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INTRODUCTION

Once considered little more than “phlegmﬁtic ppectators" (42),
shrouded in mystery, lymphocytes have entered the lirelight of ex-
perimentgl in#eatigatien during the last 15 years, Mzking up sbout
207 of the bloed leukocytes in manmy and variadle proportions in other
mammals, lymphocytes are not; however, gestticted to the bloed. OQc-
curing as the major cellular type in the lymph nodes, spleen, thymus
and Peyer's patches, lymphocytes are also distributed diffusely
thro@gh other tissues such as bome marrow and intestinal submucosa.

Lymphocytes are without striking mo&pholegical features. They
meesufe about &u acfoss in fixed preparations, and have very little
cytqpiasm. Unlike oth%f leukocytes, they are meither phagocytic nor
chemotactie, It wo@ld appear that the masarity of peripheral lympho-
cytes at any omé momant are not performing anj particular function,
but are transitional forms between production and function (93). At
least some of these fumctiomally resting cells are;capable of en-
largemant intb cells‘which have the characteristic features of .lymphe-
blasts in that they undergo subsequent division.

The capacity of some normal lymphocytes to undergo such trans-
formation and division has been clearly documented by a variety of
experimental techniques (75, 39). That portion of the lymphatié
system which has the capacity of transformation may be considered as
consisting of cells which live a life éycle, rather than having a
defined temporal existence such as granulecytes or erythrocytes.
Having the appearance of lymphocytes, these may be eavisioned as
intermitotic cells (18). The time betwzen successive mitoses of

such cells may be very long, in terms of months or years. In fact,
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the longevity of many of the lymphocytes in the circulating blood
has been establisﬁed by a variety of techniques employing nuclear
labeling (1, 14, 28, 29, 30, 45, 54, 62, 69, 73, 78). All of these
studies have yilelded similar indications of two populatioms of
lymphocytes: one of these is long~lived in terms of months orvyears;
the other is shorf-lived in terms of an average turnover time of days.

Since Eve:ett‘and his group (27, 28, 29, 30) were among the
initial investigators in this field as well as the fact that their's
was the most extensive studyAusing tritiated thymidine in relation
to long-lived and short~lived lymphocytes, a cursory review of their
findings is ﬁreseﬁted.‘ Tritiated thymidine was administered in
single or multipie injegtions, or by continuous infusion; The find~
ings were based on énalysis of autoradiographic smears from the
thoracic duct lymph, iymph nodes, peripheral-blood, spleen, thymus,
and bone marrow in young rats. Everett, et al. (28) calculated théc
appfoximately 10% of the‘thoracic dﬁct lyQph, 25%vof the lymph nodes,
35% of the periphéral blood, 70% of the spleen,»95%vof the thymus,
and 100% of the bone marrow lymphocytes were short-lived.

Although autoradiography, at present, offers the best method
for studying long-lived and short-lived lymphocytes, it must be rec~
ognized that certain controversial assamptions and premises are
necessary for the analysis of tritiated thymidine studies. The
followiﬁg were listed by Cronkite, et al. (19) and Everett, et al. (27).

1. The ;adioelement has the same chemical reaction with the

cell as does the normally occuring element,
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2. Tritium lebeled thymidine iﬂitially is uniformly distribut-
ed throughout tne body and is either premptly incorporated
into DPHA or degradad,

3. The tritium and laéeled thymidine are largely nonexchange-

eble after DNA is tagged.

4, DHA turmover is due solely to cell divisiom_agd death.

5. Reutilization of‘labeled material is insignificamt.

6. DNA synthesis in gemeral deséines a cell to divide again.

7. In vitro labeling determines the éroliferative potentisls

of the cells.

8. In vivo labeling makes possible the study of the kimetics

of cellfpr@liferatibn. |

9. There is no disturbance of the normal cell generative cycle

by radiation injury from thes tritiated thymidine incorporat=
ed into DHA or fro@ the formation of labzled degradation
products.

Tha credibility of isotépe labeling, despite the manj assﬁmp-
tions mecessary, has been enhanced‘by the recent.studieé ugingvmor-
phological chrcmosome markers. This wathod is based on the fact |
that radiation prod&ces acentric chromosome fragments im the lympho-
cytes. Such chromosome fragments are almost never found except iIn
the cells of people who have been ex#osed to radiation. Moreover,
since acentric fragrments lack centromeres that control chromosome
ﬁovement on the mitotic spindle, they will not be distributed by
the spindle to the daughter cells; imstead they will be lost to the

nuclel and degenerate in the cytoplasm (84) &t the first cell
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division after radiation. Therefore, an acentric chromosome frag-
ment Iin the lymphocyte is assumed to mean that the lymphocyte has
not divided between the time the patient was exposed to radiation
and the time of observation; and the rate of decrease of lymphocytes
with acentric fragﬁents provides a direct measure of the lifetime
of the lymphocyte.

Studies using the above morphological chromosome marke; me thod
support the hypothesis of a long-lived population of lymphocytes
(4, 5, 10, 66, 68). Recently Norman and his asscciates (66) inves-
tigated the blood lymphocytes of hematologically normal women at
intervals following curative local irradiation for carcinoma of the
cervix. Some of the lymphocytes which passed through the irradiation
field during the time of exposure incurred nuclear chromosome in-
juries which couid be detected by karyotyping the cells in metaphase.
By scoring those chromosqme injuries, which would have been lost had
the cell undergone a division prior to the time of the induced mitosis,
these workers showed that the average life of the lymphocyte was 530
days. The study demonstrated that lymphocytes with the latent
capacity to transform may exist for wvery long periods without divid-
ing and are recirculating cells, éinca all samples of analysis were
taken from the cifculating blood at intervals following local ir-
radiation to the pelvic region.

In a similar expériment Buckton and Pike (10) found lymphocytes
with chromosome injuries in blood sawmples cultured up to 5 years after
radiation exposure. Apparently these cells were in their first division

since their exposure to radiation. Nowell, (68), using similar patient
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material and techniques, demonstrated that, in tuberculin-sensitive
patients receiving local radiatiqn therapy, the long-lived lymphocytes
which incurred the chromosome injury fransformed in response to the
tuberculin protein. Nowell (91} considers that his findingé lend
credence to Fitzgerald's theory (34) that lymphocytes specifically
"committed" to an antigen are present in the peripheral blood of
normal humans; that these cells may sdrvive in the body for years
without dividing, and that they are still capable of responding by
proliferation when re-exposed to the sensitizing agent. Therefore,
long~1lived, non-dividing, "committed” lymphocytes may be responsible
for long term immunity (34,41).

The distfibution of the two lymphocyte populations has been
well documénted for the rat (14, 16, 28, 29). While long?lived
lymphocytes are predominant in thoracic ducf lymph and are abundant
in the lymph nodes, lymphocytes produced in the thymus, bone marrow
and germinal centers are of the short-lived variety.

A functional role for the short-lived lymphocyte has been the
subject of much speculation but relatively inconclusive experimental
evidence. It has been suggestéd that the short-lived lymphocyte is
perhaps more concerned in the procéssing of antigen which precedes
immunocyte prolifération than in providing cells which express the ’
immune response by producing antibody (18, 67). In support of this
hypothesis is the faé; that'moderate irradiation Injury and cortisol
administration, both of which seriously deplete the animal of short-
lived lymphoéyteé, impair the immune fesponse by disrupting the

antigen-processing phase of the reaction (17). One might assume
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that the macrophage is respousible for antigen processing and is
the cell destroyed by irradiation and cortisol. However, this is
not the case because neither of these treatments depresses macro-
phage pfoducti@n (17, 88, 89). » |

Evérett and Tyler proposed, "...that the extensive prolifera-
tion of short-lived lymphocytes in the bone marréw, thymus, and
germinzal centers is necessaxry for producing tolerance to auto anti-
gens" (31). Extemsive proliferation, it has been stated, is neces-
sary to code or type antigems; consequehtly, a few short-lived cells
nay be selected for long life span.(6l). A further function of
shoft-lived lymphecytes is that of serving as trephocytes (28).
This is in keeping with the supposition’that lymphocytes may exert
a nutritional'orA"trophic" function (15, 32, 55). According to
Gowan, "...it has been suggested that it is the withdrawval of this
[ﬁrephocytic influence which leads to wasting diseasas" (40).
Physical characteristics of wasting disease, ruffled fur, hunched
posture, diarrhea, weight loss, énd atrophy of the thymus were ap-

parent in Morton and Siegels study, Hewmatological Chanzes in Mice

Following Freund's Adquant Administration (64). Morton and Sisgel
also observed a diminution in peripheral blood lymphocytes that
lasted for approximately 33 days. Consequently, it seemed of scme
i{nterest aund importance to 1nvest1gaté whéther this long=- or short-
lived lymphocyte population was preferentially being depleted from
the peripheral blood as a result of a single Intraperitoneal in-

jection of complete Freund's adjuvant,.
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Freund introduced adjuvants consisting of mineral oil; water .
and tubercle bacilli, emulzified with lanclin (35). This complete
Freund's adjuvant is commonly used for enhancing and prolonging
antibody response to certaig antigens, Tﬁa basic mecharism of

acticn of ccmplete Freund's adjuvant remains obscure.



MATERIALS AHD METHCDS

Experimental Design

. Twenty mice were dividgﬁ into three groups. Groups I and II
consisfed of eight mice eéch, and group III consisted of four mice,
Groups 1 and II re;eived the ccurse of tritiated thymidine injoc-
tions described below. Groups II and III recgivéd the single in-
jection of cbmplete Fréund's adjuvant fortj hours after the first
1njéction of tritiated thyﬁidihe. Fourbmice from Groups I and II,
and two nice from Group III were sacrificed twelve hours afterAthe
lasﬁ injaction of éritiated thymidiné. The remaining ten mice
were sacrificed five days later. Blood'valuag and weights were
obtained on the first, third,.fifth, seventh, ninth, eleventh, and
sixteenth dayé post adjuvant,

Greoup III was included in the experimental design to gauge the
effect, if amy, that frequent injections of tritiated thymidine had
on the complete Freund's adjuvant injection. The resﬁlts obtained
on the Group III animals parallel those of the Group II animals.
Therefore, they are not included in the results listed below. Henée-
forth, the Group I animals shall be referred to as the control
animals, and Group II shall be referred to a2s the experimental
animals.

Mouse Stock

Seven-week-old female BALB/c mice, weighing sixteen to twenty-

two grams, were obtained from the Jackson Laboratory, Bér Harbor,

Maine,



Freund's Adiuvant

Twelve nmice received a single intraperitomzal injection of 0,25
ml of a mixture composed of Freund's inccmplete adjuvant (Difco)

with 1 =z of M butyricum (Difco) emulsified with saline.

Tritiated Thywmidine Labesling

Sixteen mice were given tritiated thymidine (thymidine-mathyl~
B3, Schwa:z Bioresearch, Inc., Ovangeburg, New York) spécific activ-
ity 1.9 ¢ per wmole (O.S}uc'pér gram body weight) by intraperitoneal
injection at twelvg-hcur_intervals (B:GéAﬁ, 6:00F) for 12% days
(25 injectiana). While continuous infusion is, perhaps, the ideal
method for administering tritiated thymidine, it is not readily nor
conviently achieved; vhereas injections every 12 hours have preduced
similar labeling curvesv(19, 5%, 78).

Preparation of Autorédiograshs

Blood smezars were obtained by orbital bleeding at 7:00 o'clock
each morning. The wmice were sacrificed by cervical fracture. Bone
marrov szears vere cobtained from the femora and imprints made of
the thymus, spleen amd lymph nodes.

The blood and marrow smears, and the tissue imprints were fixed
in absolute methyl alecchol pricr to dipping in NIB-3 emulsfon (East-
man Kodak), Low intensity light with Wraétén series A filter wvas
used sp#ringly at a distance of three'feet. This emulsion was melt-
ed in a water bath at 42° C, After 3 weeks exposure at 4° C, the

slides were developed for two minutes in Dektol, rinsed in tap
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water, fixed in Kodak acid fixer for ten minutes and rinsed for
twenty minutes in running tap water. The autoradiographs were then
stained with hematoxylin.’

Analysis of Autoradiographs

A minimum of three smears from each mouse bleeding, and two
preparations from each tissue'were examined, A minimum of one-hundred
lymphocytes from each of three slides (totaling three hundred) were
examined to determine the percentage and intensity of labeling in
the peripheral blood (Plate I). A one-thousand cell differential
was made on the bone marrows, and those lymphocytes encountered in
this differential were used in the analysis of lymphocyte labeling
in the marrow. Five hundred lymphocytes were counted on the imprint
slides of the thymus, spleen and lymph nodes. Cells with more than
3 grains over the nucleus were counted as labeled.

Histology

Portions of the thymus, sﬁieen, lymph nodes, liver and.kidney
taken for histological examination were fixed in Bouin's fluid, and
after paraffin embedding were cut at Gu. Sections werelstained with
hematoxylinvand eosin.

White Blood Cell Counts and Volume of Packed Red Cells

These were done by standard mechods. The blood cells were
suspended in 0.857% NaCl and counted on a Model A Coulter Counter (11).

Tﬁe volume of pégked red cells was determined by the micromethod,
using the International microcapillary centrifuge, Model MB and the

International microcapillary Reader (82).
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Evaluaticn of Runt Disecase

Mice were evaluated on the basis of weight changés,and clinical
appeareance.

RESULTS

Weight Logs and Clinical Appéarance

The mice receiving the injection of complete>Fteund’s ad juvant
digplayed weight loss, diarrhea, ruffled fur and hunchad appearance
by twenty-four hours post injection (Plate II). These symptoms per-
sisted for eight days, The weights did notAaﬁproach nérm@l until
after the eleventh day (Plate III). However, onz mouse was found
dead on the temth day post #djuvant.

Peripheral Blood

" Throughout the experiment, the control animals maintained am
average hematocrit of 48.6% 3.0, in contrast to the experimental
group which showad 2 steady declipe to a mean of 37.6 by day eleven
(Plate IXI). The neutrophils remained comstant in the contrOI_
group; but in the experimental group, after an initial fall, the
neutrophils elimbed to a high of 7,000/cu. mm. (Plate ITT). The
absolute lymphocyte count showaed some unexplained fluctuations in
the coantrol group, but remained lower im the experimental group
(Plate III). The lymphopenia was most severe at twenty-four hours
post adjuvant. HNo change in eosinophfl or monocytevndmbars vas ob-
served, ner were abnormal or Immature cell forms seen.

The labeling pattern of the lymphocytes im the peripheral
bloocd of the mice which had received Freund's adjuvant clearly dif-

fered from that of the controls (Plate IV). 1In the control group
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tﬁe p@rcgﬂtaga of labzled lymphocytes rose steeply between the fivst
and fifth days; but in the mice which received ad juvant, th@re was
no rise in labeling until the fifth day. The greatest differences
between the fwo groups were n;ted on thg tﬁird, fifth, and seveath
days. The experimental group was significantly lowsr on thsse dates
as banvaly‘zed statistically by Student's t test (p(0.0l)._ The per-
centages and absolute numbers of labelea and unlabeled 1&mphocyt@§
in thg control and experimental groups is given in Table I. The
transition Foiﬁt from a rapid to a gradwal 1ﬁcrease in the percent
of labeled cells has bezen considered to be the time when labeling
of short-lived lymphocytes was almost complete. The subsequent label-
ing has bzen regardeﬂ as being due to lonénlived lymphocytes enteyr-
ing the circulation. Therefore, from day five post aéjuvant (7% days
of tritiated thymidine injections) to day e%eveﬁ post adjuvant (12
hours after the last iﬁjectidn of tritiated thymidime) the labeled
lyzphocytes were c;asidered to be short-lived lymphocytés andvfhe uti=
labeled lymphocytes were considered to be long-lived lymphocytes. In
the control animals, 212 of the lymﬁhocytes on day five, 237 on day
seven, 27% on day nine, and 25% on day eleven were short-lived. 1In
comparison, after the animals had received complete Freund's adjuvant,
8% of the lymphocytes on day five, 13% on day seven, 21% on day nine
and 227 on day eleven were short-lived. When the absolute numbers
of short-lived and lomg-lived lymphocytes were calculated from the
total lymphocyte count, it became apparent that, while the most con-
sistent effect of the adjuvant had been to reduce the number of

short-lived lymphocytes, there was also a fall in the numbers of
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long-lived lymphocytes after dayvseven post adjuvant. Although the
total lymphocyte count of the experimental groﬁp almost reached
that of the control group on days five and seven post adjuvant, the
adjuvanf treéted nice were deficient in_circuléting shorﬁ-lived
lymphocytes. Following the éessaiiom ofrtritiated thymidine injec-
tions, th2 control mice evidenced a steady de;liné of labeling. The
experimental mice, on the other hand, rose slightly prior to a sharp-
er dgscent. |

The bone marrow evaluation was censistent with the findings in
the peripheral bleod. Examination of the bone marrow from the comtrol
and experimental miée revealeé that the latter manifested a higher
degree of celluiarity.

A comparison of the blast cells in the red cell series showed
the controi and experimental groups to be approximgtely the same on
the eleventh day (Table 2). However, by the sixteenth day, the ex-
perirmental group showed a marked reduction, The rubricytes, or older
nucleated red cells, evidenced a pefcentage approximately equal to
half the control values on both days eleven and sixteen post-adjuvant.
In the control mice, the erythropoietic cells comprised 40.3 per- |
cent on day eleven and 37.1 percent on'day'sixteen; whereas, the total
percentage of erythropoietic cells in ihe rmarrow of the experimental
nmice decreased from 26.3 percent on day eleven to 17.6 percent on

day sixteen.
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Iﬁ céntrast to the control group, the pércentsge of earlief
cell forms in the granulocytic cell series was slightly higher in
both experimental counts; those sacrificed a£ eleven days and six-
teen days paét»adjuvaﬁt. Th; nore mature éranulocytes in the ex-
perimental mice were slightly higher on the eleventh day, and in-
creased greatly by fhe sixteenth day. ?he tabu}ated qos}noyhils
(Table 2) were moted to be relatively lower inm ihe experimental
anirmals. The total percentage of grénuiocytes in the marrow of the
control group was 48.5 on day eleven and 79.é-percent on day six-
teen in the éxperim@ntal group.

A dissimilarity between the two groups was evidenced by a re-
duction of the lymghocytes in the expariéﬁntal mice. HNo apparent
differences were cbserved between the control and experimental blast
and miscellanzous cells.

No difference between the control and experimental groups was
observed in the labeling of the lymphocytes in the bone marrow
(Table 4). All lymphocytes encountered eleven days post-adjuvant,
twelve hours after the last injection of thywmidina, wera labeled,
wvhile all lymphocytes seen in the marrow smears sixteen days post-
adjuvant were unlabeled.

Gross and Microscopic Patholozy

Cross cbservations on autopsy revealed severe adhesions betweén
the body and viscera in the affected animsls. Two of the experi-
mental animals sacrificed at 16 days post-adjuvant manifested ascites.

A smear of the concemtrated ascites fluid revealed numerous segmented
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néutrophiis, lympheeytes, plasma cells, and undifferentiated blast
cells. Tissues ceollected from the control animalé appeared normal
in bqth.early and late examinations. |

A éignific&nt devi&tinn.from the thymus weights of the control
group was noted In the expetﬁm&ntal group (Table 3). At eleven
days post-ad juvant fhey were less than éne percent Qf_coptrol values
and increased weight slightly by sixteen days pést-adjuvant. Histo-
logically the experimental thymus displayed am increase in reticulo-
endothelim; cells and multinucleated giént ceils, but was mot re-
markable in its loss_ofilymphocytes from the cortex. At ths time
of tﬁe early sacrifice; typical cortical tissue congisting ;f crowde
ed lymphocytes appeéred as a thin band displaced centrally, so that
reticular m@duilary-like tissue appeared as‘a subcapsular border as
well as ocecuring centtaliy in the lobule (Plates V and VI). By the
time pf the late sacrifice, éorfical and medullary zounes could not
be delineated. Very few cells could be identifiéd as iymyhocytes,
most of the cells being reticulum cells.

On the eleventh and sixteenth days post-ad juvant, the spleen
weights manifested a high degree of vatiaﬁce between the control
and experimental grodps (Table 3). While the contrel weights had
decreased slightly, the experimental weighté had increased to nezarly
twice that of the control on day eleven, and to three and one half
times that of the contrel on day sixteen. The general architectural
pattern of the gpleen was usually preserved. By eleven days post-
adju§ant, the spleen showed signs of extramedullary hematopolesis

with megakaryocytes and cells of the granulecytic cell series being
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pumerous in the red pulp (Plate Vil). The éhite pulp contained many
mitotic figures. There was hyperplasia of the sinus lining histio-
cytes and multinucleated giant cells. These changes vere more
pronousniced at sixteen days postaadjuvant. |

Lumbar nodes were examined from b;Fh contrel and experimental
mice. ‘Although weights were not obtained for iym?h.nodeg, on visual
examination marked differences between the two groups was not apparent.
The histological picture of the nodés could best bé'described as a
non-caseating granwlomatous iymphédenitis reéembling Bozck's sarcoid
(Plate VIII); The sinuses were distended with nautrophils_and macro-
phages. Cortico—lymphocytoéis and wedullary plasmacytopoiesis were
evident, |

In addition to the alterations in lymﬁhoid tissues, incfeased_
liver weights were observed (Table 3), which were attributible to
Kupfer cell proliferation and peripheral blood laden Sinﬁsoids
(Plate IX).

An exsmination of the kidneys, revealed no con&incing differences
between the experimental and controi groups,

Lymohocyte Labeling ig Tissue Imprints

The majority of the lymphocytes in the thymus imprints of the
 control mice, which were examined twelve hours after the course of
injections, were labeled (Table 4). Hﬁwever, tﬁe thymus imprints

of the expefim&ntal mice, at the same tim:, had only 21 percent of
the lymphocytesvlabeled. In the control and exparirmzntal imprimts,
the percentage of lymphocytes still labzled 5% days after the last

injection was wmuch reduced; thus, Indicating that the majority of
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the lymphocytes in the thymus were of the short-lived variety, and
that the lymphocytes lost from the thymus in the adjuvant-treated
mice were alsec short-lived lymphocytes.

A lower percentage of spieen and Iympg nede lymphocytes were
labeled in the control group than in the experimental group at the
time of the early sécrifice (Table 4). - Although both groups showed
a declire in the porcentage of lymphocytes labeled by the time of .
the late sacrifice, theVCGntrel mice retained a higher percantage
of laﬁeled lymphocytes., This indicated that A higher proportion
of the spleen snd lymph node lymphecfﬁes wvere long-lived cglls, and
that the majority of thé lymphocytes in the experimental mice were
of the short-lived vériety. Since histolﬁgically, the spleen and
lymph nodes of the experimental animals were actively producing
lymphocytes, the absolute number of labeled cells may have been the
same in control and exparimentai animals by the time of the late
sacrifice; in which case, both groups would have more lbng-livad

lymphecytes in these organs than in the bone marrow and thymus,
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Table 3. CRGAN MEAN WEIGHTS IN MILLIGRAMS

Organ 11 days post adjuvant 16 days post adjuvant
control | experimental control gx?erimental
(4 nice) - {3 mice) (4 mice) (4 mice)
thymus 45,1210.6 ' 2.7%2,3 41,6217 .4 10.2£7.5
spleen 103.2%2.6 196.6247,1 97.1%21.1 358.88103.0 -
livef 968.52179.1 1106.5%209.4 932,1%128.2 1344,.6£266.9

£standard deviation



Tissue

bone marrow

thymus
spleen

lymph nodes
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Table &. PERCENTAGE LABELIRG OF LYHPHOCYTES IN

11 days pest adjuvantl

TISSUE IMPRINTS

centrol experimental

(4 mice) {3 mice)
106£0.0  10080.0
90%4.1 C21%5.5
82%3.6 10020.6
64%8.0 .98%0.8

16 days post adjuvant?

control experimental
{4 mice) (& mice)

0.0 ¢45.0
3£1.,8 3%
2082 .9 281 .1

28%5.4 15%2.9

1 12 hours after last injection of tritiated thymidine
2 5% days after last injection of tritiated thymidine

* Two of the thymus imprints in this group contained no lymphocytes
since four thymus tissue imprinted poorly, only 100 lymphocytes were

counted,

% standard deviation



DISCUSSION

This study demonstrates a lack of labeling in the peripheral
blood lymphocytes of mice which received complete Freund's adjuvant
and tritiated thymidine as compared to mice which received only
tritiated thymidine, This lack of labeling may be the result of
short=-1ived lymphocytesAbeing lost from the peripheraliblood;
lack of labeling at the cellular level; or the adjuvant-induced
peritonitis preventing the absorbtion of the labeling material.

The findings of this study regarding two populations of lympho-
cytes in the tissue of BALB/c/jax mice tend to support the findings

of Everett, et al., (28) in the Lewis rats, and Denman, et

al. (21) in
the C57 Bl mouse. The following table is a summary of these findings.

Percentage of labeled lymphocytes
found in tissues of control animals

Tissue  BALB/c/ jax . Lewis €57 Bl
mice rats mouse
Peripheral blood | 27 ‘ 35 35
Bone Marrow | :100 _ 160 88
Thymus 90 90 100
Spleen 82 70 : 33
Lymph nodes 64 - 25 50

The areas of greaﬁest disparity occur between the values given for
the spleen and lymph nodes which are comsidered to be reactive areas.
These may be accounted for by species difference and/or a different

schedule of tritiated thymidine administration. While Everett, et al, (28)
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“injected every 6 hours, bothr this study and Denman, et al. (21)

injected every 12 hours. It may also be noted that E;erett, et al. (28)
calculated a 5 day life span for short-lived lymphocytes whereas this
study and Denman, et al., (21) calculated a life span of apbroximately
7 days. '

Also substantiated in this study were Morton and Siegel’s (64)
observations oé peripheral lymphopenia, evidence of wasting, increased
neutrophils, increased spleen weights, and thymic involﬁtion followed
by weight gain after a single intraperitoneal injection of complete
Freund's adjuvant in BALB/c/jax mice. The dramatic drop of peripheral
blecod lymphocytes along with the seeming incongruity of increased
antibody titers to bovine serum albumin noted by Morton and Siegel (64)
promptedvthis further investigation to determine which, if either, of
the two lymphocyte populations was affected.

A single injection of complete Freund's adjuvant given to BALB/c
experimental mice caused a severe drop in the circulating lymphocyte
count within 24 hours. It also altered the ratio of labeled to
unlabeled éellé and the slope of the labeling curve. After 12% days
of intermittent injections of tritiated thymidine, approximately 25%
of the circulating lymphocytes were labeled. Those that were
unlabeled must have undergone their last division more than 12% days
previocusly, and were older celis.' Those that were labeled must have

been synthesizing DNA at some time after the commencement of injections

~and were, therefore, younger than 12% days old. Since the mice which
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received adjuvant manifested a decrease in the percentage of labeled
lymphocytes it is assumed that short-lived lymphocytes decreased in
the peripheral blood.

There are at least three explanations for this phenomenon:
1) short-lived lymphocytes were more susceptible to degtruction by
‘the experimental procedure than the older cells, 2) short-lived
lymphocytes were not being produced, and/or 3) short-lived lympho-
cytes were being preferentially lost from the peripheral blood into
the tissues.

1) 1If radiation damage from the labeled isotope had occurred
in significant amounts, both the control and experimental should
have been equally affected. ‘Had there been excess fragility in the
circulétiﬁg lymphocytes of the animals receiving adjuvant, it would
have been difficﬁlt to ascertain. However, no smudge or basket cells
were observed in either ;he control or experimental animals. The stress
produced by the injection of adjuvant may have stimulated an increased
production of adrenal corticosteroids. Thus a cortisol-induced
suppression of 1ymphopoiesis could account for the observed lymphopenia.

It has Eeen shown that these hormones do not destroy all lympho-
cytes, but rather sele;ti?ely eliminate only short-lived lymphocytes
(17, 31). The regions associated with fapid lymphocyte proliferation
and turnover; i.,e. thymus, bone marrow, and germinal centers of lymph
nodes and spleen, are the regions most severely depleted by cortisone
treatment (13, 17, 23, 24, 47, 63). Significantly, these regions are

populated by short-lived lymphocytes (14, 16, 28, 29).
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Schlesinger and Mark (80) observed a wasting syndrome, similar
to that developed in runt disease gnd in the post-thymectomy syndrome,
following a single injection of 0,25 wg of cortisol acetate in young
mice. Decreased dosage or older animals at the time of injection
lessened the severity of the disease. Thymic atrophy was observed
Qithin one day of cortisol injection. |

Following the administration of adjuvant, the reduced number of
short-lived lymphocytes and wasting syndrome accompanied by thymic
a;rophy may be speculated to be the result of increased amounts of
natural adrenal hormones due to stress. Regarding stress, the unex-
plained fluctuation in the control mice lymphocyte count may have
been caused by a slight increase in their hormone leveis due to
frequent handling.

2) Short-lived lymphocytes are produced in the thymus, bone
marrow and germinal centers {14,>16, 28, 29). initially the prolif-
eration capacity pf ;hese organs may have been impaired and conse-
queqtly‘the cause of the decrease in short-lived lymphocytes. But
because the experimental animals followed their decrease in short-
lived‘iymphocytes by a steépvrise‘appzoaching contrgl values the
impairment was bnly‘ﬁemporary or incomplete. The.histéngy of the
tissue taken aftervthe rise shows that the germinal centers were
quite activély producing cells while the thymus and bone marrow were
depleted of lymphocytesf Because no tissue was examined during Ehg
_fir#t part of the experiment when the short-lived lymphocytes were

diminished from the peripheral bloocd, it can not be stated unequi-
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vocally that short-lived lymphocytes were not being produced. Also,
the lack of lymphocytes in the bome marrow can not be used as an
argument for non-production, because good results were not.obtained
in the control mice to support marrow production of lymphocytes in
these mice, vThymié involution may have been the cause of short-lived
lymphecyte depletion in the peripheral blood,

Miller (59, 60) demonstrated that thymectomy in the immediate
neonatal period was associated with a severe depletion in the lympho-
cyte population. Others, inclﬁding Dalmasso, et al. (20) and Arnason,

et al. (2) likewise observed that rats thymectomized at birth show a-
striking decrease in thé level of circulating lymphocytes. Thymec-
tomy in adult animals also is fallowed by a lymphopenia (7, 57, 65,
9i, 92) although the decrease in lymphocytes is not as drastic as it
is in neonatally thymectomized animals, and occurs after a‘prolonged
interval.

Using radliocautographic techniques and multiple injections of
tritiated thymidine to study the»lymphocyte turnover in neonatally
thymectomized animals, Rieke and Schwarz (77) concluded that the
difference in the total number of lymphocytes between experimental
and control animals was almost entirely due to a reduction in the
number of long-lived lymphocytes. They further concluded that? since
both tissue and circulating short-lived lymphocytes appeared to be

present in near normal numbers, it seems likely that these cells were

derived from lymphopoietic centers other than the thymus.
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Procedures which deplete animais of long-lived recirculating
lymphocytes or cause a drastic reduction In number, such as prolonged
thoracic duct drainage, neonatal thymectomy, or irradiation, also
render the animals immunolegically incompetent (31). Gowans, et al.
(39) and McGregor and Gowans (56} demonstrated that chronic
vdrainage of lymph and cells from a thoracic duct fistula in rats
severely depressed or abolished the primary ilmmune response to sheep
erythrocytes. In Morton and Siegel's {(64) experiment using Freund's
adjuvant fo induce’wasting in mice, an absolute lymphopenia was as-
sociated with enhanced production of antibody to bovine serum albumin.

Since thymeétomy is associated with decreased numbers of long-
lived lymphocytes and depressed antibody production, while adjuvant~
induced thymic atrophy is associated wi;h decreased numbers of short-
lived lymphocytes and enhanced antibody production, the‘two situa~
tions are not Comparable. Consequently, thymic involution probably
" 1s not the cause of the decrease in short-lived 1ymphocytes in these
animals. |

Adjuvant treated mice resemble neonatally thymectomized mice
in manifestations of wasting disease and anemia. Wasting syndromes
océur in'thé following: ‘

a. new bornm mice‘injected with allogenic lyhphoid cells (8, 36,.

48, 83);
b. F;y hybrids injected with parental‘lymphoid cells (52, 87);
c¢. lethally irradia;ed mice injected wi;h allégeniC‘bone

marrow cells (3, 86, 90);
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d. mice thymectomized shortly after birth (60, 7Q, T2
e. mice inoculated at birth with polyoma virus (53);
f. mice injected with corrisol acetate (80);
g. mice injected with sterile bacterial vaccines (25);
h. mice injected with complete Freund's adjuvant‘(éé).
'Features these experimental animals have in common are ruffled fur,
hunched posture, diarrhea, weight loss and atrophy of the thymus.
Whether the underlying mechanism in all cases is the same remains
to be determined, There is no evidence of any acute infectious
process, but the possibility of a2 low-grade chronic infectious process
has not been eliminated. The premise that lymphocytes may exert a
nutritional or "trophic" funmction has been recently revived (15, 32, 55).
Accordingly, lymphocytes may provide large fragments of nucleic acids
or nucleoproteins to be.used during the formation of new cells (44,
46), and/or provide building substances for synthetic processes (76).
Withdrawal of this influeﬁce, according to Gowans. (40) and Louctit (55),
may lead to wasting diseases. The nature of the hemolytic anemia in
the experiméntal group is unknown. In as much as hemolytic anemia has
been sh@wn to accompany the wasting disease resulting from neonatal
thymectomy (22, 94), a common mechahism may be operative.
3) The third contention, that short-lived lymphocytes were be-
ing preferentially lost from the peripheral blood into the tissues,
is equally difficult to substantiéte. Since there was active lymphd-
poiesis in the lymph nodes and spleen, it cannot be stated with

certainty that the increased labeling in the tissue'imprints of these
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organs was due to migration of short-lived lymphocytes from.the
peripheral blood. However, the short-lived lymphocyte population
may have been drawn to the site of the adjuvant injectioms.

Many suggestions have been made relating to the mode of activity
of Freund's complete adjuvant. The injection of the oil-water-
lanolin-tubercle bacilli mixture of Fréund produces a sterile abscess
which is irritating, and from which the antigen is re¢leased sfowly
(50). The pfimary factor would appear to be the characteristic
granulomatous response to the myobacteria at the inoculating site,
and especially’thé proliferatipn of large mononuclear cells~in_inti-

-

mate contact with antigen (50). It is probable that the short-lived
lymphocytes are drawn from both the periphefal blood and thymus to
the peritoneal cavity to aid in the action of the adjuvant. Ia addi-

tion to the response at the inbculating site, droplets ot emulsion

are disseminated from the inoculation sites to the regiomal lymph
N

nodes with the formation of multiple granulomata (12).: There is
also systemic s?réad of these‘droplets wlth the establishment ot
muitiple toci in spleen and lymph nodes (12). The participation of
snort-lived lymphocytes in these édjuvant’afeas would be in keeping
with Craddock’s (17) theory that short-lived lymphocytes are involv-
ed in the earliest phases of particle trapping, phagocytdsis? and
antigen pracessing.

The emphasis of this discussién heretofore has been on the
assumption that the lack of labeling 1is due to a loss of short-lived

lympheoeytes from the peripheral blood. However the two remaining

alternatives should be discussed.

1
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~In regard to lack of labeling at the cellular level, the

asgumption has been madé that each anewborn cell is labeled. If.
this is not the case, even though tritiated thymidine is available,
perhaps some lymphocytes do not use it in DNA synthesis, or perhaps
it does not reach areas of lymphocyte production. However, at present,
theré is no evidence to support either of these alternative assumptions.

In order to correct the shortcomings of the experimental design
in relétion Eo the effect of the peritonitis on the absorption of the
labeiing material;:the following suggestions are offered: inject the
tritiated thymidiﬁe by a different route, such as intravenously,;
tally the percent of labeled neutrophils, which wauld label rapidly
and remain labeled (78) if Ehe trictiated thfmidine is available;
produce a peritonitis by stme other wmeans and check for labeling of
lymphocytes in the peripheral Blood; and/or investigate the effect of

decreasing doses of complete Freund's. adjuvant in order to achieve

a less sever peritonitis without sacrificing the lymphopenia.



SUMMARY

Seven weeck old BALB/c/jax mice receiving a single intraperi-
toneal injection of complete Freund's adjuvant manifested a decrease
in the labeling of lymphocytes in the peripheral blood. Autoradio-
graphic technique and injections of tritiated thymidine at 12 hour
intervals for 12% days were employed. 1In additiop to the lack of
labeled lymphocytes, lymphopenia, wasting disease, anemia, granulo-
cytosis, thymic.atrophy, and increased'spleen ard liver weights were
observed. Of the several explainations for the lack of labeling of
lymphocytes discussea, the hypothesis implying that short-lived
lymphocytes‘were being lost from the peripheral blocd was favored.
Inconclusive evidence points toward either a cortisol-induced
stress factor or migration of lymphocytes to areas of adjuvant
induced activity as being responsible for the decrease in the short-

lived lymphocytes.
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PLATE I
Labeled leukocytes from peripheral blood smear of complete
Freund's adjuvant treated BALB/c/jax mouse which had received tri-
tiated thymidine every £2 hours‘ for 12% days. Reading from top to
bottom, the first, second and f&urth are lymphocytes, the third is

a neutrophil.
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Fig. 1.

Fig. 2.

PLATE II

Normal BALB/c¢/jax mouse. Seven weeks old and weigh-

ing 17 gm.

BALB/c/ jax mouse 24 hours after having received
complete Freund's adjuvant. ‘The mouse weighed 18
grams before receiving adjuvant, At the time of

the pict&re the mouse weighedAIS.S g, HNote ruffled

fur and hunched posture.
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PLATE IV

Rate of appearance of labeled lymphocytes in the blood of
BALE/c/jax mice. All mice received tritiated thymidine (0.5.uc pér
gram body weight) by intraperitoneal injection at 12 hour intervals
for 12% days.

The percentage of labeled lymphocytes in the ceontrol group
rose steadily between the first and fifth days; but there was no
rise in labeling until the fifth day in the mice which recaived
complete Freund's adjuvant, The lack of labeling in the experimen-
tal group was taken as evidence of loss of shoft-lived lymphocytes

from the peripheral blood.
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PLATE V
A portion of thymus from a control BALB/c/jax @ouse. Note the
distinet arrangement of cortek which consists of numerous dark stain-
ing lymphocytes with an occasional mitotic figure. The medulla is

pale and shows loosely arranged reticuloendothelial cells and large

lymphocytes., (160 X)
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Fig. 1;

Fig. 2.

PLATE VI

Portion éf thymus from expérimental BALB/c/ jax mouse
sacrificed at il days post a&quant. Rote the paucity
of lymphocytes from the extreme peripheral edge of

the cortex. In the remaiﬁing cortex laygé nultinucleat-

ed giant cells can be seen. (200 X)

A high power magnification of the experimental thymus
tissue, showing border beatween lymphocyte populated
cortex on right and lymphocyte depleted cortex on left.

(800 X)
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Fig. 1.

Fig. 2.

PLATE VII

Spleen of BALByc/jax mouse 11 days post complete
Freund's adjuvant injection. The clusters of dark
staining cells in the red pulp represent myeloid

and erythrocytic cells undergoing maturation. (200 X)

A high power magnification of the above spleen, in-
dicating red pulp activity with megakaryocytes

prominent., (800 X)
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Fig. 1.

Fig. 2.

PLATE VIII

Lymph node from BALB/c¢/ jax mouse 11 days post
complete Freuﬁd's adjuvant injection. Formative
granuloma is shown at the right coﬁsisting of histio-
cytes and multinucleated giant cells surrounded by

lymphocytés and plasma cells. (200 X)

High power magnification of above ncde at rim of

granuloma formation. (800 X)
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PLATE IX

Fig. 1. Portion of BALB/c/jax mouse liver 11 days post
complete Freund's adjuvant injection, showing tre-

mendous inflammatory cell infiltrate. (200 X)

Fig. 2. High power wagnification from above section of liver.

(800 X)








