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Dose and Time Relationships 
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WR-2721 on Locomotor 
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LANDAUER, M R , H D DAVIS, J A DOMINITZ AND J F WEISS Dose and ttrne lelattonshlp~ of the radu~ptote~- 
tor WR-2721 on locomotor act:~ :t~ m mtce PHARMACOL BIOCHEM BEHAV 27(3) 573-576, 1987 - -The  effects of the 
radloprotector S-2-(3-ammopropylammo)ethylphosphorothlolc acid (WR-2721) on locomotor acuwty were evaluated m 
CD2F1 male mice Separate groups of ammals (N= 10/group) received an IP rejection of vehicle, 25, 50, 100, 200, or 400 
mg/kg of WR-2721 lmmedmtely before testing Horizontal and vertical actlwty were measured using a Dlglscan automated 
ammal actw~ty momtor The latency to onset and duration of action of each dose of the rad~oprotector were recorded For 
both behavioral measures, a slgmficant reduction was observed m actlwty at doses of 200 and 400 mg/kg A dose of 200 
mg/kg had a 12- to 14-mln latency to onset and significantly reduced behaworal actlwty for 3 hr Mice m lected with 400 
mg/kg exhibited locomotor deficits within 8-10 mm and were affected for up to 9 hr The ED50 for horizontal and vertical 
actlwtles at 1 hr postmjectlon were determined to be 271 and 105 mg/kg, respectively The results demonstrate that 
s~gnlficant reductions m locomotor activity are exhibited at doses of 200 mg/kg or more and that vertical actlv~ty was more 
sensitive to the disruptive effects of WR-2721 than was horizontal activity 

Locomotor behavior WR-2721 Ethiofos Radloprotecuon Dlgzscan 

S -2 - (3 -ammopropy lammo)e thy lphosphoro th lOlC  a o d ,  also 
k n o w n  as WR-2721, e thlofos ,  or  g a m m a p h o s ,  is the  mos t  effec- 
t ive rad lopro tec to r  avai lable  today [4,10] A m o n g  the  pro- 
posed  m e c h a n i s m s  o f  ac t ion  is s caveng ing  o f  radia t ion-  
i nduced  free radica ls  [4] WR-2721 has  b e e n  r epo r t ed  to h a v e  
one  of  the  h ighes t  (2 7) dose  r educ t ion  fac tors  (DRF)  k n o w n  
[9] (The D R F  is def ined  as the  rad ia t ion  LD50/30 dose  o f  
mice  t r e a t ed  wi th  the  r ad l op r o t ec t o r  d iv ided  by  the  rad ia t ion  
LD50/30 o f  n o n t r e a t e d  an imals  ) A var ie ty  o f  species ,  mclud-  
mg roden t s ,  dogs ,  an d  m o n k e y s ,  have  b e e n  s h o w n  to be 
p r o t e c t e d  aga ins t  ioniz ing r a d m t l o n - m d u c e d  le thal i ty  w h e n  
p r e t r e a t e d  wi th  WR-2721 [4] This  c o m p o u n d  was  or iginal ly  
des igned  to se rve  as a mi l i tary  r ad lop ro t ec to r ,  bu t  it is n o w  
unde rgo ing  cl inical  tr ials  and  has  b e e n  found  to be  an  effec- 
t ive  ad junc t  to r ad io the r apy  and  c h e m o t h e r a p y  m c a n c e r  pa-  
t ien ts  [1,10] 

A l though  it is e f fec t ive  as a r ad l op r o t ec t l ve  agent ,  WR-  
2721 has  b e e n  d e m o n s t r a t e d  to p r o d u c e  b e h a v i o r a l  side ef- 
fects  tha t  cou ld  hml t  its use fu lness  I t  p r o d u c e s  nausea ,  
vomi t ing ,  h y p o t e n s l o n ,  and  s o m n o l e n c e  in h u m a n s  [1], and  it 

resu l t s  in cond i t i oned  tas te  ave r s ions  [3,7] and  d e c r e a s e d  
m o t o r  p e r f o r m a n c e  [2] in ra ts  In this  paper ,  the  onse t  and  
du ra t ion  o f  d e c r e m e n t s  in l o c o m o t o r  ac t iv i ty  as a func t ion  of  
WR-2721 dose  are  e x a m m e d  in mice  m o rde r  to  fu r the r  char-  
ac te r ize  the  behav io ra l  toxici ty  of  th is  c o m p o u n d  

METHOD 

Subjects 

Sixty adul t  male  ( B A L B / c  x DBA/2)F1 ,  he r ea f t e r  re- 
fe r red  to as CD2F1 mice  (Char les  River ,  Wi lming ton ,  MA) ,  
weighing  27-34 g, se rved  as sub jec t s  Animals  were  main-  
t a m e d  on  a 12-hr l ight-dark  cycle  in a t e m p e r a t u r e - c o n t r o l l e d  
room (21°C) Immed ia t e ly  fol lowing ar r iva l  f rom the  
suppl ier ,  an imals  were  qua ran t i ned  for  2 weeks  They  were  
de te r rn lned  to be  f ree  of Pseudomonas and  s h o w e d  no  signs 
o f  h ls to loglc  les ions  of  c o m m o n  mur lne  d i seases  Mice  were  
indiv idual ly  h o u s e d  and  p rov ided  wi th  W a y n e  R o d e n t  Blox 
diet  and  w a t e r  

1Portions of this paper were presented at the 70th Annual Meeting of the Federation of American Societies for Experimental Biology, St 
Louis, MO, April 1986 

2Requests for reprints should be addressed to Dr Michael R Landauer, Armed Forces Radloblology Research Institute, Behavioral 
Sciences Department, Bethesda, MD 20814-5145 
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FIG 1 Effect of dose of WR-2721 on the latency to onset of alterations m vertical actlvlty Activity 
was measured at 2-mm intervals (left) Duration of the suppression of vertical activity as a function of 
WR-2721 dose The numbers of vertical movements at ! hr intervals are illustrated (right) Data are 
presented as percent of the vehicle control group *Significantly (p<0 05) different from vehicle 
control group 
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FIG 2 Dose-response determinations for the effects of WR-2721 on horizontal activ- 
Ity expressed as total distance travelled (left) and vertical actwlty expressed as the 
number of vertical movements (right) Data represent the means-+SEM at 1 hr after 
testing (N= 10/group) The drug was administered IP immediately prior to assessment 
of locomotor activity V refers to the vehicle control group *Significantly (p<0 05) 
different from vehicle control group 

E x p e r t m e n t a l  P r o c e d u r e  

A c o m p u t e r i z e d  Dlglscan Animal  Act iv i ty  Mon i to r  
(Model  R X Y Z C M - 1 6 ,  O m m t e c h  E lec t ron ics ,  Co lumbus ,  
OH)  was used  to quan t l t a t e  l ocomoto r  b e h a v i o r  The  appara -  
tus used  an  ar ray  of  16x 16 inf rared  p h o t o d e t e c t o r s  to de- 
t e r m m e  tota l  d i s t ance  t r ave l l ed  in inches  (hor izon ta l  act ivi ty)  
and  an  addi t ional  16 vert ical  sensors  to  r ecord  the  n u m b e r  of  
ver t ical  m o v e m e n t s  (vert ical  act ivi ty)  The  tes t  c h a m b e r  

cons i s t ed  o f  a 4 0 × 4 0 x 3 0  5 cm Plexlglas a r e n a  into w h i c h  
two  20 x 20× 30 5 cm Hexlg las  cages  we re  p laced  in d iagonal  
q u a d r a n t s  This  a l lowed two an imals  to  be  t e s t ed  simulta-  
neous ly  The  ho r i zon ta l  and  ver t ica l  de t ec to r s  were  posi-  
t ioned  1 3 and  6 3 cm,  respec t ive ly ,  a b o v e  the  f loor  of  the  
a r ena  

All an imals  were  hab i tua t ed  to the  tes t  c h a m b e r  for  2 hr  
on  the  day  before  the  e x p e r i m e n t  The  nex t  day,  mice  were  
weighed  and  rece ived  e i the r  a saline vehic le  in jec t ion  or  25, 
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50, 100, 200, or 400 mg/kg WR-2721 (N= 10/group) Injec- 
tmns were administered IP in a volume of 10 ml/kg WR-2721 
was obtamed from the Drug Synthesis and Chemistry 
Branch, Dlwsmn of Cancer Treatment, Natmnal Cancer In- 
stitute, Bethesda, MD Just prior to mjectmn, ~t was dis- 
solved m 0 9% sahne solutmn with a pH of 7 2-7 5 

Immedmtely following injection, ammals were placed mto 
the activity momtor where horizontal and vertical activities 
were recorded every 2 mm for 2 hr to ascertain the behav- 
ioral onset of the drug For the next 10 hr, locomotor actwlty 
was monitored every 60 mln to determine the duration of 
action of WR-2721 After each test, the apparatus was 
cleaned with a 50% alcohol solutmn Animals were weighed 
weekly for 4 weeks 

Sta t i s t i ca l  Ana ly s t s  

Two-way ANOVAs w~th repeated measures were used to 
determine slgmficance levels for the latency and duration of 
drug action as well as the effect of drug dose on body weight 
Dose-response determinations for total horizontal and verti- 
cal actlwtles at 1 hr after testing were subjected to one-way 
ANOVAs Post hoc comparisons were made using Dunnett 's  
test The effective dose of WR-2721 that disrupted horizontal 
and vert|cal activity by 50% from vehicle control levels 
(ED50) at 1 hr postmjectlon was calculated by lmear regres- 
sion 

RESULTS 

Horizontal and vertical activities showed similar patterns 
Therefore, only one parameter, vertical actwlty, is illus- 
trated (Fig 1) A significant drug × t~me interaction was seen 
for latency of onset, F(145,1566)= 1 33, p < 0  0007, and dura- 
tmn, F(55,594)= 1 37, p <0 045, of drug action A dose of 200 
mg/kg resulted m decrements in behawor within 12-14 mln 
and significantly reduced actlwty for 2 hr At 400 mg/kg, 
degradatmn of motor activity occurred within 8--10 mm and 
was effective for up to 9 hr The dose-response functions for 
the effects of WR-2721 on total horizontal and vertical activ- 
ity at 1 hr after admm~stratlon are presented in Fig 2 
ANOVAs revealed significant effects of dose on horizontal 
actlwty, F(5,54)=8 29, p < 0  0001, and vertical activity, 
F(5,54)=5 72, p < 0  0003 For both parameters, doses of 200 
mg/kg and above significantly disrupted locomotor behavior 
The ED50s for horizontal and vertical actlvmes at 1 hr 
postmjectlon were calculated to be 271 and 105 mg/kg, re- 
specUvely No significant effect of WR-2721 was seen on 
body weight 

DISCUSSION 

WR-2721 produced a dose-dependent decrease in both 

horizontal and vertical activities Only the two highest doses 
yielded slgnLficant reductions in actlwty At these doses (200 
and 400 mg/kg), behavmral deficits were observed within 
12-14 and 8-10 mln, and they remained depressed for 3 and 9 
hr, respectively Rasey et  al [8] reported that blood levels of 
the radloprotector, WR-2721, reach peak levels 10 mm after 
IP mjectmn of 400 mg/kg, and therefore are well correlated 
with the onset of behavioral toxicity The results of the pres- 
ent study are m agreement with Bogo et  al [2], who reported 
that doses of 200 and 400 mg/kg WR-2721 disrupt the motor 
performance of rats trained to mamtam their balance on an 
accelerating rotarod 

ED50s were determined to be 271 and 105 mg/kg, respec- 
tively, for horizontal and vertical actlvmes Therefore, at 1 hr 
postmjectlon, vertical activity appears to be more sensitive to 
the disruptive effects of WR-2721 than is horizontal activity 
The LD50 for WR-2721 for outbred CD2F1 mice is 980 mg/kg 
(unpublished) Tlus compares to an LD50 of 950 mg/kg for 
outbred ICR mice [4] and an LD50 range of 510--784 for several 
Inbred mouse strains [9] 

The doses of WR-2721 that resulted m the greatest behav- 
rural decrements are doses that, in our laboratory, have 
yielded the best radmprotectlon The DRFs m CD2F1 mice 
for doses of 100, 200 and 400 mg/kg are 1 2, 1 6, and 2 0, 
respectively (unpubhshed) Only the lowest dose did not 
slgnLficantly affect locomotor actw~ty A s~mllar relationship 
between radloprotector efficacy and behavioral toxloty has 
been observed for 16,16-dlmethyl prostaglandm E2 [5] 

The present study revolved analysis of the behavmral tox- 
icity of the drug WR-2721 when administered alone Future 
studies should include an analysis of locomotor behavior fol- 
lowing combmatmns of WR-2721 and radlatmn exposure 
Because the lrradmtmn of mice results in locomotor decre- 
ments [6], WR-2721 treatment may potentiate the behavmral 
toxicity [2,3] Chemical compounds admlmstered m con- 
junction with WR-2721 may be able to maximize its radm- 
protective quahtles while mitigating its behaworal side ef- 
fects 
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