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PALFAI, T. AND V. H. FELLEMAN. I=Tff~ct qf a~,e. chmidine or propramdol on behavioral toxicity induced with 
di~,,itoxin in mice. PHARMAC. BIOCHEM. BEHAV. 17(3) 399-404, 1982.--1n three experiments, behavioral toxicity 
induced by 5 different dose levels of digitoxin was investigated in mice that were treated with either clonidine or proprano- 
1ol or were either young (70-140 days), middle aged (240-260) or old (450-600). Observed on four drug-induced behavior 
categories, it was found that both clonidine and propranolol attenuated the toxic effects of relatively low dose levels of 
digitoxin, while at higher digitoxin dose levels only propranolol was able to reduce significantly the EDs~, and the LD:,~.. The 
results were discussed in terms of adrenergic mechanisms mediating digitoxin toxicity. Aged mice were found to be the 
least and middle aged the most resistant to the toxic effects of digitoxin. 

Digitoxin Dig i ta l i s  Behavioral toxicity Cardioglycosides Clonidine Propranolol 

NEARLY two hundred years have passed since Withering 
described the effects of the foxglove, Di~,,italis purpurea [22]. 
Nevertheless, research and clinical application of the cardiac 
glycosides still continue with vigor [13, 14, 15, 16, 19]. This 
interest is primarily due to the ability of the digitalis 
glycosides to increase the force and velocity of contraction 
of the heart [5, 12, 15, 19, 22]. It is also this effect that makes 
digitalis the principle pharmacologic treatment for conges- 
tive heart failure [15,19]. 

In spite of the therapeutic efficacy of the digitalis com- 
pounds, following their administration toxicity develops in 
about 8-35% of the patients [13,19]. This observation obvi- 
ously limits the clinical use of digitalis [13, 15, 17, 19]. Even 
when serum levels are monitored in patients, impaired renal 
function, drug-drug interactions, thyroid problems, the dif- 
ferential action of the sympathetic nervous system, the na- 
ture of the cardiac tissue, abnormal concentrations of elec- 
trolytes, psychological stress, age, genetic differences, etc. 
[I, I1, 13, 15, 16, 17, 18, 19, 20, 21, 23] all contribute to the 
drug's low therapeutic index. That is, the clinical efficacy of 
digitalis and its lethal toxicity are separated only by a rela- 
tively narrow margin [15, 17, 19]. It is, therefore, especially 
important to identify as many variables as possible that 
might increase or decrease the likelihood of digitalis toxicity. 

The majority of publications on digitalis toxicity focus on 
cardio-toxicity resulting from the activation of the adrenergic 
nervous system, the adrenals and/or heart tissue [2, 3, 5, 6, 8, 
9, 10, 13, 14, 20, 22]. From these studies, it appears that the 
digitalis-induced lethality may, in fact, be due to heart fail- 
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ure. Unfortunately, less attention has been given to the ex- 
tracardial and especially the behavioral toxicity of digitalis. 
Namely, studies in behavioral toxicity have often yielded 
important information on variables that influence the toxicity 
of substances at dose levels below which they produce organ 
toxicity [7]. While behavioral studies lack the precision in 
explaining the mechanism by which toxicity occurs, they can 
provide readily attainable descriptive information about var- 
iables affecting toxicity. The purpose of the present series ol 
experiments was, therefore, to investigate the effects of sev- 
eral variables as they influence the development of behav- 
ioral toxicity induced by digitoxin, a non-polar digitalis 
glycoside with intermediate onset of action [4,15]. 

EXPERIMENT 1 

In the first experiment, we investigated a broad range of 
digitoxin dose levels as they affected gait, induced tremors 
or convulsions, produced a loss in the righting reflex and/or 
resulted in lethality. Although principally only these four 
behavioral categories were used to assess the onset of the 
drug-dosage effects, the animals were observed throughout 
the experiment. Other behavioral phenomena (e.g., 
passivity, alertness, etc.) induced by the drug treatment 
were also noted. 

METHOD 

A nima& 

A total of 153 males, 70-140 day old Swiss albino mice 
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TABLE 1 

C U M U L A T I V E  PERCENT OF ANIMAL S  S H O W I N G  
AFFECTED GAIT (AG), TREMOR OR C O N V U L S I O N  (TCL 
I.OSS OF RIGHTING REFLEX (LRR) OR LETHAIATY (L) 

Dose (mg,'kg) n AG TC LRR L 

5 29 17 3 3 3 
10 25 56 28 24 24 
20 36 78 59 45 39 
40 38 88 68 65 60 
80 25 lt)0 92 92 88 

were used. The mice were obtained from the breeding colony 
of Syracuse University, 101 Stevens Place. Psychology Re- 
search Laboratories. The original animal stock was obtained 
from CD-I strain, Charles River Mouse farms, Wilmington, 
Massachusetts. The mice were housed in temperature- and 
humidity-controlled colony rooms, in Econo plastic cages, 
four to a cage and a 12-hr, day/night cycle was in effect. The 
mice were fed Purina Chow No. 5001, and both water and 
food was available ad lib throughout the experiment. 

Proc#dt#c 

Dru~,, lregltment.  Digitoxin was obtained from the Sigma 
Chemical Company, St. Louis, MO. Drug Solutions were 
prepared fresh daily by mixing 2 drops of Tween 80 to the 
digitoxin powder and suspending it in distilled water. All 
drug concentrations were prepared so that the volume for 
each investigated dose level could be given as 10 ml/kg body 
weight. Five dose levels were used. They were 5 (n=29), 10 
(n=25), 20 (n=36), 40 (n=38), and 80 mg/kg (n=25). The 
injections were given IP between 10:00-2:00 midday. Fol- 
lowing the injection, the animal was placed in the sterolit 
covered floor of its home cage where it was observed for the 
next four hours. Subsequently, for the next 10 days the 
animals were observed every 24 hours for 5 minutes and 
their behaviors were recorded. 

Behav ior  Measures .  Principally, the animals were ob- 
served on four drug-induced dependent measure categories: 
affected gait, occurrence of tremors or convulsions, loss of 
righting reflex, and lethality. These categories were chosen 
because first, pilot data indicated behavioral consistency in 
the various groups on these measures and second, because 
they reflected an increasing degree of toxicity. That is, let- 
hality included the other three categories: loss of righting 
reflex occurred after the animals had exhibited tremors or 
convulsions and affected gait: and animals that showed 
tremors or convulsions had invariably demonstrated affected 
gait. The dependent measure was the number of animals per 
group exhibiting these effects over days. 

RESULTS AND DISCUSSION 

The results are expressed as the cumulative percent of 
animals showing the onset of affected gait, tremors or convul- 
sions, impaired righting reflex, or lethality per group and are 
shown in Table 1. Apart from I animal that died in the 5 
mg/kg group (probably due to a missed injection, for not only 
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FIG. I. Cumuhttive percent of animals showing affected gait, trem- 
ors or convulsions, loss of righting reflex and lethality. 

did the animal die within the first hour of the injection but 
subjects in this group did not show affected gait), the +Fable 
shows a very orderly development of toxicity as function of 
the dosage. Figure l shows the cumulative percentages of 
animals per groups by days. It is interesting to note that gait 
was affected within the first 24 hrs following the injections. 
i.e., the onset of this effect was maximal within 24 hrs. The 
estimated EDa, tbr affected gait was 8 mg/kg. The onset of 
tremors or convulsions occurred within the first day among 
the three higher dosage groups with EDa,~ of 18 mg/kg. The 
onset of the loss of righting reflex was somewhat more 
gradual occurring on the average after the 3rd or 4th day. 
The ED:,, for this category was 32 mg/kg. Finally. the 
cumulative percentage of lethality plateaued on Day 6 in 
most of the dosage groups. This appeared to be a particularly 
critical day since in the lower dosage groups (10, 20 and 4() 
mg/kg) the animals improved continuously after this day. By 
the 10th day, apart from the bodyweight loss, many of them 
were showing negligible toxic drug effects. Although prob- 
ably unrelated, the phenomenon coincided with the 
physiologic half life of the drug in humans [3]. The lID:,,, after 
6 days was 34 mg/kg. 

EXPERIMENT 2 

Older people comprise about 10-12+7~ of the population of 
the U.S., but they receive more than 25% of all prescription 
drugs [1,23]. The disproportioned use of drugs by the elderly 
is due to an increase of physical illness, psychiatric disorders 
and impaired general physiologic function in old age. How- 
ever, these very reasons might be responsible for the unusu- 
ally large number of side effects produced by cardiac 
glycosides in the elderly and that often therapeutic dosages 
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T A B L E  2 

CUMULATIVE PERCENT OF ANIMALS SHOWING AFFECTED GAIT (AG), 
TREMOR OR CONVULSION (TC), LOSS OF RIGHTING REFLEX (LRR) 

OR LETHALITY (L), FOLLOWING 5 DIFFERENT DOSE LEVELS OF DIGITOXIN 

Dose 

Category Age 5 (n) 10 (n) 20 (n) 40 (n) 80 (n) 

70-140 17 (29) 56 (25) 78 (36) 88 (38) 100 (25) 
AG 230-260 0 (15) 74 (15) 80 (15) 100 (15) 100 (15) 

450-600 7 (14) 70 (15) 92 (14) 100 (13) - -  

70-140 3 28 59 68 92 
TC 230-260 0 13 40 67 94 

450-600 7 47 85 100 

70-140 3 24 45 65 92 
LRR 230-260 0 20 40 54 74 

450-600 7 33 64 85 

70-140 3 24 39 60 88 
L 230-260 0 7 40 40 74 

450-600 7 33 57 85 

p roduce  toxic i ty  [23]. Since digitalis p repa ra t ions  are used 
by 5% of  the ger ia t r ic  popu la t ion  [ l] ,  it is very  impor t an t  to 
inves t iga te  the  effect  of  age on digitalis toxici ty  in a sys- 
t emat ic  fashion .  In this  e x p e r i m e n t ,  th ree  age g roups  of  mice 
were  t r ea ted  with 5 di f ferent  dosages  of  digi toxin.  

M E T H O D  

Animals 

T h r e e  age g roups  of  mice ( 7 0 - 1 4 0 , 2 3 0 - 2 6 0 , 4 5 0 - 6 0 0  days)  
bred ,  housed  and  ma in t a ined  in our  co lony  as desc r ibed  
p rev ious ly  were  used.  

Procedure 

Drug t r e a t m e n t  and  behav io ra l  tes t ing  were  the  same as 
desc r ibed  in E x p e r i m e n t  I. In ac tua l i ty  the two o lder  age 
g roups  of  an imals  were  run  s imul t aneous ly  wi th  the  an imals  
of  E x p e r i m e n t  1, but  for  the  clari ty of  p r e s en t a t i on  the  exper-  
iment  is deal t  wi th  as a sepa ra te  s tudy.  All g roups  rece ived  5, 
10, 20, 40 or 80 mg/kg o f  digi toxin wi th  the  excep t ion  of  the  
450-600 day group.  These  an imals  were  not  g iven  80 mg/kg 
because  a l ready  at the  40 mg/kg dose  level ,  high mor ta l i ty  
occur red .  This  a l lowed us to inc rease  the  n u m b e r  of  an imals  
in the  o t h e r  four  dose  levels  in the aged animal  groups .  

R E S U L T S  A N D  D I S C U S S I O N  

The  resul t s  of  this  e x p e r i m e n t  are  s h o w n  in Table  2. The  
Table  shows  the  cumula t i ve  pe r cen t ages  of  an imals  exhib i t -  
ing a drug effect  in each  of  the  four  m e a s u r e m e n t  ca tegor ies  
for  the 3 age groups .  As  can  be seen  at the  two lower  dose  
levels ,  t he re  was not  m u c h  d i f fe rence  a m o n g  the  age g roups  
in any of  the  four  m e a s u r e m e n t  ca tegor ies ,  a l though  a con-  
s is tent ly  h igher  n u m b e r  of  an imals  exh ib i t ed  the drug effects  
in the  o ldes t  group.  This  was  espec ia l ly  the case  with lethal-  
ity w h e n  af te r  a 10 mg dose  33% of  the o lder  an imals  died,  
while  only  7% of  the  230-260 day  old an imals  died. A more  
obv ious  d i f fe rence  a m o n g  the  age g roups  could  be o b s e r v e d  
fol lowing 20 or  40 mg/kg dosages .  As  s h o w n  in Fig. 2, the 
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FIG. 2. Cumulative percent of animals exhibiting a drug effect in 
each of the four measurement categories for the 3 age groups. 
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T A B L E  3 

CUMULATIVE PERCENI OF ANIMALS SHOWING AFFECTED GA['I (AG), TREMOR OR 
CONVULSION (TC). LOSS OF RIGHTING REFLEX (LRR) OR LETHAIJTY (L), FOLLOWING 5 

DIFFERENT DOSE LEVELS OF DIGITOXIN IN PROPRANOLO1. (10 mg/kg) OR 
CLONIDINE-TREATED (0.5 mg/kg) MICE 

Digitoxin Dose 

Category Drug 5 In) t0 In) 21) In) 40 In) 8t) In) 

Conlrol 17 (29) 56 (251 78 (36) 88 (38) 100 (25} 
AG Propranolol 0 (9) 17112} 85(131 92 (25) I00(24) 

Clonidine 10 (21) 35 (2(I) 811 (201 90 (20) 100 120) 

Control 3 28 59 68 92 
TC Propranolol 0 8 54 68 84 

Clonidine l0 [ 0 61) 65 100 

Conlrol 3 24 45 65 92 
LRR Propranolol 0 0 39 40 76 

Clonidine I0 5 55 55 I00 

Control 3 24 39 61) 88 
L Propranolol 0 0 3 [ ~,6 51) 

Clonidine I0 5 5(1 51) I00 

d e v e l o p m e n t  of  toxic i ty  in the t r e m o r  or  convu l s ions ,  loss of  
r ight ing reflex and  the  le thal i ty  ca tegor ies  was readily ob- 
se rvab le  in all i n s t ances  of  the  o ldes t  g roup  w h e n  c o m p a r e d  
to the  230-260 day old group.  The  an imal s  in this  la t ter  g roup  
appea red  to be even  more  res i s t an t  to the toxic effects  of  
digi toxin than  in the  70-140 day old group.  The  d e v e l o p m e n t  
of  the  s y m p t o m s ,  as shown  in Fig. 2, appea red  to be the  
same  across  the age groups .  As can  be seen  in o lder  an imals ,  
the  s y m p t o m s  occu r r ed  more  f r equen t ly  but  did not  occu r  
ear l ier  or  la ter  than  in the  younge r  animals .  Digitoxin was 
s imply  more  toxic in old than  in middle  age or  younge r  
animals .  This  effect  was not  due to heav ie r  body  weight  of  
o lder  an imals  becaus e  the 230-260 day old an imal s  actual ly  
weighed slightly more  and  thus  rece ived  more  net  a m o u n t  of  
digi toxin than  e i the r  the younge r  or  the  o lder  animals .  The  
resul ts  are in a g r e e m e n t  with  o the r  pub l ica t ions  [13, 19, 20, 
23] and ce r ta in ly  are in line with cl inical  obs e r va t i on  that  in 
the aged,  lower  dose  levels  of  digitalis g lycos ides  p roduce  
more  toxic i ty  than  in the  middle  aged or  the young.  

E X P E R I M E N T  3 

A cons ide rab l e  body  of  l i tera ture  exis ts  which  impl ica tes  
the  s y m p a t h e t i c  n e r v o u s  sys t em and  especia l ly  the  ca techol -  
amines  in digitalis toxici ty  [3, 6, 8, 9, 10]. A f requen t ly  
adop ted  r e sea rch  s t ra tegy to d e m o n s t r a t e  this to be the  case  
is to utilize drugs  k n o w n  to in terfere  wi th  ef ferent  adrenerg ic  
func t ion ing  at each  level of  neu rona l  t r ansmiss ion .  For  
example ,  drugs  such as c lonid ine  might  be used to dep res s  
cen t ra l  sympa the t i c  outf low:  gangl ionic  b lockers  to in te r rupt  
t r ansmis s ion  of  sym pa t he t i c  ganglia;  rauwolf ias  to impai r  
p re synap t i c  ac t ion ;  and,  /3-adrenergic b lockers  to affect 
pos t synap t i c  t e rmina l s  [8, 9, 10]. As an exce l len t  rev iew 
conc ludes  [8], it appea r s  that  a var ie ty  of  an t i -adrenerg ic  
pha rmaco log ic  man ipu la t ions  can lead to p ro tec t ion  f rom 
digitalis toxici ty .  

The  pu rpose  of  the  p resen t  e x p e r i m e n t  was  to c o m p a r e  
the  poss ib le  p ro tec t ive  effects  of  a mainly  cent ra l ly  
(c lonidine)  and  a pr imari ly  pe r iphera l ly  (propranolo l )  ac t ing  

TABI~E 4 

E I),,, I~ D:,,, 
Category Age Condition n (mg/kg~ !mg/kg) 

AG 70-140 Control 153 8 
70-141) Clonidinc 101 12 
70-140 Propranolol 84 14 

230-260 Control 6(1 7 
450-601) Control 56 7 

TC 7 0  141) Oontrol 153 18 
70-140 Clonidine I 0l 27 

230-260 Propranolol 84 19 
23(1-260 Control 60 36 
45(F600 ('onlrol 56 16 

1RR 7(~140 Conlrol 15~ ~2 
7(1-140 Chmidinc l(I I 27 
70-140 Propranolol 84 56 

23(t-260 Control 61) ~8 
45(1-600 ('onh-o] "~6 16 

1, 7t)- 140 Control 153 34 
7t)-140 CIonidinc 101 3 I 
70-14(I Propranolo] 84 80 

23(1-260 Control 60 5~ 
450-600 Control 56 16 

an t i adrenerg ic  agents  on behav io r  toxici ty  induced  by di- 
gi toxin.  

METHOD 

Animals 

A total of  189 male.  70-140 day old mice of  the same 
descr ip t ion  as before  were ma in ta ined  as indicated previ-  
ously.  
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FIG. 3. Cumulative percent of animals showing symptoms after various digitoxin doses and treatment 
with propranolol, clonidine and the drug vehicle. 

P r o ( . ( q _ [ l / r (  ~ 

Clonidine hydrochloride (Boehringer lngelheim, Ltd.) 
was dissolved in physiologic saline and injected IP 2 and 24 
hours following an IP injection of either 5, 10, 20, 40 or 80 
mg/kg digitoxin. Propranolol hydrochloride (Ayerst Labora- 
tories Inc.) was dissolved in distilled water and injected SC 3 
and 5 hrs following an IP injection of either 5, 10, 20, 40 or 80 
mg/kg digitoxin. The solutions were made fresh daily and the 
dosages (clonidine, 0.5 mg/kg; propranolol, 10 mg/kg) were 
selected on the basis of a maximal dose level without behav- 

iorally obserwtble effects. The animals were observed as de- 
scribed previously. 

RESULTS AND DISCUSSION 

The results are shown in Table 3. The Table shows the 
percentage of animals exhibiting behavioral symptoms and 
lethality following 5 different dose levels of digitoxin in pro- 
pranolol- or clonidine-treated mice. A complex, but rather 
interesting toxicity pattern of the drug/digitoxin combination 
emerges. At the 5 and 10 mg/kg digitoxin dose levels, both 
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proprano lo l  and  c lonid ine  a t t e n u a t e d  the toxic effects  of  di- 
gi toxin in all four  of  the  m e a s u r e m e n t  ca tegor ies ;  p rop rano-  
Iol appea red  to be more  eff icient  than  c lonidine .  Thus ,  the  
biological  m e c h a n i s m s  under ly ing  d ig i tox in- induced  affected 
gait ,  t r emors  or  convu l s i ons ,  impai red  r ight ing reflex or  let- 
hal i ty might  have  bo th  a cen t ra l  and a per iphera l  sympa the t i c  
c o m p o n e n t .  At  h igher  digi toxin dose  levels  (20, 40 or 80 
mg/kg) ne i the r  of  these  c o m p o u n d s  a t t e n u a t e d  the  occur-  
r ence  of  the  d ig i tox in- induced  affected gait or t r emor s  or  
convu l s ions  wh ich  might  m e a n  that  toxic i ty  in these  behav-  
ior ca tegor ies  does  not  involve  only  adrenerg ic  m e c h a n i s m s .  
A ra the r  s t r iking effect  is, h o w e v e r ,  the cons ide rab l e  effi- 
cacy of  p roprano lo l  but  not  c lonid ine  to a t t enua t e  impai red  
r ight ing reflex and  especia l ly  le thal i ty  induced  by h igher  
doses  (20, 40, 80 mg/kg) of  digi toxin.  A r easonab le  specula-  
t ion c o n c e r n i n g  the  effects  of  the drug c o m b i n a t i o n s  on these  
m e a s u r e m e n t  ca tegor ies  might  be tha t  the  physiologic  mech-  
an i sms  under ly ing  the  r ight ing reflex but  especia l ly  those  of  
digi toxin induced  le thal i ty  in mice involve  per iphera l  
pos t synap t i c  adrenerg ic  r ecep to r s  p robab ly  at the  hear t  tis- 
sue. For  c o m p a r a t i v e  pu rposes ,  Table  4 shows  all EDa.s and 
L D ~ s  f rom the  th ree  expe r i m en t s .  Final ly ,  Fig. 3 shows  that  
if the  d i g i t o x i n q n d u c e d  toxic s y m p t o m s  occur red ,  they de- 
ve loped  app rox ima te ly  at the same  rate  fol lowing in bo th  

c lonid ine  or p ropranolo l  t r ea ted  mice as in the cont ro l  
an imals .  This  obse rva t i on  suggests  that  the  p ro tec t ive  effect  
of  these  c o m p o u n d s  was not s imply due to a p o s t p o n e m e n t  
of  the  toxic effect  of  digi toxin.  

G E N E R A L  D I S C U S S I O N  

In a ser ies  of  expe r imen t s  the  behaviora l ly  toxic effects  of 
digi toxin in young,  middle  aged and old, or  p ropranolo l -  or  
c lon id ine - t r ea ted  mice were  inves t iga ted .  In c lear  a g r e e m e n t  
with  cl inical  obse rva t i ons  [10,23] digi toxin was found to be 
the  mos t  toxic in old fol lowed by young and  middle  aged 
sub jec t s  respec t ive ly .  Dig i tox in ' s  behav io ra l  toxici ty  ap- 
peared  to be media ted  by adrenerg ic  m e c h a n i s m s  involv ing  
bo th  a cen t ra l  sympa the t i c  and a per iphera l  pos t synap t i c  ad- 
renergic  c o m p o n e n t  fol lowing low dosages .  The  m e c h a n i s m  
under ly ing  le thal i ty  induced  by digi toxin appea red  to involve  
per iphera l  pos t synap t i c  adrenerg ic  m e c h a n i s m s ,  p robab ly  at 
the hear t ,  s ince it could  effect ively be a t t enua t ed  fol lowing 
the  admin i s t r a t ion  of  propranolo l .  
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