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MESSIHA, F S Effect of cesium and ethanol on tumor bearing rats PHARMACOL BIOCHEM BEHAV 21: Suppl 1, 
35-40, 1984 --The effect of separate and combined admmistratmn of 15% ethanol and 0 2% CsCI solutmn on life span of 
rats with Novikoff hepatoma Implants was studied as a function of time of mltlaUon of treatment Pretreatment with CsCI 
alone or combined wlth ethanol resulted m earher onset on morbidity compared to the ethanol-treatment or to controls As 
high as 87 5% of Cs-treated animals died 16 days post tumor implantatmn compared to 33% of rats receiving CsCI and 
ethanol combined This protective action of ethanol against Cs-evoked toxicity m tumor-bearing rats persisted through the 
expenment Ammals subjected to drug treatment immedmtely after tumor transplantation displayed delayed onset of 
morbidity compared to drug pretreated rats. In both cases the Cs-treatment enhanced morbidity by approximately 2 folds 
from corresponding controls. Ammals sacnficed 18 days post tumor inoculataon showed an induction of hepatic alcohol 
dehydrogenase and an increase m Vmax without changes m the apparent Km by the Cs-treatment There was an increase m 
liver mltochondnal aldehyde dehydrogenase of hepatoma-beanng rats from tumor-free controls which was associated with 
an increase in the apparent Km value. The results indicate potentmuon of the hepatoma torac~ty by CsCI which may be 
minimized by ethanol. A role for hepatic enzymes determined m the pathogenesls of tumor line studied and/or their use as a 
hiocbemlcal correlate is suggested 
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EXPERIMENTAL ewdence from this laboratory suggests a 
paradoxical relaUonship between cesmm (Cs) salts and 
ethanol (ET). This has been shown by Cs-produced aversion 
to voluntary retake of ET by the rat [10,12] and to Cs- 
medmted decrease m the duration of ET narcosis in mice 
[11]. The observations that CsCI may possess antitumor ac- 
uwty in rodents [3, 7, 13, 15, 19, 23, 29], in man [25] and the 
increased incidence of certain head, neck, liver, lung and 
rectal cancers among alcoholics [9, 20, 21, 24, 28, 30] have 
provided the rational of the present study to evaluate the 
effect of CsCI and ET alone and combined on tumor-bearing 
rats. Moreover, an interactmn between Cs + and ET seems 
likely due to ET-produced membrane flmdity [6] and to Cs ÷ 
evoked intercellular electrolyte changes, i.e., by substituting 
for K + [22], which may then alter the transmembrane poten- 
tial implicated in tumorgenesis [4,5]. 

This study assesses the effect of separate and combined 
admimstratlon of ET and CsCI on rats beanng a tumor hne 
which often displays an enlargement of the liver and 
produces enhanced mitotic activity, ~.e., Nawkoff's 
hepatoma (NH). In additmn, measurements of the hepatic 
enzymes primarily revolved m ET and in acetaldehyde de- 
tOXlficatmns were made due to the implicatmn of hver al- 
dehyde dehydrogenase (L-ALDH) m certmn hepatocar- 
cmogenesis. 

METHOD 

The subjects were Sprague Dawley female rats aged 31 to 
34 days at the beginning of the expenments They were 

housed in groups of 3 and were maintained on purina pellet 
food and water ad lib for a 3 day acclimatization period prior 
to initiation of the expenments.  In the first set of expen- 
ments, the effect of CsCI and ET on life span of NH-bearlng 
rats was studied. Animals were divided into 4 groups of 24 
rats each. They had access to distilled water (controls), 15% 
(w/v) ET, 0.2% CsCI or both combined in identical concen- 
tration as the sole dnnklng fluid for 12 consecutive days prior 
to mterperitoneai (IP) mjection of 1.0 ml of viable cell sus- 
pension of NH [18]. Additional four groups of 6 rats each 
served as drug-controls by receiving identical drug concen- 
tration m their dnnklng fluid ad lib but remained tumor free. 
Animals continued to receive their assigned drinking fluids 
for a 4-week period post inoculation with exception of the 
CsC1 solution which was increased to 0.4% concentration. 
Body weight and fluid consumptions were monitored daily. 
Amounts of Cs retake were expressed as mEq/kg/24 hr 
and both ET and water consumption were given as mg/kg/24 
hr. Mortality score was recorded m cumulative fashion and 
expressed as percent death occumng from the initial number 
used for each treatment group. 

In the second set of experiments, the effect of ET and 
CsCI alone and combined on the life span of NH-bearing rats 
was tested immediately after inoculation with NH. Thirty- 
two female rats were mmntained on distilled water ad lib for 
12 days They were then divided into 4 subgroups of 8 
animals each and were inoculated IP with 1.0 ml NH cell 
suspension and then received either distilled water, 15% ET, 
0.4% CsCI or both of ET and 0.4% CsCI combined through- 
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TABLE 1 

EFFECT OF SEPARATE AND COMBINED CESIUM CHLORIDE AND ETHANOL ON THE RAT BODY WEIGHT PRIOR TO AND 
AFTER INOCULATION WITH NOVIKOFF'S HEPATOMA 

Treatment Inoculation 

Days of Drug Pretreatment Days Post Inoculauon 

Imtml 7 12 7 15 

None 1 0 5 4 -  25 1 4 3 8 -  6 1 1804 +_ 65 2130 ± 30 235 1 ± 5 1 
Controls Inoculation 106 1 _+ 26 1557-+ 3 1 1686_+ 54 2075_+ 43 2282 ± 65 

None 111 1 _+ 38 1170_+ 45 1417-+ 57 158.6-+ 50 1936 +- 24 
Ethanol Inoculation 1085-+ 29 1244-+ 38 1482_+ 39 1885_+ 40 2008___ 78 

None 1115_+34 1487_+37 1736_+46 1171_+229 1222_ + 159 
CsCI Inoculation 109 3 -+ 3 3 153 3 _+ 3 5 144 7 _+ 4 8 151 0 _+ 6 5 No Survivals 

Ethanol None 1084-+ 40 1095 _+ 5 1 1160_+ 74 1680_+ 93 1626_+ 10 1 
+ Inoculation 1076_+ 34 1162_+ 50 1343_+ 39 1362_+ 85 1298-+ 97 

CsCI 

Animals were 34 days old mltmlly and received the drugs dissolved m dlstdled water ad hb The CsCI solution was 0 2% 
and 0 4% for the pre- and post-inoculation period, respectively The ethanol solution remained at 15% (w/v) throughout the 
study Values are means _+ SE of mean bodywe,ght of the m,tml 24 rats for each treatment group Number of ammals 
vaned dunng post moculat,on period due to death occurrance 

out a subsequent 32 day observation period. Mortality score 
was recorded as mentioned above. 

In the third set of  experiments, the effect of  short-term 
intake of 15% ET, 0.2% CsCI alone and combined on rat liver 
alcohol dehydrogenase (L-ADH) and L-ALDH was studied 
as a function of  pair feeding and of NH inoculation. Twenty- 
four female rats were divided into 4 groups of  6 animals each 
who received either distilled water, 15% ET, 0.2% CsCI or 
both combined as the sole drinking fluid for 12 consecutive 
days prior to their sacrifice for the enzymatic determina- 
tions The animals were pair-fed against the water controls 
In addition, 48 female rats of  comparable age were divided 
Into four groups of 12 animals each which were similarly 
treated for 12 consecutive days with identical drug levels 
made available in their dnnking fluid. Thereafter, 6 rats of 
each group were inoculated with 1 0 rrd of NH cell suspen- 
sion and the remainder were injected saline and remained 
tumor-free throughout the experiment. The drug regimens 
were continued for a subsequent 18 days before the animals 
were sacrificed Animals were killed by decapitation and the 
livers were quickly removed, weighed and individually 
homogenized m KCI buffer prior to the subcellular fraction- 
atlon [14] of  the mitochondnal (MT) and the cytoplasmic 
(CT) fractions which were used as the source for the L-ADH 
[2] and the L -ALDH [1] determinations. Protein measure- 
ments were made according to the bmret assay and the 
enzymatic activity was expressed as specific activity, 
nMol/mm/mg protein, measured at 30°C The Lineweaver 
and Burk method [8] was utlhzed for the estimation of  the 
maximal velocity of  the reaction (Vmax) and the Michales- 
Menten constant (Kin). 

RESULTS 

Table 1 lists changes In body weight of  female rats treated 
with either CsCI or ET alone or both combined as a function 
of  Inoculation with viable cell suspension of  NH There was 
an increase in body weight of  water controls in the range 
between 60 g and 75 g compared to 30 g to 40 g weight gain of  

ET-treated rats (p<0.02) for the initial 12 days preceding NH 
implantation. Little change m body weight occurred by the 
Cs-treatment for the same period Conversely, rats receiving 
ET and CsCI concomitantly showed as little as 8 g to 25 g 
gain in body weight for the mltia112 day period (p<0 02) No 
change was noted in the body weight of  animals maintained 
on water or on ET for 15 days subsequent tumor inoculation 
compared to corresponding tumor-free controls This is con- 
trasted with a massive loss in weight gain of  Cs-treated rats 
after tumor implantation which was also evident by the con- 
current administration of  ET with CsCI. 

Figure 1 illustrates the amounts of  Cs ÷, mEq/kg/24 hr, and 
ET intake, mg/kg/14 hr, consumed when were administered 
alone or combined. The upper panel of  Fig I shows low Cs ÷ 
consumption when CsC1 was coadminlstered with ET than 
when it was given in water for the 12 days before and shortly 
after inoculation with NH until the death of  the Cs-treated 
animals. A decrease in water intake occurred subsequent 
tumor transplantation from the preceding tumor-free period 
The lower panel of Fig. 1 demonstrates the animal's self- 
titration of  daily ET consumption when administered alone 
or combined with CsCI which tended to increase in animals 
receiving drug combination 

Figure 2 illustrates mortality score produced by NH of 
rats treated with 15% ET or CsC1 alone or combined for 12 
days prior to (upper panel) or lmmedlately after tumor 
transplantation (lower panel) A sluft in mortality curve to 
the left was noted in rats treated with Cs alone or combined 
with ET from water controls. This is demonstrated by a 
12 5% initial death of  Cs-treated rats occumng only 3 days 
post ihoculation compared to 4% recorded for the water con- 
trois and the ET drinking rats 5 days later. The upper panel 
of  Fig. 1 also shows that 87 5% of Cs-pretreated animals 
were dead 16 days post tumor transplantation compared to 
67% of Cs plus ET consuming animals and 33% of the controls 
This ET-medlated prolongation of llfe expectancy in the 
presence of  Cs was evident at the end of the 24 day observa- 
tion period as shown by a similar morbidity score of  42% for 
water control and ET drinking rats compared to 88% and 
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FIG. 1 Daily drug consumptmn prior to and post moculatlon with Novlkoff hepatoma by female rats 
as a functmn of ume. Rats, 24 animals per group, recewed either distilled water (H20---control), 0 2% 
CsCI solution (CsCI/H20), 15% ethanol (ET/H20) or same concentraUon of CsCl dissolved m 15% 
ethanol (CsCI/ET) as the only dnnkmg fired ad hb Drug concentratmn was expressed as mg/kg/24 hr 
and mEq/kg/24 hr for ET and Cs +, respectwely Water consumptmn was also expressed as mg/kg/24 
hr The arrows indicate time of tumor transplantatmn The Cs-treated rats (CsCI/H20) reached mardmal 
mortality at the time shown In the upper panel and no adequate number of survivals was avmlable for 
determination of the mean -+SE of the mean 

75% death in Cs and Cs plus ET treated rats, respectively. 
This shift in morbidity score by the Cs treatment was not 
evident when drug treatment began immediately after tumor 
inoculation (Fig. 2, lower panel) The use of a 0.4% CsCI as the 
drinking fired resulted m 100% death of animals 20 days post 
inoculation with NH while a 50% morbidity occurred when 
identical CsCI concentratmn was coadmmlstered with 15% 
ET which was similar to that determined for the ET and 
water dnnking rats. 

Table 2 lists specific actiwtles of hepatic ADH and ALDH 
of rats recewing Identical CsCI and ET treatment to those 
used preceding moculatmn with NH. Specific activities of 
L-ADH and L-ALDH did not differ among treatment groups 
studied when they were pmr-fed. Intake of CsCI dissolved in 
water or m 15% ET solutmn by rats not pair-fed moderately 
decreased L-ADH. However, this L-ADH inhibitmn was not 
statistically sxgnificant from water controls. This decrease of 
L-ADH was more apparent when compared to pmr-fed rats 
treated with CsCI alone (p<0.02) or with ET combined 
(p<0.01). 

Table 3 summarizes the effect of NH on specific activities 
of L-ADH and L-ALDH and their kineUcs as a function of 
the Cs-treatment. The NH-beanng rats showed a 61% induc- 
tion of endogenous L-ADH by the Cs-treatment from corre- 
sponding controls. This was associated with a marked nse in 

Vmax without a concomitant change in the apparent Km. 
Hepatic CT and MT-ALDH were not altered by CsCI with 
exception of an increase in Km of L-MT-ALDH of NH- 
beanng rats from non-inoculated controls. 

DISCUSSION 

Animals treated with 0.2% CsC1 or 15% ET for 12 con- 
secutive days showed little or marked decrease in weight 
gain from water controls, respectively. However, this ET- 
mediated adverse reaction was not manifested in mortality 
score in NH-bearing rats since both the ET treatment and 
water controls scored identical on both initial and final mor- 
tality scores. This is contrasted with a marked reduction in 
animals growth by the CsCI and ET combination for the 
same 12 day period. This can not account for the amounts of 
Cs + intake since the rats consumed less Cs + when coad- 
ministered with ET than when it was given alone for the 
miUal 12 days. It seems hkely that the addition of CsCI to ET 
drinking regimen potentiated the ET-effect on body weight in 
general, i.e., by intefferring in carbohydrate metabolism, 
and enhancement of ET "negative" calorms by Cs +. How- 
ever, prolonged treatment with CsC1 reduced body weight 
more than the ET treatment. For example, a 48% and 18% 
decrease m body weight was noted by Cs and ET in non- 
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FIG 2 Effect of separate and combined admlnistratmn of CsCI and 
15% ethanol on hfe span of NowkoWs hepatoma beanng rats The 
upper panel shows morbidity score of rats receiving drug treatment 
for 12 consecutive days prior to tumor transplantation winch was 
continued for a subsequent 32 day observation period Four groups of 
animals each consisting of 24 female rats recewed either 0 2% CsCl 
dissolved In water, 15% (w/v) ethanol (ET) soluaon or same concen- 
tration of CsCl dissolved in the 15% ethanol (CsCl + ET) or dlstdled 
water (H20-controls) as the sole dnnking fired The lower panel 
shows cumulatwe morbidity score as a function of time m female 
rats receiving identical treatment as above, with exception of the use 
of a 0.4% CsCl solution, winch began lmmedmtely after Novlkoff's 
hepatoma transplantation The morbl&ty score is expressed as per- 
cent death of ammals from mttlal number used 

inocu la ted  an imals ,  r e spec t ive ly  This  may  be  due to tmsue 
a c c u m u l a t i o n  o f  Cs  + as  a func t ion  of  p ro longed  t r e a t m e n t  
and /o r  m a y  be  re la ted  to the  rou te  of  CsC1 admlms t r a t Ion  
s ince  IP  re jec t ion of  la rger  dai ly dosage  of  CsCI, 1.0 mEq/kg ,  
for  as long as 40 days  did  no t  adver se ly  affect  body  weight  
[27]. This  IS c o m p a r e d  to the  p r e sen t  resul t s  ob t a ined  wi th  a 
smal le r  dai ly in take  o f C s  + b e t w e e n  0 5 and  0 6 m E q / k g  for  a 
27 day  pe r iod  pos t  inocu la t ion  wi th  N H .  

A v e h i c l e - d e p e n d e n t  drug c o n s u m p t i o n  was  no t ed  before  
and  a f te r  t u m o r  implan ta t ion  Fo r  example ,  du r ing  p r e m o c u -  
la t lon  per iod  a r educ t ion  in Cs + c o n s u m p t i o n  o c c u r r e d  w h e n  
~t was  d~ssolved m ET than  m wa te r  This  is c o m p a r e d  to 
equa l  c o n s u m p t i o n  of  ET m the  p r e s e n c e  and  m the  absence  
o f  CsCI lmtlal ly wh ich  t e n d e d  to inc rease  for  the  p o s t - t u m o r  
t r a n s p l a n t a t i o n  per iod  for  the  ET solu t ion  c o n t a i n e d  CsCI 
Th i s  may  a c c o u n t  to  Cs + a n t a g o m s m  to some of  E T - e v o k e d  
r e s p o n s e s  [10-12, 16] resu l t ing  m more  ET c o n s u m p t i o n  to 
pe rce ive  same ET e v o k e d  r e s p o n s e s  

The  mor ta l i ty  score o f  the p re sen t  s tudy  shows  tha t  Cs- 
t r e a t m e n t  marked ly  e n h a n c e d  N H  tox~oty  as d e m o n s t r a t e d  
by  e a r h e r  d e a t h  of  an imals  p re t r ea t ed  wi th  0 2% CsC1 regard-  
less of  the  vehic le  be ing  used.  M o r e o v e r ,  antrnals  rece iv ing  
the  h igher  0 4% CsCI solut ion s u b s e q u e n t  to  the  N H -  
t r an sp l an t a t i on  showed  a de lay  m onse t  t~me of  dea th  f rom 
rats  p r e t r ea t ed  wi th  0 2% CsCI before  inocu la t ion  wi th  same 
t u m o r  This  also s t rongly  suggests  of  Cs -med la t ed  toXlclty in 
c o n j u n c t i o n  wi th  N H  which  ~s c o n s i s t e n t  w~th the  o b s e r v e d  
r educ t ion  o f  the  hfe span of  N H - b e a r l n g  rats  f rom corre-  
spond ing  con t ro l  by CsCI T h e s e  resu l t s  suggest  tha t  Cs + 
was  not  on ly  an  lnef fec twe  agen t  m the  t u m o r  s tudied,  bu t  
a lso exe r t ed  addi t ive  toxic i ty  Accord ing ly ,  the  need  for  
m o r e  inves t iga t ions  re la ted  to ant=tumor eff icacy of  Cs-sa l ts  
and  to C s - t u m o r  toxic  in te rac t ion  ~s indica ted  

In this  s tudy,  ET c o n s u m p t i o n  did not  a l te r  m o r t a h t y  of  
N H - b e a r m g  ra ts  f rom con t ro l s  H o w e v e r ,  it appea r s  tha t  ET  
may  have  exe r t ed  some p ro tec t ive  acUon aga ins t  the  Cs tox- 
icity w h e n  c o a d m m l s t e r e d  wRth CsCI lmmedmte ly  af ter  in- 
ocu la t ion  This  may  a c c o u n t  to  ET- ln t e r f e rence  m Cs ab- 
so rb t lon  and /o r  to C s - p r o d u c e d  e n h a n c e m e n t  o f  ET pene t ra -  

T A B L E  2 

EFFECT OF SEPARATE AND COMBINED SHORT-TERM ADMINISTRATION OF ETHANOL AND CSCI ON SPECIFIC 
ACTIVITIES OF ENDOGENOUS HEPATIC ALCOHOL DEHYDROGENASE (L-ADH) AND ALDEHYDE 

DEHYDROGENASE (L-ALDH) AS A FUNCTION OF PAIR FEEDING 

Pair-Fed Non Pair Fed 

Treatment L-ADH L-CT-ALDH L-ADH L-CT-ADLH L-MT-ALDH 

Controls 110-+ 15 1 8 4 _ + 0 5  1 0 6 _ + 0 7  167_~ 0 9  171 _+ 0 8  
15% Ethanol 1 0 3 _ + 0 8  181 -+ 1 4  102_+ 0 8  165_+ 1 3  165_+ 1 8  
0 2 % C s C I  136+_-06 210+-  16  9 0 + 0 7  161 _+ 14  189_+ 16 
15% Ethanol 

+ 1 2 9 _  + 10  211 _+06 8 4 _ + 0 6  164_+ 16 178_+ 19 
0 2% CsCI 

Each value represents the mean of 6 independent determinations -+ SE of the mean of speofic actw~ty of 
(nMol/mm/mg protein) of hepatic ADH and ALDH m mltochondnal (MT) and cytoplasmic (CT) fractions Drinking 
fired consisted of either distilled water, 0 2% CsCl, 15% ethanol or both 15% ethanol and CsCI combined ad hb for 12 
consecutive days 
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TABLE 3 
KINETIC DATA FOR LIVER ALCOHOL DEHYDROGENASE (L-ADH) AND ALDEHYDE DEHYDROGENASE (L-ALDH) AS A FUNCTION OF 

ADMINISTRATION OF 0 2% SOLUTION OF NOVIKOFF HEPATOMA (NH) BEARING RATS 

Treatment 

L-ADH L-CT-ALDH L-MT-ALDH 

Spec. Actlv V,,, K, Spec. Actlv V,,, K, Spec Actlv. V,,,., K, 

Controls 
(non-inoculated) 

Controls 
(inoculated with NH) 

CsCl 
(maculated with NH) 

1732 14 174 007 2222 17 22 6 0 33 347* 19 58.9 6.04 

13.7 f 12 15 1 0 11 253+-19 249 051 35 5 r 2.3 700 8 32 

22 1 -c 1 o* 250 009 239?23 250 040 350228 65 0 9 26 

Animals had access to dlstdled water (control), 0 2% CsCl as the only drmkmg fluid available for 12 and 18 days pre- and post-moculatlon 
with viable Novlkoff hepatoma cell suspension, respectively Specific activity (Spec Act ) denved from 5 independent determmatlons. The 
kmetlcs were determined by the Lmeweaver and Burk method and represent the mean of 3 estimation for V,,, and K, values (mMo1) 

*p <o 05 

tlon mto tissue which may produce certam protective action 
as reported for certam types of cancers [17,261. Conversely, 
ET may have facditated Cs-penetration mto the tumor tissue 
resultmg m changes of pH reqmred for tumor progresslon 
and development 

The enzymatic part of this study shows that separate or 
combined admmlstratlon of CsCl and ET for 12 days 
produced little changes m endogenous hepatlc ADH and 
ALDH m both pair-fed and of non pan--fed rats. However, 
the latter group showed a decrease m specific activity of 
L-ADH m animals recelvmg CsCl alone or combmed with 

ET compared to correspondmg par-fed rats. This may re- 
flect a hepatotoxlclty of Cs+ under the expenmental condl- 
tlons used Moreover, the kmetlcs of this study also indicate 
the susceptlbihty of L-ADH to hepatoma cell line used as 
demonstrated by a reduction of L-ADH m NH-bearmg rats 
compared to controls. However, the Cs-treatment of NH- 
bearmg rats was associated with mductlon of L-ADH from 
controls and of an increase m V,,, but without a concomit- 
ant change m the apparent K,. This may be related to Cs- 
mediated increase m protein synthesis without altering the 
K, property of the enzyme. 
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