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Abstract The relative sensitivity of rat tissue catalase to inhibmon by mtraperltoneally administered 
cyanamide was liver > kidney > heart > brain, whereas the activity of the erythrocyte enzyme was 
affected minimally The measured EDs0 values for cyanamide in these tissues were 31, 44, 107 and 
680 #moles/kg body weight for liver, kidney, heart and brain respectively On a molar basis, cyanamlde 
was approximately twenty times more potent than 3-amlno-l,2,4-trlazole (3-AT) in inhibiting hepatic 
catalase in vtvo in the rat Like 3-AT, cyanamide inhibited erythrocyte catalase activity in wtro in the 
presence of hydrogen peroxide The apparent similarities between the inhibltmn of hepatic catalase by 
cyanamlde and 3-AT m v w o  suggest that eyanamlde belongs to the family of 3-AT-hke catalase 
lnhlbitors. 

Cyanamide, an alcohol deterrent agent§, is metab- 
olized via two distinctly different pathways. The 
primary route which represents a detoxicatlon/elim- 
inatlon pathway is catalyzed by an acetyl-S-CoA 
dependent N-acetyltransferase yielding acetyl- 
cyanamide, the major unnary metabohte of cyana- 
mide [1]. The second, but minor, pathway Is an 
actlvatmn process catalyzed by catalase [2--4]; how- 
ever, the products of this latter reaction remain to 
be identified. Nevertheless, it is clear that one of 
these reaction products is a potent inhibstor of alde- 
hyde dehydrogenase (AIDHll), and this activated 
metabohte of cyanamlde accounts for the inhibition 
of A1DH by cyanamide m o t v o  

In the bioactivation of cyanamlde by catalase, 
catalase itself is inhibited [2, 3]. This report describes 
the inhibmon of catalase activity in rat liver, kidney, 
heart, brain and erythrocytes by cyanamide admin- 
istered m v t v o  and the time course for the recovery 
of catalase activity m these tissues The similarity 
between the in v t v o  inhibition of catalase by cyana- 
mlde and by 3-amino-l,2,4-triazole O-AT) ,  the clas- 
sic m o t v o  mhibltor of catalase, is discussed. 

M A T E R I A L S  AND METHODS 

Mater ia ls .  Glucose oxidase and cyanamlde were 
purchased from the Sigma Chemical Co. (St. Louis, 
MO) The latter was prepared using isotonic saline 
as vehicle in dosage forms such that 1 0 ml of the 

t Address correspondence to Eugene G. DeMaster, 
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§ Temposll, Dlpsan, Abstem 
II Abbreviations AIDH, aldehyde dehydrogenase, 3- 

AT, 3-amino-l,2,4-triazole, EDs0, dose of drug which pro- 
duces 50% of maximal effective response 

inJection solution was administered per 100g rat 
body weight Male rats of Sprague-Dawley descent 
were obtained from the BloLab Corp. (St. Paul, 
MN) and maintained on a standard rat chow diet 
(Purina Ralston Co , St. Louis, MO) and water ad  

hb .  until used. Reagents for protein determinations 
were purchased from the Pierce Chemical Co. 
(Rockford, IL). 

In vivo s tud ies  The animals (weighing 269 --+ 6 g) 
were fasted overnight before use. Cyanamlde was 
administered intrapentoneally, and the rats were 
killed by exsangulnatlon under ether anesthesia 1 hr 
later. Approximately 1.0ml of whole blood was 
taken by open chest cardiac puncture for catalase 
measurement, after which the organs were perfused 
,n st tu by whole body perfusIon using 300-500 ml of 
hepanmzed (1000 units/l) isotomc saline [5]. The 
saline solution was infused into the left ventricle, and 
a small Incision was made m the right ventricle for 
the effluent. Perfusion was continued until the kid- 
neys were visibly cleared of erythrocytes The brain, 
liver, kidney and heart were excised, and 10% homo- 
genates of brain, kidney and heart were prepared 
with 0.1% Triton X-100 m 10 mM potassium phos- 
phate buffer, pH 7.0 The liver homogenate (25%) 
was prepared with 0 25 M sucrose--0.1 mM EDTA, 
pH 7 5. All homogenates were stored at 0 ° and were 
assayed for catalase activity the same day 

Tissue catalase actwlty was measured using a Yel- 
low Springs Oxygen Monitor equipped with a Clark 
style oxygen electrode essentxally as previously 
described [2]. The reaction cell was temperature 
controlled and maintained at 25 °. A 0 01 mM pot- 
asslum phosphate buffer, pH 7 0, (1.7 ml) was de- 
oxygenated m the reactmn cell with a stream of N 2 
Hydrogen peroxide (7 6 ~moles m 10/~1) was added 
to the deoxygenated buffer at zero time, and the 
base hne 02 formation rate was recorded Then at 
1 min, a 25-/A aliquot of diluted (or of undduted for 
brain) tissue homogenate was added The difference 
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between the rate of 02 formation before and after 
the addition of  tissue homogena te  was taken as the 
actual reaction rate. For  analysis, the heart,  kidney 
and liver homogenates  were diluted 5-, 100- and 500- 
fold, respecnvely,  with 0.1% Tri ton X-100 m 10 mM 
potassmm phosphate  buffer,  pH  7 0, while the blood 
was diluted 500-fold with 10 mM potassium phos- 
phate buffer,  pH 7 0 The dilutions were made 
~mmedmtely before  analysis Tissue catalase actlwty 
is expressed in units of (a) nmoles 02 formed per 
mm per  gg protein and (b) mmoles  02  formed per 
mm per  g wet weight tissue. Erythrocyte  catalase 
activity ~s expressed an units of nmoles O2 formed per 
rain per gg hemoglobin  H e m o g l o b m  was measured 
spec t rophotometnca l ly  using Drapkm's  reagent.  
Protein was de termined  usmg the blcinchonimc acid 
reagent  with bovine serum albumin as the standard 
[61 

In wtro s t u d y  The lnhibmon of erythrocyte cata- 
lase by cyanamide was determined by a sequential  
procedure  as follows The primary reaction cell con- 
tamed 20/~1 hepar imzed whole rat blood (3 3 mg 
hemoglobin) ,  2.0 units glucose oxidase, 10 m M  glu- 
cose, 1 . 0 m M  cyanamlde,  and 1 0 m M  potassium 
phosphate  buffer,  pH 7.0, m a final volume of 1 0 ml. 
The primary reactmn was i n i t i a t ed  by the ad&tmn 
of whole blood and the mixture was incubated for 
20 man at 25 °. A 5-~tl aliquot of the primary mix was 
removed  and immediate ly  added to the secondary 
reaction mix contained in a tempera ture-contro l led  
reaction cell. and the rate of 02  formataon was rec- 
orded The details for measuring catalase activity 
were as described above There  was no loss of  eryth- 
rocyte catalase activity during the 20-ram incubation 
of the control primary mix (see Table  3) 

D o s e - r e s p o n s e  c u r v e s  The equat ions for the 
hyperbolic plots of measured tissue catalase activny 
versus cyanamlde dose were solved by an t teratwe 
least squares method  [7]. The  actual curves gwen 
for response vs log dose (Fig 1) represent  these 
soluuons 

Staus t t ca l  analys ts .  The results are expressed as 
mean -+ S E M The analyses of variance were deter- 

mined using Student 's  t-test. P values of <0  05 were 
accepted as significant 

RESULTS 

The catalase activities in homogenates  of whole 
liver, kidney, heart  and brain and in erythrocyte 
lysates from control animals are shown in Table  1 
The relative order  of  activities for these tissues were 
liver > kidney > erythrocyte > heart  > brain, based 
on catalase activity per g wet weight tissue, or for 
erythrocytes,  activity per ml whole blood. 

The potency of cyanamlde as an in v t v o  inhibitor 
of catalase was evaluated using dose- response  curves 
(Fig 1), and the EDs0 values for cyanamlde were 
calculated (Table 2) Of  the tissues examined,  hep- 
atic catalase was the most sensitive to Inhibition by 
cyanamlde,  whereas  erythrocyte catalase was the 
least inhlbned,  vlz 14%, inhibition at the highest 
cyanamide dose 

The nine course for the recovery of catalase 
acuwty in these same tissues was determined using 
a cyanamide dose of 310/~moles/kg (Fig. 2) Maxi- 
mum inhlbmon occurred within 1 hr of cyanamade 
admmlstrat lon and catalase actw~ty returned to 
within 60% of control values by 24 hr post cyanamide 
treatment .  The degree of inhibition achmved for 
each respecnve nssue reflected its ED50 for cyana- 
mlde. Again,  erythrocyte catalase activity was mini- 
mally affected by cyanamlde 

It has been repor ted  that erythrocyte catalase is 
also lnsensttive to inhibition by 3 -AT m v t v o  [8] but 
rs inhibited by 3 -AT m vi t ro  [9, 10] Since the failure 
of 3-AT to inhibit erythroeyte catalase activity m 
v w o  has been at t r ibuted to a lack of hydrogen per- 
oxide m the clrculatmn [9], the abflny of cyanamlde 
to inhibit rat erythrocyte catalase m vitro was also 
studied with and without added hydrogen peroxide 
(Table 3) Cyanamlde,  in the presence of a hydrogen 
peroxide source, significantly inhibited erythrocyte 
catalase, however ,  when the hydrogen peroxide 
source was omit ted from the incubation, mhibmon  
was not observed 

Table 1 Normal levels of catalase acnwty present m o w o  m liver, Mdney. heart, brain and 
whole blood of the rat 

Catalase acttvny 

mmoles O2 formed/mm nmoles O: formed/mm 
Relauve 

Tissue g wet wmght tissue ~g protein activity* 

Lwer 145 ± 1 1 85 8 ± 5  6 1 () 
Kidney 3 8 2 ± 0 4 1  3 1 9 ± 2 9  026 
Heartt 0 2 4 ± 0 0 2  8 1 ± 0 7  0016 
Brain 0 047 ± 0 004 0 48 ± 0 06 0 0032 
Blood:~ 2 82 _+ 0 12 17 6 -+ 0 5 0 19 

Data (N = 6) represent ussue catalase actwmes for control ammals from the experiment 
shown in Fig 1 

* Tissue catalase acnvmes from the first data column were normalized against the hver 
value which was set at 1 

t The protein fracnons were centrifuged to remove fibrous matter before assaying for 
prote,n 

Catalase units for the first and second columns are mmoles O: formed/mm/ml whole 
blood and nmoles 02 formed/mm/,ug hemoglobin respectpmb 



J 
0 
n.~ 

Z 
0 
(D 

LL 
0 

Z 
hl 
0 
rr 
hl 
rl 

100 

80 

60 

40 

20 

C vanamlde inhibition of catalase 

(a) T 
~ | ERYTHROCYTE 

i",,,, 1\\ 
',,~ \ 

"l 

, \ 

LtVE R ~/"",~ \ ~  { 

I I0 I00 I000 

CYANAMIDE DOSE (umol/kg) 

J 
0 

Z 
0 
0 

I, 
0 

Z 
Ud 

Q~ 

W 

"" BRAIN 
8o F J- 1 1,, 

,< 
~ X 

40 ~\ 
KIDNEY x\ 

\ 

20 { "\,, 
N 

\ 

0 I i t _ _ J  

t I0  100  I 0 0 0  

CYANAMIDE DOSE (~mol/kg) 

Fig 1 Log dose vs response curves for the m v t v o  inhibition by cyanamide of catalase in rat liver, heart, 
erythrocyte (left panel), kidney and brain (right panel) Each animal received cyanamlde (1 p ) or 
isotonic saline (control) 1 hr before being killed Each data point represents the mean -+ S E for a 
minimum of four animals. The tissue catalase activity plotted as percent of control was calculated from 
the data In units of nmoles O2 formed/mln per/~g protein or nmoles 02 formed/min per gg hemoglobin 
for the erythrocyte enzyme Normal values for the sahne-treated controls are presented in Table 1 
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D I S C U S S I O N  

The effect of cyanamide on catalase actw~ty based 
on the ED50 values for the different rat tissues (Table 
2) in&cates a differential pattern of inhibition. With 
the exception of the erythrocyte enzyme, the relative 
potency of cyanam~de among the tissues examined 
followed the same order as the relative tissue catalase 
activity, Le. liver > kidney > heart > brain. A 
possible explanation for this vanable pattern of inhi- 
bition is the formation of a cyanamlde-denved inhibi- 
tory product. Thus, the liver with high catalase 
actwity could produce higher steady-state mtra- 
cellular concentrations of active inhibitor than, for 
example, the brain. Alternatively, the relative sen- 
sitlvity of the respective tissue catalases to cyanamlde 
may simply reflect tissue hydrogen peromde levels 
with no mechamstlc implications. 

Table 2 EDs0 values for the cyanamlde Inhibition of catalase 
activity for various rat tissues 

EDs0 for Cyanamlde* Relative 
Tissue (mmole/kg, l p ) potency+ 

Liver 0 031 1 0 
Kidney 0 044 0 70 
Heart 0 107 0 29 
Brain 0 68 0 046 
Blood >1 0 <0 031 

*EDs0 Values were calculated from the data shown in the 
dose-response curves of Fig 1, as described in Materials 
and Methods 

+ Reciprocals of the ED50 values were normalized against 
the liver value, which was set at 1 

Erythro'cyte catalase was inhibited by cyanamlde 
m v i t r o  (Table 3), but not m v t v o  (Figs 1 and 2). 
This difference between the tn  v i t r o  and tn  o t v o  

results is similar to that reported for 3-AT [10, 11]. 
A low concentration of hydrogen peroxide m the 
erythrocytes is believed to be the basis for lack of 
inhibition by 3-AT m v t v o  [9], and this may also 
account for our findings with cyanamide. 

Cyanamlde is significantly more potent than 3- 
AT in inhibiting hepatic catalase tn  v t v o .  To our 

- knowledge, the ED50 for the lnhibmon of hepatic 
catalase by 3-AT has not been reported for the rat, 
however, an EDs0 of 4.0 mmoles/kg, i.p , has been 
reported for the mouse [8], and has been estimated 
to be 0 6 mmole/kg for the rat [12] These values can 
be compared to 0.031 mmole/kg for cyanamide that 
we found for the rat (Table 2) The standard dose of 
3-AT generally used for m VlVO studies is 
l l .9mmoles /kg  (or 1 g/kg) 1.p, whereas a com- 
parable degree of inhibition was achieved using a 
0.31 mmole/kg dose of cyanamlde similarly admin- 
istered i.p. Using the above doses, maximal inhi- 
bition of tissue catalase by cyanam~de occurred 
within 1 hr (Fig 2), whereas 2-3 hr were required for 
3-AT [13] However, the recovery rates for hepatic 
catalase activity following maximal inhibition by 
cyanamlde or 3-AT were similar (Fig. 2 and Ref. 
14). 

3-AT belongs to a family of catalase inhlbators that 
are believed to share a common mechanism of action 
[8, 15] It is possible that cyanamlde also meets the 
minimum structural requirements for these 3-AT- 
hke catalase lnhibltors, as described by Margohash 
et  a l .  [15]. Evidence supporting this close similarity 
between cyanamlde and 3-AT include: (a) blockade 
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F~g 2 Time course for the recovery of catalase activity in rat liver, heart, erythrocyte (top panel), 
kidney and brain (bottom panel) following a single dose of cyanamide The animals were fasted 16 hr 
before use Each animal received an acute dose of cyanamide (0 31 mmole/kg body weight, i p ) or 
sahne and was killed at the times indicated At 8 hr following cyanamlde treatment, the remaining 
animals were refed Catalase activities, expressed as percent of control, were calculated from the original 
data m units of mmoles 02 formed/min per g wet weight tissue or nmoles O2 formed/mtn per ~g 
hemoglobin for the erythrocyte enzyme Control and test animals (N = 4) were killed at each time 

period, except for 3, 6 and 12 hr (N = 2) where control values were pooled 

of the i r  inh ib i to ry  effects on  hepa t ic  catalase by 
e thano l  m v t o o  [9, 16, 17]; (b) inhib i t ion  of eryth-  
rocyte cata lase  in v i t r o ,  but  no t  in v m o  (Fig. 1 and  
Refs.  8 and  18); (c) a s imilar  r e q u i r e m e n t  for hydro-  
gen perox ide  in the inh ib i t ion  of catalase m v i t r o  

(Table  3 and  Refs  9 and  18); and  (d) b inding  of b o t h  
14C-labeled 3 -AT and  14C-labeled cyanamide  to the  
a p o p r o t e m  and  not  to the  h e m e  pros the t ic  group of 
cata lase  [15, 19] 

The  precise molecu la r  m e c h a m s m  for the  lnhl- 
Nt lon  of cata lase  by cyanamlde  is not  known 

A l t h o u g h  3 -AT Is k n o w n  to modify His-74 of the 
catalase apopro t e in  [20], a deta i led  m e c h a m s m  for 
this m h i b m o n  has not  been  descr ibed The re  is, 
however ,  one  significant d i f ference be tween  cyana- 
rnide and  3-AT,  namely ,  the  b loac t iva t lon  of cyana-  
mide by catalase results  in the  inhib i t ion  of hepat ic  
A1DH in v u , o  [3], while the b ioact lva t ion  of 3 -AT 
does not  [2] Studies  are in progress  to elucidate 
the  re la t ionship  be tween  cyanamlde  inhibi t ion  of 
catalase and  the  ca ta lase -media ted  inhibi t ion  of 
A I D H  by cyanamlde  
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Table 3 Inhibition of rat erythrocyte catalase by cyanamlde 
in ollro 

Erythrocyte 
Cyanamlde catalase activlty~" P 
(1 0 mM) H202" (% of control) value 

- + 100.0--_3 1 
+ + 19.2 -+ 0 8 0 001 
+ - 95 6 - 1 3 NS~t 

Expenmental detads were as described under Materials 
and Methods 

* Glucose oxldase (2 0 units) and 10 mM glucose were 
used as the source of H202. 

t Erythrocyte catalase activity corresponding to 100% of 
control was 16.6 -+ 0 5 nmoles O2/mln/#g hemoglobin 

:~ Not s~gnlficant 
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