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Studies an Thymus of the LVLammal. X. Regeneration of Irradiated Mouse 
Thymus.”+ (23024) 

The source of cells which appear in the 
cortex of a thymus regenerating after acci- 
dental involution has been questioned be- 
cause the number of observed mitoses has 
been considered insufficient to account for the 
reconstitution. Murray( 1) states that re- 
population of the cortex after total-body ir- 
radiation proceeds outward from the medulla. 
80th Murray and BaiIlif(2), in a study of 
thymuses involuted after chlorazol black E 
injections, consider the possibility that new 
lymphocytes may be derivatives of the epi- 
thelial reticulum. However, in comments on 
epithelial origin of the thymic lymphocytes, 
Downey ( 3  ) suggests that ‘‘ tt is possible that 
these conclusions can he explained by a fail- 
ure to distinguish between the epithelial and 
mesenchymatous portions of the thymic 
stroma.” In the present investigation, the 
appearance of dividing cells in thymuses re- 
generating after total-body sublethal dose of 
gamma rays (400 r) was studied in animals 
receiving an injection of colchicine previoiis 
to their sacrifice. (‘ells in mitosis appeared 
all through the cortex and the evidence indi- 
cates that they are mesenchymal reticular 
cells and medium-sized lymphocytes. 

iZluteriu2.y und methods. Most of the ani- 

* This investigation was supported by a research 

f The authors are indebted to Dr. Philip Ives, 
lrrant from Sat. Cancer Inst., N.I.H., U.S.P.H.S. 

Amherst College. for irradiation of mice. 

mals used in these experiments were CAF 1 
male mice, 4-5 weeks old from the Roscoe B. 
Jackson Laboratory. Four were of the 
BALB /c strain. The series studied included 
normal animals and mice which had been ir- 
radiated 24, 36, 52 hours, 3, 5, and 7 days 
previously. The dose was 400 r, Cobalt 60: 
aluminum filter; 38 cm from source. Time 
of exposure varied from 9‘ 3” at  the beginning 
of experiments to 10’ 3” at the end. In  gen- 
eral, thymuses used for counting cells were 
fixed in Bouin’s fluid and stained in hema- 
toxylin and eosin. May-Grunwald and 
Giemsa solutions were also used to stain both 
Bouin and Helly fixed material for the study 
of cell types. Sections were cut horizontally 
a t  5 p. All mitotic counts were made from 
animals injected subcutaneously with 1/20 cc 
of freshly prepared 0.5% solution of colchi- 
cine 6 hours before they were killed by cervi- 
cal dislocation. As the purpose of these 
studies was to determine distribution of di- 
viding cells in the regenerating thymus, time 
of injection had to be determined by the hour 
of irradiation (9 a. m.). The 24 hour ir- 
radiated mice were injected at 3 a. m., the 36 
hours, at 3 p. m. and the 52 hours, at 7 a. m. 
A11 others were injected at 9 a. m. except 
three M a y  mice, at 7 a. m. Counts of rest- 
ing and dividing cells were made with a net 
micrometer (56,000 cu. p, 6x7 rows) under 
oil immersion at  a magnification of 970 times. 
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Ten fields were chosen in cortex and medulla 
which were representative of each thymus as 
to cellular content and density of population, 
Sections were taken either 50 or 1.50 p apart 
depending on the size of the thymus. I:i the 
cortex of the involuted thymuses. the region 
counted extended from capsule to medulla. 
However. if the width of the cortex in normal 
thymuses and the ones regenerating after ir- 
radiation was greater than the area of the net 
micrometer. 2 fields were counted: one just 
beneath the capsule and the other next to 
the cortico-nieclullary boundary. The data 
for successive zones were averaged so that 
they were comparable to those obtained when 
single fields were counted. 

Obsc*r.wtions. Seven and three-tenths o/c 
of cortical cells in the normal mouse thymus 
were iii division. The most frequent type of 
arrested metaphase was the “ball” with scat- 
tered appearances of the “exploded” and 
“star“ forms(4). There was a gradual de- 
crease in numbers of mitoses toward the 
tnedulla i‘rable TI I ) .  Dividing cells in the 
cortex were often grouped in cord-like ar- 
rangements or in sinall foci. Mitoses in the 
medulla were scarce. 

Twenty-four hours after irradiation the 
thymus is characterized by a depleted and 
narrow cortex in contrast to a more densely 
populated and relatively more extensive 
medulla. the so-called inverted thymus. l‘hc 
number of cortical cells was significantly re- 
duced (Table I ) .  The density of medullary 
cells, on the contrary, was not essentially al- 
tered. In the most severely affected thymus, 
about 115 of the cortical cells remained and 
only 2 mitoses were seen in 10 fields exam- 

ined. I t  was estimated that 1/3 of the un- 
damaged cells were either mesenchymal reti- 
cular cells or medium-sized lymphocytes. I n  
the medulla the percentage of dividing cells 
was 0.8%. till through these experinients the 
number of medullary mitoses was low though 
somewhat higher than in the normal organ. 

The character and number of resting cells 
in the thymus 36 hours after irradiation had 
changed only slightly; there were more vacu- 
olated cells and less debris in the cortex. As 
can be seen (Table 111) the distribution of 
mitoses in this group was more irregular than 
in any other. 

The thymuses 52 hours and 3 clays after 
irradiation were still of the inverted type. 
The marked increase in percentage of dividing 
cells at  3 and 5 days post-irradiation was fol- 
lowed by an abrupt rise in total number of 
cells (Fig. 1: Tables T and 11). By the 7th 
day. the number of cortical cells approached 
the normal and the percentage of mitotic fig- 

Thymic C o r t e x  

n 14 36 52 3 5 7 
Hours Days 

After i r r a d i a t i o n  

FIG. I .  Effect of singIe total-body dosc of 400 r, 
gamma rays followed by injection of colchicine on 
nurnhcr and percentage of dividing cells in :t unit 

area of thymic cortex. 
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tires had decreased. 1 twejiises in the number 
of cells between the 3rd, 5th and 7th days 
\ w e  statistically signific;int (Table 1 ) .  

In  t he irradiated t hymirstas. most of thta c l i -  
\*icling cells \ v t w  i n  the sul)c-al)sular or  niidtllv 
t.orticit1 miit’s ( ’1‘aI)k 11 I ) . The!. were tliag- 
nosed as  t i t  htv- tiit’st~ti~.h!.tiiiil reticular cells or 
nierlirini sixetl  I!*nil)hoc-!.tes: otil!. oc-c-asionall!. 
\ w s  an  el)itheli;tl (*ell i n  the t.ortes thought to 

Iw in niitosis ;imI nonc \va> wvii in cli\.ision 
i l l  t h t b  niedri1I:i. 

‘l‘hta choic-c of t*d(Is iti t titi i i i t d i i l l r i  can lwo- 
io~Idl!. ; i f f d  the   tits 50 th;tt ;t c-autiorit. 
inttv-iwt~t;t t i o i i  of stittist i c x 1  ;tiiitl\.st*s hits to I ) (>  
Iliii(lt%. 1 t i3 t l \ 4 ( i t w t  froni ’1‘:i t)It*s I ;inti I I 
t ha t  t herth \vas no clear t b f f t h c t  of irr;tclilition O I I  

t1rictri;itions of niedrillaq- wlls. In the .i i i n t l  

7 (lit!. wries when thtb tr;insition was lwitig 
r i iac lv  froni t ht. invthrtetl t h!*mi(- Ixttttmi to the 
tiormal one O i  it niort’ (lensel\. packtd cortex. 
t he indistinctness of the (.ortic.o-metlullar\. 
t)ortler niacle the cleterminationc; of the limits 
of the meclrilla c l i f t i c * r i l t .  ‘1-0 clt~nionsfratt~ thc 
importance of t h t b  choiw of the field in  thr 
medulla i cla!.s after irr:t(liation. ( w i t i t s  w t w  
made in .? th>.iiiuses in  2 regions of difftwnt 
clensitie5. ‘ I ‘ h t b  iollo\viti,g iiveragt’s were se- 
cwrc~cl: 22.5.1 (-ells. ,So i n  mitosis. I ..S(;l, ; .s 1,3,; 
(*ells. 2 0 0  rli\*icling. 0.0(,4 . ’I‘hts rlatu in(-l11(lt4 
in  ‘1.aIdes I ; i t i d  1 I for t i i t .  7 (la!. series werv 
from t hc less clvtisv, n i o r t b  c.h;irac*tt~ristic* niedul- 
1:ti-J. regions. 

1 1 1  1)revious studitat. o i  t h r  c d -  
lular effects of the administration of colchi- 
cine and of irradiation. the two agents were 
either given together(5) or the drug was in- 
jected prior to raying( 6 )  . The purpose of 
the present tyerinients in  which cwl(.hic*itic* 
followed irradiation was to discover whertb 
and when mitoses ii1)~)tfiiirtd i i i  t hta rtigentwt- 
ing thymus. 

I n  both normal and irradiated t hytiiiist’t. 
mitoses werp seen it11 through the c-ortes 1mt 
fewer near the nieclu1l;i. A f t w  irradiation t hc 
significant cleiwession i n  nunilwrs of (*ortical 
(-ells was acconil)anied l)y ;I similar sharl) 
drop in the percentage of clivicling cells, Kven 
at 24 and 30 hours after irradiation by a sub- 
lethal dose, when the evidences o f  destructive 
influences were still predominant (loss or 

l_)1‘.scussI’o11. 

ly niphocytes, presence of pycnotic and frag- 
menting nuclei and active macrophages, ac- 
cwmulation of lipids( 7 ) ,  strong positive reac- 
t ion  for acid phosphatase(8)). some cells 
c-ontinuetl to divide. At 5 and 7 days after 
ey)osure the numl)er of cortical cells rapidly 
;tlq)roachetl the normal and the peak of the 
(-irrvts for tht’ mitotic- cells came at the 5th 
(la!,. .4t these tinies. too. the thymus was re- 
txnwing its normal itppearance hy kt  diminu- 
t ion  in tho ;tmounl of 1iljids and hy less evi- 
rltwce of :I reaction for acid I>hosphatase. 

’I’he stwit ivity of the cortical rdls of the 
t ti>.niris to irridi;iIion hy a sublethal dose and 
I t i c ,  ral)id w*overj* are well shown in Fig. 1 . 
‘l’hc difference 1)etwreii the average nutiilier of 
t*ells in the tion-irradiated thymuses and thal 

t hc 24 horir post-irradiated thymuses and 
the (Iifferences twtween the means for the 3. 
.< ;tnd 7 (lily ones are a11 statistically signifi- 
t x i i  t while the differences occurring during 
t h t a  destructive ])hast> from 24 hours to 3 (lays 
art’ not (‘l’at~lt~ 1 ) . In contrast none of  the 
variations i n  the counts of medullary cells 
wit hiti the c*onclitions of thesc experiments 
\ v t w  judged significant. ‘I’he picture of the 
inverted thymus allpears due more to the con- 
trast of ;I thiiil>* Iqxilated cortex with a 
r c h t  ivel!. inore densely packed nietlulla than 
to ; tnj*  real inc-rease in the numher of medul- 
la r j r  cells. This r*oml)aratively stable quality 
of the metlulla i n  regard to numbers of cells 
; i t i d  percentages of mitoses correlates with its 
less tnarketl reactions after irradiation as in- 
dicated by the presence of fewer lipids(7) 
and of less acid phosphatase than the cortex 
( X ) (luring the degenerative stages. 

1 t is helievecl that the cells repopulating 
thtl r-ortex have not migrated from the me- 
clulla to any extent as described by Murray 
( I ) hut have arisen in situ for the regenera- 
t ion o f  this part of the thymus i s  associated 
w i t h  ii niarrktvl increase in numbers of divid- 
ing tiiesenc.hyma1 reticular cells and medium- 
4ned lymphocytes. Occasional mitoses were 
ju(lgec1 e1)ithelial in nature but there was no 
reason t,o think that any lymphocytes were 
derived in this way. 

In evaluating the data obtained from 
enumeration of colchicine mitoses, certain 



Factors which might influence the results must 
be considered: variations in state of the thy- 
mus, choice of fields, diurnal mitotic rhythm, 
strain of mice, time of action and dosage 01 
the drug. 

The condition of the thymus a t  times of 
irradiation arid of colchicine injection is un- 
known. Some differences among individual as 
well as between different regions in the same 
thynius would be expected. 

Diurnal variations in mitotic rhythm have 
heen described in the epidernial(9) and res- 
piratory ( 10) epithelium of mice. In the 
present study, none of the variations could 
be attributed to the time of day injections 
were made. Strain differences in mitotic 
rates have also been reported( 10) but these 
were not found in counts from CAF 1 and 
BA4LB,/c mice in the same series. 

The interval chosen for action of colchi- 
cine was 6 hours, the one suggested in general 
for mammals( 11 ,p.3799, and the dose j1/20 
uc of a 0.5% solution per animal) was within 
the range used by other investigators (1 11, 

It has not been possible to correlate num- 
ber of mitoses in the thymuses from normal 
tioninjected niice with these results from mi- 
iiials receiving colchicine. The methods 
which have been used have been too dissimi- 
lar to make comparisons valid. 

1. The numbers of resting and 
dividing cells in the cortex of the mouse thy- 
mus were significantly reduced 24 hours after 
B single total-body dose of 400 r gamma rays 

Summury. 

followed by an injection of colchicine. In- 
crease in the number of mitoses between 52 
hours and 3 days postirradiation preceded the 
rise in the number of cells. The greatest 
number of mitoses (20.4%) appeared on the 
5th day after exposure. 2 .  The fluctuations 
in the number oi resting and dividing celIs 
after irradiation in the medulla followed no 
regular pattern. 3 .  The evidence presented 
supports the view that the cells repopulating 
the thymic cortex after irradiation arise in 
sit 24. 
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