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KFFECTS OF AMITRAZ ON THE ARTERIAL BLOOD PRESSURE AND BODY RECTAL 
TEMPERATURE OF CONSCIOUS RATS*

EFEITOS DO AM ITRAZ SO BRE A PRESSÃO  ARTERIAL E  A TEM PERATURA RETAL D E RA TOS 

Jorge Camilo FLÓ RIO 1; M ichiko SAKATK-; João PALKRMO NK'I'O-'

SUMMARY

The present study examined the effects of acute amitraz (100.0 mg/kg) administration on arterial blood pressure and body rec
tal temperature of male Wistar rats. Amitraz decreased arterial blood pressure and also produced hypothermia. Tyramine 
(100.0 mg/kg) administration induced a significant (p < 0.05) increase in the pressure of the rats dosed with the pesticide, but 
did not change the arterial blood pressure of the rats in the control group. Half of the rats given amitraz plus tyramine, but not 
the control solution plus tyramine died 3 to 10 hr after the drug administration. The indicative signs of intoxication included 
sedation, motor incoordination and coma. Yohimbine (10.0 mg/kg) did not change amitraz-induced hypotermia (p < 0.05). 
Although possible action of amitraz on brain alpha- noradrenergic receptors could not be excluded, the results were interpret
ed on a possible monoaminoxidase inhibitor (MAOI) - like action for the pesticide.

UNITERMS: Amitraz; Pesticides: Monoamine oxidase inhibitors

INTRODUCTION

Amitraz is a pesticide widely used in veterinary clinical 
practice for the t rea tm en t o f  dem od icos is  ( M U L L E R 19, 
1983; L A R S S O N  and  G O N S A L V E S 16, 1986). A cu te  
i n to x i c a t io n s  w i th  th is  p e s t i c id e  a re  u n c o m m o n .  
Nevertheless, sedation, loss o f  the righting reflex, motor 
in c o o rd in a t io n s  and  o th e r  o v e r t  sy m p to m s  o f  C en tra l  
N ervous System (CNS) depression  were described  after 
acute amitraz poisonings (FOLZ et al.8, 1984: LARSSON; 
G O N S A L V E S 16, 1986; HSU; S C H A F F E R '\  1988). Other 
sym ptom s reported  af te r  am itraz  in tox ica tions  included 
in te s t i n a l  im p a c t a t i o n  and  c o l i c s  ( R O B E R T S ;  
ARGENZ1023, 1986). A dose of  800.0 mg/kg was reported 
as the  o ra l  a c u te  a m i t r a z  L D 50 fo r  r a ts  
(H O LLIN G W O R TH ' 1976).

Amitraz was recently described to decrease the motor activi
ty of adult rats in an open-field, probably through a MAOI- 
like interference with CNS function (FLORIO et al.7, 1993). 
In the experiment, the pesticide increased the brain levels of 
noradrenaline, dopam ine and serotonin, at the same time 
dec reas ing  the levels  o f  h o m ovan il ic  and 5 -hyd roxy in -  
doleacetic acids. An effect o f  amitraz on alfa2-adrenoceptors 
w as d e s c r ib e d  and  r e la te d  to  its to x ic iy  ( G I L B E R T ;  
D Y ER 10, 1988; FLORIO et al.7. 1993). The present experi
ment investigates the effects of amitraz on the arterial blood

pressure and body rectal temperature o f  rats in an attempt to 
better characterize the mechanisms of  the pesticide toxicity.

MATERIAL AND METHOD

A n im a ls .  F ifty-s ix  gene tica l ly  s im ila r  male W ista r  rats 
w eigh t ing  220 -250  g were  used. Seven days before the 
experiments,  the rats were housed in groups of 3 in wire 
mesh cages (16 x 30 x 19 cm), in a temperature controlled 
room (22“C ± 1) with a 12 hr-light-dark cycle (lights on 7:00 
AM). Food and water were provided at ail libitum  consump
tion. except during experimental periods when they were 
withdrawn.

D r u g s  a n d  d o s in g .  A m itra z  (C o o p e rs  Co. São Paulo. 
Brasil); tyramine hydrochloride and yohimbine hydrochlo
ride (Sigma Chemical Co. St Louis, Mo) were used.-The 
drugs were prepared in distilled water immediately before 
use, except amitraz and yohimbine which were suspended in 
distilled w'ater with Tween-80. This vehicle alone was used 
as amitraz and yohimbine control solutions. Amitraz, control 
solutions and tyramine were administered per os to rats: the
i.p. route was used for yohim bine.  Doses were given in 
volumes not greater than 2.0 ml/kg body weight.
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Blood P re s su re  S tudies .  Sixteen rats were randomly and 
equally divided in to control and experimental groups. The 
arterial blood pressure (Basal pressure = Bp) was measured 
in all rats and 24 hr after the experimental rats received 100.0 
mg/kg of amilraz. while those in the control group received 
the same volume (2.0 ml/kg) o f  control solution; 90 min 
later, the arterial blood pressure (Po) were measured in both 
groups for the 2"'1 time. Immediately after that, all the rats 
received 100.0 nig/kg of lyraminc, being studied 60 min later 
for the. 3rd arterial blood pressure (P(,o) determination.

Arterial blood pressure was measured by tail plesthymogra- 
phy as described by CORDELINI el a l . 1 (1990) in unanes
thetized rats using an L & .VI Instrument Co. programmed 
e l e e l ro s p h y g m o n ia n o m e te r  (N a rc o  B io S y s tcm .  T exas .  
USA). The rats were placed for 10 min in a warming cham 
ber maintained at 40"C in order to allow pulse rates to be 
recorded: the cuff pressure then was monitored automatical
ly. since systolic beats were delected.

Body rectal te m p e ra tu re  studies. Forty rats were randomly 
and equally divided in 2 experimental groups (E] and E2) 
and 2 control groups (C| and C’2). The animals basal retal 
tem perature  (Bt) was m easured  sixty min after,  and the 
experimental animals received 100.0 mg/kg o f  amitraz as 
well as the controls received the same volume (2.0 ml/kg) of 
control solution; ninety min later, groups C | and E| received 
distilled water (2.0 ml/kg) and those o f  groups C 2 and E2 
received 10.0 mg/kg o f  yohimbine; sixty min later, the body 
rectal temperatures were determined in all animals.

Body temperature was measured in ambient temperature 
(22°C ± 1) in unanesthetized animals using a digital ther
mometer (Digitrom, São Paulo, Brasil) coupled to a trans
ducer: the thermocouple was inserted 2.5 cm into the rec
tum. During the measurements, the rats were housed indi
vidually.

Statistical analysis. Since homoccdasticily is necessary for 
the a n a ly s i s  o f  v a r ia n c e ,  B a r t l e l ' s  te s t  ( J O H N S O N ;  
LEONE14, 1974) was performed. Il was concluded that (he 
present results were parametric. Thus, Student's “t” test and 
ANOVA. followed by D uncan 's  test (D U N C A N '’, 1955) 
were used to analyse (he obtained data, and were considered 
significant when p < 0.05.

RESULTS

Blood p ressu re  studies. Amitraz. decreased (p < 0.05) the 
arterial blood pressure of rats (Fig. I ). When compared to 
the blood pressures recorded before amitraz administration 
(Bp), (he pesticide induced a 21.2% decrease in these values 
(P0). Fig. I also shows that the effects o f  tyramine adminis-

tralion were completely different in (lie control and experi
mental groups, whereas tyramine did not change the arterial 
blood pressure of  the control rats (P<so). il induced a signifi
cant increase (p < 0.05) in the P(,o values of the rats dosed 
with amitraz. The arterial blood pressure of the rats dosed 
with 100.0 mg/kg of  amitraz plus 100.0 mg/kg of lyraminc 
was 21.2% higher than that recorded before dosing (Bp). 
Half o f  the rats dosed with amitraz. plus tyramine died 3 to 
10 hr after the treatments, but none of the rats dosed with 
control solution plus tyramine. The indicative signs of  intox
ication included sedation, motor incoordination and coma.

Body rec ta l  t e m p e r a t u r e  s tudies .  Tab. 1 shows that Ihe
100.0 mg/kg amitraz and 10.0 mg/kg yohimbine dosings did 
not change (F = 27.85: df = 3/36: P < 0.05) Ihe rectal tem
perature (Ft). Compared to the data from group Cj (control 
solution) both amilraz (group E]) and yohimbine (group ( ' 2) 
decreased (p < 0.05) (he body temperature (Tf) o f  (he rals. 
There were no differences between the data from groups C 2 
and group E2. i.e.. yohimbine did not modify amilraz effects 
on the rectal temperature of the rats. Similar results were 
also observed (F = 15.79; d f  = 3/36: p < 0.05) on Ihe differ
ences (Bt - Fl) in (he core tem peratures  o f  the different 
groups.

DISCUSSION

Acute amitraz. administration had a hypotensive action in 
norm olensive unanaesthetized rats. This is similar to the 
observation of  TABEI et al.2' (1970) with pargyline. These 
authors were the first to demonstrate the antihypertensive 
action of  a MAOI inhibitor. This observation agress with Ihe 
described MAOI effects on pressor responses (SCHULS et 
al.25, 1989). M AOI agents are thought to lower blood pres
sure. either by a peripheral (SCHOEPKE: SW EET24. 1967) 
or central mechanism (FU EN TES el al.9. 1979). There is 
evidence suggesting a sustained increase in central nora
drenergic transmission after MAOI administration, with a 
resultant decrease in peripheral sympathetic activity (M U R
PHY et al.20.21, 1979, 1982).

The pressor response lo tyramine, which has been used clini
cally to diagnose MAOI inhibition (BIECK: A N TO N IN '.  
1982). is augmented by amitraz. This result is supported by 
other work with MAOI agents (B E N E Z F T  et a l . 1. 1978; 
BONSALL; T U R B U L L ’. 1983; MOSER; M A CPH A IIJ* .  
1985) and by the present data related to the effects of the 
pesticide on rats arterial blood pressure. They indicate that 
amilraz inhibits MAOI activity, as well as suggest a pesti
cide effect on MAOI type A. Inhibition of MAOI type A (by 
clorgyline) enhanced tyramine pressor responsiveness more 
strongly than inhibition of MAOI type B (by I-deprenyl) 
(KERECSEN; BUN A G 15. 1989).
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Amitraz also induced a decline in the rectal body tempera
ture of the rats. This is similar it) observations after dosing 
with different alpha-noradrenergic agonists, such as norepi
neph r ine ,  c lo n id in e  and p h e n y le p h r in e ,  w hen  they are 
micro-injected directly into the anterior hypothalamic/pre
optic area of  the rats (MYERS et al.22. 1987). Contrary to 
that observed for clonidine, yohimbine did not antagonize 
the hypothermic effects o f  amitraz. Yohimbine, a selective 
alpha■y-noradrenergic antagonist (STARKE: A L TM A N N 26. 
1973) was able to inhibit the thermolytic response produced 
by clonidine (MYERS et a l .~ ,  1987). Although differences 
in yohimbine doses, routes o f  administration and animals 
studied could account for the presently observed discrepan
cies. as suggested elsewhere (MYERS et al.22, 1987: MAJ et 
a l .17, 1988). it should not be forgotten that amitraz elevates 
brain levels o f  sero ton in  and dec reases  the levels  o f  5- 
hyd roxy indo leacc tic  acid, by sup rcss ing  M A O I ac tiv ity  
(ELORIO et al.7, 1993). Serotoninergic receptors activated 
directly (MAJ et a l .17. 1988) or indirectly through choliner
gic (GLIC'K; M A R S A N I C O 11, 1974) or  d o p a m in e rg ic  
(COX: LEE5, 1975; YAM ADA et al.21'. 1988) neurons are 
associated with the production of  hypothermia. The present
ly observed hypothermia, after amitraz dosing could also 
indicate a MAOI-likc activity for the pesticide.

The observation that yohimbine produced hypothermia "per 
sc" might seem paradoxical in light o f  the above discussion. 
However, the net action on body temperature after adminis
tering yoh im bine  may reflect d irect b lockage o f  central 
noradrenergic postsynaptic receptors ( W E I N E R S .  1987). 
The physiologic (eg thermic) response induced by yohim 
bine could be identical to that induced directly (via activa
tion of  presynaptic alphai-autoreccptors), or indirectly (via 
MAOI inhibition) by amitraz.

Taken together, the possibility is raised that amitraz may 
have a MAOI-like effect on the C’NS. However, an effect of 
the pestic ide on a lpha^-adrenoceptors  can not totally be 
excluded by the present data. As future experiments may 
bring about a belter understanding o f  our present results, 
they may also allow better characterization of  the neural 
pathways related to the observed effects o f  amitraz.
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TABI.K I

Effects o f  yoh im bine  (10 .0  m g/kg) on  um iira/. ( 100.0 m g/kg) induced 
hypotherm ia  in rats. S ão  Paulo, 1991.

B ody rectal tem peratu re  (0C )(al

Groups**’! Basal f in a l1' 1 D ifferences
(B t) (l l) < Bl - Ft)

C |  (C S + CS) 37.2 ±  0 .6 37.5 ± 0.5 0.2 ±0 .1

l i |  (A  + C S) 37.5 ± 0 .5 35 .0  ± 1.0* 2.3 ± 1.3*

C 2 (C S  + Y ) 37.4 ± 0.4 35.31 ±  1.0* 2.3 ± 1.3*

E t ( A  +  Y ) 37 .3  ± 0.4 34.8 ± 0 .4 * 2.9 ± 0.6*

(a) M eans ±  SD.

(b) T rea ted  w ith con tro l so lu tion  (C S). am itraz  (A) o r yoh im bine (Y ).

(c) O bserved  150 mit) a fte r A o r CS and  60  ntin a fter Y o r CS treatm ents 

* p <  0.05 in re la tion  to  g roup  C | (A N O V A  + D u n can 's  test)

FK.l'RK I

M ean (± S D ) b lood  p ressure  (m m /H g) in rats treated  w ith 100.0 m g/kg of 
am itraz  + 100.0 m g/kg o f tyram ine. Bp = basal pressure observed  before 
the d o s in g : Ptl =  p ressu re  reco rd ed  90  m in  a fte r ad m in is te r in g  am itraz  
(b lack  c irc le s) o r con tro l so lu tion  (w hite  c irc les): P^o = p ressure  registered 
60  min a fter ty ram ine adm in istra tion . * = p < 0.05 (S tuden t’s " t” test).
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KKSIMO

O presente (rahalho estuda os eleitos da administração única de aniilra/ (100 mg/kg) sohre a pressão sangüínea arterial e a 
temperatura corporal dc ratos Wisiar. A administração de amitraz diminuiu a pressão sangüínea arterial e tamhém produziu 
hipolermia. A administração de liramina (100.0 mg/kg) induziu um aumento significativo <p < 0.05) na pressão sangüínea 
arterial de ratos que receberam previamente amitraz, não alterando a dos ratos controle. Metade dos ralos que receberam 
amitraz e tiramina morreram entre 3 a 10 horas após a administração, fato este não ocorrido com os animais que receberam 
solução fisiológica c posteriormente tiramina. Os sinais de intoxicação dos animais experimentais incluíram sedação. falta de 
coord.enação motora e coma. A posterior administração de ioimbina (10.0 mg/kg) não alterou a hipolermia produzida pela 
administração de amitraz (p < 0.05). Apesar de não poder ser excluída uma possível ação do amilraz sobre alfai-noradreno 
eeptores cerebrais, os resultados indicam uma provável ação desle praguicida inibindo a enzima monoaminoxidase.

U M T E R M O S : Amitraz: Pesticidas: Inibidores da monoaminoxidase

REFERENCES

1 -BENEZET. H.J.: C H A N G . K M.: KNOL'LES. C.O. 
Formamidine pesticides metabolic aspects o f  neurotoxici
ty. In: Shankland. D.D.: Hollingvvorih. R.M.: Smyth. T. eds. 
Pesticides an d  venon toxicity. New York. Plenum Press, 
p. 169-206. 1978.

2-BIECK. P.R.: ANTONIN. K.H. Monoamine oxidase 
inhibition by Irani Icy pro mine: Assessment in human volun
teers. E u ropean  Jo u rn a l  of Clinical P harm acology , v.22. 
p.301-6. 1982.

3-BONSALL J.L.; TURBULL. C.J. Extrapolation from 
safety data to management of poisoning with reference to 
am itraz (a fo rm am id ine  pes t ic ide)  and xylene. H u m a n  
Toxicology, v.2, p.578-92, 1983.

4-CORDEI.INI. S.: CARVALHO. M.H; SCIVOLETTO. 
R.: FORTES. Z.B.: N IGRO. D. Indirect evidence for an 
endothelium-derived contracting factor release in aorta o f  
deoxycorticosterone acetate-salt hypertensive rals. Jo u r n a l  
of Hypertension, v.8. p.53-8, 1990.

5 -C O X . B.: I .EE. T.L. P o ss ib le  in v o lv e m e n t  o f  5- 
h y d r o x y t r y p ta m in e  in do  pa m i n e - r c c e p to r - m e d ia t e d  
h y p o th e rm ia  in the  rat.  J o u r n a l  o f  P h a r m a c y  a n d  
Pharmacology. v.3l. p.352-4, 1975.

6-DUN CAN . D. Multiple range and multiple I- tests. 
Biometrics, v. I I . p. I -42. 1955.

7-FLÔRIO. J.C.: SAKATE. M.: PALERM O NETO. J. 
Effects of amitraz on motor function. P h arm aco logy  and  
Toxicology, v.73. p. 109-14. 1993.

8-F O I ./.. S I).: KAKUK. T.J.: HENKE. C.L.: RECTOR. 
I).I..: TESAR. F.B. Clinical evaluation of amitraz as a treat
ment for canine  dem odicos is.  V e te r in a r y  P aras i to logy ,  
v. 16. p.335 -41. 1984.

9 - IL E N T E S .  J.A.; ORD A Z. A.: M i l .  N.H. Central 
mediation o f  the an tihypertensive  effect o f  pargyline in 
spontaneously  h ipertensive  rats. E u r o p e a n  J o u r n a l  of 
Pharm aco logy , v.57. p.21-8. 1979.

10-GILBERT, M.E.: DYER, R.S. Increased hippocam
pal excitability produced by amitraz. Neurotoxicology and 
Therato logy . v.K), p.229-35. 1988.

I I-C LIC K . S.D.: M A R S A M C O . R.G. Apomorphine- 
induced and pilocarpine-induced hypothermia in mice. Drug 
interactions and changes in drug sensitivity after caudate 
nucleus lesion. Bris t ish  J o u r n a l  o f  P harm aco logy ,  v.51. 
p.353-8, 1974.

12 -H O L L IN G W O R T H . R.M. C hem is t ry ,  b io log ica l  
activity and uses of formamidine pesticides. E nvironm ental  
Health  Perspectives. v.14, p.57-69, 1976.

13-HSU. W.H.: S C H A FFER , D.D. Effects o f  topical 
application of  amitraz on plasma glucose and insulin con 
cen tra t ions  in dogs. A m e r ic a n  J o u r n a l  o f  V e te r in a r y  
Research, v.49, p. 130-1, 1988.

14-.IOHNSON. N.: LEONE. F. Statistics and experimen 
tal d e s ig n s .  In: J O H N S O N .  N .: L E O N E .  F. eds .  
E n g e n e e r in g  a n d  P h y s ica l  S c iences .  New York. John 
Willey. 1974.

163



FI o r i o .  I .C  . SAKATI M PAI ERMO NETO. J Effects ol amitraz on (he arterial blood pressure and body rectal temperature >>i c o n s c i o u s  r a ts  l i r a / .  .1. vet. R e s . anim.
Scl.. S a o  Paulo, v.32, n.3. p. 160 164.1995.

15-K E R E C S E N , L.; B U N A G , R. S e le c t iv e  p re sso r  
enhancement hy monoamine oxidase inhibitors in conscious 
ra ts .  J o u r n a l o f  P h a r m a c o lo g y  an d  E x p e r im e n ta l  
Therapeutics, v.251, p.645-9. 1989.

16-LA R SSON , C.E.; G O N Ç A L V E S , M.A. A spec tos  
clínicos da terapia da demodicose canina generalizada com 
diamina (amitraz). Cães e Gatos, v . l ,  p.6-10, 1986.

17-MAJ, J.; CHOJNACKA-W ÓJCIK, E.; KLODZINS- 
KA. A.; DERÉN, A.: MORYL, E. Hypothermia induced by 
m-trifluomethylphenyl-piperazine or m-chorophenylpiper- 
azine: an effect mediated by 5 H T |u  receptors? Journal of 
Neural Transm ission, v.73, p.43-55, 1988.

18-MOSER, V.C.; MACPHA1L, C.R. Yohimbine attenu
ates the delayed lethality induced in mice by anitraz, a for- 
mamidine pesticide. Toxicology Letters, v.28, p.99-104, 1985.

19-MÜLLER, G.H. Amitraz treatment o f  demodicosis. 
Journal o f the A m erican Anim al H ospital A ssociation.
v . l9. p .12-22, 1983.

20-M U R PH Y , D.L.; L IPPER , S.; C A M P B E L L . I.C.; 
M A JO R , L.E.; S L A T E R ,  S .L . ;  B U C H S B A U M , M .S. 
Comparative studies o f  MAOI-A and MAOI-B inhibitors in 
man. In: SINGER, T.P.: Von KORFF, R.W.; MURPHY. D.L. 
eds. M onoam ine oxidase: structure, function and altered 
functions. New York, Academic Press, p.457-80, 1979.

21-M URPHY, D.L.; ROY, B.; PICKAR. D.; LIPPER, 
S.; COHEN, D.; JIMERSON. C.R.; LAKE. G.: MUSCET- 
TOLA, G.; SA A V ED R A , J.; KOPIN, I.J. Cardiovascular 
changes accom panying  m onoam ine oxidase inhibition in 
man. In: USDIN, E.; WEINER, N.; CREVELING. C. eds. 
F u n c t io n  an d  r e g u la t io n  o f  M o n o a m in e  e n z y m e s .  
England, MacMillan Publishing Company, p.382-94, 1982.

22-MYERS. R.D.; BELESLIN, D.B.; REZVAN1, A H. 
Hypothermia: role o f  alpha|-noradrenergic receptors in the 
hypothalamus o f  the cat. Pharm acology, Biochem istry and 
Behavior, v.26, p.373-9, 1987.

23-ROBERTS, M.C.; ARGENZIO, A. Effects of ami
traz. several opiate derivatives and anticholinergic agents on 
intestinal transit in ponies. Kquine V eterinary Journal, 
v . l 8, p.256-60. 1986.

24 -SC H O E PK E . H.G.; SW E E T , L.R. Chemistry and 
pharmacology o f  MAOl inhibitors. In: SCHLITTLLR. K. 
ed. Antihypertensive agents. New York, Academic Press, 
p.393-420, 1967.

25-SCHULS. R.: KARL HEINZ, A.; HOFFMANN. E: 
C H EM TEC, M.J.; NILSSON, E.; SCHICK, C.; BRIECK. 
P.R. T y ra m in e  k in e t ic s  and  p re sso r  s e n s i t iv i ty  during 
m o n o a m in e o x id a s e  in h ib i t io n  by s e le g i l in e .  C l in ical 
Pharm acology and Therapeutics, v.46, p.528-36, 1989.

26-STARKE, K.; ALTMANN, K.P. Inhibition of adren
ergic neurotransmission by clonidine: an action on prejunc
tional alpha-receptors. N europharm acology, v . l 2. p.339- 
47. 1973.

27-TABF.I, R.; S P E C T A , S.; LO U IS , W.J.: SJOER- 
DREA, S. Effects o f  antihipertensive drugs in the sponta
neous ly  hy p er te n s iv e  rat. C lin ica l P h arm aco logy  and 
Therapeutics, v.14, p.269-74, 1970.

28-W EIN ER , N. Drugs that inhibit adrenergic nerves 
and b lock ad ren erg ic  reccp to rs .  In: G O O D M A N . I. S.: 
GILMAN, A.G.: RALL, T.W.; MURAD, F. eds. The p h a r 
m acological basis o f therapeutics. New York, MacMillan 
Publishing Company, 1987.

2 9 - Y A M A D A . J.; S U G IM O T O ,  Y.; W A R IT A . IT; 
H O R ISA K A , K. The involvem ent o f  serotoninergic and 
dopaminergic systems in hypothermia induced in mice by 
in tracerebroven tr icu la r  injection o f  serotonin . J a p a n e s e  
Journal o f  Pharm acology, v.48. p. 145-8, 1988.

Recebido para publicação em  24/06/93 
Aprovado para publicação em 13/12/94

164


