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Migration, circulation and recirculation of lymphocytes arc important features of 
the immunologically active system (review : l ). While the existence of such a cell traffic 
between various lympho-reticular organs via the lymph and blood stream is well 
established the magnitude of this process with respect to 1) different types of lympho
cytes, 2) readi ly and less readily mobilizable pools af lymphoid cells (2) and 3) inter
organ exchange, n eeds further clarification. 

Lymphoid cell migration from the blood to lymph nodes and back to the blood by 
lymphatic vessels has been studied in mammals by different labeling techniques and 
thoracic duct drainage (review: 3). In larger animals canulation of the efferent 
lymphatics of peripheral lymph nodes can be used successfully for similar purposes (4). 
Other methods suitable for studying cell migration include I. extracorporeal irradi
ation of the circulating blood (5) or lymph (6); 2. shielding of lymphoreticular organs 
during ionizing whole body irradiation (7), or local irradiation; 3. temporary clamping 
of b lood vessels during in vivo labeling with radioactive substances (rev iew: 8); 4. 
parab iosis between labeled a nd unlabeled partners (9, I 0); 5. injection of radio
actively ( I I) or dH·omosomally (I 0) labeled lymphoid cells obtained from particular 
organs; and 6. regional labeling of lymphoreticul ar organs with thymidine_3H (12) or 
ot~er tritiated nucleosides (13). 

Each of these methods presents particular advantages and disadvantages. For in
stance, thoracic duct drainage in small animals may introduce complicating factors 
such as additional stress: handling of cells in vitro may be harmful for specially sensi
tive elements; injection of cells does not necessarily simulate natural circulation; 
laoeling with thymidine-3H will mark only those cells which during avai lability of 
the radioactive precursor are in DNA synthesis: cells with marker chromosomes are 
only recognizable while in mitosis. 

The present study was undertaken to evaluate in mice the magnitude of lymphocyte 
exchange between distant lymph nodes with as little interference with physiological 
conditions as possible. Cytidine-3H was injected into the foot pad of a hind leg in an 
attempt to obtain preferential labeling of the regional lymph nodes, and the appearance 
of more heavily labeled lymphoid cells in the contralatera l axil lary lymph node was 
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followed as a function of time after appl ication of the radioactive nucleosid e. Although 
cytidine-3H may serve as a precursor of both DNA and RNA and, therefore, is not 
ideal for stable cell label ing, it was chosen because, unlike thymid ine-3H (1-t), it can 
readily be incorporated into smal l lymphocytes. 

Material and methods 

Swiss a lbino mice (Hale-Stoner stra in) were usee in this study. All animals were 
weaned at 4 weeks of age. At the age of 5 months 22 females, weighing between 22.5 
and 30 g, were g iven a single subcutaneous injection of 0.6 ~lC of cytid ine-3H (Schwartz
Bio Research, specific activity l C/mM, concentration 20 ~lc/m l 0.90fo saline) into the 
fool pad of the left h ind leg. Pairs of mice were sacrificed 3/ 4, 1l/2, 3, 6. 12 and 24 hours, 
2, 3, 5, 7 and I 0 days following injection of the radioactive precursor. T he left popl iteal 
and lumbar lymph nodes, the right axi ll ary lymph node as well as the thymus, the 
spleen, Peyer's patches and ad ditional lymph nodes were removed . Brush smears were 
p repared of the left popl iteal and the righ t axi llary Lymph node of each animal. The 
air-d ried preparations were fi xed in absolute meth yl alcohol for 15 minutes, dried, 
and covered with liqu id fi lm emulsion 1TB-2 (Eastman Kodak Company). Autoradio
graphic exposure in a dark room at ·1° C was carried out during 1-! days. The deve
loped. fixed and dried preparations were finally stained with Giemsa solution (1 : 100. 
pH 5.6). Add itional animals were subjected to the same treatment and used for histo
logical autorad iography. 

In each smear preparation obtained from left popliteal and right axillary lymph 
nodes. 500 small lymphocytes were counted , and the number of silver grains over 
the ir nuclei and cytoplasm was determined. Large lymphoid cells were counted in 
addition. Background was corrected for by coun ting grains over cell- free areas of the 
smear which correspond approximately in size to small lymphocytes. 

Remlts 

The effectiveness of regional labeling is best documented by the cliff erence, in mean 
grain counts, between large lymphoid cells in left popl iteal lymph nodes and those in 
contralatera l axil la ry l ymph nodes. Th is is shown in fig . I for the samples obtained 
1l/2 hours after injection of cytidine-3H. The mean labeling inlensily of lymphoblasts 
in regional lymph nod es exceeds that of comparable cells in d istant nod es by a fac tor 
of 24.4. I t musl be noted, however, that much of this label reflects incorporation of 
cytidine-3H into DNA since more than 500/o of lhe type of large lymphoid cells 
considered for lhis comparison show initial labeling with thymidine-3H. Of particular 
interest is the fact that at this time interval no large lymphoid cell in the right axillary 
lymph node was found to be covered by more than 4 gra ins. 

The total g rain count per l OOQ small lymphocytes is represented separately for 
the left popliteal and r ight ax illbry lymph nodes in Fig. 2, as a function of time 
after injection of cytidine-3H into the foot pad of the left hind leg. The initial total 
grain number per 1000 small l ymphocytes of the regional lymph node exceeds that 
of the same cell type in the distan t node by a factor of approx imatel y 6 if the samples 
taken ! 1/2 hours after inj ection of the radioactive precursor are compared. With 
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increasing time intervals the total g rain 
count per I 000 small lymphocy tes of left 
popliteal nodes fa lls to ha lf the initial 
values within 2-3 days while the corres
ponding curve for the r ight axi lla ry node 
shows a very s light raise within the same 
period of time. The cliff erencc between 
the observed change. with time, of the to
ta l activity in small lymphocytes of the 
right axillary node and the hypothetical 
relative change if both curves were con
gruent, is visualized by the dotted area. 
It may be noted that the curve for the 
labeling intensity of small lymphocytes 
in the left popliteal lymph node shows a 
considerable degree of oscilla tion. 

Since is was found that the maximum 
labeling intensity of large lymphoid cells 
in the right axillary lymph nodes ! 1/ 2 

hours after administration of cytidine-3H 

did not exceed ·l grains (Fig. 1), the ap
pearance of more heavi ly labeled lym
phocytes in th is localization was followed 
as a functi on of time after injection of 
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Fig. I Label ing intensity of large lymphoid 
cells io left popliteal as compared to right axil
lary lymph nodes 1 1 /~ hours after a subcutaneous 
injection of cytidine-3H into lhe foot pad of the 
left hind leg. 

cytidine-3H. The results are summarized in Fig. 3. Between 3 a nd 24 hours after in
jection of the radioactive precursor no more than 1-J. (average: 2.5) per thousand small 

lymphocytes in the right axi lla ry lymph node show grain coun ts in excess of 5. At later 
time intervals the respective values vary from 0 to 4 (average: 2) per thousand. 

As shown by histologica l autoradiography, the subcutaneous inject ion of cytidine-31-l 

in to the foot pad of the hind leg leads to an intensive labeling of cells in the homo

lateral popliteal a nd lumbar lymph nodes while the initial la beling intensity per cell 

in other lymphoreticular organs remains weak ( 15). It appears that dilution of the 

injected labeled substance which is drained by the lymph occurs mainly when the 
thoracic duct lymph mixes with the venous blood. It may be assumed. therefore, that 

ir.itially labeled cells with high grain counts. under the condi tions of this experiment. 

were located in the regional popl ietal and / or lumbar lymph nodes during 

availabili ty of cyt idine-3 H. The evaluation of the present data is complicated 

by the fact that even in the lymph nodes regional to the site of inject ion of the radio
active nucleoside, many small lymphocytes show very weak initia l labeling intensi
ties. particularly in so-called primary follicles. The appearance with time, after the 
injection of cytid ine-3H into the foot pad of one hind leg, of more heavily labeled 
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Fig. 2 T otal grain counts (not corrected for back
g round) per 1000 small lymphocytes in the left 
popliteal as opposed to the right axi llary lymph nodes, 
as a function of time after injection of cytidine-3H 
into the foot pad of the left hind leg. Dotted area: 
difference between Lhe observed grain counts in right 
axillary lymph nodes and hypothetical grain counts, 
if the lower curve were congruent to the upper. 
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Fig. 3 Number of more heavily labeled small lympho
cytes in right axillary lymph nodes as a function of 
lime after a subcutaneous injection of cytidine-3H 
into the foot pad of the left hind leg. 

small lymphocytes in the contralate
ral axillary lymph node must be con
s idered with these restrictions in 
mind. The registered number of such 
cells most probably represents a mi
n·immn value and cannot be regarded 
as reflecting the actual magnitude 
of lymphocyte exchange between 
distant lymph nodes. It may be con
cluded from these observations that 
at any time interval from 3 to 24 
hours alter labelingwith cytidine-3H , 

at least an average of 2.5%o of small 
lymphocytes in contralateral axil
lary lymph nodes originated from 
lymph nodes regional to the site of 
injection of the radioact ive precur
sor. One popliteal and one lumbar 
lymph node together are equal to 
approximately -IOfo of the total mass 
of extrathymic lymphoreticular tis
sues in mice ( 16). If one assumes an 
influx into the axillary Lymph node 
of small lymphocytes from various 
extrathymic lympbore ticular organs 
according to the relative mass of 
these organs, at least 6.250/o of the 
small lymphocytes contained in an 
axillary node would have reached 
this s ite via th e blood stream within 
3-24 hours prior to sampling. As 
stressed a bove this percentage must 
be accepted as a minimum value. 

I t may be pointed out that the re
lative number of more heavily la
beled small lymphocytes found in 
th e axillary lymph node between 3 
and 2.J hours after inject ion of cyti
d ine-3H into the contralateral foot 
pad did not increase with time. This 
finding is consistent w ith th e hypo

thesis of the existence of a rapid ly exchanging fracti on of small lymphocytes. T ime 
intervals later than 2-1 hours are of lesser value in this respect since already two days 
after inj ect ion of the radioactive precursor, the mean labeling in tensity of small lympho
cytes in the homolateral regional lymph node has fallen to approxi mately half its initial 
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va lue. Autoradiographic inefficiency will therefore become more important as time 

intervals are extended beyond I day. 

An estimate of the maximum values for lymphocyte exchange between distant lymph 

nodes may be obtained by comparing the total un cor rected grain counts per l 000 small 
lymphocytes in the left popliteal and right axillary nodes, as a function of time after 

injection of cytidine-3H into the left hiBd leg. The respective curve for the left popliteal 
lymph nod e, as shown in Fig. 3, is the result of various processes such as l ) dilution 

of label by RN A metabolism , 2) reutilization of label , 3) appea rance of more heavily 

la beled small lymphocytes o rig inating from large lymphoid cells which were in DNA 
synthesis during ava ilabili ty of cyt idine-3H. '1) emigration of labeled elements, and 

5) influx of weakly labe led lymphocytes from the blood. For a number of reasons (17) 
the decrease of the mean grain count of lymphocytes with increasing time following 

injection of radioactively labeled pyrimidine nucleosides cannot be expected to 
represent a single exponential function. T he results presented in Fig. 2 indicate that 

the observed grain numbers per I 000 small lymphocytes in the right axillary lymph 

node from 3 to 24 hours afte r injection of cytid ine-3H into the left hind leg are slightly 
higher (by .JO grains or 12 O/o on the average) than wou ld be expected if the relative 

changes in total grain counts were the same in both lymph nodes. It is conceivable that 

this difference at least in part is due to influx of label from the more heavily labeled 
nodes. If th is assumption were correct, th e distant lymph nodes would conta in, from 
3 to 24 hours after inj ection of the labeled substance, a pproximately 1.8 Ofo of the initial 

rad ioactiv ity in the reg iona l node in addition to its own ini tial activity. If we again 
extrapolate this value to a ll the extrathymic lympho reticular organs. the latter could 

contribute by hema togenous in flux as much as 45 Ofo of the small lymphocytes in the 

ax illary node in l ess than 2-! hours. As mentioned above, this va lue p robably represents 
a maximum since the data are based on grain counts that were not corrected for 

background, and since label not contained in living cells may have reached the distant 
lymph nodes. Background will tend to produce a more pronounced relative supplement 

in grain counts of small lymphocytes in distant than in regional nodes. Further experi
mentation is necessary to clarify this point. Possible regional differences in the magni

tude of lymphocyte exchange also remain to be examined. I t is noteworthy in this 
context that both popliteal and axilla ry lymph nodes are subject to relatively little 

antigenic stimu lation and, accordingly, belong to the so-called -oligosynthetic* 

lymphoreticular structures ( 18). 

Summary 

Cytidine-aH was injected in to the foot pad of a hind leg in mice in a n attempt to obtain pre
ferential labeling o f regiona l lymph nodes and to foll ow autoradiographically the appearan ce 
with time of more heavily labeled lymphocytes in distant lymph nodes. The results indicate 
that between 0.25 a nd 1.80fo of the small lymphocytes contained in contralateral lymph nodes 
have reached this site wi thin 3-24 hours from lymph nodes regional to the site of injection of 
the labeled nucleoside. The findings arc consistent with the existence of a fraction of rapidl y 
recirculating lymphocytes. 

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



44 

References 

I Bas, W. H.: Recirculatie en tr~nslorm~tie v~n lym
p bocyten. v~n Oenderen, Groningen 1967 

2 Cottier, H., E. P. Cronkite, C. R. Janstm, K. R. Rai, 
S. Singer, C. R. Sifu: Studies on lymphocytes. Ill. 
Effects of extr~corporeal irradiation of the circulat
ing b lood upon the lymphoreticular organs in the 
call. Blood 24 (1964), 241-253 _ 

3 McGregor, D. D., f. L. Gowans: The antibody res· 
ponse of rats depleted of lymphocytes by chronic 
drain age from thorncic duct. J. exp. Mcd. 117 (1963), 
303-320 

4 Hall, }. G., B. Morris: Effect of x-irradiation of the 
popliteal lymph node on its output of lymphocytes 
a nd immunological responsiveness. L~ncct 2 (196~). 
1077-1080 

5 Cronkite. E. P., C. R. JanJL'II, G. C. Matfur, N . 0. 
Nicl.cn , E. A. Uscnik, E. R. Adamik, C. R. Sipt: 
Studies on lymphocytes. I. Lymphopenia produced by 
proloncc:d c.xtracorporc:1l irr3diation of circul:uing 
blood. Blood 20 (1962), 203-213 

6 Chana"a, A. D., E. P. Cronkiu, H. Cottiu, .II. L. 
Greenberg, L. M. Schiffu, P. Stryckrnans: The ~ppli
c:t.tion of cxtracorporcJ.l irradiation of the blood and 
lymph in the study of lymphopoiesis ~nd problems of 
homotr~nspl~nt~tion. Exp. Hem~tol. S ( 1965), !!2-~3 

7 Jacobson, L. 0 .. E. K .. \larks. E. 0. Gaston. E. L. 
Simmons: Prc:1iminary studies on rc:popul3tion or 
lymphatic tissues in irradioted mice with Peyer's 
P~tch shielding. Argonne C~ncer Res. Hospital, Re
port 101 (1961), H-47 

S Ktisor, G .. H. Cottier, N. Odartchtnko, V. P. Bond: 
Autoradiographic study on the origin ~nd fate of 
sm~ll lymphoid cells in the dog bone marrow: effect 
of femoral arlc:ry cbmping during in vi\'O :&v:tilabi· 
lity of '11-thymidine. Blood 24 ( 1964), 254-266 

R. A . jOHNSON 

9 l'olkman, A .. f. L. Gowans: The origin of mocro
phagcs (rom bone m>rrow in the rat. Brit. J. exp. 
Path. ~6 (1965), 62-70 

10 Ford, C. E.: Traffic of lymphoid cells in the body. 
In : ThymuJ, experimental and clinicol studies. A 
Ciba Foundation Symposium (G. E. W. Wobten
holm< and R. Porter eds.) Churchill, London 1966 

II Didcrholm.ll .. K. E. Fichtclius: An autoradiognphic 
Jludy of the difference between thymus and lymph 
node lymphocytes •hown by transfu•ion of lobelled 
cells. Act• h>ernat. 22 (1959), 112·117 

12 Noual, G. f. V .. j. Gorrie: Studies of the cmign
tion of thymic cclb in young guinea pigs. In: The 
thymus in immunobiology (R. A. Good and A. E. 
Gabrielsen eds.) Hoebu Medical Division, Harpcs 
&: Row, New York 1964 

13 Weissmann, I. L.: Thymus cell migr~lion. J. exp. 
Med. 126 (1967), 291-304 

H Lid<n, St .. }. Unna: Loco! labelling of lymph nodes 
"'ith tritiated thymidine. Acta path. microbiol. scond. 
65 (1966), 173-184 

15 Mol/e;yrts , f., B. Roos: unpubl ished data 
16 Molle;yrts, f .: unpublished data. 
17 Jantll, A., H. P. Wagner, C. R. jansen, H. Cotti.r, 

E. P. Cronk1tt: Studies on lymphopoiesis • IV. A 
comparison of two appro:u:hes for the determination 
of the gen<r>lion time in thorocic duct cclh without 
detectoble cytoplasmic diffo.rcntiotion. Europ. J. 
Concer 2 (1966). 231-!!JG 

IS Olson, I . A .. f. M. Yoffcy: Oligosynthetic and po
lysynthetic lymph nodes. In: The lymphocyte in im
munology and h>emopoiesis (]. 111. Yofl cy ed.) Ar
nold, London 1967 

Dr. f .. \lolleyres. Dr. H. Cattier, Dr. R. Sdlindlcr, Dr. C. Slonetkcr, Institute of Pathology, 
Univtrsity nf Berne. Swit:crland, 
Dr. M. W. Hess, Theodor Kochrr Institute, University of Berne, Swit:orland, 
Dr. R. D. Stontr, .\ledical Departmtnt, Brookhavtn National Laboratory, Upton L.l .. N.Y., USA 

Lymphatics of Blood Vessels 

R. A. Johnson 

Department of Medicine, Veterans Administration Hospital 
and the University Medical Center, Jackson, Mississippi 

Lymphology 2 (1969), 44-56 

Lymphatics of blood vessels 

In recen t years a number of invest igat ions of the anatomy of the vasa vasorum of 
major blood vessels have been made ( I, 2, 3, -4), but few observations of the lymphatic 
component of vasa vasorum have been recorded. T nvestigations of lymphatics of blood 
vessel walls were repor ted nearly one hundred years ago (5), and the anatomical 
findings apparenlly were unclear which resulted in considerable deba te among con
temporary investigators regarding what had been observed. Most of the controversY 
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