
THE LYMPHATIC SYSTEM 

This second cil'culatLon plays an essential role in nlaintaining 
the hodis steady state, draining from the spaces between cells 

:fluid, protein and other substances that leak out of the blood 

L'ving tissue is for the most part a col
lection of cells bathed in a fluid 
medium. This interstitial fluid 

constitutes what the French physiologist 
Claude Bernard named the m·iliell il1-
leriellr: tbe internal environment of the 
organism that is the true environment of 
its cells. The interstitial fluid brings nu
trients to the cells and carries away 
waste products; its composition varies in  
space and time under the control of the 
co-ordinated physiological processes that 
maintain homeostasis, the remarkably 
steady state that characterizes the inter
nal environment of a healthy organism . 
In the maintenance of the homeostasis 
of the interstitial fluid the circulation of 
the blood is obviously of fundamental 
importance . In  the higher vertebrates 
there is  a second circulation that is 
equally essential : the lymphatic system. 
Its primary function is to recirculate 
the interstitial fluid to the bloodstream, 
thereby helping to create a proper cellu
lar environment and to maintain the 
constancy of the blood itself. It also 
serves as a transport system, conducting 
specialized substances from the cells 
that make them into the bloodstream. 
In recent years physiologists, biochem
ists, physicians and surgeons have been 
studying the lymphatic system inten
sively, in health and in disease. Their in
vestigations are providing much new 
information on how the body functions, 
explaining some heretofore poorly un
derstood clinical observations and even 
suggesting new forms of treatment. 

The fact that the lymphatic system is 
an evolutionary newcomer encountered 
only in the h igher vertebrates is signifi
cant. In lower animals there is no sepa
ration between the internal and external 
environments; all the cells of a jellyfish, 
for example, are bathed in sea water. 
With progression up the evolutionary 
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scale the cells become separated from 
the external environment, "inside" is  no 
longer identical with "outside" and 
rudimentary blood circulatory systems 
make their appearance to conduct the 
exchange of nutrients and waste prod
ucts. As the organism becomes more 
complex the blood system becomes more 
specialized. The system develops in
creasing hydrostatic pressure until, in 
mammals, there is a closed, high-pres
sure system with conduits of diminishing 
thickness carrying blood to an extensive, 
branching bed of tiny capillaries .  

At this  point in evolution a snag was 
encountered: the high pressure� made 
the capillaries leaky, with the result that 
fluid and other substances seeped out of 
the bloodstream. A drainage system was 
re(luired and lymphatic vessels evolved 
(from the veins, judging by embryolog
ical evidence) to meet this need. 

In man the lymphatic system is an ex
tensive network of distensible vessels 
resembling the veins. It  arises from a fine 
mesh of small, thin-walled lymph capil
laries that branch through most of the 
soft tissue of the body. Through the walls 
of these blind-end capillaries the inter
stitial fluid diffuses to become lymph, a 
colorless or pale yellow liquid very 
similar in composition to the interstitial 
fluid and to plasma, the liquid compo
nent of the blood .  The lymphatic capil
laries converge to form larger vessels 
that receive tributaries along their length 
and join to become terminal ducts emp
tying into large veins in the lower part 
of the neck. The largest of these great 
lymphatics, the thoracic duct, drains the 
lower extremities and all the organs ex
cept the heart, the lungs and the upper 
part of the diaphragm; these are drained 
by the right lymphatic duct. Smaller 
cervical ducts collect fluid from each 
side of the head and neck. All but the 

largest lymph vessels are fragile and 
difficult to trace, following different 
courses in different individuals and even, 
over a period of time, in the same incli 
vidual. The larger lymphatics, like large 
veins, are equipped with valves to pre
vent backflow. 

Along the larger lymphatics are nu
merous lymph nodes, which are of fun
damental importance in protecting the 
body against disease and the invasion 
of foreign matter. The lymph nodes 
serve, first of all, as filtering beds that re
move particulate matter from the lymph 
before it enters the bloodstream; they 
contain white cells that can ingest and 
destroy foreign particles, bacteria and 
dead tissue cells. The nodes are, more
over, centers for the proliferation and 
storage of lymphocytes and other anti
body-manufacturing cells produced in 
the thymus gland; when bacteria, vi
ruses or antigenic molecules arrive at a 
lymph node, they stimulate such cells 
to make antibodies [see "The Thymus 
Cland," by Sir Macfarlane Burnet; SCl
EKTlFIC Al\mmcAK, November, 1962]. 

Starling's Hypothesis 

The present view of the lymphatic 
circulation as a partner of the blood sys
tem in maintaining the fluid dynamics of 
the body stems from the investigations 
early in this century by the British phys
iologist Ernest H. Starl ing. "Starling's 
hypothesis" stated that the exchange 
of fluid between the capillaries and the 
interstitial space is  governed by the rela
tion between hydrostatic pressure and 
osmotic pressure. Blood at the arterial 
end of a capillary is  still under a driving 
pressure equivalent to some 40 milli
meters of mercury; this constitutes a "fil
tration pressure" that tends to make 
plasma seep out of the capillary . Starling 
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RIGHT LYMPH DUCT 

LYMPHATIC VESSELS drain the entire body, penetrating m o st 

of the tissues and carrying back to the bloodstream excess fluid 

from the i ntercellular space s.  This diagram show s  only some of the 

larger superficial vessels (light color), which run near the surface 

of the b ody, and deep vessels (dark color), which drain the interior 

of  the body and co llect from the superficial vessels.  The tho racic 

LEFT SUBCLAVIAN VEIN 

THORACIC DUCT 

INTERCOSTAL NODES 

CISTERNA CHYLI 

LUMBAR NODES 

ILIAC NODES 

INGUINAL NODES 

d uct, which arises at the cisterna chyli in the ab domen, drains 

most o f  the body and empties into the left subclavian vein. The 

ri ght lymph duct drains the heart, lun g s, part of  the diaphragm, 

the ri ght upper part of  the body and the ri ght side o f  the head and 

neck, emptyin g  into the ri ght s ubclavian vein. Lymph nodes inter· 

spersed alo n g  the vessels trap foreign matter, including bacteria. 
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visualized the wall of the capillary as 
being freely permeable to plasma and 
all its constituents except the plasma 
proteins albumin, globulin and fibrino
gen, which could leak through only in 
very small amounts . The proteins re
maining in the capillary exert an osmotic 
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pressure that tends to keep fluid in the 
capillary, countering the filtration pres
sure . Similar forces are operative in the 
tissue spaces outside the capillary . At 
the arterial end of the capillary the re
sultant of all these forces is  ordinarily a 
positive filtration pressure : water and 

TWO ClR CULA TORY SYSTEMS, the blood and the lymphatic (color), are related in this 

schematic diagram. Oxy genated blood (light gray) i s  pumped by the heart through a net

w ork o f  capillaries, bringing oxy gen and n utrients to the t issue cells. Venous blood (dark 

gray) returns to the heart and is oxygenated in the course of the pulmonary (lun g) circula

tion. Flui d  and other substances seep out o f  the blood capillaries into the tissue spaces an d 

are returned to the bloodstream by the lymph capi llarie s  and larger lymphatic vessels. 
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salts leave the capillary . At the venous 
end, however, the blood pressure is de
creased, energy having been dissipated 
in pushing the blood through the capil
lary. Now the osmotic force exerted by 
the proteins is dominant. The pressure 
gradient is reversed : fluid, salts and the 
waste products of cell metabolism flow 
into the bloodstream [see top illustration 
on page 84). 

It follows, Starling observed, that 
if the concentration of plasma proteins 
is  decreased (as it would be in starva
tion) , the return of fluid to the blood
stream will be diminished and edema, an 
excessive accumulation of fluid in the 
tissue spaces, will result. Similarly, if the 
capillaries become too permeable to pro
tein, the osmotic pressure of the plasma 
decreases and that of the tissue fluid 
increases, again causing edema. Capil
lary poisons such as snake venoms have 
this effect. Abnormallv high venous pres
sures also promote edema, by making it 
difficult for fluid to return to the capil
laries; th is is often one of the factors op
erating in congestive heart disease. 

A fundamental tenet of Starling's hy
pothesis was that not much protein 
leaves the blood capillary . In the 1930's 
the late Cecil K. Drinker of the Harvard 
\1edical School challenged this idea. 
Numerous experiments led him to con
clude "that the capillaries practically 
universally leak protein; that this pro
tein does not re-enter the blood vessels 
unless delivered by the lymphatic sys
tem; that the filtrate from the blood 
capillaries to the tissue spaces contains 
water, salts and sugars in concentrations 
found in blood, together with serum 
globulin ,  serum albumin and fibrinogen 
in low concentrations, lower probably 
than that of tissue Huid or lymph; that 
water and salts are reabsorbed by blood 
vessels and protein enters the lymphatics 
together with water and salts in the con
centrations existing in the tissue Huid at 
the moment of lymphatic entrance." In 
other words, Drinker believed that pro
tein is  continuously filtering out of the 
blood; the plasma-protein level is main
tained only because the lymphatic sys
tem picks up protein and returns it to 
the bloodstream. 

Unfortunatelv Drinker had no defini
tive method by which to prove that the 
protein in  lvmph had leaked out of the 
blood and was not somehow originating 
in the cells .  Perhaps for this reason his 
conclusions were not generally accepted.  
Teachers and the writers of textbooks 
continued to maintain that "healthy" 
blood capillaries did not leak protein . It 
was in  an effort to clarify this point that 
I undertook an investigation of lymph 
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and the lymphatics some 15 years ago. 
At that time I was working with a 
clin ical group measuring the retention 
of blood by patients given large infu
sions. We saw that the patients were 
retaining the cellular components of the 
blood quite well but were "losing" the 
plasma. The loss was c1earlv into the 
tissue spaces, not by wav of excretion 
from the kidnevs. 

If blood capillaries did indeed leak 
plasma, together with its protein s and 
other large molecules, then Drinker was 
correct. If the proteins entered the in
terstitial Auid, thev would stav there, 
since Starling's measurements and 
Drinker's findings made it clear that 
large molecules could not get back into 
the blood capillaries-unless thev were 
picked up bv the Ivmphatic system. If 
they leaked from the blood vessels and 
were in fact returned by the lvmphatic 
vessels, the evolutionarv reason for the 
development of the lymphatic svstem 
would be establisbed bevond question . 
I decided to return to my laboratory at 

the Tulane Universitv School of Medi
cine and investigate the problem. 

Over the years I have had the enthusi
astic assistance of several colleagues
notablv Karlman \,yassennan, now at the 
Stanford Universitv !V!edical School, and 
Stephen .T. LeBrie-and of manv stu
dents . Time bad provided us with two 
tools not available to Drinker. One was 
Aexible plastic tubing of small diameter, 
which we could insert into lvmphatic 
vessels mucb more effectivelv than had 
been possible with the glass tubing 
available earlier. And we now had 
radioactive isotopes with which to label 
proteins and follow their course . 

Experiments with Proteins 

\,Ve injected tbe blood proteins albu
min and globulin, to whicb we had 
coupled radioactive iodine atoms, into 
the femoral veins of anesthetized dogs . 
The proteins immediatelv began to leave 
the bloodstream. Bv calculating tbe slope 
of the disappearance curve in each ex-

periment we could arrive at a number 
expressing the rate of disappearance 
[see tall illustration on page 85]. The 
average rate of disappearance of albu
min, for example, turned out to be about 
.001; in otber words, a tbousandth of the 
total amount of labeled albumin present 
at anv given time was leaking out of the 
capillaries each minute. If we infused 
large amounts of salt solution, plasma 
or whole blood into our dogs, the dis
appearance rate increasecl Significantly. 
The same thing happened in animals 
subjected to severe hemorrbage. In some 
experiments we simultaneouslv collected 
and analvzed lvmph from the thoracic 
duct [see bottom illustration on page 
85]. As before, labeled protein left the 
blood; within a few minutes after injec
tion it appeared in thc lvmph, at first in 
small quantities and then at a faster rate. 
It leveled off, in equilibrium with the 
blood's protein, seven to 13 hours after 
injection .  

\,ye were able to calculate from our 
data that in dogs the thoracic duct alone 

LACTEALS, the lymphatics of  the intestine, were first describe d 

by the Italian anatomist Gasparo A selli in 1622. They were pic

tured in his De LactibLLs, the first anatomical work with color 

plate s. Thi s plate shows veins (A), lacteals (B), mesentery (C), 

stomach (D), small intestine (F, C, H) and a lymph node (L) . 

THO RACIC DUCT and the maj or lymph vessels of the lower ex· 

tremities and trunk that co ntribute to it are seen in this plate from 

a French book of 1847, Atlas d'Anatomie Descriptive dLL Corps 

Hwnll;'n. The duct arises from a plexus of abd ominal vessels and 

arches up into the lower neck before enteri n g  the subdavian vein. 
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STA RLING'S HYPOTHESIS explained the exchan ge of fluid through the capillary wall. 

At the arterial end o f  the capillary the hydrostatic pressure (given here ill centimeters of 

water) delivered by the heart is dominant, and fluid leaves the capillary. At the venous end 

the osmotic press ure of  the proteins in the plasma dominates; fluid enters the capillary. 

CAPILLARY 
(ARTERIAL END) �1-��rr���;;;�������� 

CAPILLARY 
(VENOUS END) 

LYMPH 
CAPILLARY 

FLUID EXCHANGE is diagram e d  as p o stulated by Starling. He believed that fluid and 

salts (arrows) left the blood capillaries, mixed with the interstitial fluid and for the most 

part were reabsorbed by the capillaries. Excess fluid was drained by tbe lymph vessels.  He 

took it for granted that m o st of  the protein i n  the blood staye d inside the blood capillaries. 

CAPILLARY CAPILLARY 
(ARTERIAL END) �F�������;;;;;���b�;;:� (VENOUS END) 

LYMPH 
CAPILLARY 

PRESENT VIEW of fluid exchange is diagramed. It appears tbat such large molecules as 

proteins (black dots) and lipids (open circles) leave the blood capillaries alon g  with the 

fluid and salts. Some of the fluid and salts are reabsorb e d; the excess, alo n g  with large 

molecules that cannot re·enter the blood capi llaries, i s  returned via the lymphatic system. 
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returned about 65 per cent of the pro
tein that leaked out of the capillaries . 
Extension of this kind of experiment to 
man showed similar rates of leakage. 
In the course of a day 50 per cent or 
more of the total amount of protein 
circulating in the blood is lost from the 
capillaries and is returned to the blood
stream by the lymphatic system . 

The importance of lymphatic drain
age of protein becomes clear if one con
siders its role in lung function, which 
was elucidated by Drinker. The pulmo
nary circulation, in contrast to the general 
circulation, is a low-pressure system . The 
pulmonary capillary pressure is about a 
<luarter as high as the systemic capillary 
pressure and the filtration pressure in the 
pulmonary capillaries is therefore con
siderably below the osmotic pressure of 
the blood proteins. As a result fluid is 
retained in the bloodstream and the 
lllng tissue remains properly "dry." 

When pulmonary capillary pressure 
rises significantly, there is increased 
fluid and protein leakage and therefore 
increased lymph flow. For a time the 
lymph drainage is adequate and the 
lungs remain relatively dry. But when 
the leakage exceeds the capacity of the 
lymphatics to drain away excess fluid 
and protein ,  the insidious condition 
pulmonary edema develops. The exces
sive accumulation of fluid makes it more 
difficult for the blood to take up oxygen. 
The lack of oxygen increases the perme
ability of the pulmonary capillaries,  and 
this leads to greater loss of protein in a 
vicious circle. Some recent findings by 
John J. Sampson and his colleagues at 
the San Francisco Medical Center of the 
University of California support this 
concept.  They found that a gradual in
crease in lymphatic drainage occurs in 
dogs in which high pulmonary blood 
pressure is produced and maintained ex
perimentally. This suggests that the 
lymphatic system attempts to cope with 
the abnormal situation by proliferating, 
much as blood capillaries do when 
coronary circulation is impaired.  

Leakage from blood capillaries and 
recirculation by the lymphatic system is ,  
as I indicated earlier, not limited to 
protein . Any large molecule can leak out 
of the capillaries, and it cannot get back 
to the bloodstream except via the lym
phatiCS. All the plasma lipids, or fatty 
substances, have been identified in 
thoracic-duct lymph. Even chylomi
crons, particles of emulsified fat as large 
as a micron (a thousandth of a milli
meter) in diameter that are found in 
blood during the digestion of fat, leak 
out of the bloodstream and are picked 
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up and recirculated to the vascular sys
tem by the lymphatics. As a matter of 
fact, there is evidence that they may 
leak out even faster than proteins. The 
significance of these findings remains to 
be explained. Aaron Kellner of the Cor
nell University Medical College has sug
gested that atherosclerosis, a form of 
hardening of the arteries in which there 
is infiltration of the walls of the arteries 
by Upids, may have its origin in the fact 
that under normal conditions there is a 
constant flow of fluid containing lipids 
and proteins across the blood-vessel lin
ing into the vessel wall. Ordinarily this 
fluid is removed by the small blood ves
sels of the wall itself and by the lym
phatics. It is conceivable that something 
may interfere with the removal of lipids 
and cause them to accumulate in the 
blood-vessel wall. It is even conceivable 
that the high capillary filtration that ac
companies hypertension may increase 
the leakage of lipids from capillaries to 
a level exceeding their rate of removal 
from the interstitial fluid, which would 
then bathe even the outer surfaces of the 
arteries in lipids . 

In addition to demonstrating that the 
lymph returns large molecules from the 
tissue spaces to the bloodstream, recent 
investigation has confirmed the impor
tance of lymphatic drainage of excess 
fluid Rltered out of the capillaries but 
not reabsorbed .  Experiments with heavy 
water show that blood is unquestionably 
the chief source of the water of lymph. 
In dogs the amount of lymph returned 
to the bloodstream via the thoracic duct 
alone in 24 hours is roughly equivalent 
to the volume of the blood plasma. Most 
of this fluid apparently comes from the 
blood. In some of our experiments we 
drained the thoracic-duct lymph outside 
the dog's body and found that the plasma 
volume dropped about 20 per cent in 
eight hours and the plasma-protein level 
some 16 per cent. Translated to a 24-
hour basis, the loss would be equivalent 
to about 60 per cent of the plasma vol
ume and almost half of the total plasma 
proteins circulating in the blood. Thus 
the return of lymph plays an essential 
role in maintaining the blood volume.  

One situation in which this function 
can be observed is the "lymphagogue" 
effect : the tendency of large infusions 
into the vascular system to increase the 
flow of lymph. As we increased the size 
of infusions in dogs, lymph flow in
creased proportionately; with large in
fusions (2,000 milliliters , about the nor
mal blood volume of a large dog) the 
thoracic-duct lymph flow reached a peak 
value about 14 times greater than that 
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LABELED PROTEINS were injected into do gs' veins.  Measuri n g  the radi oactivity per 

milliliter of blood withdrawn from an artery showed how quickly the globulin (gray) and 

albumi n  (black) d isappeare d .  The steep slopes represent disappearance, the shallow slopes 

subsequent metabolism o f  the proteins.  The radioactivity i s  plotted on a l o garithmic scale. 
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EFFECT OF INFUSIONS on lymph flow (graph at left) and on 

albumin flow in lymph (graph at right) in dogs i s  illustrated.  Each 

curve shows the ratio of the flow after an infusion of a given size 

to the flow hefore the infusion. The curves are for infusions of 

250 (solid black), 500 (gray), 1,000 (broken black) and 2,000 

(colored) milliliters. The larger the infusion, the m ore leakage. 

of the preinfusion level [see illustration 
aboLOe J. Most of the excess fluid is ex
creted by the kidneys in increased 
urine Bow. But the displacement of Buid 
from the blood circulation into the 
lymph "saves" some of the Buid .  In oth
er words, it can be considered as being 
a fine adjustment of the blood volume so 
that not all the Buid is  irrevocably 
lost from the body. Large infusions also 
increase protein leakage, but again the 
fact that the protein goes to the lymph 
and slowly returns to the bloodstream 
minimizes changes in total circulating 
protein and the loss of its osmotic effect. 

The Mechanism of Filtration 

The exact processes or sites of the 
filtration of large molecules through the 
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capillary wall, and through cell mem
branes in general, are stil l  unclear. As 
Arthur K. Solomon has pointed out in 
these pages [see "Pores in  the Cell 
Membrane," by Arthur K. Solomon ; SCI
EKTIFIC All'lERICAK, December, 1960], 
"some materials pass directly through 
the fabric of the membrane, either by 
dissolving in the membrane or by inter
acting chemically with its substance. 
But it seems equally certain that a large 
part of the traffic travels via holes in  the 
wall. These are not necessarily fixed 
canals ;  as the living membrane responds 
to changing conditions inside or outside 
the cell ,  some

"P0res may opel� and others 
may seal up . 

This last pOint appears to explain our 
results with infusions in dogs . The mas
sive infusions overfill the closed blood 

system, raise filtration pressure in  the 
capillaries and result in  increased leak
age through the capillary walls ;  lymph 
Bow is  copious and the lymph contains 
more large molecules .  Small infusions 
do not do thi s .  The reason, then, that 
patients did not do as well as expected 
after receiving large infusions or trans
fusions was that the plasma and proteins 
leaked out through stretched capillary 
pores . A similar effect accounted for the 
case of animals subjected to severe 
hemorrhage : there was not enough 
blood to oxygenate the capillary walls 
adequately, the walls became more per
meable and the protein molecules passed 
through. 

We found that the rate of leakage for 
any molecule depends on its size. Globu
lin, which has a molecular weight of 
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250,000, leaked more slowly than albu
min, which has a weight of 70,000. The 
third plasma protein, fibrinogen, has a 
molecular weight of about 450,000 and 
leaves the blood still more slowlv. Bv in
troducing into the blood various carbo
hvdrate molecules, which unlike protein 
molecules do not carry a charge, we were 
able to dcmonstrate that it is size and 
not electrical charge that determines a 
molecule's rate of movement through 
the wall. 

When, after infusing the carbohy
drates, we collected lvmph from differ
ent parts of the bodv, we found larger 
molecules in intestinal Ivmph than in 
leg lymph, and still larger molecules 
in lymph from the liver. This indicated 
that capillaries in tbe liver have sub
stantiallv larger openings than leg capil
laries do, and that the vessels of the in
testine probablv Ilave both large and 
small openings. There are other indica
tions that liver capillaries are the most 
permeable of all; for example, apparent
ly both red cells and lymphocytes pass 
between the blood and the Ivmpb in the 
liver. Hecent studies with the electron 
microscope confirm the indirect evidence 
for variations in the size of capillarv 
openings; tbe structure of the capillaries 
seems to varv with tbe organ, and these 
differences may be related to differences 
in function. 

Transport by the Lymph 

When Gasparo Aselli first described 
lympbatic vessels in 1622, the ones he 
noted were the lacteals: small vessels that 
drain the intestinal wall. The dog Aselli 
was dissecting had eaten recentlv; the 
lacteals had absorbed fat from tbe in
testinc, which gave them a milkv-white 
appearance and made them far more 
visible them otber lymphatics. The trans
port of certain fats from the intestine to 
the bloodstream by wav of the thoracic 
duct is one of the IVI�lphatic system's 
major functions. Studies in which fattv 
acids bave been labeled with radioa�
tive carbon show that the blood capil
laries of the intestine absorb short-chain 
fatty acid molecules directly, together 
with most other digested substances, and 
pass them on to the liver for metabolism. 
But the bcteal vessels absorb the long
chain fats, such as stearic and palmitic 
acids, and carrv them to the bloodstream 
via the thonl�ie duct. The Ivmphatic 
svstem is also the main route bv which 
cholesterol, the principal steroid found 
in tissues, makes its wav into the blood .  

Since the lymphatics are interposed 
between tissue cells and the blood sys-

LYMPH CAPILLARY (lightest area) of mouse arterial tissue is enlarged 30,000 diameters 

in this electron micrograph made by Johannes A. G. Rhodin of the New York University 

S('hool of Medicine. At upper left is part of the nudeus of an endothelial cell of the vessel 

wall. The thin ends of two other cells overlap
. 

near the bottom. The faint shadow in the 

connective tissue outside the wall is a slight indication of a basenlent nlembrane. 

"LOOSE JUNCTION" between the overlapping ends of two endothelial cells of a vessel wall 

is seen in this electron micrograph, also made by Rhodin, of a lymphatic in mouse intes· 

tinal tissue. The lymph vessel is at the top, eonnective tissue at the bottom. In this case there 

is no sign of a basement membrane outside the wall. The enlargement is 90,000 diameters. 
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L YMPHANGIOGRAM is an X-ray photograph in which the lym

phatic vessels a re made visible b y  injectin g  into them a radiopaque 

dye_ In the n ormal leg ( le/t) the vessels a re strai ght a n d  well de

fi ned_ In lymphedema (right) there is ins ufficient drai nage of flui d 

and proteins, in thi s case because there were t o o  few vessels in the 

thi gh. The extra p ressure on the lower-leg vessels in ereased thei l

number an d made them t o rtuous_ These pi ctures w ere made by 
Carl A. Smith of the New York University S('hool of Medi " ine_ 

tem it is not surprising to find that they 
serve as the channel for transport to the 
bloodstream of substances that originate 
in tissue cells _ The lymph is probably the 
route by which at least some hormones, 
many of which are very large molecules, 
are carried to the blood from the endo
crine glands where they are synthesi zed _ 
Some enzymes, found in lymph in small 
concentrations, may merely have leaked 
out of the capillaries . But others are ap
parently picked up from their cells of 
origin and carried to the blood by the 
lymph. Certain enzymes, including h is
taminase and renin, are present in  great
er concentrations in lymph than in the 
blood . The finding on renin, reported by 
A .  F. Lever and W.  S. Peart of St. M arv's 
Hospital Medical School in London, is of 
particular interest to investigators work
ing on the problem of hypertension . One 
concept ascribes high blood pressure in 
some individuals to the production of 
renin by a kidney suffering from inade
quate blood circulation ; the renin is  
thought to combine with a globulin in  
the plasma to form hypertensin, an 
enzyme that narrows the arterioles and 
results in high blood pressure. It has 
been difficult to establish this concept 
because no one has been able consistent-
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ly to demonstrate the presence of renin 
in the blood of hypertensive patients . 
Now that it has been discovered in 
lymph coming from the kidney it i s  
clear that renin is indeed being formed 
in these patients, although in amounts 
so small that it usually escapes detection 
after being diluted in the blood. 

Recently Samuel N. Kohnen of the 
University of Texas Medical Branch in 
Galveston has provided what may be a 
confirmation of the renin concept. He 
produced hypertension in  dogs by re
moving one kidney and partially con
stricting the artery supplying the other 
one. When he shunted the thoracic-duct 
How into the dog's gullet or allowed it 
to escape, the hypertension diminished. 
The implication is  that renin was being 
kept out of the bloodstream.  When Kol
men stopped lymph How in the shunt, 
presumably inhibiting the diversion of 
the renin, the hypertension returned.  

The Lymphatic Circulation 

To the investigators of the 19th cen
tury the lymphatic system was "open
mouthed" : its capillaries were assumed 
to be open to the tissue spaces . More 
recent evidence has shown that the 

lymphatics form a closed system, that 
Huid enters not through the open ends 
of vessels but through their walls . The 
walls of the terminal lymph capillaries, 
like those of blood capi l laries, consist of 
a single layer of platelike endothelial 
cells. This layer continues into the larger 
vessels as a l ining but aC<juires outer lay
ers of connective tissue, elastic fibers and 
muscle . Although the capillaries of the 
blood and lymphatic systems are struc
turally very similar, recent electron 
micrographs show differences in  detail 
that may help to explain the ease with 
which the lymph vessels take up large 
molecules . Sir Howard Florey of the 
University of Oxford and J. R. Casley
Smith of the University of Adelaide 
in  Australia believe that the most im
portant difference is  the poor develop
ment or absence in lymph capillaries of 
"adhesion plates," structures that hold 
together the endothelial cells of the 
blood capillaries .  They suggest that as a 
result there are open junctions between 
adjacent cells in  lymph capillaries that 
allow large molecules to pass through 
the walls .  Tohannes A. G. Rhodin of the 
New York University School of Medicine 
puts more emphasis on the apparent ab
sence or poor development in lymph 
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capillaries of the "basement membrane" 
that surrounds blood capillaries .  

Certainly i t  i s  clear that very large 
particles do enter the lymphatic vessels : 
proteins,  chylomicrons, lymphocytes and 
red cells-the last of which can be as 
much as nine microns in diameter. Bac
teria, plastic spheres, graphite particles 
and other objects have been shown to 
penetrate the lymphatics with no ap
parent difficulty. Yet we have found that 
when we introduce substances directly 
into the lymphatic system, anything with 
a molecular weight greater than 2,000 
is retained almost completely within the 
lymphatics, reaching the blood only by 
way of the thoracic duct. If large parti
cles can get into the lymphatic vessels, 
why do substances with a molecular 
weight of 2,000 not get out by the same 
channels? 

I have spent many hours trying to 
formulate an answer to this question 
without arriving at a sophisticated con
cept, and have had to be content with a 
simple explanation that is at least con
sistent with the current evidence. As
sume that the smallest terminal lym
phatics are freely permeable to small and 
large molecules and particles moving 
in either direction through intercellular 
gaps.  Compression of these vessels in 
any way would tend to force their con
tents in all directions. At least some of 
the contents would be forced along into 
the larger lymph vessels, where the 
presence of valves would prevent back
flow. And once the lymph reaches a larg
er vessel it can no longer lose its large 
particles through the thick and relative
ly impermeable wall of the lymphatic. 

One can argue that this seems to be 
a rather inefficient and even casual way 
of getting the job done. Indeed it is,  and 
this physiological casualness is a char
acteristic of the lymphatic system as a 
whole . There is no heart to push the 
lymph, and although lymphatic vessels 
do contract and dilate like veins and 
arteries this activity does not seem to 
be an important factor in lymph move
ment. The flow of lymph depends al
most entirely on forces external to the 
system : rhythmic contraction of the in
testines, changes in pressure in the chest 
in the course of breathing and partiCll
larly the mechanical squeezing of the 
lymphatics by contraction of the muscles 
through which they course.  

Lymphatic Malfunction 

In spite of the casualness of the lym
phatic system, its development, as I 
have tried to show, was an absolute 

necessity for highly organized animals. 
Its importance is most visibly demon
strated in various forms of lymphedema, 
a swelling of one or more of the ex
tremities due to the lack of lymphatic 
vessels or to their malfunction .  In some 
individuals the lymphatic system fails to 
develop normally at birth, causing grad
ual swelling of the affected part. Lym
phangiographic studies, in which the 
vessels are injected with radiopaque 
dyes to make them visible in X-ray pho
tographs, show that the lymphatics are 
scarce, malformed or dilated. Insuf
ficient drainage causes water and protein 
to accumulate in the tissues and ac
counts for the severe and often dis
abling edema. There is evidence that 
genetic factors may play a role in this 

condition. Surgical procedures that de
stroy lymph vessels may have a similar 
effect in a local area. Elephantiasis is a 
specific form of lymphedema resulting 
from the obstruction of the vessels . It can 
be caused by infection of the lymphatics 
or by infestation with a parasitic worm 
that invades and blocks the vessels . 

The lymphedemas have been recog
nized as such for many years . Recently 
the view that the lymphatic system is 
essential to homeostasis-which is to say 
"good health" -has led to a number of 
investigations of its role in conditions 
in which no lymphatic involvement was 
previously suspected. Our group at Tu
lane has found that lymphatiC drainage 
of the kidneys is essential in order to 
maintain the precise osmotic relations 

LYMPHEDEMA can cause gross deformity of a limb and even disability. The drawing is 

based on a photo graph of an l l .year·old girl whose leg began to swell at the age o f  seven, 

probably because of an insufficiency of lymphatic vessels. The patient's condition was great· 

ly improved by an operation in which the tissue between skin and muscles was removed. 
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A i r b ras i v e® U n it 
The Airbrasive is not the way to open your breakfast egg. But it is  
often the only way to cut many extremely hard, fragile materials. 
It would pay you to look around your production line or laboratory to 
see where you can use the Airbrasive . Any tool that can make tricky 
cuts like these in  such a fragile object as an empty egg-shell can surely 
do jobs for you that you previously thought were impossible. 

The secret of its unique ability lies in  a finely controlled stream of 
microscopic abrasive particles gas-propelled through a precise nozzle.  
This stream cuts or abrades or cleans without  shock, heat,  or vibration.  
Use it to make cuts  as fine as 0.005" . . . remove surface coatings . . .  
adjust microminiature circuits . . .  debur tiny parts . . .  and many more 
delicate tasks. The cost is  low. For under $ 1 ,000 you can set up your 
own Airbrasive cutting unit.  

Send liS samples of your 
"impossible" jobs alld let liS 
test them for YOIl at 110 cost. 

WRITE FOR 
BULLETIN 6006. 

Complete in/ormation . 

s. S. WH ITE INDUSTRIAL DIVISION 
Dept .  SA, _ 1 0  East 40th  St . ,  New York  1 6, N. Y . •  Te lephone  MU 3-30 1 5  co l l ect. 
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on which proper kidney function de
pends. This may explain the dilution 
of the urine observed in some patients 
after kidney operations :  the lymph ves
sels may have been damaged, decreas
ing their capacity for draining proteins 
and interfering with the reabsorption of 
water by the kidney tubules. 

At the New York University School 
of M edicine, John H. Mulholland and 
Allan E .  Dum

'
ont have been investigat

ing the relation between thoracic-duct 
flow and cirrhosis of the liver. Their re
sults suggest that the cirrhosis may be 
associated with increased lymph flow in 
the liver and that the inability of the 
thoracic duct to handle the flow may 
bring on the accumulation of fluid, local 
h igh blood pressure and venous bleed
ing that are fre(luently seen in cirrhosis 
patients ; drainage of the duct outside the 
body temporarily relieves the symptoms. 

These and other clinical observations 
are consistent with my feeling that the 
lymphatic system does a capable job 
when all is going well but that its capaci
ty for dealing with disturbances is  limit
ed.  As a phylogenetic late-comer it may 
simply not have evolved to the point of 
being able to cope with abnormal stresses 
and strains. The role of the second circu
lation in disease states is currently under 
intensive investigation. As more and 
more is learned about its primary func
tions and its reactions to stress, the new 
knowledge should be helpful in  diag
nosis and perhaps eventually in the 
treatment of patients. 

D I LATED T H O R A C I C  DUCT of a patient 

with cirrhosis i s  seen in this photograph 

made by Allan E. Dumont and John H .  M ul· 

holland of the New York University School 

o f  Medicine and reprinted from Annals of 

Surgery. The plastic tube j ust below the 

duct is  a tenth o f  an inch in diameter. A 

n ormal duct would be smaller than the tube. 
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A VOICE IN  SPACE FOR EVERY NAJION A d ra m a t i c adva nce by a n  ITT Syste m c o m p a n y  
permits  a n y  n a t i o n  i n  t h e  wo r ld  to s h a re i n  t h e  

m y r i a d  a d va ntages o f  co m m u n icat i o n  b y  satel l i te .  / For I TT h a s  co n c e ived a n d  d evelo ped a n  e n t i rely n ew k i n d  

o f  satel l ite com m u n i ca t i o n s  term i n a l .  Ea s i l y  t ra n s po rta b l e ,  i t  ca n be s h i p ped a nywh e re .  I t  ca n be e rected i n  2 4  
h o u rs .  I ts  cost:  modest .  N ow te l e p h o n e ,  te legra p h  a n d  d a t a  c h a n n e l s  ro uted t h ro u g h  s pace ,  ca n be m a d e  a va i l ·  
a b l e  between remote a n d  d i sta nt  po i nts  a l l  ove r t h e  g lobe .  / Th i s  n ew u n iversa l g ro u n d  stat i o n  - t h e  f i rst o f  its 
k i n d - i s a co m p l ete , s e l f · co n ta i n ed term i n a l  for  t ra n s m i s s i o n s  to a n d  f ro m  satel l i tes . F i rst u s ed i n  i nte rco n t i ·  
n e n ta l  vo ice t ra n s m i s s i o n  w ith  NASA ' s  P roj ect R e l a y ,  m i n o r  a d a pt i o n s w i l l  p e r m i t  t h e  eq u i p m e n t  t o  w o r k  w i t h  

o t h e r  co m m u n i ca t i o n s  sate l l ites yet to c o m e .  ( I n sta l l ed i n  B raz i l ,  i t  h a s  a l ready b e e n  res po n s i b l e  fo r esta b l i s h ·  
i n g  t h e  f i rst l i n k  t h ro u g h  space between t h e  two A m e r i ca s ! )  / ITT i s  a ct ive i n  v i rtu a l ly eve ry a rea o f  t h e  U .  S .  
s p a c e  effo rt - f ro m  g ro u n d  c o n t ro l  t o  t h e  p rod u ct i o n  o f  co m p l ete sate l l ites . . .  f r o m  t h e  d evel o p m e n t  of t i ny co m ·  
ponents t o  t h e  m a n agement o f  m i s s i l e  ra nges t h o u s a n d s  o f  m i l e s  l o n g .  I t ' s  a natu ra l  ro l e  fo r t h e  wo rl d ' s  l a rgest 

i nternat i o n a l  s u p p l i e r  of e l ectro n i c s  a n d  te leco m m u n icat i o n s .  / I ntern a t i o n a l  Te l e p h o n e  a n d  Te l eg ra p h  Co rpora · 
t io n .  Wo r ld Head q u a rters :  3 2 0  Pa rk Ave n u e ,  N ew Yo rk 2 2 ,  N ew Yo rk .  
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from a very rel iable source. 
How will Fairchild transistors stand up 

under missile launching stresses ? Or in 

a guidance system north of the Arctic 

Circle ? Or in an orbiting satellite ? Get

ting the facts is a tortuous process - for 

the transistors . They undergo alternate 

extremes of heat and cold .  M o i sture.  

Shock.  C onstant acceleration of 20,000 

G's. Then they must operate continuously 

for 1,000 hours at a high temperature. 

These tests are p a rt of the Fai r c h i l d  

routine. The volumes o f  information they 

provide tell our customers what they can 

expect from Fairchild transistors. And 

because Fairchild transistors can take the 

worst, our customers can expect the best. 

F� I R C H I L C 
S E M I C O N D U CTO R 
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