
AB S TRACT 

Whether the fibroblast of granulation tissue is a product of resting 

connective tissue cells or is derived from circulat1ng mononuclear blood cells 

is a question of dispute. At the same time it has been suggested that the 

small lymphocyte is capable of transformation into macrophages and fibro­

blasts. This investigation seeks to follow the behaviour of the lymphocyte 

in a surgical wound. 

In vivo labelled thoracic duct lymphocytes are transfused into iso­

logous rats and sections of surgical wounds at varying stages of healing are 

studied by autoradiography. In over four hundre~ and eighty-five slides exa­

mined, labelled cells were found in the wound on only two occasions, while it 

was possible to demonstrate labelled lymphocytes both in the circulation at 

72 hours and in the alveolar septa at 5 days after infusion. 

Transfused lymphocytes do not appear to have any significant structural 

role in the healing of fresh wounds, at least as can be demonstrated by the 

method employed. 
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THE LYMPHOCYTE IN WOUND HEALING 

INTRODUCTION 

The ro1e of the lymphocyte has caught the interest and stÜDu1ated 

the imagination of modern day researchers to an unprecedented extent. In-

vestigators in the fields of ÜDmuno1ogy, morpho1ogy, and hemato1ogy have 

striven to unvei1 the mysteries of this ce11; and whi1e much is known about 

its cyto1ogy, phy1ogeny, ontogeny and distribution, there still exists diver-

gent views as to its capabi1ities in immuno1ogy, differentiation and trans-

formation. Indeed, there exists a schoo1 of thought which ascribes to it a 

p1uripotentia1 capabi1ity. 

At the same tÜDe, the origin of the fibrob1ast in the hea1ing wound 

remains somewhat of an enigma. There are those who be1ieve them to derive 

from mononuc1ear b100d ce11s, and others who wou1d have them fo11ow a con-

nective tissue 1ineage. 

This investigation seeks to fol1ow the lymphocyte in a surgica1 wound 
(52) 

and to de termine whether they undergo transformation or modulation and if 

they perform a structural role in the hea1ing process. 
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HISTORlCAL REVIEW 

Studies with tritiated thymidine have 1ed to the concept of a 
(9,63) 

lymphocyte production pathway. This begins with the pr~itive reticu1ar 

. ce11 after which a series of divisions occur, (eight according to Saint-Marie 
(56) 

and Leb10nd) and ends with the production of the 1ymphob1ast. This ce11 

then passes through the stages of the large and medium sized lymphocyte to 

its resting state of sma11 mature lymphocyte. 

Initia11y, it had been thought that this sma11 lymphocyte represented 

an end stage, especia11y when it was shown that MOSt sma11 lymphocytes do not 
(7,13) 

synthesise D.N.A. This doctrine is no longer tenable today in 1ight of 

the finding that the sma11 lymphocyte can be stimu1ated to undergo b1asto-

genesis by a variety of substances, both specifie and non-specifie. Phyto-

hemagg1utinin (P.H.A.), poke-weed mitogen (P.W.M.), Staphy10cocca1 exotoxin 

and anti-human leucocyte antiserum are but a few of the non-specifie agents, 

whi1e tetanus toxoid, meas1es vaccine, tubercu1in purified protein derivative 

and Strepto1ysin 0 are specifie agents. The who1e subject of transformation 
(14) 

is we11 summarized by Danie1s, Ritzman and Levin. 

Apart from antigenic stimulation, it is a1so be1ieved that spontan­
(37,55) 

eous transformation does occur. Porter and Cooper emp10yed both chromo-

soma1 and isotopie 1abe11ing to show that the transp1anted sma11 lymphocyte 

did indeed change into a 1arger ce11 type and subsequent1y went on to further 
(49) 

proliferation. Added to this is the proposition that the sma11 lymphocyte can 

en1arge and once again become a reticu1ar ce11, thus holding the potentia1 for 
(56) 

the formation of two hundred and fifty-six new sma11 lymphocytes. TWo ad-
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ditiona1 tenets have been proposed regarding the functiona1 capabi1ities 

of the sma11 lymphocyte. 

Yoffey has advanced the thesis that lymphocytes exist in either con­
(13) 

ditioned or unconditioned states. Conditioned sma11 lymphocytes look exact1y 

1ike their unconditioned counterpart, but have lost their pr~itive bharacter 

and are incapable of deve10ping a10ng any other 1ine than that of antibody 

formation. Most lymphocyte populations are probab1y heterogenous with a pre-

dominance of one or another ce11 type. 

It has also been suggested that the sma11 lymphocyte may be either 
(64) 

active or inactive. It can remain in the inactive state for rather long 

periods and this may exp1ain the refractory response which has 1ed many in-

vestigators to the conclusion that the sma11 lymphocyte is an end-stage ce11. 

The b1astoid ce11 which resu1ts from lymphocyte stUDu1ation has been 

we11 studied and its morpho1ogy, binchemistry and re1ationship to other ce11s 
(14) 

are described by many authors. In addition, the claUD is made for sma11 

lymphocyte transformation both through the blastoid ce11 and independent of 

it. Towards the end of the century many European authors were c1aUDing that 
(14) 

lymphocytes cou1d and did transform into macrophages, at 1east in vitro. 
(51) 

After their description of the skin window technique, Rebuck and Crawley went 
(52) 

on to demonstrate the in vivo transformation of monocytes to macrophages. 

Large monocytes are a1so thought to sometimes deve10p from smal1 
(4) 

lymphocytes. B100m in 1938 suggested such a transformation and Fichtelius 

in 1957 by P32 tagging technique confirmed the idea. 

tritiated thymidine to prove the same phenomenon. 

(39) 
In 1962 MacKinney used 
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Besides claims for transformation to plasma cells, it has also been 

advocated that the small lymphocyte is a totipotential stem cell for hemo-

poiesis, at least in the marrow of the mouse. Transfusions of marrow or blood 

cells into lethally irradiated animals will sometimes initiate repopulation of 
(25) 

the marrow and recovery. Furthermore, it has been shawn that granulocytes 
(12) 

and monocytes are incapable of repopu1ating irradiated hemopoietic tissue 

50 that the new marrow must have derived from the totipotential lymphocyte. 

That fibrob1asts make some contribution to wound healing is generally 

accepted, with little understanding of the complexity and diversity of the mech-

anism. In addition to the biosynthesis of protein, polysaccharides and pos-

sib1y even lipid, its physiologic functions inc1ude the providing of tensile 

strength through migration, orientation and differentiation; formation of 

fibrous tissue, cartilage and bone; wound contraction; remodelling and re­
(15) 

sorption. 

The protein col1agen is made up of tropocollagen units which are ar-

ranged in an orderly fashion to produce the 640 A subperiods of the major re­
(40) 

peating unit of about 2600 A. Tropoco11agen is itself made of fibri1s which 

are specially arranged;to conform to the characteristic banding of collagen. As 

the size of the fibril varies, so does the formed tissue - the smallest fibrils 

thus constituting embryonic collagen, the medium sized forming reticulin and the 
(62) 

1argest collagen. Col1agen as a protein ~s unique in having two amine acids -

hydroxyproline and hydroxylysine, which are not found in other proteins to any 
(1,61) (1) 

extent. Assay of hydroxyproline is a convenient measure of co1lagen production. 
(47,53,54,61) 

The mode of production 1s however disputed. 
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The mucinous nature of ground substance has long been recognised. 

The acid polysaccharides responsible for this quality are either sulphated 

(chondroitin sulphate, heparitin or kerato sulphate) or non-sulphated (hyal­
(62) 

uronic acid or chondroitin). The manufacture of mucopolysaccharide by fibro­
(61) 

blast both under normal and pathologie conditions is well described. 

In addition to the manufacture of ground substance, fibroblasts are 
(15) . 

believed by some to make lipids under special circumstances and may also 
(61) 

be involved in elastin production. 

Transparent window technique has shawn the fibroblast to migrate and 
(47,59,61) 

orientate itself along definite patterns "like iron filings to a mag-
(47) 

net". Fibroplasia alone is said to contribute no more than 20% of th~ ulti-

mate tensile strength, the remainder coming from collagen, and even more tm-

portantly through its "differentiation". This process is akin to ripening~ 

and involves the aggregation of molecules by crosslinking through hydrogen 

bonds and stable covalent bonds. Differentiation is a function of stress and 
(15) 

strain and for this reason scars mature faster after some activity. 

The origin of fibroblasts is from mesoderm along with blood cells, his­
(61) 

tiocytes, mast cells and others. However, the origin of fibroblasts in the 

healing wound is often the subject for experimental and academic debate. One 

theory holds that such fibroblasts are derived from mononuclear blood cells and 
(1,2,22,29,32,34,36,41,44,49,50) 

macrophages while the opposing claim is for par-

entage from resting fibroblasts in connective tissue, the adventitia of small 
(16,26,38,45,49,54,57,59) 

blood vessels and fatty tissue. 
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In 1904, Meximow showed that the lymphocytes and monocytes of the 

b100d wander into the tissues in inflammation and transform there into "po1y-

b1asts". He a1so conceded a percentage of these ce11s to derive from wan-

dering ce11s or histiocytes. These findings were repeated in 1926 by the 
(41) 

in vitro culture of guinea pig buffy coat ce11s. 

Po1yb1asts disp1ay an eccentric kidney shaped nucleus and a high1y 

They May be as large as 12 microns amoeboid cytop1asm with various inclusions. 
(40) (40) 

They are either of histogenous or hematogenous origine o~ more in diameter. 

At the same time B100m was cu1turing thoracic duct 1ymph of rabbits 

and observing large and sma11 lymphocytes to change into typica1 inf1ammatory 
(3) 

mononuc1ear ce11s or po1yb1asts, 1ater converting to fibrob1asts. Carrel and 

Ebe1ing in supporting this work reported changes in cultures of large mono­
(10,11) 

nuc1ear ce11s to those morpho10gica11y resemb1ing fibrob1asts. They con-

sidered the transformation to be an adaptive phenomenon of the monocyte to an 

unfavourab1e environment. 

Moen cu1tured single monocytes co11ected from the thoracic cavity of 
(44) 

rats reacting to intrap1eura1 injections of low me1ting point wax. By fo1-

lowing iso1ated ce11s in the process of mitosis he described severa1 types of 

fibrob1ast co10ny formation therefrom. Moreover, he states, "colonies of fibro-

b1asts originating from mononuc1ear ce11s were easi1y transp1anted, carried 

through repeated subcu1tures and still maintained their morpho1ogic character-

istics". This work, however, does not satisfactori1y withstand criticism of 

purity from contamination by other ce11 types, and the method of identifying 

single ce11s was certain1y not foo1-proof. 
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That mononuc1ear blood cells are precursors of fibrob1asts, at 
(29) (34) 

1east in part, 
(36) 

Hulliger 

has a1so been supported by the work of Gillman, Hartwell, 
(2) 

and Allgower. The latter measured the hydroxyproline content of 

rabbit buffy coat cultures, collected by cardiac puncture, at varying periods 

up to forty-ei8ht days and found an average of 14.4 ± 6.5 gan:ana for histo10-

gical1y transformed cultures as against 1.2 ± 0.9 gan:ana for non-transformed. 

In the control expertments there was a 4.6% and a 9.0% transformation for 
(1) 

"heart" and "carotid" punctured buffy coat eu1tures respectively. The actua1 

amount of hydroxypro1ine in these cultures is not given, but as he conc1udes: 

'ithis would suggest that contamination could possibly account for one or two 

cultures per heart puncture, but could not yield up to thirty-seven cultures 

as observed in one of the experiments reported in this paper". 

In 1961 Nicholas Petrakis demonstrated that buffy ooat collected by 

venipuncture and cultured subcutaneously in volunteer subjects underwent definite 

regular changes. During the first two weeks, cells hypertrophied into polyblast 

macrophages and seven days la ter assumed the "stellate appearance or spindle 
(50) 

shaped form of fibroblasts". The conclusion was that "once polyblast macro-

phages are formed, the y are able to metamorphose into fibroblasts, but they do 

not clarify the question of whether or not both lymphocytes and monocytes poss-

ess the abi1ity to become polyblast macrophages, in vivo, or whether transfor-

mation is a property of only one of these mononuclear forms~. 

The experiments of Ross and Lillywhite cast doubt on the reliability 
(54) 

of work employing venipuncture. Buffy coat derived through cardiac puncture 

both with and without protective polyethylene tubing, and cultured in subcut-

aneously implanted diffusion chambers yielded 85% and 90% fibroblast and collagen 
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transformation respectively; that fram the inferior vena cava and carotid 

artery showed only 10% and 6% change. Moreover, the authors doubt the 

authenticity of "fibroblasts" derived fram cardiac puncture as electron micros-

copy reveals large deposits of glycogen and dense cortical filaments forming 

a continuous outer cytoplasmic layer. 

Gillman injected tritiated thymidine into rats both pre and post 

wounding and then examined autoradiographs at varying periods post operation. 

He found 15-20% cells labelled in the post wound and 40-80% in the pre wound. 

Labelled cells were identified both intravascularly and perivascularly and 

cells resembling fibroblasts were labelled at vary~ng stages of development. 

He believed that cells labelled in vivo migrate into injured tissue, become 

phagocytes and either leave the site or remain to undergo mitosis and become 
(27) 

giant cells and fibroblasts. In a follow-up study using similar techniques, 

he concluded that foreign body giant cells were derived fram mononuclear blood 
(28) 

cells. 

Fichtelius and Diderholm demonstrated greater numbers of labelled round 

cells and fibroblasts in the healing wound than in adjacent tissue. As there 

was no free thymidine available during healing (which started more than 72 hours 

after injection of thymidine) the increase in cells indicates an infusion from 

outside - "probably b~ nucleated blood cells". The level of label was, however, 

too low to allow any statistically significant appreciation of change, which 
(23) 

could act as an indicator of re-utilisation. 

Evidence for the opposite ideology is given by Medawar, who demonstrated 

the evolution of polyblasts fram lymphocytes only when the initial lymph specimens 
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were contaminated with numerous monocytes obtained via direct puncture of 
(42) 

the thoracic duct. This finding is confirmed bf Hall and Furth who were 
(23) 

unable to culture fibroblasts from carefully obtained thoracic duct lymph. 

On the other hand, Ebert preselits evidence for the transformation 
(16) 

of monocytes to histiocytes but saw no change in small lymphocytes after 
(17) 

24 hours. This latter finding is confirmed by Gowan after an extended period 
(30) 

of five days although he did Bee divisions in large lymphocytes. 

MacDonald used tritiated thymidine and followed the developments in 

healing wounds from 2-14 hours after injections. His experiments demonstrated 

a rise in the label (70-120 hours) of fixed undifferentiated connective tissue 

cells along the adventitia of veins and arteries, amongst hair follicles and 

injured muscle fibres at a time when the number of labelled lymphocytes was de-

creasing (peak at 48-72 hours). On this basis he rejects the idea of lympho­
(33) 

cytes transforming into fibroblasts. 

In a different approach to the subject, Peach studied regenerating 

tendon in the guinea pig by electron microscopy and laid emphasis on what he 
(47) 

termed ''migra tory" versus "synthesising" fibroblasts. The migra tory type had 

elongated nuclei and were found at the advancing edge of the cellular sheet, 

while further removed from the centre and characterised by ovoid nuclei were 

the synthesising type. He summarises thus: "proliferating fibroblasts in the 

regenerating tendon appeared to be derived mainly from cells of the subcutan-

eous fatty reticulum and from the fascial sheaths surrounding the muscle bellies 

adjacent to the wound area". 
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The concept of different types of fibrob1asts is a1so suggested by 
(59) (21) 

Stearns and Edwards. The former used the transparent window technique 

to fo11ow the deve10pment of connective tissue in the hea1ing wound. She 

observed fibrob1asts to migra te inwards from pre-formed tissue periphera11y. 

She described the invasion of the chamber by various b100d ce11s and noted 

that a1though macrophages frequent1y assumed shapes resemb1ing fibrob1asts, 

this was on1y temporary and they did not transform into fibrob1asts. 

(53) 
A different conclusion is reached by Ross. It is his be1ief that 

macrophages are transitioned into fibrob1asts. Super~position of his graphs 

show simi1ar trends for lymphocyte and fibrob1ast concentration in wounds. 

This is in variance with MacDonald who described fibrob1astic proliferation 
(38) 

at a t~e when lymphocyte concentration was decreasing. 

Gri110 x-irradiated guinea pigs both pre and post wounding and then 

examined, by autoradiography using tritiated thymidine, sections of these wounds 

at 5 days. Quantitative1y, there was a 53% reduction in the cellular pro1ifer-

ation of wounds irradiated 28 hours after wounding; a 45% reduction on those 

20 minutes post wound. There was no significant reduction in those which had 

been pre-irradiated. He conc1udes that irradiation at 28 houœ depressed a11 

cellular e1ements as did that at 20 minutes post wound, inc1uding the ce11s 

which became fibrob1asts and those certain1y cou1d not be mononuc1ears as these 

are not present in the wound at the time. He dismisses as probab1y not signi-

ficant the depression of capillary proliferation and adroits that "some cells 

arriving from the vascu1ar system either had or cou1d deve10p the abi1ity to 

function as fibrob1asts" but surmnarises "these findings indicated that fibro-
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" blasts of wound repair are predaminantly connective tissue cells. 
(32) 

The ability of bone marrow cells to stûnulate a cellular reaction in 

irradiated rats given Freud's adjuvant was demonstrated by Spector and 
(58) 

Willoughby. At the same tûne, animaIs so treated and receiving either lymph-

oid or thymus cells showed a similar response to those receiving no infusion -

necrotic and degenerate polymorphs at 3 days, eventually showing good mono-

nuclear response at 14 days as the marrow recovers. When tritiated thymidine 

is used an an index of mitotic activity a similar pattern is seen. This data 

led to the conclusion that "normal rats bone marrow cells are the original 

source of macrophages, histiocytes, perithelial cells and small round cells 

that abound in chronic inflammatory granulomata". 

These arguments are but a capsule presentation of the Many papers 

published. Strong criticism can be made against Many of the investigations 

quoted on the basis of purity of cell type employed: strength and indelibility 

of label: transformation versus modulation: definition and indentification of 

fibroblasts, but even if such criticism be justified, it in no way answers the 

basic question of the derivation of fibroblasts in the healing wound. 

On such a basi9, a protocol was designed to follow the course of the 

lymphocyte in wound healing without prejudice to either opinion. If in vivo 

labelled lymphocytes could be collected by thoracic duct drainage, maintained 

in a viable state, and injected into isologous rats, then it should be possible 

to follow their distribution and behaviour by autoradiography. 
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MATERIALS AND METHODS 

ANIMALS: Highly imbred strains of Lewis rats were used (LEW/f Mai) 

in weights of 50-100 gms. These are isohistogenic. AnimaIs of either sex were 

used, but donors and recipients were always matched. Standard diets were em-

ployed but during thoraëic duct drainage the rats were fed 0.45% NaCl orally. 

CAGES: During drainage rats were restrained in conventionai wire 
(5) 

cages, a section of which was modified in the manner of the Bollman cage (see 

Fig. 1). This a1lows the animal to move back and forth without being able to 

turn around. Water and food are freely accessible at the front of the cage. 

A horizontal free area at the side a1lows the catheter to s1ide with the ani-

mal's movement (Figs. land 4). A collecting device was attached outside and 

~omewhat 10wer than the cage (Fig. 1). 

A costly problem of rats revolving around their long axis and thus 

entwining themselves in the catheter or displacing it from the thoracic duct 

was finally overcome by employing a body jacket of adhesive tape. This jacket 

is attached ab ove to a sliding rod which moves with the animal but prevents it 

from spinning (Figs. 1 and 4). Heat is provided by a 100 watt bulb at controiled 

distance. 

THORACIC DUCT LYMPHOCYTES: The thoracic duct was connected by a modi­
(6) 

fication of the method described by Bollman et al. Ether replaced intraperi-

toneal nembutal for anaesthesia as it is essential to have the animaIs awake and 

active soon after surgery if proper drainage without clotting is to be obtained. 

The rats were not heparinised. The method adapted allowed for varying the dis-

tance between the ether source and the animal, thus being able to control the 
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the air-ether mixture being absorbed. 

The abdomen was entered through a full length midline incision and 

the aorta was identified between the fibres of the psoas muscle. The thoracic 

duct was found closely attached to the aorta in the left posterior position 

between the diaphragm and kidney. lt was carefully dissected off the aorta 

in its upper section as to work in the lower aspect may lead to rupture of 

any of the many radicals feeding into the cysterna. After the duct is ligated 

(5"0" black silk), it dilates distally and becomes easily visible. Too much 

tension in the system makes for easy rupture. 

Catheter tips are made of polyethylene tubing (l.D 0.030") drawn out 

to a fine point in heat. This is joined to a silastic tubing of approximately 

3 cms. and at the far end the remainder of the catheter is made up of poly­

ethylene. Where the silastic is joined to the polyethylene, two flanges are 

made to hold sutures (Figs. 2 and 3). 

After the duct is canulated, a second tie is placed around it to hold 

the canula and the initial tie is secondarily secured around the catheter to 

hold it in place (Fig. 2). In addition to this, one flange is sutured down to 

the closely applied psoas muscle (Fig~ 2). The silastic readily takes the curve 

of the diaphragm and the other flange is sutured to the body wall in the flank 

through which the catheter is exteriorised (Figs. 3 and 4). 

The abdomen is then closed in layers (4"0" silk). The catheter is not 

siliconised but is filled with a solution of heparin and Krebs' Ringer buffer 

at the time of canulation. 
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COLLECTION AND PROCESSINE: Lymph is co11ected at room temperature 

in a f1ask containing 3-5 ces. Krebs' Ringer Solution, 40-60 units of heparin 

and 150 ug Streptomycin. The f10w of 1ymph can be regu1ated by the strength 
(26) 

of NaC1 fed to the animal but without increasing the output of ce11s. 

Eight to ten hour specimens are co11ected and centrifuged at 120 g. 

for 10 minutes. A suspension is then made with fresh Krebs' Ringer Solution 

and a count is made of the ce11 concentration (Hawks1ey haemaccytometer). A 

viabi1ity study is made by eosin staining and a smear is taken for autoradio-

graphy. The suspension is then injected into the recipient animal by tai1 

vein. 

Tritiated thymidine is used as a label (Schwarz Spec. Act. 10.0 C/mm. 

aqueous). Rats are injected intraperitonea1y on a schedu1e of 14 daily doses 

of 0.5 uc/gm body weight and catheterised 2-3 days after the 1ast injection. 

Standard surgica1 wounds are made through a11 1ayers of the abdomen 

of the recipient rats, 3 cms. in 1ength. Injections of 1abe11ed ce11s are made 

at varying times after wounding and sections of the wound are taken at different 

periods after the 1ast injection. 

AUTORADIOGRAPHY: Sections are fixed in 10% forma1 saline for 24-36 hrs. 

and then prepared by ordinary histo1ogica1 technique. They are eut 6 u thick, 

mounted, and the slides 1abe11ed. 

(43) 
The dipping procedure as out1ined by Messier and Leb10nd is fo11owed 

using Kodak nuc1ear track emu1sion N2B2. Dipped sl;.des are stored at 40C in a 

1ight exclusive black plastic box containing 15-20 gms. of indicating drierite. 
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The optimal duration of exposure is determined by seria1 deve10pment of test 

slides. This is usua11y 3-4 weeks. 

Slides are deve10ped in fresh1y prepared Dekto1 for 6 minutes, rinsed 

in distilled water for 1 minute and fixed in sodium thiosulphate for 3 minutes. 

They are then rinsed in running tap water for 8-10 minutes. Post-staining is 

with hematoxy1in and eosin (H & E). 

CONTROL: Three types of control sections are taken. The first is of 

an ordinary surgical wound for conventional histo1ogy to establish the pattern 

of repaire For this, sections are made at 6 hours post wound and every 2 hours 

thereafter to 24 hours; at 36, 72 and 120 hours. They are stained with H & E. 

The second is taken from a labelled animal which has undergone all stages up to 

dissection of the thoracic duct. The abdomen is then c10sed and sections made 

at 24, 72 and 120 hours. This procedure is termed "Sham catheterisation". The 

third type follows the regu1ar protocol but cells are killed by heating in a 

water bath at 4Soc for 10 minutes. 
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RESULTS 

Figs. 5-9 outline the cellular changes in a surgical wound. De­

finite leucocyte infiltration is evident as early as 6 hours post wounding 

(Fig. 5) and while this continues to increase throughout the first day (Fig. 

6), there is not a substantial gain over that seen at 6 hours. Cellular align­

ment is present as early as 48 hours and quite obvious by 72 hours (Fig. 7). 

At 5 days there is an orderly arrangement of all cellular components (Figs. 8, 

9). 

Cells resembling fibroblasts begin to make their appearance around 

36 hours at which time they are fairly large (10-12 u) with a nucleus occupying 

most of the celle The cytoplasmic processes are stunted. By 48 hours, they have 

become more spindle shaped with either central or polar nuclei, having both 

more and better developed processes. Those seen at 72 hours are fully developed 

fibroblasts (Fig. 7). 

Figs. 10 and 11 represent the only sections in which labelled cells 

were found in the wound. As such, they were taken from two different schedules. 

The animal of Fig. 10 received a transfusion of 64 x 106 cells in two divided 

doses at 2 and 8 hours after wounding. These were harvested from a rat some 

16 hours after the 1ast injection had been given and yie1ded a slightly higher 

percentage of labe11ed ce11s (33%). As weIl, the autoradiogram here was ex­

posed for 32 days and sections were taken at 96 hours after wounding. 

Fig. 11 represents an animal which received a total of 1008 x 106 cells 

given over a period of three and one half hours. These cells were taken from 

a pool of lymph collected from 3 rats injected on the regu1ar schedule. The 
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exposure tfme was 25 days and sections were made at 30 hours after wounding. 

This section shows a labelled cell in the deep layers of the dermis. 

Figs. 12 and 13 are of lung and were taken from the same anfmal as 

in Fig. 11 but at 120 days after wounding. Several well labelled cells are 

shown in the alveolar s~pta. 

Another section of lung is shawn in Fig. 14. This is taken from an 

animal receiving 360 x 106 cells from a donor treated on the routine schedule. 

Thecells were injected at the tfme of wounding and while no labelled cells 

could be found in the skin, liver or node~,there were several in the lung and 

in the pulmonary circulation. 

A section from an intestinal lymph node is shown in Fig. 15. This 

tissue is taken from the same anfmal as in Figs. 11,a12 and 13 at 120 hours 

after wounding. It represents the only time a labelled cell was found in a 

lymph node although the search was made in 3 anfmals over 15 separate sections. 

The remaining photographs were taken of control anfmals. Figs. 16-19 

inclusive are taken from the same rat. This animal received the regular dose 

of tritiated thymidine and was then subjected to laparotomy and thoracic duct 

dissection but without canulation. A section of the abdominal incision was taken 

at 24 hours. 

Fig. 16 shows a strong label in many cells even between muscle fibres. 

In Fig. 17 is seen connective tissue in which the greatest majority of cells 

are well labelled. This section is taken from an area near the incision and 
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subjacent to the epidermis. Fig. 18 is a high power view cf a labelled cell 

deep in the dermis. Fig. 19 shows the label in the cells around the hair 

follicles. 

Fig. 20 is taken from an animal on the same routine as that in 

Figs. 16-19, but in which the section was made at 5 days. Here cellular 

label is significantly reduced (compare with Fig. 18). 

The last section represents liver and is taken from an animal receiving 

216 x 106 cills on the routine schedule. However, in this case the cells were 

killed by heating (4SoC x 10 minutes) prior to infusion. Sections of lung, 

skin and node revealed no labelled cells and only in one slide was a labelled 

cell seen in the liver (Fig. 21). 
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DISCUSSION 

The techniques adapted in this protocol sought to overcome the diffi-

culties inherent in the experUnentation of cellular patterns and behaviour. 

Methods are available for the differential separation of white cells, 

but the yield of viable uncontaminated cells is low (20-30%). Thoracic duct 

lymph is probably the riéhest source of the least contaminated lymphocytes 

reaèily available for experimentation. It is of course essential in an investi-

gation of this nature to use a suspension of cells as free as possible of con-

tamination by other cell types, especially where such other cells May also bear 

the label being employed. For this reason, thymie lymphocytes were not used. 

Rat buffy coat has too small a yield to be of value. 

lndelibility of label is the objective in aIl experimentation where 

markers are employed and the method which is closest to this ideal is isotopie 

labelling. Tritiated thymidine is incorporated into the D.N.A. of actively 

dividing cells just prior to mitosis and remains there as long as the cell lives, 
(19,35,57) 

being halved at each division. As a nuclear label, tritium presents ad-

vantages in autoradiography because of its very high resolution obtained through 

very weak energy of only 17.9 Kev. and a short B radiation of less than 6 u. 
(24) 

Actually, half of the B particles will travel less than 1 u. lts half life is 
(46) 

12.1 ± 0.5 years. Its apparent availability to cells for approximately only 

45 minutes means certain specifie physiologie states can be marked. 

(48) 
There are some investigators who question the stability of the D.N.A. 

(8,60) 
label and others who wonder about re-utilisation when cells die. It is 
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not possible to either prove or disprove re-utilisation, but on theoretical 

grounds it would only be a real consideration where the tissue being studied 

had either a high rate of cellular death or cellular turn-over. In either 

case the label would have to be very strong if it is not to be diluted beyond 

the point where it would no longer be demonstrable by ordinary exposure time 

and development technique. 

When cells change, there are two patterns along which the y develop. 

Cellular transformation in which the morphological changes do not obliterate 

the original characteristics is termed ''modulation''. It is a reversible fun-

ctional adaptation. Cellular "differentiation" on the other hand occurs when a 

differentiated cell acquires characteristics foreign to it and loses some of its 
(52) 

own original properties. Rebuck believes the small lymphocyte to undergo 

modulation. 

More than a little of the difficulty encountered in the understanding 

of the origin of fibroblasts in the healing wound is a result of lack of de-

finition. To MOSt histologists, the fibroblast is a stellate, triangular or 

drawn-out cell with an ovoid nucleus containing dust-like chroma tin particles 
(40) 

and one or more large nucleoli. However, Stearns visualised fibroblasts to 

have a changeable morphology. If cells resembling typical fibroblasts were sti-

mulatedj they were seen to roll up in circular form and remain quiescent. After 
(59) 

a period they would once more assume the shape of a fibroblast. As well, they 
(47) 

have been described as active and inactive, synthesising and migratory. 

It is hardly surprising therefore to understand why the earlier investi-

gators who used only fixed histological technique, should be of widely divergent 
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opinion. Neither is it difficu1t to see the confusion which can arise when 

ce11s are poor1y marked. One of the more re1iab1e techniques as far as the 

fibrob1ast is concerned makes use of hydroxyproline measurement as an indi-
(1) 

cator of cell activity and presumably concentration. Where both chromosomal 

and isotopic labelling are used, no valid argument can arise as to the in-

defectib1e identification. 

While it is possible to obtain a better percentage label, the scheme 
(18) 

adapted here yie1ds a label in 28-30% small lymphocytes. The ~onger the 

period between catheterisation and last injection, the fewer 1abelled medium 

and large sized lymphocytes will be harvested. This may be a small factor in 

explaining the positive result in Fig. 10, where this interval was shorter than 

usual. 

The only other positive result among 485 autoradiograms is represented 

in Fig. Il. This is also the only animal to receive more than 360 x 106 cells. 

As such, it received a transfusion of 1008 x 106 cél1s in 3.5 hours, a value 

equal to its total body smal1 lymphocyte composition and representing some 33.3-
(20) 

43.8 times its circulating sma11 lymphocyte population. It is inconceivable 

that label1ed cells be not found in the healing wound of such an animal. Chance 

alone wou1d dictate it. What is indeed surprising is that on1y one such labelled-

cell has been found from a total examination of 25 autoradiograms of skin tissue 

in this rat. 

It may be theorised that ear1y injections or indeed continuous infusion 

may have yie1ded positive resu1ts especia11y in 1ight of the"finding in Fig. 10. 

Whi1e this might be true, it must be pointed out that the exposure in Fig. 10 is 

longer than usua1, thus part1y exp1aining the higher background count. This sup-
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position in no way explains the number of labelled cells found in the lung of 

the same animal at times up to 120 hours after wounding. The same argument 

May be given for the evidence in Fig. 14 which shows labelled cells circul­

ating (or recirculating). Fig. 15 is another single example of a labelled cell, 

this time in a lymph node. It represents the same animal as in Figs. 11, 12 and 

13. 

The cellular outlines in Fig. 10 and 11 are not well delineated, but 

on light microscopy both labelled cells resemble fibroblasts. While this is 

not true in Figs. 12-15 it does not categorically bespeak diffe~entiation or 

modulation. However, when oompared with autoradiograms of the injected sus­

pension, there is little or no reduction in the grain count, thus negating the 

possibility of re-utilisation. This argument is strengthened when Figs. 14 and 

20 are compared. 

A control element is provided in Figs. 16-21. The first four are of 

labelled cells in the injected animal to show strength of label and grain count. 

On these two criteria, Figs. 10-15 compare admirably. A 5 day old section is 

shown in Fig. 20 and the gr!in count is markedly reduced when compared to the 

suspension, and even to the preparation of transfused cells of the same age as 

shown in Figs. 12, 13 and 15. There is no straight forward explanation for this 

phenomenon. 

The finding of a labelled cell in the interlobular area of ;the liver 

(Fig. 21) is difficult to explain. Both in the photograph and on light micros­

copy it i5 difficult to identify the cell type, although the shape is more sug-
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gestive of fibrob1ast than lymphocyte. 

It is apparent that some ce11s beceme trapped in the 1ung (Fig. 12-

14), but the numbers seen can hard1y account for the total number of ce11s 

injected. It wou1d indeed be interesting to know the u1timate fate of such 

ce11s, ss they do not accumu1ate in the wound and are not to be found in the 

1iver or nodes to any significant degree. It is unreasonab1e to suggest dis­

integration as there was no evidence of label or debris in the reticu10-endo­

the1ia1 system studied. 

The methodo10gy invo1ved in this experiment is such that a period of 

seven to eight weeks must e1apse before any resu1ts are obtained. Whi1e one may 

specu1ate and vary the severa1 parameters in the design, definite change can be 

made on1y when autoradiograms are studied. To further comp1icate the situation, 

there are severa1 points at which mistakes can very easi1y be made, not the 1east 

of which is catheterisation of the thoracic duct and being able to estab1ish a 

good duct f10w. Proficiency in these techniques requires much patience and 

practise and was responsib1e for a good dea1 of the time invo1ved in this work. 

This circumstance was aggravated by the fact that the methods described in the 

1iterature were unsuccessfu1 in my hands. Another point causing de1ay was the 

difficu1ty experienced in restraining the animals, and severa1 modifications had 

to be made to techniques described by others. 

Despite the handicaps described, a total of 485 sections were studied in 

18 rats receiving transfusions and as a1ready indicated 1abe11ed ce11s were identi­

fied in the wound on on1y two occasi8ns. Whi1e seme autoradiograms may be criti­

cised as having too stro~g a background, this defect is more 1ike1y to 1ead to 
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false positive results than vice versa. The sensitivity of the technique:~is 

delicate enough to locate labelled cells in the lung after 5 days and can hardly 

therefore be advanced as an explanation for the lack of positive findings. 

No good explanation is forthcoming from this study to explain what 

happens to the transfused cells, but as this was not the intent of this protocol, 

no detailed attempt was made to locate them, except in the sections of lung, liver 

and node as indicated. However, several possibilities existe Murray and Woods 

have suggested that thymic lymphocytes appear to home for spleen and mesenteric 
(45) 

nodes as weIl as the gut lumen through the mucosa. It has also been shawn by 
(31) 

Everett, and supported by others that there is a considerable degree of recir-

culation between lymph and blood, and in fact, fransfused labelled cells may 

account for as much as 80% of the increase seen in thoracic duct lymph after such 
(31) 

transfusions. Perhaps some or all of these factors may be responsible. 
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CONCLUSION 

It is evident from the data that injected small lymphocytes do not 

take any significantly active part in the healing of acute wounds, at least 

as can be demonstrated by the method employed. 

When a number of lymphocytes comparable to an an~l's total body 

composition is injected, several labelled cells are found in the lung up to 

5 days after injection, but on only one occasion was there a labelled cell in 

the wound. 

If fewer than this number are injected, positive autoradiograms are 

found on only one occasion from a total of 485 slides; and this is seen in 

an animal which had received transfusion at the time of wounding. It may well 

be that this is related to the rather early infusion of white cells into the 

wound (Fig. 5), a fact that i5 not generally appreciated. 
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Canula in the thoracic duct with extra tie from flange to psoas muscle. 
The aorta lies on the medial side of the duct. 
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Fig. 3 

( Fig. 4 
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Canulated thoraeie duet. Additional fixation is aehieved by suturing 
a flange to the body wall. 

Canula~ed rat draining lymph. A body jacket is in place ar.d exterior­
isation of the duet through the flank is shown. 



Fig. 6 
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Surgical wound of skin at 6 hours, showing early infiltration by 
white cells. (x 40) 

Surbical skin wound at 18 hours. There is minimal increase jn the 

numbers of in::lammatory cells. (x 40) 
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Sllr~iCéd ' . ."ound 01 skin al 72 hours. Fibroblastic proliferation and 
orientation are weIl demonstrated in aIl areas. (x ~O) 

,";l':.,,1C3.! '..;oun(, 01 ;kin dt 12U hJ"r,; 

me' (' i t l é'rf~nt ,dl i on. (';" '.0) 
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S~r;ical wound ui skin al 12U ~uurs. Ce]l~ dre maLur~ fibrobLasts 
,irranôeli dlon;.; detinite line.~. t-losl '.Jt the infjammatorv debris has 
heen cJedrt-'d. (,.1001 
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Fi
0

" iU Autoradiogram of skin wound at 96 huurs. After wounding showing 
-;in~]e labelled cell and heavy hackground. (x 1000) 
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" 

Fig. Il 30 hour post wound autoradiogram of rat rece1v1ng 1008 x 106 labelled 
cells. Area represents deep dermis. Note single labelled cell on the 
surface. (x 1000) 

Fi6 . 12 Section of lung at 120 hours post wound. There are several heavily 
labelled cells in the alveolar septa. (x 250) 
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Fig. 13 A section of lung from the same animal as Fig. 12. A low power view 
showing the spread of labelled cells. A large vein is seen inferiorly. 
(x 250) 

Fig. 14 A 72 hour post wound autoradiogram of lung from an animal H~ceiving 
360 x 106 cells. Three heavily labelled cells are seen in a vein. 
(x 1000) 
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fiô~ __ l) Séctiùn of the lymph node al 120 ilOur::; post wound showing sint,le 
Labelled cel]. Taken [rom the same dnimal as Figs. 12 and 13 
(:-: 1000) 
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Fig. 16 24 hour post wound section from a labelled rat having sham catheter­
isation. There is a strong label in most fibroblasts including those 
among muscle fibres. (x 250) 

Fi,;;. J:..Z. Granulation tissue from the skin of the same animal as in Fi;~. 16. 

There are high grain counts in most labelled cells. (x 250) 
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Fig. 18 High power view of labelled cells in thE:' skin of a rat which had re­
ceived the normal sehedule of isotopie label, but not catheterised. 
(x 100U) 
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Fig.~ Section from a labelled rat sham catheterised showing the degree of 
label in cells around hair follicles. (x 250) 



-39-

Fig. 20 This control section demonstrates the degree of dilution in lajelled 
cells at 120 hours post wound. Taken from a labelled rat sham catheter­
ised. (x 1000) 
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Time of section 
after wounding (hrs.) 

Nos. of rats 

Time of section 

2 9 

1 1 
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20 24 30 36 48 72 96 120 168 

152 139 2 13 7 

TABLE l 

after infusion (hrs.) 2-3 12-14 18-20 26-30 40-50 60-70 70-80 80-90 90-100 100-120 120-140 140-160 

Nos. of rats 

No. of cells 
inj ec ted (l06) 

Nos. of rats 

3 4 2 3 3 8 3 2 3 10 1 6 

TABLE II 

0-20 20-30 30-40 40-50 50-60 60-70 180-185 216 360 1008 

1 3 1 3 2 2 2 1 1 1 

TABLE III 

1 
~ 
1-' 
1 
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