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The toxici ty  of s a rco lys in  as LDs0 was studied in intact  mice  of different  ages  in re la t ion  to 
the t ime  of its admin is t ra t ion  during the 24-hour  per iod.  Mor ta l i ty  among the an imals  
showed two m ax i m a ,  in the morn ing  and late evening, and two min ima ,  in the e a r l y  evening 
and at night. The r a t s  showed diurnal  va r ia t ions  in incorpora t ion  of the rad ioac t ive  label  of 
s a r co ly s in -C  14 into t i s sues  sensi t ive  to it: the spleen and mucous  m e m b r a n e  of the smal l  
intest ine.  These  f luctuations were  s i m i l a r  in c h a r a c t e r  to the diurnal  f luctuat ions in the 
toxic i ty  of sa rco lys in .  

P r e v i o u s  invest igat ions have shown that  the sens i t iv i ty  of an imals  to ant i tumor  drugs such as 5-f luo-  
rou rac i l ,  dopan, and o l ivomycin  may  va ry  during the 24-h per iod.  At the same t ime  it has  been  shown that 
the diurnal  f luctuations in sens i t iv i ty  to each of these  subs tances  have their  own dist inguishing f ea tu res  
[4, 51. 

A study of the l i t e r a tu r e  shows that the intensi ty  of cel l  division in no rma l  an imal  t i s sues  va r i e s  dur -  
ing the 24-h per iod.  Since 5- f luorourac i l ,  o l ivomycin,  and dopan injure di f ferent  s y s t e m s  of the body which 
differ  in the i r  diurnal  pa t t e rn  of p ro l i f e ra t ive  act ivi ty,  the w r i t e r s  postula ted that  the var ia t ions  in the tox ic -  
i ty of these  compounds depend on the mi to t ic  pa t te rn  in the t i s sues  sensi t ive  to these  subs tances .  

The object  of this invest igat ion was to study diurnal  va r i a t ions  in the toxic i ty  of another  widely used 
ant i tumor  c o m p o u n d -  s a r co ly s in  (phenylalanine mus ta rd ) .  In addition, because  of r e s u l t s  showing that the 
dis t r ibut ion of compounds s i m i l a r  to s a r eo ly s in  is  connected with that  toxic effect  [6], and because  of ob- 
se rva t ions  showing a connection between the dis t r ibut ion of these subs tances  in the body and mi to t ic  ac-  
t ivi ty  in the cor responding  t i s sues  [8], i t  was decided to inves t igate  the incorpora t ion  of s a r co ly s in -C  14 into 
t i s sues  sens i t ive  to it at  di f ferent  t imes  of day and night. 

EXPERIMENTAL METHOD 

The acute toxici ty  of s a r c o l y s i n  was studied in nine expe r imen t s  on intact  m ice  (551 noninbred and 
156 C57BL mice) of both sexes ,  kept and fed under  ident ical  conditions.  In each e x p e r i m e n t  the an imals  
were  divided into 5-8 groups  (with 9-24 mice  in each  group). Mice aged approx ima te ly  2-2.5 months  were  
used in the f i r s t  four expe r imen t s  and mice  aged 3-5 months  in the next  five exper imen t s .  Sarco lys in  was 
injected in t raper i tonea l ly  in a dose cor responding  to LDh0 (22-23 mg/kg)  once a day into the an ima l s  of 
each group at 2, 5, 8, and 11 A.M. and 2, 8, and 11 P.M. F r o m  the r e su l t s  of these  e x p e r i m e n t s  the m o r -  
ta l i ty  among the an imals  in 70 was de te rmined  and s ta t i s t i ca l  ana lys i s  was c a r r i e d  out using the X 2 c r i t e r ion .  
Observa t ions  on the an imals  continued for  1-1.5 months .  

Since the p r inc ip les  of cell  division in the t i s sues  and organs  of mice  and r a t s  a re  bas i ca l ly  s i m i l a r ,  
and since LDh0 of s a rco lys in  is a l m o s t  identical  for  both an imals ,  the incorpora t ion  of s a r c o l y s i n - C  14 was 
studied in r a t s  pure ly  for  convenience of t he work .  The 40 male  r a t s  with a mean  weight of 140 g were  divided 
into four  groups  with 10 an ima l s  in each group. Sarcolys in ,  with the f l -ca rbon  a tom of the alanine res idue  
tagged, and with a spec i f ic  act iv i ty  of 17 MCi/g ,  was injected as a single indicator  dose of 2 m g / k g  in t r a -  
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TABLE 1. Specific Activity of Organs and Tissues  after Administrat ion 
of Sareolys in-C 14 at Different Times  of Day or Night 

Tissue or organ 

Mucous membrane of small 
intestine . . . . . . . . . . . . . . .  

Spleen . . . . . . . . . . . . . . . . .  
Bone marrow . . . . . . . . . .  �9 �9 �9 �9 

Radioactivity of Organs and Tissues (in pulses/g 
wetweight of tissue in 100 sec) after administration 
of sarcoIysin-C t4 

8A.M. I  p.M. 

11 038• I l0 875~341 

5 P.M. 

22 732+375 
23 825~316 
12 115--244 

8 P.M. 

22 460---221 
21 244---341 
11 195-'-244 

peri toneal ly into the animals  of group 1 at 7 A.M., and groups 2-4 at 2, 5, and 8 P.M. respect ively.  The r a t s  
were exsanguinated 15 min after  the injection of the labeled compound, during the period of maximal  rad io-  
activity of the organs and t i ssues  [7], and the spleen, bone mar row,  and mucous membrane  of the small  in- 
testine were removed.  The extracted t i ssues  were weighed and homogenized in five volumes ofphysiolog- 
ical saline. The radioact ivi ty  of 0.1 ml of the homogenate was determined on a gas-f low counter and cal-  
culated per  g ram wet t issue in pulses/100 sec. The Poisson distribution was used to determine the s ta t is -  
t ical  e r r o r  of measurement .  

E X P E R I M E N T A L  R E S U L T S  

The re su l t s  showing variat ions in the toxicity of sarcolys in  var ied  with the time of its administrat ion.  
Morta l i ty  of the animals was highest in all exper iments  af ter  administrat ion of the compound in the morning 
(5-11 A.M.). Mortal i ty  in some exper iments  reached a minimum at 8 P.M. and in others at 2-5 P.M. In 
the evening or  night (8-11 P.M.) a second maximum of morta l i ty  was observed,  and there was a second 
min imum at night. 

In exper iments  No. 1-4 the lowest mor ta l i ty  among the mice was observed in groups receiving the 
compound at 8 P.M. and in exper iments  Nos. 5 '9  in the groups receiving the compound at 2-5 P.M. In the 
older animals  (experiments  Nos. 5-9) the period of the morning and afternoon increase  in sensit ivity to s a r -  
colysin was shortened,  while the time of least  sensit ivity was correspondingly shifted f rom 8 P.M. to 2-5 
P.M. In mos t  cases  the minimal  toxic indices were significantly below the maximal  by 5-7 t imes.  Exper i -  
ments  Nos. 1 and 2, ca r r i ed  out s imultaneously on mice of different sexes, showed that males  and females  
r eac t  in the same way to injection of sarcolys in  at different t imes of day or night. In C57BL mice (experi-  
ments  Nos. 8, 9) the diurnal fluctuations in sensit ivity to the compound were s imi lar  to those in noninbred 
animals .  

It  is c lear  f rom Table 1 that fluctuations in the intensity of incorporat ion of radioactive label (sarco-  
lys in-C 14) into the mucous membranes  of the small  intestine and into the spleen of r a t s  varied with the time 
of its administrat ion.  For  instance, at 8 A.M. a higher concentrat ion of radioactivi ty was observed in these 
t i ssues  than at 2, 5, and 8 P.M. The difference in the specific activity of these t issues  between the morning 
group and the other groups was significant. The radioact ivi ty  of the bone mar row was unchanged at all 
per iods  of investigation. 

These  diurnal fluctuations in the toxicity of sarcolys in  were evidently connected with the rhythm of 
cell  division in the t issues and organs of the animals.  Pro l i fe ra t ing  cells  are  known to be more  sensitive 
to the action of alkylat ingagents .  Depress ion  ofhematopoiesis  and damage to the small  intenstine are  
among the toxic manifestat ions of sarcolysin .  The grea tes t  damage by sarcolys in  to t i ssues  sensitive to 
it probably takes place in the period when their  mitot ic  activity is maximal.  

Most  authors who have studied diurnal rhythms of cell  reproduct ion in the intestine of mice and r a t s  
observed  an increase  in mitotic activity in the morning [1, 2, 3, 9]. It was at these t imes  in the present  
se r ies  of exper iments  that the mor ta l i ty  among the animals was highest. The g rea tes t  concentrat ion of s a r -  
colys in-C 14 in t h e m u c o u s  membrane  of the smal l  intestine and in the spleen also was observed after  ad- 
minis t ra t ion  of the compound in the morning.  It was accordingly postulated that the diurnal rhythm of cell  
division in these t i ssues  is one of the fac tors  which determines  the diurnal rhythm of the sensit ivity of 
animals  to sarcolys in .  The authors  consider  that the resu l t s ,  allowing for biological differences between 
tumors  and normal  t issues ,  provide a bas is  for r e s e a r c h  aimed at seeking the mos t  ra t ional  p rogram of 
sa rco lys in  administrat ion.  
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