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Protection by Serotonin-Creatinine Sulfate Complex of the Planaria 
Dugesia tigrina Against the Lethal Effects of X-Rays. (32534) 

ALFREDO LAGUARDA-FIGUERAS AND RAFAEL VILLALOBOS-PIETRINI 
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The serotonin-creatinine sulfate complex 
(S-CS) has been used during recent years in 
numerous experiments as a radioprotective 
agent. The effectiveness of this substance 
is consided by Langendorff et aZ( 1) as the 
best radiation protector k n o w  to date. For 
this reason, its mode of action has ;been 
studied extensively. Since .thR independent 
discovaries made by Bacq et aZ( 2 )  and Gray 
et aZ(3) on the prateotion provided by S-CS, 
several h y p o t h e  have 'been p p s e d  to 
explain its mechanism. Many authors have 
postulated that SXS produced Itissue hypoxia 
as a result of vasoconstriction, and that it 
is the decrease in the oqgen tension in the 
tissues that causes the diminution of damage 
induced by radiation. This report presents 
data demonstrating that S-CS protects pla- 
naria from the lethal effects of X-rays. In  
these animals wilthout a circulatory system, 
vasoconstriction cannot account far the 
abser ved radiuprot ec t ion. 

Materid and methods. The planarians 
Dugesia tigrina used in the present experi- 
ments were collected from a natural pvnd 
on the grounds of the Botanical Garden 
(Univmidad Nacional Autonma de Mex- 
ico). In the laboratory, the planmians were 
maintained in dishes containing electro-puri- 
fied water and were fed fresh liver twice 

a week. The experimental animals, 10 at 
a time, were placed far one how in the s-cs 
w l u t i m  ( H p l ,  Houston, Texas); after 
the treatment they were returned to their 
regular dishes. The p l a n d w  were exam- 
ined each day for 60 days and the dead 
planarians were scored and removed. 

In the radioprotection mp-ts, the 
pl&ans were treated with 3.14 X l W 5  M 
SACS ( 1 : 10 dilution of the stock) far one 
hour prior to X-irradiation. A Siemens Sh-  
bilipan was used as the source of X-irradia- 
tion; it operated at 250 KV a d  151 mA, 
with a 0.5 Cu filter and an expasure rate 
of 119 roentgens per minute. Dosimetry 
was determined by a Siemens Universal Dosi- 
meter. Different groups were irradiated with 
total exposures from 650 R to 21000 R. The 
control group was irradiated without any 
S-CS treatmenit. Each day for sixty days, 
we recorded the number of surviving and 
dead pIanarians. 

Results and discussion. Eleven doses of 
W S  (Table I) were tested and 5 replicates 
were made of each experiment; the curve 
for dose vs mortality was sigrnoidal. I t  was 
found that 94% of all the deaths took place 
during the first day after S-CS treatment 
while the rmaining 6% of deaths occurred 
between the second and fifth day after treat- 

TABLE I. Survivals and Deaths of Planarians at Different Dilutions of the Stock Serotonin- 
Creatinine Sulfate Complex ( S - C S ) .  

stock solution) ( X  lo6) survivals No. of deaths Total % Mortality 
S-CS (% of Molar solution No. of 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

4.71 
5.02 
5.33 
5.65 
5.96 
6.28 
6.59 
6.90 
7.22 
7.53 

50 
48 
41 
32 
18 
4 
1 
0 
0 
0 

0 
2 
9 

18 
32 
46 
49 
50 
50 
50 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

0 
4 

18 
36 
64 
92 
98 

1 0.0 
100 
100 
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ment. Observations were made for a total 
of 60 days afker treatment and no deaths 
were recorded after the fifth day. The 
mechanism (by which the S-CS causes its 
lethal effects is unknown. In order to de- 
termine the dose that killed 5070 of the 
planaria within 5 days (LD50/5) we applied 
the Probit analysis(4). By this method an 
LD50/5 of 18.2% of our stock solution was 
olrtained. 

As ca,n be seen in Table 11, the mortality 
TABLE 11. Lethal Effects Induced by X-Rays 
With and Without 3.14 X 106M S-CS in Dugesia 

tigrina. 

% 
Mortality % 

Exposure in without Exposure in Mortality 
roentgens S-CS roentgens with S-CS 

650 40 1200 
7 00 40 1300 
750 58 1400 
800 62 1500 
850 60 1600 
900 100 1700 
950 100 1800 

1900 
2000 

20.0 
26.7 
46.7 
66.7 
80.0 
93.3 
96.7 
96.7 

100.0 

increased from 40% to 100% as the X-ray 
doses increased from 650 R to 950 R. When 
the planarians were treated with S-CS and 
irradiated, the mortality increased from 2070 
to 100% as the X-ray doses increased from 
1200 R to 2000 R. By Probit analysis (Fig. 
1 )  we obtained the LD 50&0 in both cases. 
Without S-CS treatment, the LDBO,GO was 
735 R and with S-CS treatment, it was 1384 
R. The dose reduction factor (DRF) w w  

FIG. 1. Probit analysis of the influence of S-CS 
in the LDdm to X-rays in Dugesia tigrina. X 

irradiation; 0 - 0 S-CS plus X-rays. 
= do=, Y = % d Mortality. 0 - 0  X- 

1.883 which is m e w h a t  higher than the 
DRF of 1.84 and 1.85 obtained by w e n -  
dolrff et d( 1) in mice. 

The mechanism by which S-CS protects 
mammals has been attributed to its vaso- 
constrictive properties by Gray et d ( 3 ) ,  
Rothe et aZ(S), van den Brenk and Jamie- 
mn(6) and van den Brenk and Moore(7). 
In  the planarian Dugesia tigrina, which has 
no circulatory system, vasoconstriction cannot 
account for the observed radioprotection. 
Other mechanisms proposed for the radio- 
protective action of S-CS are free radical 
savmging (8), interference with biochemical 
reactions(9) and formation of a complex be- 
tween S-CS and radiosensitive sites(l0-12). 
It is not yet determined whether h e  is 
a single, universal mechanism of action of 
S-CS, or whether there is more than one 
mechanism operative. I t  will ,be necessary 
to examine each mechanism singly in order 
to determine its contribution to the radio- 
protective effect of S-CS. 

Summary. The serotonin-creatinine sulfate 
complex (S-CS) at a concentration of 3.14 
X M protected the p1anuia.n Dugesia 
tigrina fm the lethal action of X-rays; the 
dose reduction factor was 1.88. Vasocon- 
striction and the subsequent lowering of oxy- 
gen tension inside the tissues was not in- 
volved in this observed radioprotection. 

The authors are indebted to Victor T o w ,  JesGs 
Vel6quez and Heriberto Gomez, Department of 
Physics, Unidad de Oncologia del Hospital General 
for the irradiations. The authors wish bo lbhank 
Dr. S. Gaylen Bradley, University of Minnesota, 
for his helpful discusion and comments. 
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Stimulation of Rat Liver RNA Synthesis by Borate.+ (32535) 

ULRICH WESER~ (Introduced by Harry G .  Day) 
Department of Chemistry, Indiana University,$ Btoomington 

Tlhe essentiality of boron in all plank that 
h v e  lbeen studied is widely recognized. In- 
vestigations regarding the mode of action of 
borate in plants indicate an involvement in 
nucleic acid m&blism. Thus RNA syn- 
thesis in lkms and szmrflowers appeared to 
increase when borate was present ( 1,2 ) . Since 
it has not been established whether or not 
boron is essential in animals(3,4), it seemed 
to be of importance to study the effect of 
borate on RNA synthesis in rats. Liver RNA 
Ehg rapidly synthesized can easily be labeled 
with [6J4C] omtic acid, a precursor of RNA 
(5,6). This method allows sthe determination 
of ev0n mall  changes in the rate of RNA 
synltihesis. If borate should ;be involved in 
mammalian nucleic acid metabolism, this 
could be demonstrated by means of this 
labeling procedure. 

Materials and methods. Three groups of 
male !5pague-Dawley rats, 5 per group with 
an average initial weight of 37 g, were re- 
stricted to a basal diet and environment ex- 
tremely low in Ihrm. 

The basal diet was composed a€: Ham- 
marsten casein (Nutritional Biochemicals 
C q . )  20%, reagent grade sucrose (Fisher 
scientific co.) 7070, salts 4%, Crisco oil 570, 
vitamin mixtures 170. The salt mixture and 
vitamin mixtures were essentially the same 
as used by Maurer and Day( 7 )  in a study 
of the essenkiality of fluorine in nutrition. 
The concentration of boron was not more 
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than 0.W1 ppm ( lo-' M/kg) , as detennind 
using an adaptation of the procedure of 
Spier and Strickland(8). The animals re- 
ceived highly deimizsd water. G m u p  1 aad 
2 were kept on the boron-deficimt diet, but 
Group 3 received the diet to which boric acid 
was added \to provide 1 ppm h m n  
M / k )  

Six weeks laiter eaah animal f m  eanb 
group was injected in t r ape r ibd ly  with 50 
,uC of [ 6-3H] -thymidine ( 1.9 C/mM, Nuclear 
Chicago), and 9.5 hours later with 5 pC of 
[ 6-14C] -omtic acid (44.5 mC/mM, Nudear 
Chicago). However, Ithe rats of Group 2 
received simultaneously with each injection 
20 p,M borate lits boric acid. After exactly 
10.01 hours the rats were killed by decapita- 
tion d the well-rbled livers were immedi- 
ately removed and chilled in ice cold 0.32 M 
purified s u c m  + 3 mM MgC12. The nuclei 
were isollakd essentia.lly as described by 
Higashi md Busch(5) and Widnell and Tarts 
(9). The entire operation had to be per- 
f m e d  within 24 hours. Aliquot parts (0.2 
ml) of the nuclear suspensions were precipi- 
ta,td with 2% perchloric acid. The pellets 
were carefully washed with pwchloric acid 
and ethanol and finally freeze-dried. To each 
pellet 0.5 d hydroxide of Hyamine (oibtained 
from Parckard I m t m e n t  Go.) VKB added. 
After incubation for 6 hours a t  37O, each 
suspension was diluted with 15 ml of a modi- 
fied scintillation solution ( 10). Radioactivity 
was estimated in a liquid scintillation spec- 
trometer (Packard Tri C a b  model 3003) 
and was of the order of 1oC c.p.m. per sampk. 
The liver nuclei wpnsions of a& rat were 


