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The regeneration of  lymph nodes aad tim po~sibillty of their re-formatters, is of real theoretical and practical 
Interest. This is a que~'.lon which has been much discussed but which is still far from being solved, &-~l the 
opinions of different re~carehers are extremely contradictory. A. P. A ~  [1], L Auche [2], E. Clark and E. 
clark [6], S. Greet [8], I. Hcril and T. Sakat [10], M. Ohkubo [14] aad othe= believe that lymph nc~es ~ capable 
of regenerattom H. Baum [4], P. Hcuter [9], A. W. Meyer [11], L. Morieonl [12], G. Ottaviant and M. C~rvalU 
[15], A. G. Sanders and I-L W. Ylory [20], A. Vecei [22] and other~ di~gree with this. 

Data de~:ribIng the condition) favorable and unfavorable to lymph node re~neration ate e• limited 
[7, 17, 19]. 

The opinion that lymph nodes completely lack the ability to regenerate I~ c ~ n ~ ! c ~ . ' 3 '  to a!! ~e  ~cumu* 
lar~d clinical and experimental data, which indicate th~ these organ~ a~c hlshly reactive, It is diffleult to 
belinve that lymph n~es ,  which chzage ~,harply ia pathologic co~diticcs and a~e made up of plastic lymI~old 
flame, =re unable to either re~enerate, or form anew. 

EXPERIMENTAL METHODS 

La ~Is ~nlcle, we ~ e ~ t  data oa the reg~ncratlon of. L~d il_{~c lymph nodes in white rats weighing 
100-1~0 g, depending on the de~ee to which lymI~.! cLrculation to the~ n~les was dl~Jrbed (experimental 
se~es Ip IL HI and V) ~ on the degree to which the nodal ti~uc was altered (experimental ~crics IV). In e~l~c- 
rlmental series I, the lymph nodes were ~cared in one or several piaces(2-5); ha ~Hes IL from 115 to1/2 of the 
lymph node was zetecred., In all of the experiments of this ~ries, the part of the lymph node with the afferent 
lymphaaes was left on the right side, and on the left side, the part with the efferert lymphatic was left; the 
afferent lymphatics, for a d is t~ce  of 2-3 em of their lengths aad the correa~ondtng portion of the node we~ 
removed, In experLmental series IIL the middle pcxtlon of the nodes was left, and their poles with the afferent 
and efferent lympb.a~c~ remov~t, The lymp.hatic~ were dl~ecmd out and cut a t  a distance of 2-3 cm, In experlmenud 

�9 ~erle) IV, after half of ~ r  c ~  had ~ e n  removed, the remaining part was t~ared aloag ~ e  line of the cut, In ~erle~ 
V, 1/3-1/4  of the lymph node was I e ~  and, at the same ~'Tle, the fllae ot ~ femoral veha was carefully 
separated to avoid d~ma~  to ~bc near-by ~jrmph v e ~ l s  arid Hgated below the node. The amount of lymph 
circulating from the limb Into the node was greatly increased In these experiment= due to the stoppase of cir- 
culation ~ u g h  ~ vetn_. Fifty ex,~rtments were conducted In all (9 experiments ha ~rie~ I, 17 experiments 
ha ~rie~ ~, 9 exl~rtmeau In scrlc~ ]II, 10 experiments tn ~cries IV and 6 experiment~ in serie~ V), Mc)~t of the 
rar~ were killed after Intervals of up to ~0 days rifler the operation, a few, after 2-3 monthz. Hl~olegieal lzo= 
cc~flng was combined with T r~an  blue or !adla Ink Injections of the.lymph system, The first Injection wa= 
done during the operation in order to render the lymph bed more completely visible; a ~eeond was ~ometime, 
done with the ~eoml laparo~my to show the changes occurring after the operation, aad third injection was 
done when the animal was killed, The lymph nodes were measured before sad after the operation in all the 

experiments, 
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EXPERIMENTAL RESULTS 

All ~ e  expe:Lmen~ ~ ~r!r I I~ ~amt2ex~lts ;  the iymph nodes regenerated in d~ ~ t l  pl~c~s as  
r as'10-12 days ~ter  the operation and could not be distinguished from the undamaged node~. No deformattm 
of the nodes due to the searing was observed. V,'heL r~,e node~ ~eere ~deeted, the color spread evenly; there were 
no portions to which the color did not penegate. Along with regenerated lymph tisme in ~he formerly damaged 
nodes, microscopic examination frequently showed eonnee'Ave ttsme rods growing up from below into the body of 
~ e  node. These rod~. however, never became very thick: subsequently, they became somewhat thinner, looking 
tkke thin bands along the greater part of their length, sometimes somewhat thickened near the eapmle. In other 
ca.~es, the connective ti~ue rods we:e only preserved on the periphery of the nodes and did not penetrate very 
deeply. Without going into a detailed description of the course of regeneration in the damaged part of the lymph 
nodes, we shall only mention that the reticular s3rne~tium proliferated first of  all, growing further and further 
beyond z,he mndamaged place~ as the wound healed. Thi~ syneytium, di~tinguL*hed by the extreme polymorphtsm 
of its component elements, contained a varying amount of lymphoeytes, distributed at random, most of whteh 
probably baFxltrated from the remains of the node. At the same time, loci of lymphopoiesls, contain- 
ing lymphoc)~s in all stages of formation and differentiation, appeared in the D'ncydum. At first, these fool 
were distributed apart from each other, later, llowever, as they grew and changed ,form, d~ey grew together. 
Sinuses ~eere gradually differentiated, and their cormeetion with the sinuses of the undamaged part of the lymph 
node was establL~ed. The color injections confirmed the latter. ~ spite of known variations in the different 
experiment~ the genera1 course of regex~e~ation was homologous in all of the expe~men~ 

~ :  " ~ "  �9 , -  " ~ ,  ~,~* *. - % ' - . "  : . . . .  X .  ~ -_ -~ .  �9 - , 

Fi b 1. General view of iliac regional lymph node of a white rat 
which was completely regenerated by the 23rd day of  the experiment 
after 3 /4  of it and the efferent vessel had been resected. Photomi- 
crograph. Magnification - 15 times. 

I.t experimental series 1I, the remaining portion of the lymph node with the afferent lymphatics (on the 
right) had, after 15-20 days, become a macroscopieally well-formulated node, easily Fxlled with color by the 
injeg~on (Fig. 1). The color extended from the node along the efferent lymphatic, which was usually located 
at the pole opposite to the afferent lymphatics. This vessel was evidently formed from the regeneration of the 
remaining part of the efferent lym.phatie, which grew up to meet the remnant of the node. Sometimes, one of 
the afferent I),mpi~-atics became the efferent. 

The eours~ of  regeneration was generally analogous to that described earlier: first the reticular s)q~e),tium 
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b ~ g ~  ~ grow~ 0ad ~dlvtdual ~ 1 .  of lympl~o~l,e~is appeared. The largest of the~ apl~ared along 
~flvbery, noar tho differentiated capsule, Then they tnerc~ed in sizo. The Individual foci In the center of 
the node alsobecame larger and grew together. At the santo ~me, the number of blood vessels which had appe~ed 
at first among the elements of the reticular sync~tum decreased somewhat, The remnent of the lymph node also 
under#cnt a "la:.o~n rccons~a~tlon. In it, durLrlg the first few days after the opcrarlon, the normal telationshlps 
between the sinur~s, myelinated ~cpta and follicles were disturb~d~ the contours of the latter became morn 
defined, A considerable amount of lymphocytcs passed into the Intermedla~ sinuses, L~:as concealing ths~ 
contours The p~2scrvcd part of the lymph node became more and more like an unformed accumulation of 
lymphoid tissue. The marginal sinuses, on the other hand, became much largCro However~ this process gradually 
ceased, and by the 20-25th day after the operation, at the latest, (often before the 15th day), the normal muctural 
l~lctute was regained. Regeneration always occurred, although, in some cases, it was very slow. The Hzo of the 
regenerated node varied in different experiments; in some cases, it was only 2]3 as large as the original nod6, 
and in others, It was either about the same sL~c as before or on~y slightly smMler. Only In one experiment did 

regenerated node remain very srnML Histological e x a ~  of this node on the 20th day after the operation 
~howcd a structure typical of this stage, but the regenerated I ~  ~as still not clearly delimited from the surround,, 
lag connective tissue, and there was no capsule at &Is #ace .  

Where the portion of the lymph node including the afferent vessels and the afferent lymphatics themselves 
had becp resected for a lengfih of 2-3 em {on the left), results analogous to those already described were obtained 
in 2 cases out of 1L The Injection t&owed that, in the~e two experiments, the lymphatics from the opposite slde~ 
where the part of the node with afferent lymphatics remained, grew onto the remaintngportlon of the node. 
There was no regeneration in the other 9 experiments. Connective tissue grew along the line of the cut; the 
lymph node remnant became disorgar~tzed, causing it to look at first like a non-differentiated accumulation of 
lymphoid tissue, lacking Sinuses and without the follicles with their centers of division {Fig. 2). There were 
different numbers of maerophages in different portions. D.mph clreulatlon through the node was not restored, 
since the regenerated lymphatics we.*c located some distance from it; more and more colmective tissue grew 
from the remaining portion of the node; the number of Iymphocytes decreased sharply, and the lymphoeytcs 
them~eh'cs were distributed in the form of separat~ islands, differing greatly in ~ape and without definite 
borders, due to the gradual migration of iymFhocytes beyond the Hmits of the lymph node rerrmant. 

The 9 experiments in'series Ili gave the fol!owing results. The several injections of Tr~an  blue showed 
that all of the lymphatics approaching the node could not be distinguished in 3 experLments. The ly~phcirculat- 
ion seemed rather disturbed, and the lymph nodes regenerated, but quite slowly. Two of the nodes remained srnall~ 
and four other approximated those observed in experimental series II on the right in size. Regeneration did not 
occur in the other 6 exix~rlmcnt~, and the results in ~e~e experiments were the same as those observed In the 9 
experiments of series II in which the operation was done on the left. 

The results obtained in experimental ~ries IV were generally the same as those obtained in ~ e  experimental 
serics/I with the operation on the right. I.e., without the searing. In these experiments, regeneration sometimes 
occurred somewhat later, and the sizes of the regenerated pa~s were smaller. In experimental ~eries V, on the 
other hand, regeneration was accelerated, and signs of a compensatory reaction In response to the inter~sificd lymph 
circulation were often found in the regenerated lymph nodes, which signs we have already described (sinus 
expansion, proliferation of reticular syncytium, etc. flA. L Braude, 1956]). 

After considering all the data presented, one can conclude ~hat the remaining part of a lymph node can 
only regenerate when lymph circulation through the node is continued (experimental series 1") or when it is 
comparatively quickly restored(exper!mentat series II wtth operation to the right). On the ofl~er hand, regene~at" 
Ion does not occur when the lymph eirctdation is cut off, and the remaining part becomes gradually reduced and 
is replaced by connective tisme. This occurred in experimental series HI and the experiments in series ~ with 
~he operation on the left, when the collateral lymph ckcu~ation ~hich developed by~pa~cd the mmaL'IL'~g p~ t  of 
the lymph node. "On the other hand, when the node's connection wifla the lymphatics was restored (by the growth 
of the lymphatics from the opposite side, or due to their Incomplete resection), In two experiments of series 
11 with the operation to  the left and In three experiments of series HI, the node regenerated, Regeneration 
occurred especially rapidly when lymph circulation through the node was intensified (experimental series V). 



Fig. 2. Disorganization of iliac lymph node remnant In white rat, 
under conditions of lymph circulation stoppage, on the 20th day of 
the experiment. Vnotomicrograph. 
Magnification- 120 times. 

The degree to wMeh the nodal tissue was altered affected the experimental results. The data received 
in experimental ser iesIV~d 11 with the operation to the righ.t were generaUy analogous, except for the fact 
that the sizes of the regenerated ncdes varied somewhat. However, th/~ cfxcumstance alone is not ~afficient 
basis let an), sort of  conclusion. In the course of the experiments in series 1I, III, IV ~md V, additional lyrnpb 
n.Mes Ura-,dly ~ppeared at a greater or lesser distance from the regenerated node~, Due to their appearance, the 
lymph f l o ~ g  out from the hind leg entered several(as many as 3-4) il/ae nodes on each s/de instead of just 
one, as happens normally. Therefore, there was somewhat less lymph circulating flux~ugh the regenerating node 
than before the operation. It s e ~ m s  likely that this phenomenon, which was expressed to varying degrees in the 
different experiments, was the reason that the regenerating node was not always as large as the original node. 
Turning back to the re~lts of experimental series IV, it should be emphasized that the degree of injury to th~ 
lymph nodes evidently has less influence on their regeneration than the preservation or disturbance of lymph 
circulation. The latter has the deciding ro!e in the process studied. With thi• in mind, we consider it impossible 
to consider the question of whether or not lymph nodes are capable of regeneration afzer being injured or 
partially removed without considering the concrete conditions in which regeneration occurs. Our study of 
regeneration clearly demonstrated fine constructive role of  lymph circulation through the node, in the absence of  
which, the node not only does not regenerate, but ch~,~ges from a structu~ally complicated organ into an accum- 
ulation of lyrnphoid t!ssue, lacking a clear contour and containing a greater or lesser amount of macrophages. 
As opposed to the comparatively brief disorganization stage occurring in the lymph node remnant during lymph 
circulation disturbance, these phenomena appear to be irreversx'ble. 

SUMM~,RY 

A se~es of experiments were conducted on albino rau, weighing 100-130 g It was established that 
iliac lymphatic nodes are able m ~generate after inj,~y or removal of their greater part. However, regeneration 
takes place only in conditio-~ of continued circulation of lymph in the node or in relatively rapid recovery of 
the circulation. In stable obstruction of lymph drainage, on the contrary, there is no regeneration in the lymph 
node and gradual fibrosis takes place in its residual part. 
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