
                             University of Nigeria  
Virtual Library 

 

Serial No  
 

Author 1 ANENE, B. M. 

Author 2                       
ROSS, C. A. 

Author 3 ANIKA, S. M. 
CHUKWU, C. C. 

Title 

 
Trypanocidal Resistance in Trypanosoma 

Evansi in Vitro: Effects of Verapamil, 
Cyproheptidine, Desipramine and 

Chlorpromazine Alone and in Combination 
with Trypanocides 

 

Keywords 
Trypanosoma Evansi; Resistance; Verapamil; 

Cyproheptidine; Desopramine; 
Chlopromazine; Calcium Antagonists  

Description 

 
Trypanocidal Resistance in Trypanosoma 

Evansi in Vitro: Effects of Verapamil, 
Cyproheptidine, Desipramine and 

Chlorpromazine Alone and in Combination 
with Trypanocides 

 

Category Veterinary Medicine  

Publisher  

Publication Date 1996 

Signature 

 
 
 
 
 

 
 
 



Reprinted from 

veterinary 
parasitology 

An International Scientific Journal 

Veterinary Parasitology 62 (1 996) 43-50 

Trypanocidal resistance in Trypanosoma evansi 
in vitro: effects of Verapamil, Cyproheptidine, 

Desipramine and Chlorpromazine alone 
and in combination with trypanocides 

B.M. Anene *, , C.A. Ross b, S.M. Anika " C.C. Chukwu " 
a Fuculry of Veterimry Mediotw, Il~r~uersiry ofNigeria. Nsukku. Nigeria 

Cet~tre  for Tropicti1 V iwr~twry  Meclicitre. Univrrsiry of Etlitlhurgh, Editrhurgh, UK 

Received 13 February 1995; accepted 26 May 1995 

ELSEVIER 



veterinary parasitology 
An lnternational Scientific Journal 

Aims and scope. This journal is concerned with those aspects of helminthology, protozoology and 
entomology which are of interest to animal health investigators, veterinary practitioners and others 
with a special interest in parasitology. Papers of the highest quality dealing with all aspects of dis- 
ease prevention, pathology, treatment, epidemiology and control of parasites in all animals which can 
be regarded as being useful to man, fall within the scope of the journal. It is intended to give special 
attention to new aspects of veterinary parasitology, such as problems arising from the intensification 
of industrialized production systems and mass production, problems of game animals which may be 
of epizootiological significance in domestic animals, etc. Parasitological studies on laboratory animals 
fall within the scope of the journal only if they provide a reasonably close model of a disease of 
domestic animals. Although the journal primarily publishes experimental and clinical research papers, 
occasionally unique case histories may also be published. Papers on the taxonomy of parasites do 
not fall within the scope of the journal. 

Circumstances relating to animal experimentation must meet the lnternational Guiding Principles 
for Biomedical Research Involving Animals as issued by the Council for International Organizations 
of Medical Sciences. (Obtainable from: Executive Secretary C.I.O.M.S., c/o W.H.O., Via Appia, CH- 
121 1 Geneva 27. Switzerland.) 

EDITORSIN-CHIEF 

For the Americas and Japan: J.C. Williams, Department of Veterinary Science, Louisiana State 
University, 11 1 Dalrymple Building, Baton Rouge, LA 70803-6002, USA 

For the rest of the world: S.M. Taylor, Department of Agriculture, Veterinary Sciences Division, 
Stormont. Belfast BT4 3SD, Northern Ireland 

EDITORIAL ADVISORY BOARD 
B.L. Blagburn, Auburn, AL, USA A.A. Marchiondo, Research Triangle Park, NC, 
F.H.M. Borgsteede, Lelystad, Netherlands USA 
G.M. Buening, Columbia, MO, USA M. Murray, Glasgow, UK 
A.D. Donald, North Ryde, N.S.W., Australia Z.S. Pawtowski, Poznan, Poland 
P. Dorchies, Toulouse, France R. Prichard', Ste-Annede-Bellevue, Que., 
J.P. Dubey, Beltsville, MD, USA Canada 
W.F. Fisher, Kerrville, TX, USA R.E. Purnell, Sandwich, UK 
L.C. Gasbarre, Beltsville, MD, USA M. Rommel, Hannover, Germany 
M.A. Gemmell, Cambridge, UK D.E. Snyder, Greenfield, IN, USA 
R. Gothe, Munich, Germany B.E. Stromberg, St. Paul, MN. USA 
J.H. Greve, Ames, IA, USA N. Suzuki, Obihiro Hokkaido, Japan 
W.T.R. Grimshaw, Hoddesdon, UK R.L. Tellam, Indooroopilly, Qld., Australia 
D.R. Hennessy, Blacktown. N.S.W., Australia J. Tharaldsen', Oslo, Norway 
S. Henriksen, Copenhagen, Denmark J. Vercruysse, Merelbeke, Belgium 
P.H. Klesius, Auburn, AL. USA D. Zarlenga, Beltsville, MD, USA 
V. Kumar. Antwerp, Belgium 

Representatives of the W.A.A.V.P. 

BOOK REVIEW EDITOR 

D.E. Jacobs, University of London, Royal Veterinary College, Department of Pathology and Infectious 
Diseases, Boltons Park, Potters Bar, EN6 1 NB, UK 

Publication information: Veterinary Parasitology (ISSN 0304-401 7). For 1996 volumes 60-65 are 
scheduled for publication. Subscription prices are available upon request from the Publisher. 
Subscriptions are accepted on a prepaid basis only and are entered on a calendar year basis. Issues 
are sent by surface mail except to the following countries where Air delivery via SAL mail is ensured: 
Argentina, Australia, Brazil, Canada, Hong Kong, India, Israel, Japan, Malaysia. Mexico, New 
Zealand, Pakistan, PR China, Singapore, South Africa, South Korea, Taiwan, Thailand, USA. For all 
other countries airmail rates are available on request. Claims for missing issues should be made 
within six months of our publication (mailing) date. Please address all your requests regarding orders 
and subscription queries to: Elsevier Science B.V., Journal Department, P.O. Box 211, 1000 AE 
Amsterdam, The Netherlands, tel. (+31-20)4853642, fax (+31-20)4853598. 
In the USA and Canada: For further information on this and other Elsevier journals please contact: 
Elsevier Science Inc., Journal Information Center, 655 Avenue of the Americas, New York, NY 
10010, USA. Tel. (212)6333750; fax (212)633 3764; telex 420-643 AEP UI. 
Back volumes: Please contact the Publisher. 
US mailing info-Veterinary Parasitology (0304-4017) is published monthly by Elsevier Science 
B.V. (Molenwerf 1, Postbus 21 1, 1000 AE Amsterdam). Annual subscription price in the USA is US$ 
1390.00 (valid in North. Central and South America). including air speed delivery. Second class 
postage paid at Jamaica, NY 1 1431. 
USA POSTMASTER: Send address changes to Veterinary Parasitology, Publications Expediting, 
Inc., 200 Meacham Avenue, Elmont, NY 11003. 
AIRFREIGHT AND MAILING in the USA by Publications Expediting Inc.. 200 Meacham Avenue, 
Elmont, NY 11003. 



veterinary 
parasitology 

ELSEVIER Veterinary Parasitology 62  (1996) 4 - 5 0  

Trypanocidal resistance in Trypanosoma evansi 
in vitro: effects of Verapamil, Cyproheptidine, 

Desipramine and CNorpromazine alone 
and in combination with trypanocides 

B.M. Anene " , * ,  C.A. Ross ', S.M. Anika ", C.C. Chukwu " 
" Faculty of Veterirwry Medicine, Uniuersirj of Nijieria, Nsukka. Nigeria 

Centref ir  Tropicul Vrtrrinarj iMetlici~~r. Uniuersi~y ofEdinhrtr~lr, Edinburgh. Uk' 

Reccived 13 February 1995; accepted 26 May 1995 

Abstract 

A study was conducted in vitro to assess the ability of calciun~ antagonists to reverse 
trypanocidal resistance in Tr);yanosoma evansi. Susceptibility patterns of sensitive and resistant 
parasites were evaluated against calcium antagonists of several chemical classes (verapamil, 
cyproheptidine, desipramine and chlopromazine), alone and in combination with suramin, dimi- 
nazene aceturate or melarsen oxide cyteamine. The putative resistance modulators were intrinsi- 
cally antitrypanosomal, but were unablc to reverse resistance to any of the trypanocides testcd. It 
was thus concluded that resistance to these trypanocides in T. eoansi may differ from drug  
resistance mechanisms occurring in cancer cells. malaria or in South American trypanosomosis, 
where calcium antagonists have successfully reversed resistance. 

Keywords: Trypanosonru eucinsi; Resistance; Verapamil; Cyprohcptidinc; Dcsopramine; Chloproma~ine; Cal- 
cium ar~lagonists 

1. Introduction 

With the spread of drug resistant parasites into all trypanosornosis-endemic areas, 
development of new antitrypmoson~al compounds and drugs to circumvent resistance is 
urgently needed. However, it appears unlikely that new compounds will be introduced in 
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the near future because of lack of interest by the pharmaceutical industry in investing in 
research and development of antitrypanosornal drugs (Gutteridge, 1985). Hence the need 
to intensify efforts at maintaining the efficacy of existing trypanocides. 

Multi-drug resistance (mdr) in cancer and malaria is mediated by over-expression of 
a membrane protein called P-glycoprotein responsible for enhanced drug efflux which 
prevents drug accumulation from reaching toxic levels (Fojo et. al., 1985; Krogstad et 
al., 1987; Martin et al., 1987; Gottesman and Pastan, 1988, 1993). Several workers have 
shown that certain calcium antagonists including verapamil, desipramine, cyproheptidine 
and chlorprornazine were effective in reversing resistance in neoplastic cells (Gottesman 
and Pastan, 1988) and malaria parasites (Krogstad et al., 1987; Martin et al., 1987; 
Bitonti and ~ c ~ a n n  1989; Peters et al., 1989; Tmabe et al., 1990). A similar 
mechanism of c h g  resistance is reportedly shared by some trypanosomatids. A correla- 
tion was established between the level of trypanocides accumulated by T,  brrrcei-group 
trypanosomes (Damper and Patton, 1976; Frommel and Balber, 1987) and T. congoltnse 
(Sutherland and Holmes, 1993) and reduction in sensitivity to trypanocides. There have 
been reports of reversal of drug resistance in T. cruzi (Neal et al., 1989) and LEis/mania 
spp. (Neal et al., 1989; Dey et al., 1994) by veraparnil. Furthennore, Sutherland and 
Holmes (1993) showed that addition of verapamil and desipramine effectively blocked 
isometamidiurn chloride efflux from resistant T. congolense. However, no reversal of 
resistance was demonstrated in T. brucei by inclusion of verapamil with diminazene 
aceturate or isometamidium chloride (Kaminsky and Zweygarth, 1991) or with melarsan 
oxlde (Yarlett et al., 1991). 

In the light of these conflicting reports a more comprehensive investigation is 
required, to test a larger range of both trypanocides and putative modulators. We have 
investigated the effects of a number of calcium antagonists of several chemical classes 
(verapamil, desipramme, cyproheptidine and chlorpromazine) on T. euansi stocks grown 
in vitro which differ in their sensitivity to melarsen oxide cystearnine, diminazene 
aceturate and suramin. 

2. Materials and methods 

2.1. Tryl~anosornes and cdtures 

The T. euansi stocks used were: TREU 198 1, a cloned derivative of TREU 1914, 
primary isolation code MINHASA/84/BAKIT/ 148; a derivative, 198 1 MC, resistant 
to rnelarsen oxide cysteamine (Cymelarsan) and diminazene aceturate after induction of 
resistance to Cymelarsan in vitro; and TREU 2136. a cloned derivative of a camel 
isolate from Sudan and demonstrating a high level of resistance to suramin (Luckins et 
al., 1979). Trypanosomes were grown in vitro in Eagle's Mlnimum Essential Medium 
with Earle's salts (Gibco BRL, Uxbridge, UK) as described in Ross and Taylor (1994). 

Veraparnil, desipramine, cyproheptidine and chlorpromazine were purchased from 
Sigma Chemical Conlpany (Poole, UK). Melarsen oxide cystearnine (Cymelarsan) was 
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obtained from Rhone Merieux (Toulouse, Cedex, France) diminazene aceturate (Berenil) 
from Hcechst AG, Frankfurt, Germany, and suramin from Bayer AG, Luverkusen, 
Germany. Working solutions of these drugs except suramin (aliquots frozen) were 
prepared immediately before use, by appropriate dilution in distilled deionised water 
(DDW) and sterilised by filtration through a 0.22 p m  pore-size filter. Stock solutions of 
each trypanocide (melarsen oxide cysteamine and diminazene aceturate at 1 mg ml-' or 
suramin at 100 mg ml-'1 were serially diluted in DDW and drug dilutions were added 
to trypanosome cultures at 1 : 100 (v/v). The verapamil stock solution at 20.4 X lo6 nM 
(10 mg ml - ' )  was also diluted in DDW and drug dilutions were added at 1 : 100 (v/v). 
Other calcium antagonists were diluted from stock solutions of lo6  nM as in Basco and 
Le Bras (1990a,b). When combinations of drugs were used, each drug solution was 
added to the trypanosome suspension at 1 : 100 (v/v). 

2.3. Growth irzhibition assay 

Assays were performed using subcultures of trypanosomes that  were routinely 
maintained in vitro. Bijoux containing 1 ml samples of the trypanosome suspension at a 
concentration of 1 X 1 0 h n d  2 X 1 0 ~ r y p a n o s o m e s  per ml for TREU 198 1 and TREU 
2136, respectively, were prepared and 10 p.1 of appropriate drug solution was added. 
Parasites grown in the absence of drug received an equivalent volume of drug solvent. 
Trypanosome suspensions containing drug or drug solvent were dispensed in 100 p1 
volumes to the wells of 96-well plates. Each drug concentration was assayed in 
duplicate, and assays repeated at least twice. After 40 h of incubation of 37°C in a 
humidified 5% CO, atmosphere, the extent of cell proliferation at each assay condition 
was measured by the Promega Cell Titer Assay Kit (Promega Corporation, Southamp- 
ton, UK), essentially as described in Ross and Taylor (1994). Assays were performed to 
assess the effect of each calcium antagonist and each trypanocide alone, then later with 
trypanocide in the presence of selected concentrations of each modulator. The concentra- 
tion of each drug or drug combination at which growth was inhibited by 50% compared 
with control trypanosomes incubated in the absence of drug (IC,,), was calculated. 
Assays were carried out three times and data presented as mean IC,, f standard error. 

3. Results 

Initial experiments to assess the effect of the modulators alone showed that they were 
intrinsically toxic to the tvpanosomes. The IC,, of the modulators alone are shown in 
Table 1 and were similar in all three stocks for each modulator. The calculated IC,,s 
were of the order of micromolar ( p M ) ,  and were least for chlorpromazine and highest 
for verapamil for all stocks. Subsequent concentrations of modulators were chosen 
within the non-toxic range for trypanosomes and combined with trypanocides. 

Results of assays containing con~binations of sub-lethaf concentrations of modulators 
with trypanocides, to test their ability to reverse trypanocidal resistance in the parasites, 
are presented in Tables 2, 3, and 4 for suramin. diminazene aceturate and melarsen oxide 
cysteamine, respectively. The trypanosome stocks studied showed a profound variation 
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Table 4 
Influence of verapamil, cyproheptidine, desipramine and chlorpromazine on the response of T. cuunsi 10 

melarsen oxide cysteamine 

Drug (nM) IC,, (ng ml- ' )  

TREU 1981 MC TREU 198 1 TREU 2136 

Verapamil 0 
203.6 

2036.0 
Cyproheptidine 0 

2500.0 
Desipramine . 0 

312.5 
1250.0 

Chlorpromazine 0 
312.5 

1250.0 

ND Not done. 

in their sensitivity to trypanocides. The TREU 2136 isolated from the field with suramin 
resistance showed an approximately 1000-fold higher IC,, for suramin compared to 
both types of TREU 198 1. A comparison of the IC,, for suramin showed no differences 
in either resistant or sensitive stocks when assayed in the presence of modulators. 
Similar results were obtained when diminazene aceturate (Table 3) or melarsen oxide 
cysteamine (Table 4) were combined with modulators. 

The process of induction of resistance to melarsen oxide cysteamine in TREU 1981 
produced about 100-fold difference in the susceptibility between the two types of 
trypanosome, as well as an approximately similar level of cross-resistance to diminazene 
aceturate. The TREU 1981 MC with induced resistance to melarsen oxide cysteamine 
was sensitive to suramin. Similarly, TREU 2136 expressing a high level of resistance to 
suramin (15-26.6 p g  m l p l )  was susceptible to melarsen oxide cysteamine (4-6.7 ng 
ml-I)  as well as to diminazene aceturate (36-89 ng ml-I), implying that suramin does 
not share a similar pattern of resistance to melarsen oxide cysteamine and diminazene 
aceturate. Compared with suramin and diminazene aceturate, the ICso for melarsen 
oxide cysteanline varied considerably especially within each type of TREU 1981. 

4. Discussion 

The differential trypanocidal susceptibility between the T. evansi stocks used in this 
study were clearly expressed in the results. TREU 2136 was previously noted to express 
high levels of resistance to suramin (Luckins et al., 1979). The variation between 
experiments observed in the sensitivity of trypanosomes .to melarsen oxide cysteamine 
may be associated with the instability of the drug in solution and the varying toxicity of 
the dissociation products formed to the parasites (Berger and Fairlamb, 1994). 

All the modulators tested exhibited anti-trypanosomal activity and to the same extent 



in each of the stocks. Chlorpromazine demonstrated anti-trypanosomal activity at the 
lowest concentration. Many tricyclic compounds have been noted previously to have 
anti-trypanosomal and anti-leishmania1 activity of which chlorpromazine was found to 
be the most potent (Benson et a]., 1992). The activity of these compounds is thought to 
arise from their selective inhibition of trypanothione reductase, a target common to all 
trypanosomatids (Hammond et al. 1985) as well as interference with micro-tubule 
assembly (Seebeck and Gehr, 1983) and membrane disruption especially of the proton 
based electrochemical gradient (Pearson et al., 1982; Zilberstein and Dwyer, 1984). 

Important considerations for possible clinical application of a compound include its 
bioavailability and its toxicity at the concentration that must be achieved in the blood to 
produce a chemotherapeutic effect. In this study, the concentrations of verapamil, 
cyproheptidine and desipramine that inhibited growth of trypanosomes by 50% (IC,,) or 
more were considerably higher than their clinically achievable plasma level, which for 
verapamil was 400 nM (Watt et al., 19901, for cyproheptidine was 103- 142 nM (Hintze . 
et a]., 1975) and for desipramine was 300 nM (Peters et al., 1989: Sjokvist, 1971). 
However, the IC,, obtained for chlorpromazine (850-2814.5 nM) did riot differ 
remarkably from the therapeutic range of the drug (0.1-0.5 ~g rill-' or 281-1407.3 
nM) (Pearson et al., 1982). These observations suggest that chlorpromazine might 
constitute a promising candidate for rational drug design as a trypanocide. Indeed, it has 
been reported that structural modification of chlopromazine by oxidation of the tricyclic 
ring produced a compound with greater activity against protozoa than chlorpromazine 
(Pearson et al., 1982). 

The results of our study further show that combinations of melarsen oxide cys- 
teamine, diminazene aceturate or suramin with any of the candidate resistance modula- 
tors did not lead to any differences in the susceptibility pattern between sensitive and 
resistant T. evansi stocks studied. Modulators at concentrations that were by themselves 
inactive on trypanosomes did not reverse resistance to any of the trypanocides. Similar 
results were recorded in T. brucei when combinations of verapamil and diminazene 
aceturate or isometamidium chloride were applied (Kaminsky and Zweygarth, 199 1 ). 
Although the cellular and biochemical mechanisms of resistance to trypanocides has not 
been fully inderstood (Kinabo, 1993; Peregrine, 19941, one mechanism associated with 
trypanocidal resistance is the active extrusion of drugs leading to reduced accumulation 
of drug in resistant parasites compared with drug sensitive organisms (Neal et al.. 1989; 
Yarlett et al.. 1991; Sutherland and Holmes, 1993). The outcome of this present study 
implies that these drugs are not exported by P-glycoproteins in T. brucei and T. euunsi. 
Calciun~ antagonists reversed mdr in cancer and malaria by competing for the drug-bi- 
nding site of the P-glycoprotein, which enhanced drug accumulation (Foote et al., 1989; 
Wilson et al., 1989). 

It may thus be concluded that the mechanisms of resistance to trypanocides in T. 
evansi and related T. brucei differ from mdr in cancer cells and malaria parasites, and 
indeed T. cruzi (Neal et al., 1989) and Leishmunia (Neal et a]., 1989; Dey et al., 1994) 
where verapamil effectively reversed drug resistance. The mechanism of drug resistance 
acquired by extracellular parasites such as T. evansi and T. brucei may be fundamen- 
tally different from those employed by intracellular life cycle stages of T. cruii and 
Leishmania spp. 
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