lated lymphatics. There were many collections of protein in 
what appeared to be " pre-formed" channels through the connective tissue, lying be
tween the bundles of collagen and leading to the lymphatics (Fig. -1). These are a 
kind of "pre-lymphati c pathway". Open endothel ia l junctions (Figs. 5, 6) were cons
iderably more frequent than in tlle normal animals. 

The tongues of all three animals having undergone lymphatic ligation, and treat
ment with pyridoxine and pantothenic acid, had features resembling both of the 
other two groups (Fig. 7, 8). Their lymphatics were wider than normal, but were no t 
early as much dilated as those of the untreated animals. They did not appear to have 
more than the normal proportion of open junctions. There was some excess protein 
present in the connective tissues and in the lymphatic lumens, but not nearly as much 
as in the untreated animals. 

Discussion 

The present results confirm the ea rlier findings about the morphology of lymphatics 
in normal and in oedematous tissues {11-1-l). They also confi rm the effectiveness of 
th is treatment of lymphoedema. 

It is evident that in lymphoedema, when there is either a relative or an absolute 
impedence to lymph out-Oow, the lymph will accumulate in the lymphatics. These 
wi ll dilate. first centrally at the site of the blockage, then the dilatation will spread 
centrifugally until the small , initial, lymphatics arc dilated. The raised intra-lym
phatic pressures, augmented by the contractions of the adjacent muscles and by those 
in the walls of the la rger lymphatics. will eventually force open the poorly supported 
{I 1, 12) intercellular junctions in the initial lymphatics. As the lymph accumulates 
the cells will eventually be forced so far apart that the junctions do not seal during 
the transient tissue compressions. Hence they will become incompetent, wi ll not acl 
a; efficient inlet-valves, and the lymph will escape back into the tissues. These will 
then swell too and macroscopic oedema will result. :\•lost of the small molecules. how
ever, will escape back into the blood vessels under the influence of the raised tissue 
hydrostatic pressures. The large molecules cannot do this since they are too large 
to pass through the closed j unctions of the blood vessels {12, 13, 15, lfi) and they 
remain in the tissues and the lymphatics. retaining the oedema-forming water by their 
osmot ic action. It is evident, therefore. that the pathogenesis of lymphoedema, and 
of the oedema caused by increases in blood vascular permeability a re different: 

In lymphoedema the dilatat ion of the lymphatics precedes the tissue oedema; the 
small, initial, lymphatics are dilated by the accumulating lymph and their junctions 
a re pushed apart. In the oedema arising from increased vascular permeabili ty the 
tissue oedema precedes the dilatation of the lymphatics which are pulled open by 
the tensions in the fine fibrils attached to the cells. Thus the cells arc pulled apart 
and their junctions opened ( 1-1). (No doubt once a lymphoedema has spread to the 
tissues the increased tensions in the fibrils will a lso prevent the lymphatics from 
collapsing and their junctions from closing.) H is apparent that in lymphoedema it 
is the protein in the tissues which causes lhe oedema to appear and to remain. ~[ere 
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F ig. 1 Normal lymphatic (LLLL); showing its collapsed state, and its normal content of protein. 
There is very little protein in lhe connective tissue spaces (S), although some is concentrated 
near the lymphatic. 2,500x. 
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Fig. 2 Normal lymphatic (L), slightly dilated, but showing much infolding of the endothelium, 
with closed junctions. The connective tissue space (S) is free of protein, as in the lumen. 5,000x. 

Fig. 3 Normal lymphatic (L), whid1 is quite collapsed. The junctions arc slightly open over 
parts of their lengths. Again, some concen tra tion of p rotein is visible ncar the vessel, but not 
further away. 40,000x. 
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Fig. 4 Lymphatic (L) in ocdematous longue. There is much protein in the connective tissue 
spaces (S), which lead to the lymphatic. These are p robably one type of '·prclymphatic pathway." 
The visible portion of the lymphatic does not look very dilated; the remainder was. 25,000x. 
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Fig. 5 A widely dilated lymphat ic in an ocdcma tous tongue. There arc a number of open and 
partly open junctions (] ). There is much protein in and around the vessel. 20,000x. 

Fig . 6 A very widely di lated lymphatic, in an oedcmatous tongue, with an open junction (]) 
and contained protein. 20,000x. 

5 Lymphology 2169 
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Fig. 7 A moderately collapsed lymphatic in a treated tongue. There is some protein in the lumen 
and near the vessel, but some of lhc connective tissue spaces (S) are fa irly free of it. Most of the 
junctions arc quite closed. 15,000x. · 

Fig. 8 A collapsed lymphatic in a treated tongue, with little protein in lhc lumen. There is some 
ncar the vessel, but none in an adjacent space (S) . The junctions a rc all closed, except for two 
very minor openings in the centre of two of them. 25.000x. 
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blockage of the lymphatics will not produce oedema. There has to be trapped protein 
to retain the water. Similarly, trealment of such an oedema must either reduce the 
amount of protein reaching the ti ssues, or somehow facil itate its removal. 

It is evident that the treatment considered in these experiments does reduce the 
amount of protein in the tissues, removing the oedema, and thus allowing the lym
phatics to become less dila ted and their junctions to close. The three most likely 
explanations are that the treatme_!lt prevents much of the normal leakage of protein 
th rough the blood capillary walls, that it-causes collateral lymphatics to open more 
rapidly or to function more effectively, or that it increases the catabolism of U1e 
accumulated proteins in the tissues. From what is known of the passage of proteins 
th rough continuous, non-fenestrated, capillaries, it would seem that the first possibil
ity is very unlikely ( 12, 16). The second possibility a lso appears most unlikely. Thus the 
third may be the correct explanation. Certainly such large doses of very active chemi
cals can greatly alter many cellular metabol ic paths. I t is possible that this is what 
happens when these coenzyme-A precursors are given in such large amounts. 

Summary 

Normal and lymphoedematous rat tongues were examined wi th the electron microscope. 
Lymphoedema was associated with d ilated lymphatics, with many open intercellular junctions, 
and with much protein in the tissues. T reating the lymphoedema with large doses of pyridoxin 
and pantothenic acid greatly reduced these abnormalities. 
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