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Nuaerical valu.a of thyaidin. suicide of CFU-S were ca.pared 
using several 3H-TdR batchea produced by the Institute of Production. 
Reaearch and Application of Radioisotopes. Prague. Th. thyaidine 
suicide values obtained are significantly highar uaing ao.& batchea 
than using other ones in the sa.. cell suspension and they even riae 
over the biologically r.asonable liait of 70 - 80%. The sxpected 
cytotoxicity of 3H-TdR preparations could not be induced by their 
ga... irradiation with doses corresponding to autoirradiation of 
preparations during long-t.ra storing. Nor could toxic properties 
be cancelled by lyophilization and perforaing rechroaatography ryf 
preparations by .. nas of H20 as solv.nt on pap.r. Values of CFU-S 
3H-TdR auicid.in an array of tnbred aouse s~rains under 
physiological conditions are also given. 

Thymidirtt I.uic..i.dt 06 celli.. CFU-S. cytotouwy 06 3H-T~ 
pIltplVl4.tiOrtl. • .inbJttd 1II0U6t I.tu.iM. 

Several authors working with 3H-thymidine (furth.r on 3H-TdR) of various origin 
suspect that some production batches of these preparations influence stem cells of 
hsellOpoietic tissues not only as a aource of radiation causing the "th}'llidin. suicid .... 
but slso cytotoxically as a result of the presence of some cheaical impurities (personal 
communication of several European experimenters). As we ourselves have siailar 
experience with the domestic 3H-T4R preparation. we shall refer to thea and shall try 
to explain some aspects of this methodically important problem. 

Materials and Methods 

The Animals 

Mice of four inbred strains (or interstrain hybrids) of our own conventional breed 
were used. whose health condition corresponds to category II according to K 1 i r et 
al. 1983. except for the CS7BL/10cSnPh strain in which higher antibody titres against 
aouse hepatitis virus (KHV) were ascertained and which corresponds to category I. Donors 
of marrow grafts were all .. les about three IlOnths old. recipients .. les and feaales 
2.5 to 4 IlOnths old. All experiments were carried out on intact animals only. under 
physiological conditions. 

I r r a d i a t ion 

of marrow recipients was performed i_ediately before marrow adainistration 
on a Chisostat 60eo source. afro Chirana. Prague. the aidUne tissup. 
dose rate in open space was 0.58 - 0.70 Gy/ain (measured on a Victoreen 555 exposiaeter. 
Radocon II). The total dose varied from 8.01 to 9.57 Gy. according to the aouse atrain 
used. Irradiation of 3H-TdR and non-labelled TdR solutiona waa performed on the s ... 
apparatus using doses of I 000 and 3 000 Gy (dose rate 9,06 Gy/ain). 
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Thy aid i n e a u i c ide (k ill) 

The procedure coa.on in Pateraon Laboratories. Manchester. U.K. (Dr. Lord. personsl 
ca..unicstion) wss used with modificstions. The sarrow froa both femours usually of 
1 - 5 donors was flushed into 5 - 10 al ice-cold medium (phosphate buffer solution with 
1% aerum albumin). the erythrocytes were haemolyzed with Zapoglobin and the nucleated 
cells were counted with Coulter Counter Model ZF (Coulter Electronic Ltd •• U.K.). The 
nucleated cell suspension was diluted to give a concentration of sxl06 - 2.4xl07 cells/ml • 

• 0.8 al of this suspension was pipetted into 10 ml test-tubes and 0.2 ml of the solution 
of the test substance (3H-TdR or unlabelled TdR) was added. The 3H-TdR preparations were 
supplied with a specific activity of 945±22 GBq/mmol by the producer during our 
experi .. nta; this did not change too much due to the long half-time of 3H (12.3 years). 
The solution supplied waa diluted slightly with medium so that 0.2 ml of the resulting 
solution contained 7.4 K8q (-200 ~Ci) and about 7.83 nmol (- 1.92 ~g) TdR. The solution 
of unlabelled TdR wss prepared containing sbout the same quantity of the aubstance as the 
labelled solution. The specimens were incubated in a water bath for 30 min under slight 
shaking. Test tubes were then put into ice again and 5 ml of ice-cold unlabelled TdR at 
a concentration of 0.405 ~M (- 100 ~g) per ml of medium was added and the specimens 
shaken moderately for IS sec and centrifugated at 280 1. The supernatant was discarded 
and the washing procedure with unlabelled TdR was repeated twice more. After discarding 
the supernatant from the last washing. 0.5 ml of unlabelled TdR solution in a 
concentration of 40.5 nM (- 10 ~g) per ml of medium was added. the specimens were shaken 
and nucleated cells concentration in the suspension was measured again (which enabled us 
inter alia. to calculate the nucleated cell recovery). The cell suspension was then diluted 
according to the mean cellularity (calculated in all specimens together) with a medium 
to the desired concentration and administered to the irradiated recipients of the same 
strain. into tail veins in a volume of 9.1 ml (after whole-body hesting of animals in a 
bulb-heated chaaber). 

Spleens were taken on day 8. wet-weighed and fixed in Bouin's solution. Spleen 
colonies were counted under a b!nocular preparation microscope with magnification 4x on 
the facies parietalis of the spleen. neglecting colonies of a diameter lesser that 0.5 am 
(a criterion close to the "minimal criterion" of Till. 1972). Spleens of irradiated 
donors without marrow transplantation were examined parallelly ("controls"). 

Pap e r c h rom a tog rap h y 

of the 3H-TdR and unlabelled TdR specimens was performed with double-distilled 
water as a solvent on Whatman paper No.1. The fractions corresponding to the maximum 
of radioactivity (thymidine peak) were eluted·with water. concentrated by lyophilization 
and dissolved. in the medium in such a way that the original radioactivity of 3H-TdR 
specimens was attained. 3H radioactivity was measured in a mixture of toluene. dioxan 
and ethanol with addition of scintillators. PPO and POPOP by.means of Liquid Scintillation 
System Mark II Nuclear Chicago. Some specimens were lyophilized only and dissolved again 
without performing chromatography. 

C hem i cal s 

Bovine albumin lyophilized. SEVAC. Imuna. ~ari8ske Michalany. Czechoslovakia; 
Zapoglobin. Coulter Electronics Ltd •• U.K.; Thymidine Calbiochem. San Diego. Calif •• 
U.S.A.I (6-3 H) Thymidine. Institute of Production. Research and Application of 
Radioisotopes. Prague - 2% ethanolic solution. sterilized. purified according to 
producp.r statement by means of paper chromatography by a mixture of butanol - acetic 
acid - water (4:1:5) and ethylacetate saturated with water. pH 5.0 - 5.5 (according 
to our aeasureaents). Exceptionally (methyl-3H)thymidine of the same origin was tested. 
Production batches are designated arbitrarily in the following text as follows: batch 
No 1 - 4 is (6-3H)thymidine. years of production 1978. 1981. 1982. 1983. respectively; 
No 5 and 6 are identic batches of (methyl 3H)thymidine. produced in the year 1984; 
No 7 - 10 is (6-3H) thymidine. years of production 1982. 1983. 1984. 1985. (The experiments 
with all these preparation were carried out from June. 1984 to June,198s). 

E x per i a e n t N 0 1 - thy mid i n e sui c ide 
s eve r ali n b red m 0 use s t r a ins 

o f CFu-5in 

The following inbred strains were used: BALB/c. BI0.LP/Ph. A/Ph. C3H/DiSnPh. CBA/JPh. 
Cs7BL/I0ScSnPh (in the following text ~ use only abbreviated names) and C57BL/ 
IOxCBA Fl hybrids (in the following text Fl only). 3H-TdR batches used were No 7. Rand 
10. Thymidine suicide was calculated according to the formula 100 (1 - colony counts per spleen 
after 3a-TdR/ colony counts per spleen after unlabelled TdR). having deducted colony 
counts per spleen in contr_ol aice in both groups. 105 nuclear cells/.ause were 



adaini.tarad to tha aice in this axpar1aent (with tha axcaption of C571L/I0 aica, batch 
10 10, whara 2xl05 call. per aou.a were adaini.tarad). 'iaura. indicated in Tab. 1 
undar n repre.ent tha nuaber of donors, bone .. rrow of one donor (- two feaur.) va. 
adaini.tared to 8.0 ± 0.1 recipiants in averale. 

1 x per i a e n t 
bat c h e a 0 f 
n u c 1 eat e d 

N 0 2 - 3 H - T d 1 • u i c ide aft e r 
3 B - T d 1 and ado s e 0 f 2 x 105 

c ell s per a 0 u • a 

various 
o f 
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lone .. rrov of 5 aa1a. '1 10 .. aks old vas f1u.had into 7 al of .. dium and incubated 
in the ratio of 0.8 a1 of the cell au.pension (concentration of 1.601xl07 ca11./a1) to 
0.2 al of 3H-Tdl or unlabelled Tdl solution. Marrow Iraft racipienta wera irradiated 
vith a do.e of 9.57 Gy. latches used and.numbar. of recipients are indicated. in Tab. 2. 

1 x per i a e n t 
bat c h e s 0 f 
n u c 1 eat e d 

N 0 3 - 3 H - T d I' sui c ide aft e r 
3 B - T d 1 and ado s e 0 f 2 x 105 

c ell ape r a 0 u a e 

v a rio u • 

Bone aarrow of 5 .. le. '1 15 weeks old waa f1uahed into 7 ml of medium and incubated 
in the ratio of 0.8 a1 of the cell suapenaion (concentration of 1.517xl07 ce11a/al) to 
0.2 al of 3H-Tdl or unlabelled Tdl solution. Marrow Iraft recipients were irradiated 
with a dose of 9.57 Gy. Batchea uaed and numbera of recipienta are indicated in Tab. 3. 

1 x per i a e n 't N 0 4 - 3 B - T d 1 • u i c ide aft a r v a rio u s 
bat c h e a 0 f 3 B - T d 1 and ado s e 0 fIx 106 (I.x p. No 
4 a) 0 r 2.42 x 106 n u c 1 eat e d c ell. per a 0 u • e (I x p. No 4 b) 

Bone aarrow of 10 aa1e. '1 10 veeks old vas flushed into 8 al of mediua and incubated 
in the ratio· of 0.8 al of the cell auspenaion (concentration of lxl07 cells/al - Exp. No 
4a, 2.4xl07 cells/a! - Exp. No 4b) to 0.2 al of 3H-Tdl or unlabelled Tdl. Marrow Iraft 
recipienta were irradiated with a doae of 9.57 Gy. Batches used and nuabers of 
recipients are indicated in Tab. 4. 

E x per i a e n t 
sol uti 0 n s 

N 0 

o f 
5 - sui c ide 

3 H - T d 1 and 
using laaaa 

u n 1 abe 1- 1 a d 
i r r a d i ate d 

T d I. 

Bone aarrow of 2 C3H aa1ea 11.5 weeks old was fluahed into 5 al of medium and 
incubated in the ratio of 0.8 al of the cell suspension (concentration of lxl07cella/al) 
to 0.2 al of irradiated or intact aolution of 3H-TdK (batch No 9) or of unlabelled Tdl 
(I .... radiation doaes of 1 000 end 3 000 G~). Marrow Iraft recipienta were irradiated 
with a doae of 8.-61 Gy and received 1.46xl0 cellsh.ouae. The numbers of aarrow recipients 
are liven in Tab. 5. 

E x per i • e n t N 0 6 - sui c ide u sin g 1 y 0 phi 1 i zed 
c h r 0 a a t 0 I rap h i cally pur i fie d pre par a t ion a 
h i I h 1 y c Y tot 0 x i c bat c h 0 f 3 B - T d 1 

and 
o f 

Bone aarrow of 5 '1 aalea 15 weeks old waa flushed into 7 al of medium and !ncubated 
in tha ratio of 0.8 .1 of tha cell auapen.ion (concentration of 5xl06 cella/a!) to 0.2 al 
of solution of 3B-Tdl (batch 6) - intact, lyophilized only and purified by means of paper 
chroaatography uainl B20 as solvent. All apec1aens were diluted before use to the aame 
thyaidine concantration, equal to the orilinal one of the 3H-Tdl preparation. Marrow Iratt 
racipienta (their nuabers aea Tab. 6) were irradiated with a dose of 9.57 Gy, 2xl05 
cella per aGuae vas adainiatared. 

E x par i a e n t N 0 7 - sui c ide u sin I c h r 0 a a t 0 -

I rap h i cally pur i fie d pre par a t ion s 0 f 3 H - T d R 
and u n 1 abe 1 1 edT d 1 

Bona .. rrow of 5 '1 .. las 11.5 weeks old was flushed into 8 al of medium and 
incubatad in the ratio of 1.6 al of the cell auapenaion (concentration of 6.3xl06 
cal1./al) to 0.4 al of solution of 3a-Tdl (batch 10) and of unlaba1led Tdl intact 
or chroaatolraphically purifiad with H20 as a ao1vent. All spec1aena were diluted 
bafore USa to the .... thymidina concentration, equal to the orilina1 of'the 3H-Tdl 
praparation. Marrow Iraft recipiants (their numbers .ea Tab. 7) were irradiated vith 
a do.e of 9.57 Gy, 2&105 cella per aouse were adatnistered. 
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Experiment No 1 

Valu .. of 3H-TdR kill of CFU-S In alx Inbred moUN atraina under phyaiololical 
condltlona aa dependent Oh a batch of 3H-TdR uNd are ahown In Tab. 1. The 
dlfferencea between 3H-TdR batchea are atatiatlcally allnlflcant In C57BLIl0 atrain 
(batch No 7 veraua No 8: P < 0.05; batch No 7 versua No 10: P < 0.01). It is also 
evident that batch No 7 producea on the whole hilher aulcide valuea in the strains 
IIHd than batchea No 8 and 10. There ia a silnlflcant difference In suicide valuea 
between A and C57BLIl0 atralna uainl batch No 7 (P < 0.05). Recovery of the orillnal 
number of cella after incubation and repeated w .. hlnl of cella In unlabelled TdR waa 
57!,lt and the colony numbers In apeclmena treated with unlabelled TdR corresponded 
_II with our (unpubUahed) calibration curvea (colony count per spleen veraua cell 
doN) In Individual a.tralna. 

Tab. 1 
Thyalldlne 1dD 01 CFU-S in .. veral inbred atraina 01 mice aa dependent on the 3H-TdR 
batch 

Batch No Strain 

BALB/c BI0.LP A C3H CBA C57BLIl0 

7 16.6+11.0 54.1+17.7 51.5+16.6 61.Z!,9.0 
n-;3 n-;4 n~4 n=7 

8 ZO.0!,Z4.Z Z9.7+Z9.1 -3.8+Z7.1 8.ZZ+19.4 5. 4+Zl. 4 
n=4 n-;5 n~3 n;4 n;8 

10 1.95+1Z.1 
n-;7 

arithmetical meana and atandard errors are liven. n - numbers of marrow Iraft donors 

Experiment No Z 

At! can be seen from Tab. Z. all 3H-TdR batches used lave rise to hllhly 
allniflcantly lower colony counts per spleen in comparison with the unlabelled TdR and 
thus also hllhly allnlficantly hilher values of kill. Recovery of cella after Incubation 
and repeated waahinl w .. 55\ In this experiment and did not differ between 3H-TdR 
batchea uNdo nor between them and unlabelled TdR. 3H-TdR batches used lave rise 
to hilh aulclde valuea In this experiment In aplte of the fact that the recommended 
number of cella incubated with 7.4 MBq of 3H-TdR __ <\ed. three times and a 
hilher dilution of the aupposed cytotoxic components could therefore be except. 

Experiment No 3 

At! could be seen from Tab. 3. the suicide values uainl 3H-TdR batches No 1 
and 10 are conalderably lower than are values obtained In the precedlnl experiment 
and batch No 1 ,ave allnlficantly different resulta in comparison with both other 
batchea uNdo Recovery of cella aubjected to Incubation w .. 55\. 

Experiment No 4 

The left-hand half of Tab. 4 (Experiment 4a) ahowa that batches No 5 and 6 
lave riM to a hi,hly ailnificant drop of aplenic coloniea even In double quantity of cells 
was incubated with 7.4 MBq of 3H-TdR compared to the orillftal method and If a 
number of celia (lxl06) hilhly exceedinl usual quantltiea ia adminiatered to the 
reclpienta after incubation. Batchea No 3 and 10 alve reasonable colony counta per 
apleen and auiclde valuea. Analoloua ruulta alao follow f~ the rilht-hand half of 
the table (Experiment No 4b). where even the depreaalve influence of batch No 7 ia 
_t. in connection with the enhancement of the number of the celia adminiatered 
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(Z.42x10" cells per mouse). Recovery of cells was 57\ and lilt In Exp. No 4a and 4.b. 
respectively. 

Experimen No 5 

It follows from Tab. 5 that thti irradiation both of the 3H-TdR solution and of 
unlabelled TdR solution with the two doses chosen did not give rise to a significant 
lowering of colony counts per spleen In comparison with the effect of non-irradiated 
preparations. Recovery here was 5 ... 

Experiment No II and 7 

As can be seen from Tab. II. neither Iyophiliaation .done nor an attempt at 
chromatographical purifying of batch No II brought a lowering of its profound 
depressive effect on the number of colonies per spleen. Tab. 7 shows that 
chromatographical purification gave rise to significant changes In colony counts 
neither in case of 3H-TdR (batch No 10) nor with unlabelled TdR. Recovery was 48\ 
and 3lt in these experiments. respectively. 

Discussion 

If the use of various production batches of 3H-TdR (whether (1I-3H)TdR or 
(methyl-3H)TdR) gives rise to statistically significant differences in colony counts 
per spleen and in kill values. it is necessary to suppose the presence of cytotoxically 
acting chemical impurities in some batches (EXp. No 1. 3. 4). So. e.g •• batches No 
4. 5 and II appear as significantly toxic. batch 7 as toxic. Batches No 8 and 10. on the 
other hand. give rise to suicide values compatible with the presupposition of zero 
toxicity (i.e •• kill could be produced exclusively by a radioactive decay of 3H-TdR In 
this ,ase). As CFU-S kill measured by spleen-colony essay is in the case of some 
3H-TdR batches identical to that ascertained by incubation of cells with hydroxyurea 
(Dr. Nebs. Prague. personal communication). it follows that at least some of these 
batches from our source are not chemically toxic • 

. From a consideration of the minimal duration of the cell cycle in the population 
of haemopoletic stem cells (II hrs) and the S-phase (in less than 5 h) there follows as 
the theoretically maximal suicide value a figure of 80' (if we neglect the case of a 
totally synchronous stem cell proliferation which is not the case under physiological 
conditions at least because of the biological variability). As the suicide values obtained 
using batches No 4. 5. II exceed this figure very frequently. it is apparent that some 
cytotoxically active component(s) is (are) con.tained in these preparations. The influence 
of this component(s) is so pronounced that it could not be decreased even by enhancing 
the number of transplanted marrow cells by one order of magnitude over the usual . 
quantity (Exp. No 4a. 4b). It appears. on the other hand. ·that the influence of less 
toxic batches is depressed with rising doses of transplanted cells (compare results 
given in Tab. 2 and 4) which is probably connected with the presence of a plateau 
on calibration curves expressing dependence of colony counts per spleen on cell dose. 
This way of depressing the toxicity of preparations could not be. of course. employed 
practically with the thymidine suicide method. 

The influence of radiation and chemical toxicity could not be distinguished from 
each other with the method used as the cell recovery following use of chemically toxic 
and non-toxic preparations Is the same (e.g •• Exp. No 2 and others). Toxically. 
damaged cells survive incubation and subsequent washing with the same relative decrease 
as non-damaged cells. and ·their shortage appears only in a loss in the ability to form 
splenic colonies. 

Gamma Irradiation of the solutions of 3H-TdR and unlabelled thymidine with dose 
corresponding approximately to the autoirradlation of 3H-TdR preparations under a 
year's or longer storage did not lead to enhancemellt of toxicity of preparations (Exp. 
No 5). It therefore appears that toxicity is not brought on by products of thymidin 
radiolysis (organic peroxides etc. I this Is also confirmed by the fact that toxicity is 
not dependent on the age of a preparation in our experiments. 

An attempt to remove cytotoxic components by means of paper chromatography 
with HaO as.a solvent did not succeed; still less did mere lyophilization of preparations 
suffice for the separation of toxic components. As 3H-TdR used by us Is purified by 
the producer chromatographically by means of several organic solvents.: it is not 
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impossible that cytotoxic effects are due to trace quantities of these substances. 
Before further progress is made regarding the question of 3H-TdR preparation 

toxicity, if is necessary to test the possible toxicity of individual batches in advance 
and use only attested batches. -
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Metoda bv. thymidinov6 smrti u exopnnich jednotek tvoi'icich kolonie ve slezine: 
rulivy vUv chemlck6 toxicity prepar'tl1 3H-thymldinu -

Byly porovnavany tlselne hodnoty thymidinoveho killu CFU-S pfi pouZitl ni!kolika 
3H-TdR Saril produkovanych Ostavem pro vyzkum, vyrobu a vyuzitl radioisotopl1, Pra
ha. U ni!kterych Saril jsou zlskane hodnoty killu signifikantni! vyliSl ne' u jinych pfi 
tele buni!tne -suspensi a stoupajl i pfes biologicky pflpur.tnou mez 70 - 80%. Tuto pfed
pokladanou cytotoxicitu 3H-TdR preparatl1 nelze vyvolat jejich gamma ozafenlm davka
mi odpovldajlclmi autoirradiaci preparitl1 pfi diouhodobem skladovanl. Toxicke vlast
nosti se nepodafilo odstranit Iyofilisacl a rechromatografovanlm preparatl1 pomocl 
H.O jako rozpustidla na paplfe. V praci jsou uvedeny take hodnoty CFU-S 3H-TdR 
killu u lady inbrednlch kmenl1 my Al za fysiologickeho stavu. 

MeTO~ T.H. "THMH~HHoBoro caMoy6HAcTBa" y 3K90reHH~X e~HHHU 06pa9~HX 
KonOHHH B cenegeHKe: Bpe~Hoe BnHRHHe XHMHqeCKOA TOKCHqHOCTH npenapaToB 
3H-THMH~HHa 

CpaBHHBanHC& HYMepHqeCKHe BenHqHH~ THMH~HHOBoro caMoy6HAcTBa KOE-c 
npH npHMeHeHHH HeCKOn&KHX map.eB 3H-TdR B~ycKae~x HHCTHTYTOM ~n. 
Hccne~oBaHHA; npoH9Bo~cTBa H npHMeHeHH. pa~HoH9HTono~ B npare. B cnyqae 
npHMeHeHHR HeKoTo~ map.eB 6~nH nonyqeH~ BenHqHH~ caMoy6HAcTBa 
~ocToBepHo 60nee B~COKHe no cpaBHeHHm C ~pyrHMH npH o~HoA H-TOA .e 
cycne-H9HH KneTOK H nOB~maJOlllHec. Ha~ 6HOnOrHqeCKH ~onycTH~A npe~en& 
70 - 80%. 3Ta npe~nonaraeMa. TOKCHq_OCT& 3H- TdR npenapaTOB He Mo.eT 
6~T& B~9BaHa HX 06nyqeHHeM raMMa nyqaMH B ~09ax COOTBeTUTBymmHx 
caMo06nyqeHHm npenapaTOB npH ~nHTen&HOM coxpaHeHHH. TOKCHqeCKHe cBoAcTBa 
He y~anOC& YCTpaHHT& HH npH nOMO.H nHotHnH9aUHH, HH pexpoMaTorpatHeA 
npenapaTOB npH nOMO.H H,O Ha 6YMare. B pa60Te Ta~e npHBO~.TC. BenHqHH~ 
KOE-c 3H- TdR caMoy6HAcTBa y ~meA pR~a HH6pe~H~X nHHHA npH tH3HonOrHqeC
KOM COCTORHHH. 
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