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Summary 

Dissections reveal that each lymphatic organ charac
teristic of species is supplied with lymph heart , 
smooth muscles, or striated muscles whose contrac
t ions (along with transmitted arterial pulsations and 
changing gravitational forces) coord inately propel 
lymph centrally during breathing, swallowing, food 
absorption and joint flexion . In aquatic vertebrates 
and amphibians lymph hearts, closely related to the 
gi lls, propel central lymph into the jugular veins. In 
aeria l vertebrates with well-developed lungs, the stri
ated muscles which enable ventilation, propel central 
lymph into large veins coursing through the thoracic 
inlet at rates commensurate with oxygen consump· 
tion under normal conditions. 

Opportune gravitational forces , transmitted 
arterial pulsations , many forms of skeletal 
muscular activity and tonic contractions of 
the smooth muscles in vessels combine to pro
pel lymph centrally via valved lymphatics and 
paired sets of central lymph ducts into the 
blood circulation of vertebrates (1 - 2). How
ever , in phyla or species lacking discrete 
lymph hearts (especially birds and mammals) , 
central lymph propulsion becomes complicated 
because organized lymphatic tissues (such as 
thymus glands, avian cloacal bursae , tonsils , 
nodes , intestinal lymphatic tissue) with rela
tively permeable , valveless lymph sinuses de
velop to interrupt the peripheral to central 
flow of lymph ( I - 2). Along with the con
necting lymphatics (2) , such lymphatic organs 
develop in situ from periarterial mesenchyme 
(2- 6) to produce lymph (7- 8) and filter or 
process peripheral lymph which emanates 
from nearby distal or remote ramifying artero
venous capillary circuits supplying paren
chymal cells (1 - 2, 7). Central lymph , then , 
becomes a mixture of filtered , variably pro
cessed peripheral lymph with lymph produced 
in the lymphatic organs through the release of 

small cytoplasm-depleted lymphocytes into col 
loidal hydrosols resulting from cytoclasmosis 
(i.e . cytolysis and dissolution of ectoplasm ex
truded from larger lymphocytes and other re
latively large mononuclear cells growing in 
each lymphatic organ [8]) . The purpose of 
this communication is to analyze how each 
lymphatic organ characteristic of species is 
endowed with striated or smooth muscles to 
enhance central lymph propulsion. 

Material and Methods 

The lymphoid and lymphatic tissues of cartila
genous fish (3 mosquito-fish) , bony fish (3 
gold-fish) , amphibia (3 Rana pipiens, 3 Xenopus 
laevis , 1 Hyla regilla - tadpole and adult) , 
reptiles (3 Cyclemis dentata - a fresh water 
turtle) , birds (30 Pekin ducks , 12 mallards , 
12 white leghorn chickens, 12 white King pi 
geons, 2 mourning doves , other accidentally 
killed birds , including finches , towhees , hum
mingbirds), mammals (8 rats , many humans 
recounted elsewhere [7]) of varying , but known 
ages and nutritional status were dissected -
either by stepped serial microscopic sections 
from head to tail in small animals, or surgical 
dissection under anesthesia in large ones , fol
lowed by serial light and , often , electron mi 
croscopic sections. Special attention was di
rected toward muscles within or surrounding 
the organized lymphoreticular tissues , as well 
as the feeding , breathing and locomotor habits 
of the species dissected . 

Observations 

I. The organized lymphoreticular tissues (reti 
cular connective tissues supporting dividing 
lymphocytes) were found distributed as shown 
in Table I (a composite based on personal ex-
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perience and that of Jordan f9l to include the 
invertebrates). 

2. Thymus glands were not identified by serial 
sections from head to tail in mosquito-fish, 
which respire exclusively by gills . ln gold-fish , 
which facultahvely respire above warm or stag
nant water by gulping air , discrete paired lym
phoepithelial thymus glands were found medial 
to the gills and surrounded by a thin continu
ous layer of striated muscle cells. In the am
phibia during metamorphosis , paired lympho
epithelial thymus glands were found just cau
dal to the eyes variably stranded from the 
middle gill pouches , and, after metamorphosis, 
surrounded by crossing bundles of striated 
muscle cells which move the gullet. In adult 
turtles discrete , paired lymphoepitl1elial thy
mus glands were found beneath the clavicles 
near the superior caval insertion of the jugular 
veins and found to contain relatively large 
numbers of myoid cells surrounding intrathy
mic sinuses (Fig. 2, inset). In all birds sampled , 
five discrete paired lymphoepithelial tl1ymus 
glands were found superficially , lateral to the 
relatively long trachea , along the entire course 
of the neck {I 0) . The avian thymus glands sel
dom contained striated muscle cells, and were 
not surrounded by muscular tissue . When stri
ated myoid cells were found , their cytoplas
mic processes related closely to intratl1ymic 
lymph sinuses (Fig. 1). 1n the mammals dis
sected, single lymphoepithelial thymus glands 
normally without contained or immediately 
surrounding striated muscle cells were found 
extending below the clavicles and sternum in
to the anterior mediastinum. Although intra
thymic myoid cells have been reported in hu
man thymomas , none were found by light or 
electron microscopy in more than 100 mam
malian glands studied, including six benign thy
mus glands removed during the surgical treat
ment of myastl1enia gravis in humans (11) . 

3. Cloacal bursae were not identified in the 
fish , frogs or mammals sampled , but uniformly 
were found opening into the cloaca just distal 
to the ureteral orifices in the turtles and young 
birds. Striated muscles (such as those in the 
turtle thymus) and smooth muscles (such as 
those in tl1e gastrointestinal tract) were not 
found in the turtle or avian bursae ; but in all, 
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Fig . 1 Thymus from a 3-week 
old Pekin duckling X5600. A 
myoid cell with an ovoid nucleus 
and striated myofibrils in the 
cytoplasm. Like cardiac muscle 
cells which propel blood, such 
myoid cells lack skeletal or liga
mentous attachments and appar
ently develop from mesenchyme 
to function as lymph hearts pro
pelling lymph from sinuses (2). 
Note that the sinus to the left 
and below contains a granulocyte 
and several cytoplasmic fragments 
extruded from thymocytes (arrows) 

the bursal openings into the cloaca were found 
invested in striated muscles continuous with 
those of the levator ani and anal sphincter 
mechanism (Fig. 3). (It will prove pertinent 
to the ensuing discussion to note that the in
ternal anatomy of the fresh water turtles and 
birds dissected is remarkably similar. Age and 
species variations in the bursae and thymus 
glands are recounted in detail elsewhere [10, 
12]. Aside from the cloacal bursae , common 
anatomic features include relatively long re
tractible necks; long redundant tracheae ; mem
branous, instead of muscular diaphragms ; and 
relatively rigid thoraces which cover all of the 
trunk in turtles and most of the trunk in birds 
[especially strong fliers] .) 

4 . Adenoids, palatine tonsils, lingual tonsils 
and less organized lymphoreticular tissues 
which constitute Waldeyer's oropharyngeal 
ring were always found immediately supported 
by striated muscles which con tract during the 
act of swallowing in all species. Of course in 
fish , frogs and turtles , such lymphatic tissues 
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appeared poorly developed , especially in fish 
and turtles which feed under water. In all birds 
sampled, the palatine tonsils appeared well-de
veloped three to six weeks after hatching. In 
rats and humans the tonsils appeared well de
veloped after weaning. 

5. True lymph nodes were not identified in 
the fish , frogs or turtles sampled. Rudimentary 
lymph nodes without penetrating or central 
lymph sinuses were found occasionally by se 
rial sections of the neck in pigeons (1 0) . In the 
mammals sampled , lymph nodes appeared in
creasingly developed until puberty and were 
found either superficial or deep . The deep 
nodes were found beside large arteries with 
generous pulsations in living animals, such as 
the aorta , carotids, subclavians , axillary , brachi
al , mesenteric , iliac and popliteal arteries. The 
superficial nodes were found clustered along
side arteries where joints flex , as in the axillae , 
elbows, groins , popliteal spaces and under the 
mandible. 
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Fig. 2 The inset (above) shows several myoid cells 
bordering portions of lymph sinuses in a fresh water 
turtle thymus (under phase microscopy X400) . The 
remainder of the microscopic field (above) shows 
actin bands in the relatively disorganized, interlacing 
myofibrils of a myoid cell in a duckling thymus. 
Like the lymph hearts in general, such cells normally 
disappear shortly after hatching (2). 
Below, a young rat thymus on the left and a duck
ling thymus on the right, showing potential thymo
cytic sources of extruded ectoplasmic fragments in 
thymtc lymph sinuses 

6. Intestinal lymphatic tissue was found to 
develop incrementally to support the gut epi 
thelium afler the onset of oral feeding in aJI 
species studied, and appeared diffuse with in 
creasing nodularity in higher phylogenetic or
ders. In the diffuse intestinal lymphoreticular 
tissue , lacteals were found parallel to and par
tially surrounded by bundles of smooth mus
cle cells in the intestinal villi (Fig. 4); whiJe 
deeper lymphatics were found parallel to the 
muscularis mucosa throughout the gut. The 
nodular and diffuse intestinal lymphoreticular 

tissue , both were found completely surrounded 
by layers of longitudinal and circular smooth 
muscle cells which form the outer muscularis , 
and which engender peristalsis during the ab
sorption of food . 

7. Organized lymphoid tissues, such as the 
spleen, hemal nodes and periarteriolar Iympho
reticuJar tissue of the marrow - aJI of which 
normally lack afferent lymphatics and are re
latively devoid of efferent lymphatics - were 
distributed in various species as shown in 
Table 1. Such lymphoid tissues were generally 
found lacking in contained , or immediately 
surrounding striated or smooth muscle cells 
(other than those constituting the relatively 
prominent muscularis of arteries and veins con
tained). The hemal nodes and spleen appeared 
we!J circumscribed by relatively thick fibro
elastic capsules ; whereas the periarteriolar lym
phoreticular tissue of marrow was contained 
by bones to which striated muscles attach. In 
all these lymphoid tissues arterovenous sinus
oids appeared relatively prominent , and ap
peared the predominant means of egress of 
newly formed lymphoid and/or myeloid ele
ments . 

Discussion 

These observations suggest that the organized 
lymphatic tissues characteristic of species (or 
phyla) are each naturally endowed with in
trinsic or extrinsic muscles whose intermittent 
contractions (along with arterial pulsations and 
changing gravitational forces) may propel lymph 
centralJy during increased functional activity 
of the tissue with which each is associated. 

For instance , the intestinallymphoreticular 
tissue supports the intestinal epithelia! ceiJs 
throughout the gut, the lac teals in the small 
intestine , and resides between the muscularis 
and intestinal epithelium in all thriving species. 
During the absorption of food , smooth muscle 
cells in the diffuse lymphoreticular tissue sup
porting the villi may con tract to foreshorten 
the villi and thus expel lymph toward the mus
cularis mucosae where smooth muscle cell con
tractions may propel lymph laterally or longi
tudinally in relation to the long axis of the 
gut. Simultaneously , the circular and longitu-
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Fig . 3 A longitudinal section of a 
duckling cloacal bursa close to the 
cloacal orifice (on the right). The 
bursa contains no mucosal muscu
laris and no enveloping smooth 
muscle tunic. Instead, the poste
rior aspect of the bursa (below) 
rests on striated muscles forming 
portions of the levator ani and 
anal sphincter 

Fig . 4 A cross-section of a rat 
small intestinal villus X3300. The 
intestinal epithelium (left) is se
parated from the lacteal (right) by 
diffuse lymphoreticular tissue con 
ta in ing a small blood vessel (low 
left) . The lacteal is longitudinally 
surrounded by separate bundles 
of smooth muscle cells cut in 
cross-section. The arrow marks 
some tiny cytoplasmic fragments 
in the interstices. (Such cytoplas
mic fragments differ from chyle
microns in that they contain ribo 
somes showing varying degrees of 
dispersion or disintegration [8]) 

dinal muscles of the outer muscularis may 
con tract to produce peristalsis which not only 
propels liquified , partially digested food down 
the gut lumen , but also compresses all gut 
structures in between . Liquids be ing incom
pressible , a result must be the expulsion of 
intestinal lymph centrally in to mesenteric 
lymphatics via the periarterial lymphatics 
which penetrate the outer muscularis , along 
with the entering arterial supply. Increased 
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pulsatile mesenteric arterial blood flow during 
absorp tion will correspondingly increase cen
tral fl ow via the mesenteric lymphatics and/or 
inte rvening nodes (especial ly during digested 
protein absorp tion r13]). 

The periarterial lymphatics throughout the 
body and deep truncal lymph nodes of mam
mals would appear largely dependent upon the 
pulsations of relatively large adjacent arteries 
for compression and lymph expression (1 ). 
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However , with exercise the superficial nodes, 
in addition , may be compressed intermittent
ly by flexion of striated muscles spanning 
joints hinging about nodal clusters. 

The ring of organized lymphatic tissues which 
develops to invest invaginating epithelial cells 
derived from the first and second gill pouches 
(3) is encased with striated muscles which 
contract from above downward during the act 
of swallowing food or secretions. Compression 
of such organized lymphatic tissues during the 
act must result in the expulsion and central 
propulsion of lymph. 

The thymus glands of aerial vertebrates de
velop through lymphoreticular investment of 
invaginating third or fourth gill pouch epi
thelium (3 , 12, 14), as the gills become ves
tigial and the lungs develop during embryo
genesis (or metamorphosis). Depending on the 
breathing habits (and age) of the species se
lected , the lymphoepithelial thymus glands 
show remarkable variations in size, location 
and muscular investment. ln bony fish, such 
as goldfish (which facultatively respire by 
gulping air above stagnant water , but usually 
respire by gills [ 15]), the thymus glands are 
surrounded by stria ted muscles next to the 
gills in the cervical region . ln young adult 
amphibia , such as Hyla regilla (which breathe 
mainly by pharyngeal respiration involving 
movements of the gullet [ 16]), the thymus 
glands are surrounded by crossing bundles of 
striated muscles which enable gulletal move
ments . In fresh water turtles, such as Cycle
mis dentata (which breathe mainly via lungs 
encased in a rigid shell lacking a muscular dia
phragm ; and facultatively breathe under water 
via cloacal pouches described elsewhere [ 10, 
12) and below) , the thymus glands under the 
clavicular insertions contain myoid cells sur
rounding lymph sinuses like lymph hearts 
(Figs. 1- 2). In young mammals , such as rats 
and humans , the intrathoracic thymus glands 
(lacking myoid cells and immediately surround
ing striated muscle cells) are decompressed 
during inhalation by the concerted actions of 
intercostal muscles and diaphragms; and com
pressed during exhalation between the ster
num , pulsating heart and contracting lungs. 
With the possible exception of the turtle , in 

each instance the lymphoepithelial thymus 
glands (containing epithelia vestigially con
cerned with aquatic respiration) are phasically 
pumped to expel and propel central lymph by 
striated muscles (commonly innervated by the 
third of fourth cervical segments f2]) which 
enable aerial respiration . 

The thymus glands of birds seem exceptional 
in that they are scattered along the course of 
a relatively long neck, do not become intra
thoracic, and normally lack surrounding or 
contained striated muscles. Watching birds 
feeding or flying, it seems likely that their 
thymus glands and efferent lymphatics are 
drained by gravity, especially during undulent 
neck movements which enable swallowing or 
witl1 countergravitational movements engen
dered by wing-thrust during fligl1 t. (In their 
adaptation to flight with relatively rigid tho
races without muscular diaphragms, most spe
cies of birds are endowed with relatively long, 
heavily muscled clavicles whose depression 
[translated to the wings) supply antigravita
tional thrust; and whose elevation by air buoy
ancy [between wing-thrusts] creates negative 
intrathoracic pressure to increase inflation of 
the lungs [17- 18], and secondarily create re
latively negative central venous pressure at the 
thoracic inlet. Pulmonary ventilation and 
[fueoretically] central lymph flow may be in
creased twenty-fold during fligl1t in this man
ner f 17- 18).) Thus in flying birds it would 
appear that the same striated muscles which 
increase respiration, also enhance central 
lymph propulsion from the thymus glands and 
other cervical lymphatic organs. 

Cloacal bursae are peculiar to most, if not all, 
species of birds which naturally fly (14 , 17) , a 
few species of turtles accustomed to submerg
ing in cold water (19 , 20) and some species 
of monotremes (21 ). Disregarding the feathers, 
shells or fur - the internal anatomy is quite 
similar, especially with respect to a single vent 
for the genital, urinary and digestive organs; 
and a relatively long neck. Whereas the birds 
naturally migrate to escape winter; the turtles 
submerge. In such turtles , such as Cyclemis 
dentata and the almost extinct green sea tur
tles , the paired cloacal bursae are filled witl1 
water and emptied through the actions of the 
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anal sphincters during cloacal respiration {19, 
20) which permits the turtles to hibernate 
submerged in ice-covered or cold water (19). 
The homologous , single avian cloacal bursae 
of Fabricius or "cloacal thymus" variably in
vested with lymphoreticular tissue (10, 14) 
seems useless for breathing, but is filled with 
liquid cloacal contents and emptied in syn
chrony with respiration (22). Lacking intrinsic 
smooth or striated muscles (Fig. 3), it is not 
certain whether such respiratory excursions 
in the bursa reflect the Jack of muscular dia
phragms in birds and turtles with relatively 
extensive, rigid thoraces; the independent ac
tions of the anal sphincters (or both). Never
theless, changes in in trabursaJ pressure syn
chronous with respiration may explain how 
the avian bursal lymphoreticular tissue is com
pressed and central lymph expressed. (The 
avian bursa's role in migration seems obscure, 
but such phasic respiratory linkages in the 
cloacal bursae and cervical or intrathoracic 
thymus glands of all aerial vertebrates may 
have profound physiologic and clinical impli
cations [7 12] - particularly when one recalls 
that the invaginated , erstwhile respiratory epi
thelium develops to produce lymphotrophic 
hormones , such as thymosin [7, 231 or burso
poietin [24]; and the investing bursal and thy
mic lymphoreticular tissue undergo parallel 
involution with age [7 , 14, 25] and sudden 
involution with stress [such as anoxemia, cold 
exposure , starvation, infection] to release 
through cytoclasmosis the lytic or extruded 
ectoplasmic products of lymphocytes [7 , 8, 
25 - 27] centrally for definable trophic or bio
energetic purposes [7] .) 

Cogent to lymphoreticular development and 
the central disposition of lymph is that all 
vertebrates develop gills and lymph hearts un
der the gills to propel lymph in to branches 
of internal jugular veins during early embryo
genesis (2). In fish and amphibia relatively 
large , paired anterior lymph hearts persist un
der the gill residua ; but the lymph hearts dis
appear as the lungs develop in reptiles , birds 
and mammals (2). In addition, most species 
of vertebrates transiently develop posterior 
lymph hearts under the sacrum to propel 
lymph into sacral veins (2). Relatively large 
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posterior lymph hearts persist throughout adult 
life in many species of amphibia, in all species 
of reptiles and some birds which do not fly 
(such as ostriches) (2) . The posterior lymph 
hearts disappear in most species of birds which 
fly, and are absent after birth in mammals (2) . 
More or less where tl1e principal anterior lymph 
hearts disappear, appear the thymus glands of 
all aerial vertebrates ; and, later , where the 
principal posterior (sacral) lymph hearts dis
appear, appear the avian cloacal bursae - as 
the swimming progeny lose their gills and be
come adapted with limbs and lungs to emerge 
(usually) head-first from aquaeous media , such 
as ponds , eggs or intrauterine liquors. When 
pulmonary respiration actually commences 
after metamorphosis , hatching or birth, the 
striated muscles which create the negative in 
trathoracic pressure to suck air take the place 
of anterior lymph hearts by creating relatively 
negative central venous pressure at the thoracic 
inlet to suck lymph in to ilie blood circulation 
via the jugular or subclavian veins during in
halation. Conversely , during exhalation when 
intra-thoracic pressure rises with muscular re
laxation to approach or (with forced expira
tion) exceed ambient atmospheric pressure , 
the results will be to expel the liquid contents 
of ilie thymus, pulmonary lymphatic system 
and thoracic ducts centrally via valved lym
phatic channels . Thus, any muscular or meta
bolic activity which increases the respiratory 
excursion or rate (such as flexing the extremi
ties , swallowing or absorbing food) will not 
only increase lymph propulsion from the work
ing part, but also enhance the disposition of 
central lymph into the blood circulation in 
proportion to the increase of oxygen consump
tion necessary for the work performed under 
normal aerobic conditions. (Under relatively 
anaerobic or anoxemic conditions, the com
pensatory roles of the thymus glands , avian 
cloacal bursae and other organized lymphatic 
tissues are explored elsewhere [7].) 

Summary and Conclusions 

These data indicate that each kind of organized 
lymphatic tissue (Table 1) which develops 
from periarterial mesenchyme (2- 1 0) to inter
rupt tl1e central flow of lymph (1) and mediate 
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absorption or resorption (I , 7) from adjacent 
or distally located parenchymal tissues of a 
given vertebrate is supplied with a myoid 
lymph heart (Fig. 1- 2), striated muscles 
(Fig. 3) or smooth muscles (Fig. 4) whose co
ordinated actions aid the central propulsion 
of lymph filtered (I) or produced locally by 
cytoclasmosis (7 - 8) - especially during in
creased functional activity , such as absorbing 
food (i11 intestinal lymphatic tissue), swallow
ing (in pharyngeal lymphatic tissue) , exercising 
joints (in the case of limbal nodes) and ex
piring air (in the case of the thymus and avian 
cloacal bursae whose epithelia are derived from 
ve tigial gill pouches). Whereas lymph hearts , 
close to the gill pouches, develop in fish .and 
amphibia to pump this central lymph into 
jugular veins (2); in aerial vertebrates with 
elongated necks and well-developed lungs (ex
cepting turtles with relatively rigid thoracic 
and abdominal walls) the striated muscles 
which enable ventilation (tluough changing 
intra-thoracic and intra-abdominal pressure) 
reciprocally suck the central lymph into cen
tral veins, and propel central lymph cephaled 
from lymphatic organs located caudally. After 
central venous pooling, mixing in the superior 
or right cardiac chambers, a11d aeration in the 
gills or lungs (along with the pigmented pro
ducts of lymphomyeloid organs and de-pig
mented products of the liver gaining access to 
the blood circulation directly through artero
venous sinusoids) the absorbed or resorbed, 
aerated composite is distributed efficiently by 
the inferior or left cardiac chambers via ar
teries for the oxidative, nutritive and immuno
logic benefit of aU tissues characteristic of spe
cies. Of course, in mammals (especially up
standing primates with relatively high meta
bolic rates), the diaphragm serves as a relative
ly strong, single "lymph heart" whose con
tractions during inspiration create positive in
tra-abdominal pressure to pump lymph from 
visceral and periaortic lymphatic tissues via 
the cisterna chyli into the thorax as well 
as, negative intra-thoracic pressure to simul
taneously suck air into the lungs , suck caval 
venous blood in to the heart and suck (or si
phon) thoracic duct along with cervical lymph 
into superior caval tributaries coursing through 

the thoracic inlet (28- 29). Conversely, dia
pluagmatic relaxations during expiration enable 
central lymph from lymphatic organs above 
and below to be expelled craniad against rela
tively adverse, but variable gravitational vectors 
by the pulsatile, muscular and peristaltic forces 
operatively described with respect to each con
tributing lymphatic organ. Thus under normal 
aerobic conditions the overall rate of central 
lymph accumulation from many contributing 
organs into the blood circulating pool remains 
proportional to the depth and rate of respira
tion which, in turn, is regulated by the rate at 
which absorbed and resorbed substances in the 
re-circulating pool are oxidized to produce 
rapid-diffusing carbon dioxide to stimulate 
central nervous system respiratory centers and 
water to enhance the central flow of the di
verse dissolved or suspended substances ab
sorbed or resorbed. 
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