
Introduction

One  of  the  few  drugs  available  for  chemotherapy  of  animal 

infections of the haemo flagellate parasitic protozoa Trypansoma brucei  

brucei,  Trypansoma  congolense and  Trypansoma  vivax is  Diminazene 

aceturate  (Berenil:  N-1,3  diamidino-phenyl  triazene  diaceturate, 

tetrahydrate)  whose  trypanocidal  activity  was  first  reported  by 

(Fussganger  and Bauer,  1958).  It  is  used in  tropical  countries  for  the 

treatment  of  animal  trypanosomiasis  and  babesiosis,  usually  as  an 

intramuscular injection. 

The trypanocidal activity of Diminazene aceturate was discussed in 

detail by (Fussganger and Bauer, 1958) and the report of these workers 

showed that a single intramuscular dose of 3.5 mg kg-1 to cattle cured T. 

congolense and T. vivax infections was followed by an increase in the use 

of the drug for treatment of bovine trypanosomiasis (Fairclough, 1963).

Treatment  of  trypanosomiasis  relies  on  the  use  of 

Diminazene aceturate which is effective for the treatment 

of  disease  in  cattle,  buffalo,  sheep,  camels  and  pigs 

(Peregrine  and  Mamman,  1993;  Sirivan  et  al.,  1994). 

However  single  doses  of  medicine  are  not  effective  for 

horses, mules and dogs (Tuntasuvan et al., 2003, Colpo et 

al.,  2005).  Ineffectiveness  of  Diminazene  aceturate 

already had been observed in bovines, horses and mules 

infected  with  T.  evansi  and  T.  vivax  (Silva  et  al.,  2002, 

Tuntasuvan  et  al.,  2003,  Da  Silva   et  al.,  2011),  and 

therefore, new treatment protocols are needed.

Babesiosis  or  piroplasmosis  is  a  tick-borne  intra-erythrocytic 

disease of domestic and wild mammals caused by protozoan parasites of 

the genus Babesia (Smith, 2002). Equine babesiosis in horses, donkeys, 
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mules,  and  zebras  is  caused  by  Babesia  equi and  Babesia  caballi 

(Radostits et al., 2000).

Diminazene was found to  be hepatotoxic  to  camels;  10 or  40 

mg/kg  bw  given  to  3  dromedary  camels  by  the  intramuscular  route 

resulted in hyperaesthesia, salivation, intermittent convulsions, frequent 

urination  and  defaecation  and  sweating.  At  necropsy,  the  lungs  were 

congested  and  edematous  while  the  liver  was  congested  and 

haemorrhagic with evidence of fatty change.  Congestion of the brain and 

urinary  bladder  was  noted  along  with  haemorrhage  and  congestive 

changes in the kidneys and heart (Homeida et al., 1981).

The  sulphonamides  are  agroup  of  complex  synthetic  organic 

chemical compaunds with chemotheraputic activity, they have a common 

chemical  nucleus  which  is  essential  for  antibacterial  activity. 

Sulphonamides  are  broad  spectrum  antibiotic  affecting  Gram+ve  and 

Gram-ve bacteria and many protozoal organisms, acting as bacteriostatic 

rather than  bacteriocidal (Brander et al., 1991)

With the expanded documented reduced efficacy of Diminazene in 

treatment of babesia as well as trypanosomes, we thought a Diminazene 

aceturate potentiated with sulphonamide could be an alternative protocol. 

Hence,  the  current  work  aimed  to  evaluate  the  effect  of  Diminazene 

diaceturate alone or in combination with Sulphadimidine sodium on some 

haematological and biochemical parameters of donkeys.

The specific objectives of the study are to:

(1) Determine spectrum of specific effects of repeated administration of 

Diminazene aceturate on liver and kidney functions.

(2) Investigate the possible haematological changes that may follow co-

administration of injectable formulations of Sulphadimidine sodium and 

Diminazene diaceturate. 
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(3) Determine the changes, if any that may result following the co 

-administration of tested drugs to animals subjected to stress. 
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Chapter One

Literature review

1.1 Diminazene diaceturate

"Remarkable   therapeutic success has been obtained 

during  the  last  years  in  the  treatment  of  protozoal 

diseases  in  domestic  animals  using  a  novel  drug 

developed in research laboratories of  Fabwerke Hoechst,  

A.G.R. Fussganger wrote this in 1955, about his work on 

Diminazene  “Berenil",  an  aromatic  diamidine  compound 

discovered  in  1944,  (Fussganger,  1995),  this  aromatic 

diamidine was developed from a drug called "Congasin" 

and other aminoquinaldines that were found to be active 

against Trypanosomes and other Babesias.

Diminazene  has  subsequently  become  the  most 

commonly used therapeutic agent for trypanosomiasis in 

domestic  livestock.  This  has  been  due  to  a  number  of 

factors,  a  higher  therapeutic  index  than  other 

trypanocides, in most livestock species (Fairclough, 1963; 

Williamson, 1970); activity against trypanosomes that are 

resistant to other trypanocides used in cattle (Williamson, 

1970); and the low incidence of resistance to Diminazene 

that  has  occurred  as  a  result  of  using  the  compound 

(Williamson, 1976).

Diminazene  diaceturate  is  an  aromatic  diamidine 

used  extensively  as  a  Veterinary  trypanocide,  and 

babesiacide in affected areas of the world (Turnipseed et 

al.,  2006; Schad  et al.,  2008).  Although not licensed for 

human  use,  it  has  been  successfully  employed  in  the 
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treatment of early stage cases of human African sleeping 

sickness.  However,  its  efficacy  has  been  shortened  by 

widespread drug resistance (Atsriku et al., 2002).

1.1.1 Identity 

Diminazene  aceturate  is  an  N-acetylglycine 

compound  chemically  described  as  4-4  (diazoamino) 

dibenamindine  diaceturate,  1,  3  bis  (P-amidinophenyl) 

triazene  bis  (N-acetylglycinate)  diaceturate;  1,  3  bis  (4-

gluanylphenyl)  triazene  diaceturate;  and4-4 

diamidinodiazoaminobenzne  aceturate  (Wien, 1943, 

Martindale, 1989).

1.1.2 Chemical name

4-4(diazoamino) dibenzamidine diaceturate

1, 3-bis (P-amidinophenyl) triazine bis (N-acetyl-glycinate)

4-4diamidino diazoaminobenzene diaceturate

P, P-diguanyl diazoaminobenzene diaceturte.

1.1.3 Synonym   

Berenil

1.1.4 Molecular formula

C22H29N9O6•4H2O

1.1.5 Molecular weight 

587.6

1.1.6 Appearance and physical characteristics

Yellow solid, Diminazene decomposes at 217 C; it is  

soluble in 14 part of water at 20 C is slightly soluble in  

alcohol and only slightly soluble in ether and chloroform 

(Martindale, 1989).

1.1.7 Doses and administration  
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The recommended therapeutic  dose of  Diminazene 

aceturate  is  3.5  mg/kg  body  weight,  administered 

intramuscularly (Taboada and Mercalant, 1991).

 1.1.8 Mechanism of action 

Today, over than 50 years after its development, the 

exact  mechanism  of  action  and  in  vivo  behaviour  of 

Diminazene aceturate is still poorly understood; its effect 

on the babesia parasite appears to relate to interference 

with aerobic glycolysis as well as with synthesis of DNA in 

the parasite (Swan, 1995; Ariyibi  et al., 2001, Barceló  et 

al., 2001). 
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Figure 1.1: Diminazene aceturate structure
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Some  of  the  exact  actions  have  recently  been 

elucidated  (Pilch  et  al.,  1995).  Diminazene  as  anti-

trypanosomes agent binds to the AT-rich regions of nucleic 

acid duplex. Binding occurs via complexation into minor 

groove of AT-rich domain of the DNA double helices it can 

bind  to  DNA  as  well  RNA  duplexes.  While  exhibiting 

properties  characteristic  of  both intercalation and minor 

groove binding, this binding unwinds negative super coils 

in plasmids and has also been found to interfere with the 

activities of the eukaryotic type II topoisomerase enzymes 

(Portugal, 1994).

A concentration- dependent inhibition of membrane 

Ca++ -ATPase  activity,  as  well  as  significant  secondary 

binding  of  Diminazene  aceturate   within  DNA 

corresponding  to  G+  C  rich  sites  have  also  reported 

(Ariyibi et al., 2001, Barceló et al., 2001).  

1.1.9 Pharmacokinetics of Diminazene aceturate

1.1.9.1 Goats and Sheep

In  a  study  preformed  on  the  disposition  and 

bioavailability  of Diminazene aceturate in dairy goats Aliu 

et al., (1984) found that 60-90% of the drug was bound to 

plasma proteins and they reported elimination half –life of 

14-30 h.

Mamman and Peregrine (1994) and Mamman and co–

Workers,  (1996)  looked  at  the  pharmacokinetics  of 

Diminazene  in  the  plasma  and  CSF  as  well  as  in  the 

plasma  and  lymph  of  goats  following  a  3.5  mg/kg  IM 

injection  of  Diminazene.  A  peak  concentration  of 
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4.31ug/m  was found in the plasma and the CSF study  

and  the  Diminazene  concentration  in  the  cerebrospinal 

fluid was 3-4 times lower than in the plasma. A median 

peak plasma concentration of 4.30 g/m  was detected   

in  the  lymph  study,  Diminazene  could  be  detected 

(concentration  not  given)  in  the  entire  plasma  sample 

collected from the goats for 5 weeks (35 days).

After  administration  of  Diminazene  to  sheep  peak 

plasma  concentration  of  6.3  -7.57  g/m  at  20-45   

minutes was reported (Aliu et al., 1984). In the same study 

plasma  protein  binding  of  65-85%  was  reported.  The 

systemic  availability  of  intramuscular  (IM)  versus  the 

intravenous  (IV)  dose  was  95.10 23.21%  and  mean  

residence time averaged 14.16 1.55 h when Diminazene  

was  administration  to  sheep  at  3.5  mg/kg  IM  the 

pharmacokinetics  of  Diminazene  administration  IV  was 

found to fit a 3- compartmental model.     

1.1.9.2 Cattle  

Klatt and Hajdu (1976), using colorimetric method of 

analysis, during investigation of the pharmacokinetics of a 

combination of  Diminazene and rolitetracycline,  found a 

peak concentration of 3.23 g/m  of Diminazene after 30   

min and a second phase of elimination of Diminazene with 

a half–life of 63 h. This long second phase of elimination 

was considerably shortened when Diminazene was given 

in combination with rolitetracycline. 

Kellner  et  al.,  (1985),  studied  the  disposition  of 

Diminazene in two calves. Radioactivity was determined in 
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samples  collected  after  IM  injection  of  radio  labelled 

Diminazene  at  3.5  mg/kg  intramuscularly.  Peak  blood 

concentration of 4.6 and 4.7 g/m  occurred after 15 and   

40  min  and  the  decrease  in  concentration  followed 

biphasic process with half-live of 2h and 188h.

The  pharmacokinetics  of  Diminazene  in  cows  was 

described by Aliu et al., (1993), Diminazene concentration 

was  determined  using  HPLC.  Non  –linear  regression 

analysis of the IV and IM data indicated that the plasma 

disappearance  curves  were  best  described  by  tri- 

exponential  equations,  the  IV  bolus  had  a  biphasic 

distribution with half-life of 0.04 h and 0.58 Diminazene 

was rapidly absorbed following IM administration and peak 

plasma  concentration  (Cmax)  4.68 1.12  g/m  was    

attained  in10-15  min,  the  half-life  of  the  terminal 

elimination phase was 145.48 h. In vitro after 30min the 

Diminazene was partitioned between plasma, whole blood 

and red blood cells at a ratio of 6.65 0.06, 5.02+0.27 and  

1.93 0.87  respectively.  After  12h  the  partition  had  

change  to  1.24 0.08,  1.60 0.07  and  1.99 0.44    

respectively.  This  showed  that  most  of  the  Diminazene 

was in the plasma 30 min after treatment but that after 

12h the majority of Diminazene in the blood was abound 

to  red  blood  cells.  In  vitro  Diminazene  was  bound  to 

bovine plasma albumin to extent of 38.01-91.10% (Aliu et 

al., 1993).

Mamman  et  al.,  (1993),  compared  the 

pharmacokinetics  of  Diminazene  in  non  infected  and  T. 
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conglense infected cattle after 3.5mg/kg BW Diminazene 

injection IM there were few significant  pharmacokinetics 

differences  between  the  cattle.  The  maximum 

concentration  of  the  Diminazene  in  the  plasma  was 

significantly  higher  in  animal  with  acute  infection 

8.25 1.72 g/m  versus animals with chronic infection    

5.04 0.26 g/m  and the non-infected cattle 4.26 0.76     

g/m . Similarly the time to maximum concentration was   

significantly shorter in the acute infection versus chronic 

and non infected cases (18.36 and 33.75min).

Gummow  et  al.,  (1994),  in  the  course  of 

bioequivalence and pharmacokinetics  evaluation for  two 

Diminazene aceturate formulations given IM in cattle; they 

found that two compartmental model best described the 

behaviour of Diminazene in cattle, peak concentration of 

Diminazene  3.24 0.16  g/m  was  reached  49.8 7.6     

min after IM injection of 3.5 mg/kg of Diminazene, they 

found  a  half–life  of  absorption  (T1/2)  of  1.93 0.95h,  

Diminazene  was slowly eliminated with a residence time 

of  13.27  days  and  a  long  elimination  half-life  (T1/2 of 

222h) .

Mdachi et al., (1995), conducted a study where cows 

were  repeatedly  infected  with  T.  congolense and  then 

treated  with  a  different  dose  of  Diminazene  aceturate 

each time.  The results  of  their  study indicated that  the 

level of  parasitaemia and the degree of anaemia in the 

animals at the time of treatment affected the distribution, 
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disposition and elimination of Diminazene aceturate from 

animal.

1.1.9.3 Dogs 

Bauer (1967) used serum Diminazene concentration 

to inhibit growth of Brucella spp. in culture as compared to 

control  concentration  of  Diminazene,  thus  using  the 

bactericidal action of the drugs to biologically determine 

blood  concentration  after  Diminazene  injection. 

Concentration of Diminazene as low as 1 g/m  could be   

determined in this studies,  peak serum concentration of 

Diminazene occurred at 3h (3 g/m ) and all traces of   

Diminazene  were  absent  by  24  h.  He  concluded  that 

Diminazene was excreted via the kidney within 24 h.

Onyeyili and Anika (1989, 1991), used a colorimetric 

method to determine the influence of T. congolense on the 

disposition of Diminazene in the dogs using each dog as 

its  own  control.  They  reported  that  drug  elimination 

followed a biphasic process, irrespective of infection but 

that infection significantly shortened T1/2 of Diminazene 

from the 0.17h to 0.12h, although the urinary excretion of 

the drug remained constant (Onyeyili and Anika, 1991)

They  also  gave  3.5ml/kg  Diminazene  IM  to  both 

healthy  dogs  and  dogs  with  trypansomiasis.  The  dogs 

were  autopsied  at  48,  72,  120,  168  and  240h  after 

injection.  Mean  plasma  concentration  were  reported  as 

0.2 0.008 g/ml, but no peak concentration were given.   

No Diminazene was found in the plasma after 48h. Higher 

plasma concentration levels were present in healthy dogs.
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In all tissue samples at 48h the highest concentration 

of Diminazene was found in the kidneys and liver in both 

groups and low Diminazene concentration was found in 

the brain.  Diminazene persisted in  the tissues for  more 

than 10 days (Onyeyili  and Anika, 1989). 

 Another publication by same authors, regarding the 

same study, reported T1/2   significantly decreased in dogs 

after trypanosome infection 0.14 h vs.  0.2 (Onyeyili  and 

Anika, 1991).

1.1.9.4 Blood products

Alvi  et  al., (1985)  incubated  Diminazene  aceturate 

with blood products and found that binding to plasma and 

serum was 50% and 35% respectively. On examination of 

the red blood cells  they found that  70% of  Diminazene 

was  bound  to  purified  haemoglobin  and  that  red  cell 

membrane did not show any binding. They concluded that 

Diminazene bind to number of blood proteins and could 

cross  the  red  blood  cell  membrane  to  bind  to 

haemoglobin.

1.1.10 Use of Diminazene aceturate in animals and 

human

1.1.10.1 Use of Diminazene aceturate in equine

Back at  1980 Singh  et  al.,  reported that  Diminazene diaceturate 

(Berenil, Hoechst) at 12 mg/kg intramuscularly (IM) and repeated after 

24 hours controlled the rising parasitaemia of  Babesia equi  infection in 

four  out  of  five  donkeys  and  they  approached  that  drug  was  more 

effective in the early stages of the disease and had a prophylactic effect 

for at least 30-35 days.
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In horses approximately the same efficacy ratio  was established 

(Rashid et al., 2008); they studied the efficacy of two diamidine drugs i.e. 

Diminazene aceturate and Diminazene diaceturate. Efficacy of the drugs 

was determined by the reversal  of  clinical  signs and a negative blood 

smear  examination.  The  efficacy  of  Diminazene  diaceturate  was 

demonstrated to be 80% while Diminazene aceturate was found to have 

90% efficacy against babesiosis.

1.1.10.2 Use of Diminazene aceturate in dogs and 

cats

Diminazene is the antibabesial drug of choice for the 

treatment of canine babesiosis in South Africa (Anika and 

Onyeyili,  1989).  Differences in  the dosage described for 

Diminazene  and  the  occurrence  of  mortality  at  doses 

equal to or close to the recommended therapeutic dose for 

the treatment of canine babesiosis have been described 

(Oppong  1969,  Losos  and  Crockett  1969,  Naude  et  al., 

1970, Moore, 1979, Stewart 1983).

Howes et al., (2011) investigated Diminazene aceturate efficacy 

on dogs at dose rate of 3.5 mg/kg injected intramuscularly for 5 days at 

24h intervals, to clear  Trypansoma evansi  infection. After treatment the 

dogs  showed  clinical  signs  of  health  improvement,  and  clinical  signs 

disappeared  after  the  seventh  day  of  treatment.  The  parasite  was  not 

found in  blood smears  after  the  third  day  of  treatment  and  PCR was 

negative on days 30 and 50 post-treatment.

In  a  study  carried  out  on  cats  to  investigate  the  efficacy  of 

Diminazene aceturate in the control of  Trypansoma evansi it  has been 

reported that, treatment with Diminazene aceturate at the recommended 

dose 3.5mg/kg intramuscularly for 5 consecutive days had an efficacy of 

85.7% (Da Silva et al., 2009).
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1.1.10. 3 Use of Diminazene aceturate in cattle and 

sheep

The efficacy of Berenil was earlier reported by Joyner 

et  al.,  (1963)  in  doses  of  3-5  mg/kg  against  cattle 

babesiosis. Niazi and his colleagues (2008), determined the prevalence 

and chemotherapy of  babesiosis  in calves,  single  dose  of  Diminazene 

aceturate at 3.5mg/kg BW intramuscularly (IM) was used to investigate 

the efficacy of the drug, blood samples were collected at day 0, 3, 7 and 

10  post  medication.  The  efficacy  was  determined  on  the  basis  of 

disappearance of babesia in the blood smears which indicated that the 

efficacy of Diminazene aceturate was increased from 40% at day 3 up to 

90% at day 10.

Another study in the same area in 2010 by Rashid and others in 

sheep included a total of 310 blood smears to investigate the efficacy of 

Diminazene and imidocarb on babesiosis chemotherapy proved that the 

efficacy of Diminazene aceturate at the single recommended dose was 

30% and increased up to 80% from day 3 to 7 of the treatment.

1.1.10.4 Use of Diminazene aceturate in human

In addition to trypanocidal and babesiocidal activity, 

Diminazene  had  also  been  effectively  used  as  a 

therapeutic agent for visceral and cutaneous leishmaniasis 

in man (Rees et al., 1985; Lynen and Van Damme, 1992).

The use of Berenil  in man was limited until  now to 

resistant kala-azar in Kenya (Rees  et al., 1985) and early 

stage human trypanosomiasis  in  East  –and West –Africa 

(Temu, 1975; Abaru and Matovu, 1981) and Zaire (Ruppol 

and Burke, 1977). Very few side effects were noted and all 

were  reversible  (Temu,  1975;  Ruppol  and  Burke,  1977; 

Abaru and Matovu, 1981).   
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1.1.11 Toxicity and residues

Berenil was reported to cause mild to severe toxicity 

in  horses  and  mules  after  injection,  with  minimal 

protective  effect  of  the  drug  (Tuntasuvan  et  al.,  2003). 

Berenil caused fatal reactions in camels, horses and dogs 

at doses which are considered to be normal and harmless 

in cattle (Sirivan et al. 1994), in camels, however, a signal 

dose of 7.0 mg/kg b.w can be highly toxic (Leach, 1961). 

In  1981  Homeida  and  his  colleagues,  investigated  the 

toxicity  of  Diminazene  aceturate  in  camels  at  three 

unusual  doses,  single  intramuscular  dose  of  40mg/kg 

which  caused  death  after  4  hours,  the  clinical  signs 

observed in camels were similar and developed within 15 

min  of  injection  of  Diminazene.  They  showed  tremors, 

itching, and frequent urination, frothing at the mouth and 

sweating.

Diminazene  is  also  relatively  toxic  in  dogs. 

Experimentally; intramuscular administration at dose 10.0 

mg/kg b.w., once or repeatedly, resulted in sever signs of 

disturbances  in  gastrointestinal  tract,  respiratory, 

musculoskeletal and nervous systems in dogs (Losos and 

Crockett,  1969),  in  the  other  hand  cattle  can  tolerate 

Diminazene as high as 21 mg/kg without signs of toxicity 

(Fairclough, 1963).

Although  Diminazene  has  not  been  formally 

evaluated  for  its  toxicity  in  man  (Apted,  1980),  the 

manufacturers  do  not  recommend  its  use  in  people 

because of the toxicity observed in some animal species 
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(Abaru  et  al.,  1984).  However,  in  17  cases  reported by 

Hutchinson  and  Watson  (1962),  no  local  or  systemic 

toxicity was observed.

Furthermore,  it  was  concluded  from a  study  of  99 

cases  reported  by  Abaru  et  al.,  (1984)  that  although 

various transient side-effects were observed, these were 

no  more  serious  than  those  produced  by  other 

trypanocidal  drugs,  such  as  suramin.  It  is,  however, 

noteworthy  that  acute  idiopathic  polyneuritis  (Laudry-

Guillain-Barŕe syndrome),  developed in  a human patient 

infected with  B. microti  after treatment with Diminazene 

aceturate (Ruebush et al., 1979). 

Diminazene is extensively distributed in the body of 

treated animals.  Residues of  the compound may persist 

for several weeks, principally in the liver and kidneys, and 

also, to a lesser extent, in the gastrointestinal tract, lungs, 

muscle, brain and fat (Gilbert, 1983; Kellner  et al., 1985; 

Murilla and Kratzer, 1989; Onyeyili and Anika, 1991). 

After treating lactating goats intravenously with 2 mg 

Diminazene base/kg b.w. the maximum concentration of 

Diminazene in milk (1.68 g/ml) was detected at 4 h (Aliu  

et al., 1984). Milk to plasma ratio of approximately 0.45 

was  maintained  at  equilibrium.  Trace  amounts  of 

Diminazene  (0.05  ug/ml)  were  present  for  up  to  72  h 

following treatment. Based on pharmacokinetic (Aliu et al., 

1984)  and residue studies  (Kellner  et  al.,  1985),  a  pre-

slaughter  withdrawal  period  of  21-35  days  has  been 
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recommended for Diminazene when treated animals are 

intended for human consumption. 

Finally,  although  Diminazene  and  related  aromatic 

diamidines interact with DNA (Newton, 1980), it has been 

concluded  that  they  are  not  teratogenic  (Yoshimura, 

1990).  Furthermore,  although  such  compounds  do  not 

appear  to  be  mutagenic  for Salmonella  typhimurium 

(Stauffert et al., 1990), Diminazene has been shown to be 

mutagenic  for  Saccharomyces  cerevisiae  (Mahler  and 

Perlman, 1973).

 1.2 Suphonamides

The sulphonamides are a group of complex synthetic 

organic  chemical  compounds  with  chemotherapeutic 

activity, they have a common chemical nucleus which is 

essential  for  antibacterial  activity.  Potentiated 

sulphonamides  are  broad-spectrum  bactericidal 

Antimicrobials with a large volume of distribution in horses 

(Plumb, 1998). They are available as oral formulations and 

are  fairly  inexpensive,  making  them  a  practical 

antimicrobial choice in equine medicine (Duijkeren  et al., 

1994).  These  drugs  are  often  chosen  for  prolonged 

antibiotic therapy because of their perceived safety and 

low incidence of recognized adverse effects (Wilson et al., 

1996). Sulphonamides are widely used for therapeutic and 

prophylactic purposes in both people (Kim and Park, 1998) 

and animals (Schwarz and Chaslus-Dancla, 2001).

1.2.1 History
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Sulphanilamide  was  first  syntheseized  in1908  by 

Gelmo, but it was not until  1935 when Domagk  of  I.G 

Farben Industrie discovered the  ability of certain azo-dyes 

related  to  sulphanilamide  to  protect  mice  against 

challenges  with  streptococci,  that  attentoin  became 

concentration on these products of dye industry. Prontosil 

and  Neo-prontosil,  the  latter  a  water   soluble  red  dye 

which stained everything it  contacted,  were  the  first  of 

these azo-compounds to be used therapeutically and with 

a good effect. It was stated during the same year in Paris 

that the activity of prontosil and other –dyes was due to 

their release of sulphanilamide and soon this was followed 

in  1935  by  work  in  England  which  showed  that 

sulphanilamide is less toxic than prontosil and yet equal in 

activity.

Since  1936  a  great  amount  of  investigation  has 

produced many sulphonamides but only a few have been 

of therapeutic value. In recent years the sulphonamides 

have been largely displaced therapeutically by antibiotics. 

Nevertheless,  interest  in  the  sulphonamides  continues 

especially as synergism and delay in the development of 

antibiotics (Brander et al., 1991). 

1.2.2 Chemistry

In  chemistry,  the  sulphonamide  functional  group (also  spelt 

sulfonamide) is -S (=O)2-NH2, a sulphonyl group connected to an amine 

group.  A sulphonamide  (compound)  is  a  compound that  contains  this 

group. The general formula is RSO2NH2, where R is some organic group. 

For  example,  "methane  sulphonamide"  is  CH3SO2NH2.  Any 
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sulphonamide can be considered as  derived from a  sulphonic  acid by 

replacing a hydroxyl group with an amine group.

1.2.3 Chemical name 

4-Amino-N-(4,6-dimethyl-2-pyrimidinyl) benzene sulphonamide

1.2.4 Synonym 

2-(4-Aminobenzenesulfonamido)-4,6-dimethylpyrimidine; 2-

(paraaminobenzenesulfonamido)- 4,6-dimethylpyrimidine;  4-amino-N-

(2,6-dimethyl-4-pyrimidinyl) benzenesulfonamide;  4,6-dimethyl-2-

sulfanilamidopyrimidine; sulfadimethylpyridine;  2-sulfanilamido-4,6-

dimethylpyrimidine;  sulphadimidine;  sulphamidine; 

sulphadimethylpyrimidine;

1.2.5 Molecular formula

C10H11N3O3S 

1.2.6 Molecular mass

253.279 g/mol

1.2.7 Chemical structure 

The  chemical  structure  of  sulphonamides  and 

sulphadiazine is present in figures 1.2 and 1.3 below.

1.2.8 Appearance

Sulphonamides  are  pale-yellow  crystals.  Slightly 

soluble  in  water  (1.5  g/L  at  29  °C),  acids  and  alkali; 

solubility  increases  rapidly  with  an increase in  pH (Lide 

and Milne, 1996; Budavari, 2000). Melting-point: 198.5 °C 

(Lide and Milne, 1996)

1.2.9 Mechanism of action

Bacteriostatic  Sulphonamides  interfere  with  the 

biosynthesis of folic acid in bacterial cells; they compete 

with  para-aminobenzoic  acid  (PABA)  for  incorporation  in 
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the folic acid molecule.  By replacing the PABA molecule 

and preventing the folic acid formation required for DNA 

synthesis, the sulphonamides prevent multiplication of the 

bacterial  cell.  Only organisms that  synthesize their  own 

folic acid are susceptible; mammalian cells use preformed 

folic acid and, therefore, are not susceptible.

Cells that produce excess PABA or environments with 

PABA,  such  as  necrotic  tissues,  allow  for  resistance  by 

competition with the sulphonamide (Vree et al., 1986).

Figure 1.2: Sulphonamide structure
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Figure 1.3: Sulphadimidine structure
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Bacterial resistance to sulphonamides is caused by mutations in the 

enzymes  involved  in  folic  acid  synthesis  that  prevent  the  drug  from 

binding to it.

1.2.10 Toxicity

Idiosyncratic toxic reactions to sulphonamides have 

been reported in  dogs and humans (Werner and Bright, 

1982;  Mandell  and  Sande,  1985).  Because  idiosyncratic 

toxicoses  appear  clinically  to  include  an  immunological 

component, they are often referred to as hypersensitivity 

reactions,  drug  allergies,  or  drug-induced  immune 

mediated disease (Anderson and Adkinson, 1987). There 

have  been  28  cases  of  idiosyncratic  reactions  to 

sulphonamides  in  dogs  reported  in  the  literature 

(Grondalen,  1987;  Harvey,  1987;  Taksda,  1987;  Wuhr, 

1987; Thornburg, 1988).

Sulphonamide idiosyncratic toxicities in dogs can be 

divided into three categories, based on the primary clinical 

abnormality,  polyarthritis fever,  cutaneous drug eruption 

and  hepatitis.  The  relationship  between  these  clinical 

syndromes  is  unclear,  as  the  occurrence of  multi-organ 

toxicity is not uncommon (Giger et al., 1985).

In humans, the clinical manifestations of idiosyncratic 

toxicities  are  broad  and virtually  any  combination  of 

toxicities can occur in a given patient (Shear et al., 1986); 

therefore  a  division  based  on  clinical  abnormalities, 

though  convenient,  may  be  somewhat  artificial.  The 

adverse  effects  reported  in  horses  include  diarrhoea, 

fever,  nephrotoxicity,  transient  pruritis,  cardiovascular 
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collapse  and  death,  blood  dyscrasias,  bone  marrow 

suppression,  teratogenesis  and  anaemia  (Thomas  and 

Livesey 1998, Wilson et al., 1996).

In humans the toxic side-effects of sulphamethazine 

are  expected  to  be  similar  to  those  of  other 

sulphonamides,  which  include  disorders  of  the 

haematopoietic  system  and  hypersensitivity  reactions. 

Heinonen  et  al.,  (1977)  reported  no  increase  in 

malformation rates in the offspring of 47 women treated 

with sulphamethazine during the first four lunar months of 

pregnancy.

Groups  of  12  male  and  female  B6C3F1  mice  and 

Fischer 344 rats were fed either a control diet or a diet 

containing  300,  600,  1200,  2400  or  3600  mg/kg 

sulphamethazine for 90 days. In the mice, no treatment-

related lesions were seen grossly or by light microscopy. 

Thyroid gland enlargement was seen in one of 24 rats fed 

the diet containing 2400 mg/kg and in 12 of 24 rats at the 

highest  dietary concentration.  Thyroid gland hyperplasia 

was evident in all treated rats but was more pronounced 

and occurred at a higher incidence in rats at the higher 

concentrations (Heath and Littlefield, 1984a,b). 

In  B6C3F1  mice  that  received  diets  containing 

sulphamethazine at a concentration of 0, 300, 600, 1200, 

2400 or 4800 mg/kg for 24 months, non-neoplastic dose-

related lesions were observed in both males and females, 

including  follicular-cell  hyperplasia  (diffuse  and focal)  of 

the thyroid gland (Littlefield et al., 1989).
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Fischer  344  rats  received  diets  containing 

sulphamethazine  at  a  concentration  of  0,  10,  40,  600, 

1200 or 2400 mg/kg for 24 months, and interim sacrifices 

were  carried  out  after  3,  12  and  18  months.  The 

incidences of non-neoplastic lesions of the thyroid gland 

were  significantly  higher  among  treated  animals  than 

among  controls  and  included  follicular-cell  hyperplasia, 

follicular cellular change and multilocular cysts (Littlefield 

et al., 1990).

There  were  no  significant  effects  at  low 

concentrations, but a sharp, relatively linear rise was seen 

at  higher  concentrations:  thyroid  weights  increased and 

serum  thyroxine  and  triiodothyronine  concentrations 

decreased at ≥ 3300 mg/kg of diet, and the serum TSH 

concentration increased at ≥ 1600 mg/kg of diet. All the 

morphological  changes  seen  in  the  thyroid  gland  were 

reversible after withdrawal of sulphamethazine treatment. 

Supplemental  dietary  administration  of  thyroid  hormone 

completely  inhibited  the  functional  and  morphological 

changes observed with sulphamethazine at concentrations 

that  normalized  but  did  not  suppress  TSH.  Further,  no 

detectable effects on the thyroid gland were observed in 

hypophysectomized rats treated with sulphamethazine. In 

vitro, sulphamethazine did not increase cell proliferation in 

FRTL-5 cells in the absence of TSH. No effect on thyroid 

gland  function  was  observed  in  cynomolgus  monkeys 

(Macaca fascicularis) at doses of up to 300 mg/kg bw per 

day for 13 weeks (McClain, 1995). 
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The  effect  of  sulphamethazine  on  fertility  was 

assessed in three groups of 20 male and 20 female Swiss 

CD-1 mice given diets containing the drug at 0.25, 0.5 or 

1.0% (equivalent to 0, 313, 625 and 1250 mg/kg bw per 

day) and compared with a control group of 38 males and 

38 females. The mice were exposed to sulphamethazine 

continuously during the 7-day pre-mating and 98-day co-

habitation periods. At the conclusion of this phase of the 

study,  cross-over  matings  were  performed  with  the 

parental mice, consisting of control male × control female; 

high-dose (1% sulphamethazine) male × control female; 

control male × high-dose female. The effects observed in 

the  F0  group  receiving  1%  sulphamethazine  included 

significant  decreases  in  the  number  of  litters  produced 

and in the number of live pups per litter and a significant 

increase in the proportion of live male pups per total live 

pups per litter. No significant difference was found in the 

percentage  of  motile  sperm,  sperm  concentration  or 

percentage of abnormal sperm in the cauda epididymis in 

the  group  fed  1%  sulphamethazine  versus  the  control 

group.  The  cross-over  part  of  the  study  showed  that 

fertility was affected in animals of each sex, the average 

number  of  live  pups  per  litter  being  significantly 

decreased. No treatment-related histopathological effects 

were observed in the pituitary or reproductive organs of 

male  or  female  mice  in  the  group  fed  1% 

sulphamethazine.  Exposure  of  mice  to  0.25  or  0.5% 

sulphamethazine  in  the  diet  during  the  continuous 
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breeding phase of the study had no effect on fertility or 

reproductive performance (Reel et al., 1992).

Intraperitoneal  administration  of  various  doses  of 

sulphamethazine to adult male Wistar rats for 3 or 5 days 

and to Hubbard chickens for 3 days significantly increased 

the  electron  transport  components  (rats  only)  and  the 

activities  of  aminopyrine  N-demethylase  and  aniline 

hydroxylase at a dose of 150 mg/kg bw. A dose of 300 

mg/kg bw produced a significant decrease in cytochrome 

P450  content  and  in  the  activity  of  aminopyrine  N-

demethylase in the rats and of aniline hydroxylase in the 

chickens.  Administration  of  sulphamethazine  to  young 

male  rats  resulted  in  significant  induction  of  electron 

transport components and drug-metabolizing enzymes at 

both 150 and 300 mg/kg bw. However, treatment of old 

rats produced significant decreases in electron transport 

components  and  aminopyrine  N-demethylase  activity  at 

both  doses.  A  significant  increase  in  electron  transport 

components  was  observed  with  150  mg/kg  bw 

sulphamethazine  in  female  rats.  These  studies  suggest 

that sulphamethazine is a substrate of the mixed-function 

oxidase system, and induction is dependent on the dose 

and on the age and sex of  the animals.  Intraperitoneal 

administration  of  a  single  dose  of  300  mg/kg  bw 

sulphamethazine  to  rats  pretreated  with  intraperitoneal 

doses of 80 mg/kg bw per day phenobarbital for 3 days 

decreased  microsomal  protein,  electron  transport 

components and drug-metabolizing enzyme activities to a 
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greater  extent  than  phenobarbital  alone  (Kodam  and 

Govindwar,  1995;  Kodam  et  al.,  1996;  Kodam  and 

Govindwar, 1997). 

Sulphamethazine  did  not  induce  mutations  in 

Salmonella typhimurium and it did not induce unscheduled 

DNA  synthesis  in  human  fibroblasts  in  culture.  The 

Working  Group  was  aware  of  data  from three  different 

laboratories,  showing  that  sulfamethazine  (a)  did  not 

induce gene mutation at the Hprt locus (at concentrations 

up to 7 μg/mL) or chromosomal aberrations (at up to 5000 

μg/mL) in Chinese hamster ovary cells in the absence or 

presence of exogenous metabolic activation, (b) gave rise 

to  sister  chromatid  exchange  in  these  cells  (at 

concentrations up to 1500 μg/mL) in the absence but not 

in  the  presence  of  an  exogenous  metabolic  activation 

systems, and (c) did not induce chromosomal aberrations 

in bone-marrow cells of rats treated with a single oral dose 

of  3000 mg/kg bw (WHO, 1994).

1.2.12 Residues

Sulphonamides  are  sometimes  being  used  as 

additives in animal feed because prolonged ingestion of 

sulphonamides may have a growth-promoting effect (Long 

et  al.,  1990).  If  the  proper  withdrawal  periods  are  not 

observed before slaughtering or milking of the medicated 

animals,  meat  and  milk  from  these  animals  may  be 

contaminated  with  residual  sulphonamides 

(Saschenbrecker  and  Fish  1980,  Franco  et  al.,  1990, 

McEvoy et al., 1999). 
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1.2.13 Use of sulphonamide in animals and human

Sulphamethazine  is  a  sulphonamide  used  to  treat  a  variety  of 

bacterial diseases in humans and other species. It has been used since the 

late  1950s  to  treat  respiratory  disease  and  promote  growth  in  food-

producing animals (cattle, sheep, pigs and poultry).  It is a short-acting 

sulphonamide  drug  with  similar  properties  to  those  of 

sulphamethoxazole.  There is  currently no single-entity  dosage form of 

sulphamethazine, and it is used only in combinations. It has been used 

with trimethoprim and with other sulpha drugs, particularly sulfadiazine 

and  sulphamerazine.  The  sulphamethazine  sodium  salt  may  be  given 

orally (2 g initial dose followed by 0.1–1.0 g every 6–8 h) or parenterally. 

The  usual  adult  dose  of  a  combination  with  equal  amounts  of 

sulphadiazine  and sulphamerazine  (trisulphapyrimidines)  has  been 6–8 

g/day  (Gennaro,  1995;  WHO,  1995;  American  Hospital  Formulary 

Service,  1997;  Food  and  Drug  Administration,  1988;  Royal 

Pharmaceutical Society of Great Britain, 2000).

Potentiated  sulphonamides  are  broad-spectrum 

bactericidal  antimicrobials  with  a  large  volume  of 

distribution in horses (Plumb, 1998). They are available as 

oral formulations and are fairly inexpensive, making them 

a  practical  antimicrobial  choice  in  equine  medicine 

(Duijkeren et al., 1994). These drugs are often chosen for 

prolonged  antibiotic  therapy  because  of  their  perceived 

safety  and  low  incidence  of  recognized  adverse  effects 

(Wilson et al., 1996).

1.3 Babesiosis infection and drug resistance

Babesiosis  is  a  parasitic  infection  caused  by 

haemotropic  protozoa  of  the  genus  Babesia,  family 

Babesiidae, and order Piroplasmida. 
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This  malaria-like  protozoan  parasitizes  the 

erythrocytes  of  wild  and domestic  animals.  It  is  a  well-

recognized  disease  of  Veterinary  importance  in  cattle, 

horses and dogs, which has gained increasing attention as 

an emerging zoonotic disease problem. This organism may 

cause a malaria-like syndrome including fever, haemolysis 

and  hemoglobinuria.  Babesia  infections  have  probably 

been  complicating  the  lives  of  humans  since  antiquity, 

primarily through infections of domestic livestock.

The first recorded reference to babesiosis is probably 

in the biblical book Exodus 9:3, which described a plague 

of the cattle of the Egyptians Pharaoh Ramses II that could 

have been red water fever of cattle (caused by  Babesia 

bovis)  and  could  have  included  haemoglobinuria  as  a 

prevalent  sign.  However,  the  genus  was  not  formally 

recognized until the work of Babes in 1888, who described 

an  intraerythrocytic  pathogen  (suspected  to  be  a 

bacterium) causing a febrile haemoglobinuria in Rumanian 

cattle (Babes, 1888).

Shortly  thereafter,  the agent of Texas Cattle Fever, 

initially  called  Pyrosoma,  was  discovered  by  Smith  and 

Kilbourne  in  1893  (Smith,  1983)  and  later  identified  as 

Babesia bigemina. The first evidence that humans, could 

be infected with Babesia parasites was reported by Wilson 

and  Chowning  (1904),  who  described  piriform,  intra-

erythrocytic inclusions like those described by Smith and 

Kilbourne,  in  the blood of  patients with Rocky Mountain 
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spotted fever in the western US.  They called this agent 

Pyroplasma hominis.

Equine  babesiosis  is  one  of  the  most  common 

infectious tick-borne diseases in southern Africa (Heerden 

1996; de Waal and Van Heerden, 2004).

The  parasites  Theileria  equi  and  Babesia  caballi  

cause  acute,  sub  acute  or  chronic  diseases  in  Equidae 

(Phipps,  1996;  Ribeiro  et  al.,  1999;  de  Waal  and  Van 

Heerden, 2004)  or  neonatal  babesiosis  or  abortion  in 

mares (Heerden 1996; de Waal and Van Heerden,  2004). 

The disease leads to haemolytic anaemia (Schein, 1988; 

Phipps, 1996; de Waal  et al.  2004) and death can occur 

(de Waal and Van Heerden,  2004). 

For  many  years,  three  babesiacides,  quinuronium 

sulphate (Ludobal1, Bayer Ltd.), amicarbalide isothionate 

and  Diminazene  aceturate  were  available  in  most 

European countries for the treatment of bovine babesiosis. 

Drug  resistance  is  a  broad  problem  in  the  fight 

against  infectious  diseases.  After  the  long  exposure  to 

drugs,  parasites  can  frequently  develop  resistance 

towards  chemotherapeutics.  For  examples,  the  Pfmdr1 

gene in  P.  falciparum  (Foote  et  al.,  1989),  the LmpgpA 

gene in  L. major  (Callahan and Beverley, 1991) and the 

TbmrpA gene in T. brucei (Shahi et al., 2002) is involved in 

drug resistance by the alteration of drug accumulation into 

parasites. Other mechanisms of drug resistance, such as 

mutation with mitochondrial genes in  B. gibsoni  (Matsuu 

31



et  al.,  2006;  Sakuma  et  al.,  2009),  are  continuously 

studied.  

In B. gibsoni, the unsuccessful efficacy of Diminazene 

aceturate has become a serious problem for the treatment 

of canine babesiosis since it is one of the most popular 

antibabesial  drugs  for  the  B.  gibsoni  infection. 

Furthermore, a veterinary practice survey in South Africa 

indicated  that  relapse  of  B.  canis  after  Diminazene 

aceturate treatment was observed, although the genetic 

differences  was  not  detected  by  molecular  biological 

methods to certify the resistance (Collett, 2000). 

 1.4  Combination  regimens  of  Trypanocidal  and 

Babesiocidal drugs

Many of the trypanocidal compounds used for human 

trypanosomiasis  have  a  low  therapeutic  index.  Drug 

toxicity  is  therefore  often  observed.  In  an  attempt  to 

reduce drug doses, and therefore the incidence of toxicity, 

Diminazene  has  been  combined  with  a  variety  of 

compounds  to  determine  if  this  has  an  additive  or 

synergistic effect.

Combination with various nitroimidazoles was shown 

to  have at  least  an  additive  effect  against  T.  b.  brucei 

infections in mice (Jennings  et al., 1980; Jennings, 1993) 

and against  T.  simiae  infections in  pigs (Zweygarth and 

RÖttcher, 1987) that appear to have accessed the central 

nervous system (CNS). 

Similar  effects  have also  been demonstrated  when 

Diminazene  has  been  combined  with  either 
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difluoromethylornithine  (Jennings,  1992)  or  suramin 

(Williamson et al., 1982) for the treatment of T. brucei sp.  

CNS infections.

The molecular bases for these observations have not 

been elucidated but may be due to inhibition of different 

biochemical  pathways.  Lastly,  combination  with  either 

mepyramine  maleate  or  piroxicam  has  been  shown  to 

enhance the therapeutic activity of Diminazene against T. 

vivax infections in sheep (Joshua and Babalola, 1983) and 

T. b. brucei infections in mice (Abatan, 1991), respectively. 

Since  both  mepyramine  and  piroxicam  are  anti-

inflammatory  compounds,  their  co-administration  with 

Diminazene  may  increase  the  bioavailability  of  the 

trypanocide.
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Chapter two

Materials and Methods

2.1 Materials

2.1.1 Study location and housing

The experiments were conducted at the college farm, 

College  of  Veterinary  Medicine  (SUST),  located  in 

Khartoum North, Hillat Kuku, Sudan (Figure 2.1). Animals 

were  housed in  pens,  the  enclosures  made of  iron  and 

wood;  with  3X7  meters  dimension  (Figure  2.2). 

Experimental  animals  were  supplemented  with  Abu 

sabeen and water ad lib.

2.1.2 Experimental drugs

Diminazene  aceturate:   TRYPONIL  (Interchemi,  Holland) 

intramuscular  injection  was  used  according  to  the 

manufacturers recommended dose i.e. 3.5 mg/kg b.w.

Sulphadimidine sodium:  SULFA 333 (Interchemi, Holland) 

intramuscular  injection  was  used  according  to  the 

manufacturers recommended dose i.e. 3 ml/10 kg b.w. 

 2.1.3 Experimental animals

For  the  purpose  of  this  study,  a  total  of  42  male 

donkeys,  4-10  years  for  age,  weighing  90-150  kg,  was 

used.  The  animals  were  purchased  from  local  market 

Alkriab.  Upon  their  arrival  animals  were  clinically 

examined and treated with albendazole and Penicillin.

2.2 Methods

2.2.1 Experimental design

Two experiments were conducted to investigate the 

probable toxicities of Sulphadimidine sodium, Diminazene 
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diaceturate administered individually or simultaneously to 

donkeys.

2.2.1.1 First experiment 

In this experiment, a total of 18 donkeys were divided 

into three groups of each of six donkeys. Animals in the 

first group were subjected 

Figure 2.1: Location of Khartoum, in the centre of 

Sudan 
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Figure 2.2: Experimental animals housed in pens in 

the college farm
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to  treatment  with  Diminazene  aceturate  once  daily  for 

three successive days at the manufacturer recommended 

dose i.e. 3.5 mg/kg b.w. 

Animals  in  the  second  group  were  treated  with 

Sulphadimidine  sodium  once  daily  for  three  successive 

days  at  the  manufacturer  recommended  dose of  3 

ml/10kg. Animals in the third group were treated with a 

combination of Diminazene aceturate and Sulphadimidine 

sodium once daily for three successive days at the same 

dosage regimen described above. Animals were monitored 

for two hours following the administration of each dose.

2.2.1.2 Second experiment

Another  24  donkeys  were  divided  into  four  groups 

each  of  six  animals. In  this  experiment  animals  were 

subjected to fasting for 48 hours before the start of the 

experiment.  The first  group remained without treatment 

as control group and the other three groups were treated 

with  the  same  dosage  regimen  described  in  the  first 

experiment.  Animals  were  observed for  two hours  after 

each injection to record any physical changes or abnormal 

behaviour. 

2.2.2 Blood samples collection

Blood  samples  were  collected  directly  from  the 

jugular vein of the animals using 10 ml syringes.  Blood 

samples were transferred immediately into two containers; 

the first ones were plain vacutianer tubes and they were 

allowed  to  clot,  the  clotted  blood  samples  were 
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centrifuged and sera were separated and sorted at -20 C  

until analyzed.

The  other  one  was  kept  in  vacutianer  containing 

heparin  as  anti  coagulant,  these  samples  were 

immediately  used  to  evaluate  the  haematological 

parameters.

2.2.3 Sampling schedule

Blood samples were collected at the following time 

points: day zero (before treatment), 1, 2, 3, 5, 7, and 10. 

Where: 

1. Day zero before injection (baseline value).   

2. Days 1, 2 and 3 are three continuous days during the 

treatment period 

3. Days 5, 7 and 10 following the first injection. 

This  schedule  was  the  same  in  the  second 

experiment except that day zero was before the 48 hours 

fasting.

2.2.4 Haematological methods

2.2.4.1 Red blood cells count (RBCs)

Red blood corpuscles were counted in an improved 

Neubauer  haemocytometer  (Neubauer-improved 

-Germany) using hymen’s solution as diluents. Consisting 

of 0.5g mercuric chloride 0.5g sodium sulphate and 1.0g 

sodium chloride, made up to 200 ml with distilled water as 

described by (Dacie and Lewis, 1984).

2.2.4.2 Haemoglobin concentration (Hb)

Haemoglobin  was  determined  by  acid  haematin 

method (Sahli technique) using Sahli haemoglobinometer.
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Sahli  method  depends  up  on  conversion  of 

haemoglobin to acid haematin. The red cells are lacked in 

dilute hydrochloric acid (HCL) to form acid haematin which 

is  brown in colour  and is  matched with standard colour 

following the method described by Jain (1986).

2.2.4.3 Packed cell volume (PCV) 

Blood samples were drawn into heparinised capillary 

tubes sealed at one end by cristaseal and centrifuged at 

1200  rpm  for  five  minutes  using  microhaematocrit 

centrifuge  (Hettich-ZENTRIFUGEN –Germany).  The  PCV% 

was read in microhaematocrit reader following the method 

described by  Dacie and Lewis (1984) and Schalm  et al., 

(1975) 

2.2.5 Biochemical methods 

Serum  samples were subjected to  11 biochemical 

tests to assess the effect of treatment, if any, on the liver 

and kidney functions, and effect on minerals profile.

The  following  blood  biochemical  parameters  were 

tested  using  standard  methods:  Total  protein,  albumin, 

bilirubin,  Aspartate  aminotransferase  (AST),  Alanine 

aminotransferase  (ALT),  Urea,  Creatinine,  Calcium, 

Inorganic phosphorus, Sodium and Potassium.

Analyses  were conducted  using  A15-BioSystem 

(Barcelona, Spain) biochemistry analyzer, random access 

full automated machine (150 samples /hr, and designed to 

estimate 60 parameters).
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Serum  sodium  and  potassium  were  measured  by 

(EASYLIGHT-Ione  elective  electrons  analyzer-Germany), 

random access full automated machine.

2.2.6 Statistical analysis

The  difference  between  mean  values  of  data 

collected were tested by the t-test, the comparisons were 

made  between  mean  treatment  values  and  baseline 

values  within  the  same  group  to  eliminate  individual 

variation,  differences  were  considered  significant  at 

P<0.05 level. 
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Chapter Three

Results

3.1 First experiment

3.1.1 Post- Treatment Reactions

Following  Diminazene  aceturate  administration, 

donkeys  immediately  and  up  to  two  hours  monitoring 

period showed some sort of irritation as well as oedema at 

the site of injection (Figure 1.1).  

3.1.2 Haematological results 

The  PCV  values  were  significantly  (P<0.05) 

decreased in the second group (S) where animals received 

Sulphadimidine  sodium for  three successive  days  (Table 

3.1),  while RBCs count and haemoglobin level showed no 

significant (P<0.05) fluctuation during the study period in 

the three treated groups (Tables 3.2 and 3.3)
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Figure 3.1: Oedema at the site of Diminazene aceturate 

injection
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Table 3.1: Change in Packed cell volume (PCV) (%) 

following administration of Diminazene aceturate, 

Sulphadimidine sodium, and a combination of 

Diminazene+ Sulphadimidine in donkeys for three 

successive days

Days Diminazene Sulphadimidine Combination 
0 34.50±1.46 35.20±1.15 29.20±1.01
1 36.16±3.55 34.20±1.46* 

(0.01)

29.80±1.39

2 37.50±2.86 30.40±1.43* 

(0.01)

30.00±0.63

3 31.00±1.26 28.80±1.52 30.20±0.66
5 29.33±1.33 33.40±0.68 29.40±0.68
7 30.33±0.76 31.20±1.31 28.80±1.24
10 29.33±1.20 33.40±0.93 28.80±0.97

Values in the columns are mean s.e.m

Normal PCV (%) 31.59 ± 3.80 (Seri et al., 2006a)

*Values in the same column with asterisk are significantly (P<0.05) 

different with day zero
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Table 3.2: Change in Red blood cells count (RBCs) 

(x1012/litter) following administration of Diminazene 

aceturate, Sulphadimidine sodium and Diminazene and 

Sulphadimidine sodium for three successive days in 

donkeys

Days Diminazene Sulphadimidi

ne

Combination

0 5.12 0.47 4.46 0.37 4.92 0.25
1 5.06 0.51 4.14 0.36 4.69 0.24
2 5.43 0.42 4.59 0.37 4.34 0.30
3 5.73 0.44 4.31 0.18 4.36 0.18
5 5.05 0.23 4.41 0.35 4.28 0.24
7 4.45 0.41 4.54 0.30 4.62 0.20
10 4.70 0.39 4.67 28 4.51 0.20

Values in the columns are mean s.e.m

Normal range of RBC 4.56 – 8.74 x106/ l ( Zinkl et al., 1990)  

*Values in the same column with asterisk are significantly (P<0.05) 

different with day zero
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Table 3.3: Haeamoglobin concentration (Hb) (g/100ml) 

following administration of Diminazene, Sulphadimidine 

sodium and Diminazene and Sulphadimidine sodium for 

three successive days in donkeys

Days Diminazene Sulphadimidi

ne

Combination 

0 12.00 0.21 12.16 0.39 11.86 0.31
1 11.78 0.32 12.20 0.08 11.92 0.31
2 11.88 0.15 11.96 0.25 11.78 0.26
3 12.01 0.15 12.00 0.27 11.84 0.29
5 12.05 0.23 11.96 0.24 11.78 0.33
7 11.65 0.23 11.84 0.21 11.88 0.31
10 11.73 0.15 11.72 0.21 11.82 0.38

Values in the columns are mean s.e.m

Normal range of Hb 10.43 ± 1.45 g/100ml (Seri et al., 2006a)

3.1.3 Blood biochemical constituents 

46



In  the  Diminazene  aceturate  treated  group  total 

serum protein decreased significantly (P<0.05)  following 

two days of  treatment.  While  in  the group that  treated 

with  the  combination  the  total  protein  concentration 

decreased significantly (P<0.05) following three continued 

days of treatment. At the end of the study total protein 

level  returned to  pre-treatment  level  with  no significant 

difference  (Table  3.4).  Albumin  increased  significantly 

(P<0.05) following the second dose and continued to be 

like that up to the end of the study period in the group 

that received Diminazene aceturate (Table 3.5).

Serum  bilirubin  increased  significantly  (P<0.05)  in 

the  group that  received Diminazene aceturate  from the 

second day up to the 7th day of the study. Another increase 

was  also  monitored  in  the  group  that  received  the 

combination from the 3rd up to the 7th day of treatment 

(Table,  3.6).  While,  administration  of  Sulphadimidine 

sodium  induced  no  significant  (P>0.05)  increase  in 

bilirubin concentration.

As we could observe in Table (3.7) the level of ALT 

showed  significant  (P<0.05)  increase  in  the  first  two 

treated  groups  in  the  3rd and  5th days  (Diminazene 

aceturate),  10th day  (Sulphadimidine  sodium),  and 

significant decrease (P<0.05) the 7th and 10th days in the 

combination group.

AST level was increased significantly (P<0.05) from 

the 2nd day of treatment in the combination group and the 

1st day in Diminazene and Sulphadimidine sodium groups 
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and remained increased up to the end of the study (Table 

3.8).

Significant  increase  (P<0.05)  in  urea  level  was 

observed  in  first  three  days  following  treatment  in  the 

third  group  where  donkeys  received  a  combination  of 

Diminazene  and  Sulphadimidine  sodium  for  three 

successive days. By the end of the observation period the 

level of urea decreased significantly (P<0.05) below that 

of day zero as shown in Table (3.9). 

Administration of Diminazene alone or in combination 

with  Sulphadimidine  sodium  to  donkeys  for  three 

successive days resulted in significant (P<0.05) decrease 

in creatinine level (Table 3.10). 

Calcium level decreased significantly (P<0.05) in the 

donkeys  received Diminazene for  three successive days 

from the first day up to the 7th day, while in day 10 the 

level  returned to  almost  the same level  as  in  day zero 

(Table, 3.11).

Serum  phosphorus  level  increased  once  in  the 

second group (day 5) and decreased at three time points 

in the third group (3rd, 4th and the 5th day) (Table, 3.12). 

Donkeys  in  the  three  treated  groups  exhibited 

significant  (P<0.05)  increase in  sodium level  during the 

study  period  (Table,  3.13).  Potassium  level  increased 

significantly  (P<0.05)  in  the  first  two  treatment  groups 

that  received  Diminazene  and  Sulphadimidine  sodium, 

respectively (Table 3.14).
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Table 3.4: Change in serum Total Protein (g/l) following 

administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 

successive days in donkeys

 

Days Diminazene Sulphadimid

ine

Combination 

0 63.97 2.87 70.07 2.31 71.55 1.36
1 63.75 5.18 69.45 2.12 71.32 1.24
2 46.43 3.79*  

(0.01)

68.71 2.32 68.12 0.55

3 45.09 7.14 64.62 4.41 66.90 0.68* (0.04)
5 56.47 4.21 67.62 4.51 67.64 1.09
7 55.47 3.63 68.14 5.23 69.20 1.73
10 64.56 4.61 68.88 2.74 74.94 2.89

Means in the columns are mean + s.e.m 

Normal  value  of  serum total  protein  (44.20  -  66.90)  Seri  et  al., 

(2006b) 

*Means in the same column with asterisk are significantly (P<0.05) 

different with day zero 
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Table 3.5: Change in serum Albumin (g/l) following 

administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 

successive days in donkeys

 

Days Diminazene Sulphadimidi

ne

Combination 

0 8.23 0.10 22.16 1.08 22.36 1.54
1 7.18 0.49 21.84 1.32 23.04 1.46
2 12.41 1.40* (0.03) 23.40 1.71 21.02 1.27
3 13.39 1.91* (0.04) 22.06 2.22 20.30 1.16
5 15.89 0.60*  (0.00) 21.98 2.06 20.64 1.31
7 15.55 1.16* (0.00) 21.72 2.02 21.34 1.07

10 15.81 1.47*(0.00) 22.09 2.18 21.86 1.28

Values in the table are mean + s.e.m.

Normal value of serum albumin (20.62 - 36.00) Seri et al., (2006b)

*Means with asterisk in the same column are significantly (P<0.05) 

different with day zero

50



Table 3.6: Change in serum Bilirubin (mg/dl) following 

administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 

successive days in donkeys 

Days Diminazene Sulphadimidi

ne

Combination 

0 0.62 0.04 0.14 0.05 0.07 0.02
1 0.67 0.06 0.23 0.13 0.26 0.09
2 0.80 0.02*(0.01) 0.21 0.06 0.15 0.05
3 0.87 0.04*(0.01) 0.38 0.11 0.16 0.05*(0.04

)
5 0.86 0.03*(0.01) 0.46 0.16 0.20 0.05*(0.02

)
7 0.74 0.02*(0.03) 0.09 0.04 0.17 0.05*(0.04

)
10 0.72 0.03 0.07 0.02 0.16 0.06

Values in the table are mean + s.e.m.

Normal value of serum bilirubin 0 – 0.4 mg/dl Zinkl et al., (1990)

*Means with asterisk in the same column are significantly (P<0.05) 

different with day zero
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Table 3.7: Change in serum ALT (IU/L) following 

administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 

successive days in donkeys 

Days Diminazene Sulphadimidine Combination
0 11.56 0. 44 18.961.81 36.082.45
1 11.91 0. 53 22.121.26 46.997.39
2 12.531.00 27.124.76 37.504.73
3 14.651.06*(0.0

3)

27.405.43 33.683.48

5 13.97 0. 49*(0.0

0)

24.221.77 32.863.49

7 13.12 0 .36 24.421.47 30.223.00*(

0.04)
10 12.69 0 .56 26.981.45*(0.00) 20.123.08*(

0.01)

Values in the table are mean + s.e.m.

Normal level of serum ALT 18 ± 32 (0-83) Zinkl et al., (1990)

  *Means with asterisk in the same column are significantly (P<0.05) 

different with day zero
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Table 3.8: Change in serum AST (IU/L) following 

administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 

successive days in donkeys 

Day

s 

Diminazene Sulphadimidine Combination 

0 131.264.79 263.6811.97 301.9838.05
1 239.8625.28* 

(0.01)

394.1248.73*(

0.03)
403.9451.56

2 268.7711.72* 

(0.00)

429.6848.56*(

0.02)

475.5412.85* 

(0.01)
3 244.8910.28*(

0.00)

370.9019.48*(

0.01)

448.7615.68*(0.

02)
5 312.2412.85*(

0.00)

357.5624.27*(

0.01)

444.9420.46*(0.

03)
7 253.7015.01*(

0.00)

372.9824.77*(

0.00)

494.0819.47*(0.

02)
10 260.7619.12*(

0.00)

401.6213.72*(

0.00)

476.6419.38*(0.

02)

Values in the table are mean + s.e.m.

Normal volume ratio of  serum AST  487 ± 119 (248-725) IU/litter 

Zinkl et al., (1990)

*Means with asterisk in the same column are significantly (P<0.05) 

different with day zero
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Table 3.9: Change in serum Urea (mg/dl) following 

administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 

successive days in donkeys 

Days Diminazene Sulphadimidi

ne

Combination

0 25.62 2.55 25.64 1.84 21.78 1.22
1 21.90 1.41 25.16 2.30 30.08 1.80* (0.01)
2 31.09 2.64 23.06 2.54 31.64 1.88*(0.00)
3 34.43 4.91 22.30 2.37 29.10 2.04*(0.01)
5 28.59 3.55 20.62 3.98 24.56 2.44
7 36.94 4.04 21.40 3.13 19.50 1.57
10 21.90 1.41 22.56 2.90 18.18 1.24*(0.04)

Values in the table are mean + s.e.m.

Normal volume ratio of serum urea 16.0-56.8 mg/dl (Jordana et al., 

1998) 

*Means in the same column with asterisk are significantly (P<0.05) 

different with day zero
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Table 3.10: Change in serum Creatinine (mg/dl) following 

administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 

successive days in donkeys 

Days Diminazene Sulphadimid

ine

Combination 

0 1.18 0.08 0.91 0.07 1.04 0.05
1 1.10 0.13 1.00 0.08 0.95 0.06*  (0.04)
2 0.74 0.09*(0.0

1)

1.07 0.14 0.93 0.06*(0.01)

3 0.59 0.06*(0.0

0)

1.02 0.09 0.89 0.04*(0.00)

5 0.97 0.07*(0.0

2)

0.84 0.14 0.86 0.03*(0.01)

7 0.87 0.05*(0.0

0)

0.74 0.08 0.84 0.02*(0.02)

10 1.56 0.18 0.79 0.08 0.87 0.04*(0.04)

Values in the table are mean + s.e.m.

Normal volume ratio of serum creatinine 0.49-1.56 mg/d (Jordana et 

al., 1998)  

*Means with asterisk in the same column are significantly (P<0.05) 

different with day zero.
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Table 3.11: Change in serum Calcium (mg/dl) following 

administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 

successive days in donkeys 

Days Diminazene Sulphadimidi

ne

Combination 

0 7.83 0.21 5.93 1.81 8.43 0.81
1 7.33 0.23* (0.00) 6.02 1.86 8.45 0.85
2 5.92 0.49* (0.01) 6.62 1.92 8.89 0.88
3 5.36 0.77* (0.03) 5.98 1.64 8.86 0.86
5 6.41 0.51* (0.01) 5.57 1.69 9.10 0.79
7 6.32 0.49* (0.03) 5.99 1.64 10.10 0.33

10 7.65 0.54 5.96 1.60 10.47 0.36

Values in the table are mean + s.e.m.

Normal value of serum calcium 10.2 – 13.3 mg/dl (Zinkl et al., 1990)

*Means with asterisk in the same column are significantly (P<0.05) 

different with day zero.
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Table 3.12: Change in serum Phosphorus (mg/dl) following 

administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 

successive days in donkeys 

Day

s

Diminazene Sulphadimidine Combination

0 2.41 0.24 2.87 0.12 2.79 0.13
1 2.60 0.28 2.84 0.10 2.76 0.14
2 2.71 0.22 3.15 0.18 2.59 0.11
3 2.76 0.26 3.10+0.34 2.56 0.01*(0.00)
5 2.29 0.28 2.20 0.23*(0.01

)

2.48 0.07*(0.01)

7 2.81 0.21 2.69 0.22 2.51 0.13*(0.04)
10 2.97 0.26 2.67 0.19 2.51 0.17

Values in the table are mean + s.e.m.

Normal  volume  ratio  of  serum inorganic  phosphorus  2.21  –  5.90 

mg/dl (Jordana et al., 1998)

*Means in the same column with asterisk are significantly (P<0.05) 

different with day zero.
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Table 3.13: Change in serum Sodium (mEq/l) following 

administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 

successive days in donkeys 

Day

s 

Diminazene Sulphadimidin

e

Combination 

0 122.11+0.96 129.12+1.97 126.82+1.99
1 120.75+1.96 138.24+2.40* 

(0.01)

129.72+1.20

2 124.16+2.58 137.92+2.65*(0

.02)

128.64+2.48

3 127.28+2.35 135.46+2.56*(0

.01)

128.72+1.49

5 132.45+1.46*(

0.00)

138.26+1.20*(0

.01)

129.50+0.82

7 140.50+4.03*(

0.00)

130.24+2.15 133.08+2.02

10 122.15+5.34 130.60+1.33 135.86+0.99*(

0.03)

Values in the table are mean + s.e.m.

Normal volume ratio of serum sodium 132 – 149 mEq/l (Zinkl et al., 

1990)  

*means with asterisk in the same column are significantly (P<0.05) 

different with days zero.
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Table 3.14: Change in serum Potassium (mEq/l) following 

administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 

successive days in donkeys 

Days Diminazene Sulphadimidine Combination 
0 2.46 0.13 3.73 0.09 4.20 0.19
1 2.57 0.06 4.39 0.14* (0.00) 4.75 0.13
2 2.52 0.10 4.65 0.07* (0.00) 4.62 0.23
3 3.15 0.16*(0.0

0)

4.69 0.21* (0.01) 3.94 0.15

5 3.13 0.15*(0.0

2)

4.89 0.15*(0.00) 4.04 0.14

7 4.08 0.24*(0.0

0)

4.33 0.31 4.59 0.08

10 3.15 0.13*(0.0

0)

4.40 0.24*(0.02) 4.51 0.20

Values in the table are mean + s.e.m.

Normal volume ratio of serum potassium 3.0 – 5.4 mEq/l Zinkl et al., 

(1990)

*Means with asterisk in the same column are significantly (P<0.05) 

different with days zero.
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3.2 Second experiment 

3.2.1 Side and/or adverse effects

The same as in the first experiment animals showed 

irritation and oedema at injections site

3.2.2 Haematological parameters

In  the  control  group  immediately  following  fasting 

significant (P<0.05) decrease in PCV (%) was observed in 

the third and fifth day and continued with non significant 

decrease  up  to  the  end  of  the  experiment  period. 

Significant  decrease  in  PCV  (%)  was  also  observed 

following injection  of  Diminazene up to  the  fifth  day  of 

treatment, while in the group treated with Sulphadimidine 

sodium a simultaneous significant decrease was observed 

following  fasting  and  remained  with  no  significant 

difference during the treatment period. The combination 

of Diminazene and Sulphadimidine sodium resulted in non 

significant change in PCV (%) (Table 3.15). 

A subsequent decrease in RBCs count was observed 

in the different treatment groups as well as in the control 

group  immediately  following  injection  of  the  first  dose, 

while  Sulphadimidine  sodium  and  the  control  groups 

exhibited  another  significant  decrease  at  days  2  and  3 

respectively (Table 3.16). By the end of the experiment at 

day  10  almost  all  the  groups  showed  no  significant 

difference with pre-treatment values.

A  significant  increase  in  Hb  concentration  was 

observed  in  the  control  and  Sulphadimidine  sodium 

treated  group.  While,  the  other  two  treatment  groups 
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exhibited  no  significant  fluctuation  in  Hb  concentration 

when compared with pre-treatment level as shown in Table 

(3.17).
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Table 3.15: Change in Packed Cell Volume (%) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys

Days Control Diminazene  Sulphadimidine Combination 
0 34.20 1.68 40.60 1.69 36.40 1.20 35.20 2.47
1 30.00 1.58*  

(.002)

37.60 1.46 33.20 0.97*  

(.008)

32.20 1.98

2 26.20 1.85 36.60 1.69*  

(.037)

30.60 1.16 32.20 2.26

3 27.00 1.48*  

(.033)

35.40 1.40*  

(.025)

33.00 1.44 36.80 2.31

5 30.40 1.36*  

(.009)

35.20 1.82*  

(.020)

34.20 1.15 32.60 1.07

7 30.40 1.02 38.40 1.46 39.60 1.46 34.00 2.25
10 31.40 0.98 38.60 1.56 40.40 1.02*  

(.014)

33.20 1.62

Values in the columns are mean s.e.m

Normal PCV (%) 31.59 ± 3.80 (Seri et al., 2006a)

*Means in the same column with asterisk are significantly (P<0.05) 

different with day zero
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Table 3.16: Change in Red Blood Cells count (x1012/l) 
following administration of Diminazene, Sulphadimidine 
sodium and Diminazene and Sulphadimidine sodium for 

three successive days in fasted donkeys

Days Control Diminazene  Sulphadimidine Combination 
0 4.98 0.09 5.00 0.17 5.06 0.25 4.04 0.25
1 4.11 0.24*  (.03) 4.76 0.18*  

(.03)

4.85 0.28* (.04) 3.67 0.19*  

(.01)
2 4.51 0.30 4.66 0.23 4.00 0.15*  (.02) 3.49 0.16
3 4.41 0.14* (.02) 4.63 0.22 4.31 0.20 3.66 0.14
5 4.72 0.07 4.64 0.24 4.59 0.10 3.81 0.14
7 4.84 0.06 4.80 0.20 4.70 0.09 4.07 0.18

10 4.89 0.08 5.13 0.09 4.68 0.15 4.02 0.18

Values in the columns are mean s.e.m

Normal range of RBC 4.56 – 8.74 x106/ l ( Zinkl et al., 1990)  

*Means in the same column with asterisk are significantly (P<0.05) 
different with day zero

63



Table 3.17: Change in Hb concentration (g/dl) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys

Days Control Diminazene Sulphadiazine Combination 
0 11.84 0.21 12.34 0.21 12.08 0.15 12.08 0.10
1 12.28 0.21* (.03) 12.56 0.16 12.56 0.16*(.00) 12.26 0.13
2 12.52 0.17*(.03) 12.86 0.11 12.90 0.10* (.02) 12.36 0.13
3 12.36 0.19* (.03) 12.52 0.16 12.72 0.10*(.01) 12.10 0.20
5 12.24 0.19*(.04) 12.44 0.07 12.36 0.12 12.12 0.10
7 12.10 0.22 12.48 0.06 12.32 0.11 12.06 0.10
10 11.90 0.11 12.20 0.11 12.04 0.12 12.04 0.13

Values in the columns are mean s.e.m

Normal range of Hb 10.43 ± 1.45 g/100ml (Seri et al., 2006a)

*Means in the same column with asterisk are significantly (P<0.05) 
different with day zero
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3.2.3 Blood biochemical parameters

A significant increase in  total  protein concentration 

was observed in the groups treated with Diminazene and 

the  combination,  respectively.  While  the  group  treated 

with Sulphadimidine sodium showed significant decrease 

following the 3rd injection (Table 3.18).

Significant  decrease  in  albumin  concentration  was 

observed in the control group and Sulphadimidine sodium 

treated group, while Diminazene treated group exhibited 

significant  increase  during  fasting  period  and  continued 

with no significant increased level  up to the end of the 

experiment (Table 3.19).

Although a significant (P<0.05) decrease in bilirubin 

concentration  was  observed  in  the  control  group,  a 

significant (P<0.05) increase in bilirubin concentration was 

observed in the first two days following treatment in the 

groups  treated  with  Diminazene  and  Sulphadimidine 

sodium.  While  in  the  combination  group  there  was  no 

significant change (Table 3.20).

There was significant increase in ALT activity in the 

groups  treated  with  Diminazene  and  the  combination 

while  in  the  group  treated  with  Sulphadimidine  sodium 

there was no significant increase (Table 3.21). There was 

significant increase in AST activity in all treatment groups 

when  compared  with  pre-treatment  level  following 

administration of drugs (Table 3.22).

Urea level increased significantly following treatment 

with Diminazene in the 1st and 2nd day of treatment and a 
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no significant increase in urea level was also observed in 

the  other  two  treated  groups,  by  the  end  of  the 

experiment the urea level was almost the same or below 

the level of day zero  (Table 3.23).

Slight significant increase in creatinine concentration 

was  observed in  the  first  two days of  treatment  in  the 

groups  treated  with  Diminazene  and  Sulphadimidine 

sodium, while the increase continued up to the end of the 

experiment  in  the  combination  treatment  group  (Table 

3.24).

A  significant  (P<0.05)  increase  in  calcium 

concentration  was  observed  in  the  groups  treated  with 

Sulphadimidine sodium and the combination (Table 3.25).

A  significant  increase  in  phosphorus  concentration 

was  observed  only  in  the  group  treated  with 

Sulphadimidine sodium while, in the other two treatment 

groups there was significant decrease (Table 3.26).

Although  there  was  significant  decrease  in  the 

sodium  level  in  the  control  group,  there  was  only 

simultaneous decrease in the group treat with Diminazene 

(Table 3.27). A prominent significant increase in potassium 

level was observed in the groups treated with Diminazene 

and Sulphadimidine sodium respectively (Table 3.28).
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Table 3.18: Change in serum Total Protein (g/l) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys 

Days Control Diminazene sulphadimidine Combination 
0 73.31 2.80 72.58 2.16 71.34 3.04 72.49 1.46
1 73.66 1.97 75.40 1.67* (.02) 72.83 2.84 72.91 1.76
2 72.54 2.01 77.36 1.95 72.99 2.16 77.25 2.23* (.04)
3 68.75 0.78 74.42 1.38 67.79 2.47* (.02) 75.65 1.45
5 70.77 2.21 72.83 1.28 68.97 1.89 77.55 0.58* (.01)
7 72.18 2.19 73.47 2.48 72.54 4.82 71.52 1.23

10 73.26 2.25 72.13 343 72.99 2.92 73.38 1.53

Means in the columns are mean + s.e.m 

Normal  value  of  serum total  protein  (44.20  -  66.90)  Seri  et  al., 

(2006b) 

*Means in the same column with asterisk are significantly (P<0.05) 
different with day zero
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Table 3.19: Change in serum Albumin (g/l) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys 

Days Control Diminazene Sulphadimidi

ne 

Combinati

on 
0 24.081.89 26.781.34 26.621.73 26.201.69
1 23.701.61 28.261.77* 

(.04)

26.801.74 24.981.71

2 23.601.42 28.281.50 27.221.83 27.961.66
3 20.241.68* (.01) 28.271.36 24.781.58* 

(.03)

26.941.41

5 21.521.48* (.03) 26.721.34 25.121.68* 

(.01)

26.641.75

7 22.261.54* (.02) 27.401.86 26.081.55 24.821.60
10 23.061.87* (.01) 27.921.70 26.701.36 24.621.79

Values in the table are mean + s.e.m.

Normal value of serum albumin (20.62 - 36.00) Seri et al., (2006b)

*Means in the same column with asterisk are significantly (P<0.05) 
different with day zero
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Table 3.20: Change in serum Bilirubin (mg/dl) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys 

Days Control Diminazene Sulphadimidi

ne  

Combination 

0 0.40 0.09 0.42 0.12 0.37 0.07 0.53 0.07
1 0.44 0.09 0.59 0.13*(.

03)

1.03 0.17*(.

02)

0.45 0.10

2 0.39 0.09 0.99 0.13*(.

04)

1.09 0.25*(.

04)

0.61 0.12

3 0.32 0.11 0.51 0.17 0.38 0.07 0.77 0.11
5 0.18 0.05 0.35 0.16 0.45 0.09 0.58 0.12
7 0.13 0.03*(.04) 0.51 0.14 0.46 0.10 0.66 0.09

10 0.16 0.03*(.04) 0.64 0.29 0.32 0.08 0.48 0.08

Values in the table are mean + s.e.m.

Normal value of serum bilirubin 0 – 0.4 mg/dl Zinkl et al., (1990)

*Means in the same column with asterisk are significantly (P<0.05) 
different with day zero
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Table 3.21: Change in serum ALT (IU/l) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys 

Days Control Diminazene Sulphadimidine Combination 
0 17.10 1.43 13.68 2.02 23.38 3.57 20.04 5.66
1 18.24 0.95 16.802.39* 

(.01)

31.76 6.27 30.68 5.27*(.02)

2 22.14 2.81 21.56 3.75 38.42 8.55 36.02 6.96*(.02)
3 19.72 2.01 30.18+9.76 41.42 9.10 27.28 3.04
5 16.84 1.42 27.34 6.26*  

(.04)

29.50 6.26 39.58 9.29*(.01)

7 16.74 0.88 22.54 5.93 26.96 6.76 25.96 4.03
10 16.96 1.00 15.66 1.09 18.30 2.70*(.0

48)

24.84 2.33

Values in the table are mean + s.e.m.

Normal level of serum ALT 18 ± 32 (0-83) Zinkl et al., (1990)

*Means in the same column with asterisk are significantly (P<0.05) 
different with day zero

Table 3.22: Change in serum AST (IU/l) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys 

Days Control Diminazene Sulphadimidine  Combination 
0 307.96 25.4 291.28 20.77 289.46 24.04 288.58 35.92
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8
1 329.92 15.8

6

236.70 33.03 352.76 26.36*(

.03)

391.00 34.43*(.0

1)
2 384.30 29.2

6

361.12 50.94*(.0

3)

358.08 25.01*(

.047)

484.58 55.56*(.0

1)
3 363.32 21.1

4

351.26 60.05 359.62 25.72*(

.03)

503.26 63.03*(.0

1)
5 315.98 17.5

6

345.02 51.02 347.22 20.03*(

.02)

404.68 42.75

7 309.28 16.8

9

321.14 47.08 381.74 56.96 380.10 33.61

10 297.08 18.6

2

291.42 37.57 303.70 15.47 365.32 28.26

Values in the table are mean + s.e.m.

Normal volume ratio of  serum AST  487 ± 119 (248-725) IU/litter 

Zinkl et al., (1990)

*Means with asterisk in the same column are significantly (P<0.05) 
different with day zero
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Table 3.23: Change in serum Urea (mg/dl) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys 

Days Control Diminazene Sulphadimidin

e  

Combination 

0 25.92 3.33 21.78 1.51 35.20 4.31 28.64 1.77
1 30.50 2.04 37.06 3.90*(.0

1)

37.10 3.76 30.50 3.28

2 33.04 4.77 37.26 4.65* (.0

1)

43.88 4.17 29.86 3.54

3 39.22 4.66*  

(.03)

28.34 3.83 40.44 3.31 28.00 3.04

5 27.42 4.05 24.40 4.07 35.12 2.27 25.24 2.39
7 27.08 3.67 19.94 3.86 33.10 1.87 24.70 2.17

10 26.08 3.56 18.06 2.45* (.0

2)

31.60 3.15 25.02 6.34

Values in the table are mean + s.e.m.

Normal volume ratio of serum urea 16.0-56.8 mg/dl (Jordana et al., 

1998) 

*Means with asterisk in the same column are significantly (P<0.05) 
different with day zero
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Table 3.24: Change in serum Creatinine (mg/dl) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys 

Days Control Diminazene Sulphadimidi

ne  

Combination 

0 0.99 0.10 0.77 0.06 0.87 0.07 0.84 0.06
1 1.05 0.07 0.87 0.06*(.03) 0.97 0.06*(.

04)

0.93 0.04*(.01)

2 1.09 0.06 0.96 0.06*(.01) 0.96 0.10 1.05 0.09*(.01)
3 0.97 0.08 0.87 0.07 0.92 0.04 1.00 0.08*(.04)
5 0.97 0.07 0.80 0.06 0.83 0.04 1.16 0.09*(.01)
7 0.95 0.07 0.88 0.08 0.74 0.03 1.13 0.08*(.00)
10 0.94v0.05 0.83 0.06 0.82 0.08*(.

02)

1.17 0.09* (.01)

Values in the table are mean + s.e.m.

Normal volume ratio of serum creatinine 0.49-1.56 mg/dl (Jordana et 

al., 1998)  

*Means in the same column with asterisk are significantly (P<0.05) 
different with day zero
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Table 3.25: Change in serum Calcium (mg/dl) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys 

Days Control Diminazene Sulphadimidi

ne  

Combination 

0 9.37 1.29 6.99 0.28 6.79 0.29 10.78 0.29
1 10.66 1.13* (

.02)

6.95 0.85 6.11 0.65 10.82 0.32

2 11.62 0.90 6.01 1.3 6.17 1.01 11.03 0.18
3 10.07 0.166 6.40 0.63 9.89 0.79*(.

01)

11.17 0.17

5 9.54 1.22 4.58 1.26 10.17 0.16*

(.00)

12.28 0.24*(.01)

7 9.83 1.17 4.55 1.02 10.98 0.40*

(.00)

11.28 0.40

10 9.64 1.21 6.29 0.19 11.42 0.28*

(.00)

10.80 0.21

Values in the table are mean + s.e.m.

Normal value of serum calcium 10.2 – 13.3 mg/dl (Zinkl et al., 1990)

*Means with asterisk in the same column are significantly (P<0.05) 
different with day zero
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Table 3.26: Change in serum Phosphorus (mg/dl) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys

 
Days Control Diminazene Sulphadimidine Combination 

0 2.05+.41 3.42+.20 2.86+.37 3.35+.22
1 2.650.28*(.03) 3.140.14 4.310.29*(.03) 2.570.26*(.03)
2 3.110.21*(.02) 3.250.39 3.800.178*(.048

)I

2.600.25*(.01)

3 2.580.25 2.510.48 2.430.35 3.010.491
5 1.340.07 2.090.19*(.02

)

2.270.38 2.490.242

7 1.870.14 2.580.20 2.940.21 2.570.22
10 2.110.18 2.480.15*(.01

)

3.300.36 2.380.25*(.01)

Values in the table are mean + s.e.m.

Normal  volume  ratio  of  serum inorganic  phosphorus  2.21  –  5.90 

mg/dl (Jordana et al., 1998)

*Means with asterisk in the same column are significantly (P<0.05) 
different with day zero
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Table 3.27: Change in serum sodium (mEq/l) following 
administration of Diminazene, Sulphadimidine sodium and 

Diminazene and Sulphadimidine sodium for three 
successive days in fasted donkeys 

Days Control Diminazene Sulphadimidin

e  

Combination 

0 139.26 2.10 131.56 1.84 130.36 1.70 132.94 0.90
1 134.94 1.51*(.0

1)

130.24 1.73 130.36 1.17 133.08 1.32

2 130.56 1.38*(.0

1)

125.50 2.09*

(.02)

128.78 1.27 134.02 1.52

3 132.56 1.36*(.0

1)

131.04 1.50 130.28 1.23 132.06 1.00

5 127.14 0.67* (.0

1)

126.82 2.10 131.96 1.20 130.38 2.41

7 129.96 0.69*(.0

1)

122.52 1.16*

(.03)

132.84 0.91 128.36 1.80

10 133.80 0.94 125.94 1.26 131.56 1.74 130.02 2.12

Values in the table are mean + s.e.m.

Normal volume ratio of serum sodium 132 – 149 mEq/l (Zinkl et al., 

1990)  

*Means with asterisk in the same column are significantly (P<0.05) 
different with day zero
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Table 3.28: Change in serum Potassium (mEq/L) following 
administration of Diminazene, Sulphadimidine sodium and 
Diminazene and Sulphadimidine sodium in fasted donkeys

Days Control Diminazene Sulphadimidin

e 

Combination 

0 5.02 0.14 6.33 1.87 4.65 0.17 3.67 0.29
1 4.88 0.12*(

.04)

9.85 2.53 4.08 2.05 3.93 0.20

2 4.79 0.15 13.47 2.58 11.07 2.08*(.

03)

3.93 0.23

3 3.89 0.14* (

.01)

8.66 1.38 10.26 1.01*(.

047)

3.48 0.08

5 3.89 0.21*(

.03)

9.72 1.29 5.53 0.02 3.66 0.16

7 3.99 0.30 18.81 1.79*(.

00)

4.21 0.15 4.79 0.99

10 4.23 0.28 15.27 0.65*(.

01)

4.35 0.21 5.22 1.25

Values in the table are mean + s.e.m.

Normal volume ratio of serum potassium 3.0 – 5.4 mEq/l Zinkl et al., 

(1990)

*Means with asterisk in the same column are significantly (P<0.05) 
different with day zero
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Chapter four

Discussion

The current study was conducted to evaluate some 

pharmacological  aspects  of  repeated  administration  of 

Diminazene  aceturate  and/or  Sulphadimidine  sodium  to 

donkeys. It is also aimed to study the combined effect of 

induced stress and simultaneous administration of the two 

drugs  on  some  haematological  and  biochemical 

parameters of donkeys.

4.1 Experiment I

In  this  study  three  groups  of  donkeys  each  of  six 

animals  were  either  treated  with  Diminazene  aceturate 

injection  formulation  at  the  recommended  dose  or  with 

Sulphadimidine sodium at the recommended dose or with 

a combination of Diminazene and Sulphadimidine for three 

successive days. The effect of medication was evaluated 

with special emphasis on liver and kidney functions as well 

as some haematological indices.

Following  Diminazene  aceturate  administration, 

donkeys  immediately  and  up  to  two  hours  monitoring 

period showed some sort of irritation as well as oedema at 

the injection site. Signs of toxicity observed in the group 

that  received  Diminazene  are  in  accordance  with  the 

results  of  Homeida  and  his  colleagues  (1981)  who 

reported that camels treated with 10 and 40 mg/kg body 

weight exhibited  clinical  signs that  developed within  15 

minutes of injection with Berenil.  The camel  defaecated 

and  became  hyperaesthetic  5  min  later.  They  showed 
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tremors, itching, frequent urination, frothing at the mouth 

and sweating. When the second dose of Berenil was given 

on days 3 or 4 the animals showed uneasiness,  colonic 

convulsions,  grinding  of  the  teeth,  frequent  urination, 

sweating, dyspnoea, salivation, recumbency and paddling 

of limbs. Within 10 minutes of the injection camel No. 3 

developed  hyperaesthesia,  frequent  urination  and 

defaecation, frothing at the mouth, convulsions, sweating, 

recumbency and regurgitation of ruminal contents.

The  PCV  values  were  significantly  (P<0.05) 

decreased  in  the  group  where  animals  received 

Sulphadimidine  sodium for  three successive  days,  while 

RBCs count and haemoglobin level showed no significant 

(P<0.05) fluctuation during the study period in the three 

treated groups.

The no significant  change in  Hb concentration  and 

total RBCs count observed in the current study following 

administration  of  Diminazene  is  in  agreement  with  the 

observations of Homeida  et al., (1981) in camels and Da 

Silva et al., (2009) in cats.

Trypanosomiasis was reported to reduce the PCV and 

RBC counts significantly (p<0.05) (Horst, 1996). However, 

Omoja and his colleagues (2012) reported that treatment 

with  Diminazene  aceturate  at  7  mg/kg  body  weight 

increased both PCV and RBC counts in rats infected with T. 

brucei brucei. They postulated that treatment with Berenil 

was  able  to  ameliorate  the  anaemia  caused  by 
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trypanosomosis; here this result partially supports results 

obtained in the current study. 

A variety of biochemical parameters are measured in 

toxicity studies, in attempts to evaluate a broad range of 

physiological  and  metabolic  functions  affecting  target 

organ identification and tissue injury assessment (Akhtar 

et  al.  2012).  Some  common  biochemical  parameters 

provide better information from pattern recognition, e.g. 

enzymes like ALT and AST for hepatotoxicity, and urea and 

creatinine for glomerular function (Evans, 1996).

In  the  Diminazene  aceturate  treated  group  total 

serum protein decreased significantly (P<0.05)  following 

two days of  treatment.  While  in  the group that  treated 

with  the  combination  the  total  protein  concentration 

decreased  significantly  (P<0.05)  following  three 

successive days of treatment. At the end of the study total 

protein  level  returned  to  pre-treatment  level  with  no 

significant difference. Homeida et al., (1981) observed no 

significant changes in the concentration of total protein in 

serum of any of the camels treated with Diminazene at 

10mg/kg body weight. 

The  significant  increase  in  albumin  concentration 

following  the  second  dose  in  the  group  that  received 

Diminazene  aceturate  may  be  attributed  to  the 

improvement  in  animal  health  following medication and 

regular feeding.

Serum  bilirubin  increased  significantly  (P<0.05)  in 

the  group that  received Diminazene aceturate  from the 
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second day up to the 7th day of the study. Another increase 

was also monitored in the third group that received the 

combination from the 3rd up to the 7th day of treatment. 

While,  administration of  Sulphadimidine  sodium induced 

no significant (P>0.05) increase in bilirubin concentration. 

Kaneko  et  al., (1997)  stated  that  the  normal  reference 

level of bilirubin in horses was 1-2 mg/dl, while Zinkl and 

his colleagues (1990) reported a range of 0-0.4 mg/dl in 

American donkeys.

Bilirubin is formed by the breakdown of haemoglobin 

in the spleen, liver and bone marrow. In the liver, bilirubin 

is  conjugated  with  glucouronic  acid  to  form  a  soluble 

compound. This conjugated bilirubin passes down the bile 

duct and is excreted into the gastrointestinal tract. An un-

conjugated,  albumin  bound  form is  also  present  in  the 

circulation.  It  is  insoluble  and  does  not  normally  pass 

through the kidneys into the urine. 

Here  the  prominent  rise  in  bilirubin  in  the  group 

received  Diminazene  may  be  attributed  to  the  low 

concentration  of  albumin  that  minimize  ability  of 

unconjugated bilirubin to bind to albumin and hence an 

increase  in  bilirubin  concentration.  However,  as  above 

stated the bilirubin level is still within normal level stated 

by above mentioned authors.

The  Significant  increase  (P  <0.05)  in  ALT  and  AST 

activity observed in the current study may be attributed to 

the increase in activity of the liver following administration 

of the drugs. Activities of serum enzymes like AST and ALT 
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represent the functional  status of the liver (Cremer and 

Seville,  1982),  as  certain  hepatic  damage is  considered 

pathologically irreversible (Helling et al., 1995). Aspartate 

aminotransferase is an important indicator of liver damage 

in clinical studies.

There were no significant changes in the activity of 

ALT in serum of any of the camels treated with Diminazene 

(Homeida et al., 1981). In camel No. 1, the activity of AST 

commenced to rise on day 2 and reached peaks on day 5. 

In camel No. 2, there was increase in the activity of AST at 

the time of slaughter; a result that was in agreement with 

the results obtained in the current study.  Here it is worth 

to mention that the level of the two enzymes is still within 

the normal  range suggested by (Zinkl  et al.,  1990,  and 

Kaneko et al., 1997).

The significant increase in urea blood level observed 

in the third group where donkeys received a combination 

of  Diminazene  and  Sulphadimidine  sodium  for  three 

continued days was  also  observed by  Homeida  and his 

colleagues (1981), in camels where the concentration of 

ammonia commenced to rise on day 2 and reached peaks 

on day 8. By the end of the observation the level of urea 

decreased significantly (P<0.05) below that of day zero.

Administration of Diminazene alone or in combination 

with  Sulphadimidine  sodium  to  donkeys  for  three 

successive days resulted in significant (P<0.05) decrease 

in creatinine level. There were no significant differences in 

creatinine levels between serum collection dates in horses 
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and mules naturally  infected with  T.  evansi and treated 

with Diminazene aceturate (Tuntasuvan et al., 2003). 

Calcium  significant  (P<0.05)  decrease  in  calcium 

level observed in donkeys received Diminazene for three 

successive days was in  agreement  with  observations  of 

Homeida  et al., (1981) who reported significant decrease 

in  magnesium  and  calcium  concentration  in  camels 

treated  repeatedly  with  Diminazene  at  10  mg/kg  body 

weight.  Serum  phosphorus  level  increased  once  in  the 

second group (day 5) and decreased at three time points 

in the third group (3rd, 4th and the 5th day).  Cornelius and 

Kaneko  (1963)  suggested  that  renal  lesions  lead  to 

retention  of  phosphate  which  in  turn  reduces  the 

absorption  of  calcium  from  the  alimentary  tract  and 

causes a fall in the concentration of calcium in the serum.

Donkeys  in  the  three  treated  groups  exhibited 

significant  (P<0.05)  increase in  sodium level  during the 

study  period.  Potassium  level  increased  significantly 

(P<0.05) in the first two treatment groups that received 

Diminazene and Sulphadimidine sodium, respectively.

The  significant  increase  in  sodium  and  potassium 

level  at  the  end of  current  study  may  be attributed to 

kidneys dysfunction following administration of the drugs 

for  three  successive  days  as  shown  in  elevated 

concentration of urea.

4.2 Experiment II

In the second experiment, animals were subjected to 

fasting  for  48  hours  and  then  either  kept  without 
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treatment or treated with repeated intramuscular doses of 

Diminazene  aceturate,  Sulphadimidine  sodium,  and 

combination for three successive days as in experiment I.

In  the  control  group  immediately  following  fasting 

significant (P<0.05) decrease in PCV (%) was observed in 

the  3rd and  5th day  and  continued  with  non  significant 

decrease  up  to  the  end  of  the  experiment  period. 

Significant  decrease in  PCV (%)  was  observed following 

injection of  Diminazene up to  the 5th day of  treatment, 

while in the group treated with Sulphadimidine sodium a 

simultaneous significant decrease was observed following 

fasting and remained with no significant difference during 

the treatment period. The combination of Diminazene and 

Sulphadimidine sodium resulted in non significant change 

in PCV (%). 

A subsequent decrease in RBCs count was observed 

in the different treatment groups as well as in the control 

group  immediately  following  injection  of  the  first  dose, 

while  Sulphadimidine  sodium  and  the  control  groups 

exhibited  another  significant  decrease  at  days  2  and  3 

respectively.  By  the  end  of  the  experiment  at  day  10 

almost all the groups showed no significant difference with 

pre-treatment values.

A  significant  increase  in  Hb  concentration  was 

observed  in  the  control  and  Sulphadimidine  sodium 

treated  group,  while,  the  other  two  treatment  groups 

exhibited  no  significant  fluctuation  in  Hb  concentration 

when compared with pre-treatment level.
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The  gradual  development  of  a  mild  or  moderate 

degree  of  anemia  is  not  uncommon  during  the 

administration of sulphonamides; it is usually of relatively 

minor significance and does not necessitate stopping the 

use  of  the  drug.  The  abrupt  appearance  of  a  severe 

anemia of hemolytic type has been generally recognized 

as  an  occasional  complication  of  sulfonamide  therapy 

since  the  condition  was  first  reported  by  Harvey  and 

Janeway  (1937).  Sulfadiazine  has  been  regarded  as 

relatively safe in this respect, but several cases of such 

anemia  have  been  reported.  We  have  found  reports  of 

cases  in  which  acute  hemolytic  anemia  appeared  in 

patients  during  or  shortly  after  the  administration  of 

sulphadiazine and in which the drug may have caused or 

participated  in  the  production  of  anaemia  (Donald  and 

Wunsch, 1944; Ross and Paegel, 1946).

The  minor  changes  observed  in  haematological 

indices were still within normal range suggested by other 

researchers (Zinkl  et al.,  1990, Kaneko  et al.,  1997, and 

Seri et al.,, 2006a).

Liver is often the primary target for the toxic effects 

of xenobiotics.  It  is known that the detoxification of the 

toxic materials which enter the body occurs mainly in the 

liver (Balistreri and Shaw, 1987). Therefore, liver can be 

used as an index for the toxicity of xenobiotics. Hence, the 

activities  of  some  enzymes  and  levels  of  certain 

biochemical  parameters  representing  liver  function,  i.e. 
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AST, ALT, total protein, and albumin were determined in 

treated donkeys. 

A significant increase in  total  protein concentration 

was observed in the groups treated with Diminazene and 

the  combination,  respectively.  While  the  group  treated 

with Sulphadimidine sodium showed significant decrease 

following the 3rd injection. Significant decrease in albumin 

concentration  was  observed  in  the  control  group  and 

Sulphadimidine sodium treated group,  while  Diminazene 

treated group exhibited significant increase during fasting 

period and continued with no significant increased level up 

to the end of the experiment. The significant decrease in 

albumin concentration was considered as a sequence to 

the  decrease  observed  already  in  total  protein 

concentration. 

A  significant  (P<0.05)  decrease  in  bilirubin 

concentration was observed in the control group, however, 

a significant  (P<0.05)  increase in  bilirubin concentration 

was observed in the first two days following treatment in 

the groups treated with Diminazene and Sulphadimidine 

sodium.  While  in  the  combination  group  there  was  no 

significant change.

Here  still  bilirubin  level  is  within  the  normal  level 

reported by Zinkl et al., (1990) and Kaneko et al., (1997)

There was significant increase in ALT activity in the 

groups  treated  with  Diminazene  and  the  combination 

while  in  the  group  treated  with  Sulphadimidine  sodium 

there  was  no  significant  increase.  There  was  significant 

86



increase  in  AST  activity  in  all  treatment  groups  when 

compared  with  pre-treatment  level  following 

administration of drugs.

The  liver  plays  a  role  in  the  detoxification  of 

metabolic  by-products  and  xenobiotics.  In  the  present 

study, the increased levels of AST and ALT could be due to 

hepatotoxicity  causing  permeability  alterations  and 

leakage of lysosomal enzymes enhancing the release of 

enzymes (Shrivastava  et al., 1989, and Choudhary  et al., 

2003). The elevation of ALT and AST levels in this study 

suggests  an  increase  in  liver  function  following 

administration of experimental drugs. 

Many  reports  had  elucidated  that  hepatocellular 

damage could be correlated with the disturbed enzymes 

activities. In this respect, liver tissues which were famous 

for their rich contents of aminotransferases (AST and ALT) 

suffer markedly from their loss under many pathological 

conditions (Rodwell, 1983). 

Elevation  of  AST,  a  cytosolic  enzyme  of  the 

hepatocytes,  reflects  the  increase of  plasma membrane 

permeability  resulting  from the  damage  of  hepatocytes 

(Plaa and Hewitt, 1982) and is used to detect liver damage 

(Klaassen and Eaton, 1991). The alteration in serum levels 

of  alanine  aminotransferase  (ALT)  may  be  indicative  of 

internal organs damage especially in liver (Kaneko et al.,  

1997). 

Urea level increased significantly following treatment 

with Diminazene and a no significant increase in urea level 
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was also observed in the other two treated groups.Urea is 

useful  in  early  deduction  of  nephrotoxicity  induced  by 

exogenous compounds. This parameter is used as index of 

renal damage in living organisms (Coles, 1986). Elevation 

of urea concentration in plasma of treated male donkeys 

may be attributed to reduction in glomerular filtration in 

the  kidney  and  also  reflect  dysfunction  of  the  kidney 

tubules (Hayes, 1989; Walmsley and White, 1994).

The  increase  of  urea  concentration  is  a 

demonstration of impaired kidney function since the organ 

primarily excretes urea in the urine. The increase in urea 

due to drugs administration may be attributed to the same 

pathway  of  urea  excretion.  The  high  serum  AST  and 

ammonia levels may be due to liver malfunction, but renal 

lesions  could  have  contributed  to  the  raised  ammonia 

levels (Homeida et al., 1981).

Hyperammonaemia has been reported to cause the 

development  of  nervous  signs  in  domesticated  animals 

(Ahmed and Adam, 1979). The findings show that Berenil 

(or a metabolite) has a direct effect on the renal tissue, 

especially  the  convoluted  tubules.  The  enzyme 

histochemical changes in the liver and kidney of Berenil-

treated camels are evidence of damage to these organs 

(Homeida et al., 1981). By the end of the experiment the 

urea level was almost the same or below the level of day 

zero.

Slight significant increase in creatinine concentration 

was  observed in  the  first  two days of  treatment  in  the 
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groups  treated  with  Diminazene  and  Sulphadimidine 

sodium, while the increase continued up to the end of the 

experiment  in  the  combination  treatment  group. There 

were  no  significant  differences  in  creatinine  levels 

between  serum  collection  dates  in  horses  and  mules 

naturally  infected  with  T.  evansi and  treated  with 

Diminazene  aceturate  (Tuntasuvan  et  al.,  2003).  Here 

haemconcentration  following  fasting  may  cause  this 

transient increase in creatinine. 

A  significant  (P<0.05)  increase  in  calcium 

concentration  was  observed  in  the  groups  treated  with 

Sulphadimidine sodium and the combination. A significant 

increase in phosphorus concentration was only observed 

only in the group treated with Sulphadimidine sodium. A 

result  that  is  partially  agrees  with  that  Homeida  et  al., 

(1981).

A  significant  decrease  in  the  sodium  level  was 

observed in  the control  group,  a simultaneous decrease 

was also observed in the group treat with Diminazene. A 

prominent  significant  increase  in  potassium  level  was 

observed  in  the  groups  treated  with  Diminazene  and 

Sulphadimidine sodium respectively.

The  hepatic  and  renal  functions  remained  normal 

during therapy, similar results were observed in a study 

with cats treated with five doses of Diminazene aceturate 

(Da Silva et al., 2009). Therefore, nothing prevents the use 

of  this  drug  in  treatment  of  donkeys  infected  with  T. 
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evansi, though it is advisable to have a close monitoring of 

the animal during the therapy, as was done in this study.

At the end of the experiment period, all biochemical 

and haematological parameters returned to normal levels, 

allowing us to conclude that this new protocol tested was 

safe to be used for  the cure of trypamosomiasis and/or 

babesiosis in donkeys.
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Chapter five

Conclusion and recommendations

5.1 Conclusion

It is to be concluded that, the three –repeated dose 

protocol is safe to be used in donkeys for the treatment of 

trypanosomiasis and/ or babesiosis.

Signs of drug intoxication were not observed, as well 

as  hepatic  and renal  functions  were  not  affected,  since 

hepatic  enzymes,  urea  and  creatinine  remained  within 

normal limits. The animal showed normal biochemical and 

haematological  parameters  after  3  days  of  repeated 

administration  of  Diminazene  and/or  potentiating  with 

Sulphadimidine sodium. 

5.2 Recommendations

It is recommended that

1. Detailed  study  should  be  conducted  to  evaluate 

therapeutic  efficacy  of  the  protocol  in  infected 

animals

2. Manipulation  of  the  dosage  regimen  could  also  be 

attempted.

 

91



References

Abaru,  D.E.,  and  Matovu,  F.S.  (1981).  Berenil  in  the 

treatment  of  early  stage  human  trypanosomiasis 

cases.  In:  Proceedings,  17th meeting,  International  

Scientific Council for Trypanosomiasis Research and  

Control,  Arusha,  Tanzania.  OAU/STRC  Publication 

112: 94-198.

Abaru, D.E., Liwo, D.A., Isakina, D. and Okori, E.E., (1984). 

Retrospective long-term study of effects of Berenil by 

follow-up  of  patients  treated  since  1965. 

Tropenmedizin und Parasitologie, 35: 148-150.

Abatan,  M.O.  (1991).  Combination  therapy  of 

trypanosomiasis using Diminazene and non-steroidal 

anti-inflammatory drugs. Journal of Chemotherapy, 3: 

232-235. 

Ahmed,  O.M.M.  and  Adam.  S.E.I.  (1979).  Toxicity  of 

Jatropha  curcas in  sheep  and  goats.  Research  in 

Veterinary Science, 27: 89-96.

Akhtar,  A.,  Deshmukh,  A.A.,  Raut,  C.G.,  Somkuwar,  A.P., 

Bhagat,  S.S.  (2012).  Prallethrin  induced  serum 

biochemical  changes  in  Wistar  rats.  Pesticide 

Biochemistry and Physiology. 102: 160–168.

Aliu,  Y.O.,  Mamman,  M.,  and  Peregrine,  A.S.  (1993). 

Pharmacokinetics  of  Diminazene in  a  female Boran 

(Bos  indicus)  cattle.  Journal  of  Veterinary 

Pharmacology and Therapeutics. 16: 291-300.

Aliu,  Y.O.,  Ødegaard,  S.,  and  Sognen,  E.  (1984). 

Diminazene /Berenil: bioavailability and disposition in 

92

http://www.unboundmedicine.com/medline/?st=M&journal=Tropenmed%20Parasitol


dairy goat.  Acta Veterinaria  Scandinavia  25:  593-

596.

Alvi, N.K., Haqqi, T.M., and Hadi, S.M. (1985). Irreversible 

binding  of  Berenil,  a  trypanocidal  drug  to  blood 

proteins.  Indian Journal of Experimental Biology.  23: 

172-173. 

American Hospital  Formulary Service (1997).  AHFS Drug 

Information R 97, Bethesda, MD, American Society of 

Health-System Pharmacists

Anderson, J.A. and Adkinson, N.F. (1987). Allergic reactions 

to  drugs  and  biologic  agents.  Journal  of  American 

Medical Association, 258: 2891-2899.

Anika,  S.M.,  and  Onyeyili,  P.A.  (1989).  Effects  of 

trypanosomal infections on the pharmacokinetics of 

Diminazene aceturate in dogs. Tropical Medicine and 

Parasitology, 40: 419-421.  

Apted, F.I.C. (1980). Present status of chemotherapy and 

chemoprophylaxis of human trypanosomiasis in the 

eastern  hemisphere.  Pharmacology  and 

Therapeutics, 11:391-413. 

Ariyibi, A.  A.,  Odunuga,  O.  O.,  and  Olorunsogo, O.  O. 

(2001).  Concentration-dependent inhibition of sheep 

erythrocyte  ghost  plasma  membrane  Ca2+-ATPase 

activity  by  Berenil  [1,3-bis  (4′-amidinophenyl) 

triazene] in vitro. Journal of Veterinary Pharmacology 

and Therapeutics.  24: 233–236.

Atsriku,  C.,  Watso,   D.G.,  Tettey,  J.N.A.,  Grant,  M.H.  and 

Skellern,  G.G.  (2002).  Determination of  Diminazene 

93



aceturate  in  pharmaceutical  formulations  by  HPLC 

and identification of related substances by LC/ MS. 

Journal  of  Pharmaceutical  and  Biomedical  Analysis, 

30:979-986. 

Babes,  V.  (1888).  Sur  l'hemoglobinurie  bactérienne  du 

boeuf. Comptes Rendus de l Académie des Sciences -  

Series III – Sciences de la Vie.. 107: 692-694

Balistreri, W.F. and Shaw, L.M. (1987). Liver Function. In: 

Fundamentals of Clinical Chemistry. Tietz, N.W. (ed). 

3rd ed.,  W.B.  Saunders  Company,  Philadelphia,  pp: 

729. 

Barceló,  F.,  Ortiz-Lombardía,  M.,  and  Portugal,  J.  (2001). 

Heterogeneous  DNA  binding  modes  of  Berenil. 

Biochimica et Biophysica Acta, 1519:175-84.

Bauer, F. (1967). Treatment of Babesiasis with Berenil. Die 

Blauen Hefte Fur die Tirartz Hoechst Hefte (Blue Book  

Vet Profession), 13: 9-15.

Brander,  G. C.  , Pugh,  D. M.  , Bywater,  R. J., and Jenkins, 

W.  L.   (1991).  Veterinary  Applied  Pharmacology  & 

Therapeutics.  636  pages.  W.  B,  Saunders  Co;  5th 

edition. 

Budavari, S., ed. (2000). The Merck Index, 12th Ed., Version 

12:3,  Whitehouse Station,  NJ,  Merck  & Co.  & Boca 

Raton, FL, Chapman & Hall/CRC [CD-ROM]

Callahan, H. L. and Beverley, S. M. (1991). Heavy metal 

resistance:  a  new  role  for  P-glycoproteins  in 

Leishmania. The Journal of Biological Chemistry, 266: 

18427-18430.

94

http://www.amazon.com/s/ref=ntt_athr_dp_sr_4?_encoding=UTF8&field-author=W.%20L.%20Jenkins&search-alias=books&sort=relevancerank
http://www.amazon.com/s/ref=ntt_athr_dp_sr_3?_encoding=UTF8&field-author=R.%20J.%20Bywater&search-alias=books&sort=relevancerank
http://www.amazon.com/s/ref=ntt_athr_dp_sr_2?_encoding=UTF8&field-author=D.%20M.%20Pugh&search-alias=books&sort=relevancerank
http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&field-author=G.%20C.%20Brander&search-alias=books&sort=relevancerank
http://www.ncbi.nlm.nih.gov/pubmed/11418183
http://www.ncbi.nlm.nih.gov/pubmed?term=Portugal%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11418183
http://www.ncbi.nlm.nih.gov/pubmed?term=Ortiz-Lombard%C3%ADa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11418183
http://www.ncbi.nlm.nih.gov/pubmed?term=Barcel%C3%B3%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11418183
http://www.google.com.sa/url?url=http://www.researchgate.net/journal/0764-4469_Comptes_Rendus_de_l_Academie_des_Sciences-Series_III-Sciences_de_la_Vie&rct=j&frm=1&q=&esrc=s&sa=U&ei=iuu-U9j8D6Oy0QXOzICgDw&ved=0CBIQFjAA&sig2=OpUEKwnSkEVREGZgL2uopA&usg=AFQjCNGJbfPEL47WgVLyhz-fiFpnhzyW8g
http://www.google.com.sa/url?url=http://www.researchgate.net/journal/0764-4469_Comptes_Rendus_de_l_Academie_des_Sciences-Series_III-Sciences_de_la_Vie&rct=j&frm=1&q=&esrc=s&sa=U&ei=iuu-U9j8D6Oy0QXOzICgDw&ved=0CBIQFjAA&sig2=OpUEKwnSkEVREGZgL2uopA&usg=AFQjCNGJbfPEL47WgVLyhz-fiFpnhzyW8g


Choudhary,  N.,  Sharma  M,  Verma  P.,  Joshi  S.C.  (2003). 

Hepato  and  nephrotoxicity  in  rat  exposed  to 

endosulfan.  Journal  of  Environmental  Biology, 24: 

305–308. 

Coles, E.H. (1986). Veterinary Clinical Pathology. 4th ed., W. 

B. Saunders Co, Philadelphia. 

Collett, M. G. (2000). Survey of canine babesiosis in South 

Africa. Journal of South Africa Veterinary Association,  

71: 180-186.

Colpo,  C.B.,  Monteiro,  S.G.,  and  Stainki,  D.R.  (2005). 

Natural  infection  by  Trypanosoma  evansi in  dogs. 

Ciência Rural, 35: 717–719.

Cornelius,  C.S.,  and  Kaneko,  J.J.  (1963).  Clinical 

Biochemistry of Domestic  Animals.  Academic Press, 

New York and London. 

Cremer J.E. and Seville M.P. (1982). Comparative effects of 

two  pyrethroids,  deltamethrin  and  cismethrin  on 

plasma  catecholamines  and  on  blood  glucose  and 

lactate. Toxicology and Applied Pharmacology, 66 (1): 

124–133. 

Da  Silva,  A.S.,  Garcia,  H.A.,  Costa,  M.M.,  França,  R.T., 

Gasperi,  D.,  Zanette,  R.A.,  Teixeira,  M.G.  and 

Monteiro,  S.G.  (2011).  Horses  naturally  infected by 

Trypanosoma vivax  in  southern  Brazil.  Parasitology 

Research, 108: 23-30.

Da Silva, A.S., Zanette, R.A., Colpo, C., Santurio, J.M. and 

Monteiro  S.G.  (2008).  Sinais  clínicos  em  cães 

naturalmente  infectados  com  Trypanosoma  evansi 

95



(Kitenoplastida:  Trypanosomatidae)  no  RS.  Clínica 

Veterinária, 72: 66-68.

Da Silva, A.S., Zanette, R.A., Lopes, S.T.A., Santurio, J.M. 

and Monteiro, S.G. (2009). Diminazene aceturate in 

the control of  Trypanosoma evansi  infection in cats. 

Veterinary Parasitology, 165: 47-50. 

Dacie, J.V. and Lewis, S.M. (1984).  Practical Haematology, 

Churchill Livingston (ed.) printing Co. Ltd., New York, 

Pp. 445.

de  Waal,  D.T.  and  Van  Heerden,  J.  (2004).  Equine 

Babesiosis. In: du Plessis, I. (Ed.), Infectious Diseases 

of Livestock, Oxford University Press, Cape Town, pp. 

425-434.

Donald,  D.,  and  Wunsch,  R.  E.  (1944).  Acute  hemolytic 

anemia with toxic  hepatitis  caused by sulfadiazine: 

report of a case. Ann Intern Med. 21:709-711. 

Duijkeren,  E.V.,  Vulto,  A.G.,  and  Van  Miert,  A.S. (1994). 

Trimethoprim/sulfonamide combinations in the horse: 

a  review.  Journal  of     Veterinary  Pharmacology  and   

Therapeutics, 7:64-73.

Evans,  C.O.  (1996).  General  introduction.  p.  1–9.  In: 

“Animal Clinical Chemistry a Primer for Toxicologists” 

(G.O. Evans, ed.). USA Taylor and Francis Inc., Frost 

Road, Suite 101, Bristol, 216 pp.

Fairclough, R. (1963). Observations on the use of Berenil 

against  trypanosomiasis  of  cattle  in  Kenya. 

Veterinary Record, 75: 1107-1113.

96

http://www.ncbi.nlm.nih.gov/pubmed/?term=Duijkeren%2C+E.V.%2C+Vulto%2C+A.G.%2C+Van+Mier%2C+A.S.J.P.A.M.++(1994).+Trimethoprim%2F+sulfonamide+combinations+in+the+horse%3A+a+review.+Journal+of+Veterinary+Pharmacology+and+Therapeutics%3B+17%3A+64%E2%80%9373.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Duijkeren%2C+E.V.%2C+Vulto%2C+A.G.%2C+Van+Mier%2C+A.S.J.P.A.M.++(1994).+Trimethoprim%2F+sulfonamide+combinations+in+the+horse%3A+a+review.+Journal+of+Veterinary+Pharmacology+and+Therapeutics%3B+17%3A+64%E2%80%9373.
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Miert%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=8196097
http://www.ncbi.nlm.nih.gov/pubmed?term=Vulto%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=8196097
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Duijkeren%20E%5BAuthor%5D&cauthor=true&cauthor_uid=8196097


Food  and  Drug  Administration  (1988)  Sulfamethazine 

review. FDA Consumer, March 28 

Foote, S. J., Thompson, J. K., Cowman, A. F. and Kemp, D. J. 

(1989).  Amplification  of  the  multidrug  resistance 

gene  in  some  chloroquine-resistant  isolates  of  P. 

falciparum. Cell, 57: 921-930.

Franco, D.A., Webb, J., and Taylor, C.E. (1990). Antibiotic 

and sulphonamide residues in meat: Implication for 

human health. Journal of Food Protein, 53:178–185.

Fussganger,  R.  (1995).  Berenil  in  Veterinary  Medicine: 

report  from  the  chemotherapeutical  institute  of 

Faberwerke Hoechst, AG. 

Fussganger,  R.,  and  Bauer,  F.  (1958).  Berenil:  A  new 

chemotherapeutic in Veterinary medicine.  Medicinal 

Chemistry, 6: 504-531. 

Gennaro, A.R. (1995) Remington: The Science and Practice 

of  Pharmacy,  19th  ed.,  Vol.  II,  Easton,  PA,  Mack 

Publishing Co., p. 1276

Giger, U., Werner, L.L., Millichamp, N.J. and Gorman, N.T., 

(1985). Sulfadiazine-induced allergy in six Doberman 

Pinschers. Journal of the American Veterinary Medical  

Association, 186:479-484.

Gilbert,  R.J.  (1983)  Studies  in  rabbits  on  the disposition 

and  trypanocidal  activity  of  the  anti-trypanosomal 

drug, Diminazene aceturate (Berenil).  British Journal 

of Pharmacology, 80: 133-139.

Grondalen,  J.  (1987).  Trimethoprim-sulfonamide  induced 

polyarthritis. Veterinary Record, l21:l55.

97



Gummow,  B.,  Swan,  G.E.,  and  Du  Preez,  J.L.  (1994).  A 

bioequivalence  and  pharmacokinetic  evaluation  of 

two commercial  Diminazene aceturate  formulations 

administered  intramuscularly  to  cattle. 

Onderstepoort  Journal  of  Veterinary  Research,  61: 

316-326. 

Harvey, A. M. and Janeway, C.A. (1937). The development 

of acute haemolytic anemia during the administration 

of  Sulfanilamide.  Journal  of  the  American  Medical  

Association, cix: 12.

Harvey,  R.G.  (1987).  Possible  sulfadiazine-trimethoprim 

induced  polyarthritis.  Veterinary  Record,  120,  537-

538.

Hayes, A.W. (1989). Principles and Methods of Toxicology. 

2nd ed., Raven Press, New York. 

Heath,  J.E.  and  Littlefield,  N.A.  (1984a).  Effect  of 

subchronic  oral  sulfamethazine  administration  on 

Fischer  344  rats  and  B6C3F1  mice.  Journal  of 

Experimental and Toxicologic Pathology, 5: 201–214

Heath,  J.E.  and  Littlefield,  N.A.  (1984b).  Morphological 

effects  of  subchronic  oral  sulfamethazine 

administration on Fischer 344 rats and B6C3F1 mice. 

Toxicologic Pathology, 12: 3–9

Heerden, Jv. (1996). Equine babesiosis in South Africa: a 

report of two cases.  Equine Veterinary Education,  8: 

3-5.

98



Heinonen,  O.P.,  D.  Slone  and  S.  Shapiro,  (1977).  Birth 

Defects  and  Drugs  in  Pregnancy,  Littleton,  MA, 

Publishing Sciences Group, pp. 298, 301.

Helling, T.S., Wogahn, B.M., Olson, S.A., Evans, L.S., Reddy, 

B.R., VanWay, C. (1995). The effect of prostaglandin 

E1  on  liver  adenine  nucleotides  and  cytoplasmic 

enzymes in a porcine model of normothermic hepatic 

ischemia. Hepatology, 22: 1554–1559. 

Homeida,  A.M.;  El-Amin,  E.A.,  Adam,  S.  E.  I.,  and 

Mahmoud,  M.M.  (1981).  Toxicity  of  Diminazene 

aceturate (Berenil) to camels. Journal of Comparative 

Pathology. 91:355-360.

Horst,  S.H.S.  (1996)  Trypanosomosis.  In:  Horst  SHS (ed) 

Tropical  animal  health.  Kluwer,  Dordrecht,  pp  152–

169

Howes,  F.,  Da  Silva,  A.S.,  Athayde,  C.L.,  Costa,  M.M., 

Corrêa, M.M.B.,  Simiano Tavares, K. C., Miletti, L. C., 

dos Anjos Lopes, S. T., do Amaral, A. S. and Claudete, 

S.  A. (2011).  A  New Therapeutic  Protocol  for  Dogs 

Infected  with Trypanosoma  evansi.  Acta  Scientiae 

Veterinariae, 39: 988.

Hutchinson, M.P., and Watson, H.J.C (1962). Berenil in the 

treatment  of  Trypanosoma  gambiense  infection  in 

man.  Transactions  of  the  Royal  Society  of  Tropical  

Medicine and Hygiene, 56: 227-230.

Jain, N. C. (1986).  Schalm’s Veterinary Haematology. Lea 

and Febiger, Philadelphia, USA. 1221pp.

99



Jennings,  F.W.  (1992).  Chemotherapy  of  CNS-

trypanosomiasis:  the  combined  use  of  Diminazene 

aceturate  or  pentamidine  with  DL-~-

difluoromethylornithine  (DFMO).  Tropical  Medicine 

and Parasitology, 43: 106-109.

Jennings,  F.W.  (1993).  Combination  therapy  of  CNS 

trypanosomiasis. Acta Tropica, 54: 205-213.

Jennings,  F.W.,  Urquhart,  G.M.,  Murray,  P.K.,  and  Miller, 

B.M.  (1980).  'Berenil'  and  nitroimidazole 

combinations  in  the  treatment  of  Trypanosoma 

brucei  infection  with  central  nervous  system 

involvement. International  Journal  of  Parasitology, 

10: 27-32.

Jennings, G. H. and Southwell-Sander, G. (I937). Anaemia 

and agranulocytosis  during sulphanilamide therapy, 

Lancet, 2: 898.

Jordana,  J.;  Folch,  P.;  Cuenca,  R.  (1998).  Clinical 

biochemical  parameters  of  the  endangered 

Catalonian  donkey  breed:  normal  values  and  the 

influence  of  sex,  age,  and  management  practices 

effect. Research in Veterinary Science, 64: 7-10.

Joshua, R.A.  and Babalola, M.L.  (1983). Combined Berenil 

and mepyramine maleate in the treatment of Berenil 

resistant  Trypanosoma  vivax  infections  in  sheep. 

Bulletin  of  Animal  Health  and  Production  in  Africa, 

31: 231-238.

Joyner,  L.P.,  Davies,  S.F.,  and  Kendall,  S.B.  (1963).  The 

experimental  transmission  of  Babesia divergens by 

100



Ixodes ricinus — Experimental Parasitology, 14: 367-

373.

Kaneko, J. J., Harvey, J. W., and Bruss, M. L. (1997). Clinical 

Biochemistry of Domestic Animals, 5th ed., Academic 

Press. San Diego, London, Boston, New York, Sydney, 

Tokyo, Toronto. 

Kellner, H.M., Eckert, H.G. and Volz, M.H. (1985). Studies in 

cattle on the disposition of the antitrypanosomal drug 

Diminazene diaceturate ("Berenil).  Tropical Medicine 

and Parasitology, 36: 199-204.

Kim,  D.S.,  and  Park,  M.S.  (1998).  Antibiotic  use  at  a 

pediatric age. Yonsei Medical Journal, 39: 595- 603.

Klaassen,  C.D.  and  Eaton,  D.L  (1991).  Principles  of 

toxicology. In:  Toxicology, 4th ed. Amdur, M.O., Doull, 

J.,  Klaassen, C.D. (Eds.), McGraw-Hill,  New York, pp: 

12. 

Klatt,  P.  and  Hajdu,  P.   (1976).  Pharmacokinetic 

investigations on Diminazene and rolitetracycline in 

comparison  to  a  combination  of  both.  Veterinary 

Record, 99: 372-374. 

Kodam,  K.M.  and  Govindwar,  S.P.  (1995).  Effect  of 

sulfamethazine  on  mixed  function  oxidase  in 

chickens. Veterinary and Human Toxicology, 37: 340–

342

Kodam, K.M. and Govindwar,  S.P.  (1997).  In  vivo and in 

vitro  effect  of  sulfamethazine  on  hepatic  mixed 

function  oxidases  in  rats.  Veterinary  and   Human 

Toxicology, 39: 141–146

101



Kodam, K.M., Adav, S.S. and Govindwar, S.P. (1996). Effect 

of  sulfamethazine  on  Phenobarbital  and 

benzo[a]pyrene  induced  hepatic  microsomal  mixed 

function oxidase system in rats.  Toxicology Letters, 

87: 25–30

Leach,  T.M.   (1961).  Observations  on  the  treatment  of 

Trypanosoma evansi  infection in  camels.  Journal  of 

Comparative Pathology, 71: 109-117.

Lide, D.R. and Milne, G.W.A. (1996). Properties of Organic 

Compounds, Version 5.0, Boca Raton, FL, CRC Press 

[CD-ROM]

Littlefield,  N.A.,  Gaylor,  D.W.,  Blackwell,  B.-N.  and Allen, 

R.R. (1989). Chronic toxicity/ carcinogenicity studies 

of  sulphamethazine  in  B6C3F1  mice.  Food  and 

Chemical Toxicology, 27: 455–463

Littlefield, N.A., Sheldon, W.G., Allen, R. and Gaylor, D.W. 

(1990).  Chronic  toxicity/carcinogenicity  studies  of 

sulphamethazine  in  Fischer  344/N  rats:  Two-

generation exposure.  Food and Chemical Toxicology, 

28: 157–167

Long, A.R., Hsieh, L.C., Malbrough, M.S., Short, C.R., and 

Barker,  S.A.  (1990).  Multiresidue  method  for  the 

determination  of  sulphonamides  in  pork  tissue. 

Journal  of  Agriculture  and Food Chemistry 38:423–

426

Losos, G. J., and Crockett, E. (1969). Toxicity of Berenil in 

the dog. Veterinary Record, 85:196.

102



Lynen, L., and Van Damme, W. (1992). Local application of 

Diminazene  aceturate:  an  effective  treatment  for 

cutaneous  Leishmaniasis. Annales  de  la  Societe 

Belge de Medecine Tropicale,  72: 13-19.

Mahler,  H.R.,  and  Perlman,  P.S.   (1973).  Induction  of 

respiration  deficient  mutants  in  Saccharomyees 

cerevisiae  by  berenil.  I.  Berenil,  a  novel  non-

intercalating  mutagen.  Molecular  and General 

Genetics, 121: 285-294.

Mamman,  M.  and  Peregrine,  A.  S.  (1994). 

Pharmacokinetics  of  Diminazene  of  plasma  and 

cerebrospinal fluid of goats.  Research in Veterinary 

Science. 57: 253-255. 

Mamman,  M.,  Aliu,  Y.  O.,  and  Peregrine,  A.S.   (1993). 

Comparative pharmacokinetics of Diminazene in non 

infected in  boran (Bos indicus)  cattle and in  boran 

cattle  infected  with  Trypanosoma congolense. 

Antimicrobial  Agents and Chemotherapy.  37:  1050-

1055

Mamman, M.,  Mckeever, D.J.,   Aliu, Y. O.,  and Peregrine, 

A.S.  (1996).  Pharmacokinetics  of  Diminazene  in 

plasma  and  lymph  of  goats.  American  Journal  of  

Veterinary Research. 57: 710-714.

Mandell,  G.L.  and  Sande,  M.A.  (1985)  Sulfonamides, 

trimethoprim-sulfamethoxaxole,  and  agents  for 

urinary  tract  infections.  In:  A.G.  Gilman,  L.S. 

Goodman,  T.W.  Rail  and  F.  Murad  (eds.),  The 

103

http://www.google.com.sa/url?url=http://canarydatabase.org/browse/journal/0365-6527&rct=j&frm=1&q=&esrc=s&sa=U&ei=GOe-U7K7GeqK0AXT94GwDQ&ved=0CBQQFjAA&sig2=sNLBL5HQxXUqOaao-nDSCA&usg=AFQjCNFnu55cOx_tXk-KWpP6Xvg4_mubkQ
http://www.google.com.sa/url?url=http://canarydatabase.org/browse/journal/0365-6527&rct=j&frm=1&q=&esrc=s&sa=U&ei=GOe-U7K7GeqK0AXT94GwDQ&ved=0CBQQFjAA&sig2=sNLBL5HQxXUqOaao-nDSCA&usg=AFQjCNFnu55cOx_tXk-KWpP6Xvg4_mubkQ


Pharmacological  Basis  of  Therapeutics,  (Macmillan, 

New York), 1095-1114.

Martindale (1989).   The extra pharmacopoeia,  Reynolds, 

J.E.F.,  Parfitt,  K.,  Parsons, A.V.,  and Sweetman, S.C., 

eds.  30th ed., The Pharmaceutical press, London. pp. 

208.

Matsuu, A., Koshida, Y., Kawahara, M., Inoue, K., Ikadai, H., 

Hikasa, Y., Okano, S. and Higuchi, S. (2004). Efficacy 

of atovaquone against Babesia gibsoni in vivo and in 

vitro. Veterinary Parasitology, 124: 9-18.

McClain,  R.M.  (1995)  Mechanistic  considerations  for  the 

relevance  of  animal  data  on  thyroid  neoplasia  to 

human  risk  assessment.  Mutation  Research.,  333: 

131–142

McEvoy,  J.D.G.,  Mayne,  C.S.,  Higgins,  H.C.  and Kennedy, 

D.G.  (1999)  Transfer  of  sulphamethazine  from 

contaminated  dairy  feed  to  cows’  milk.  Veterinary 

Record, 144: 471-474.

Mdachi, R.E., Murilla, G.A., Omukuba, J.N., and Cagnolati, 

V.  (1995).  Disposition  of  Diminazene  aceturate 

(Berenil)  in  trypanosome  infected  pregnant  and 

lactating cows. Veterinary Parasitology, 58: 215-225. 

Moore,  D.J.   (1979).  Therapeutic implications of Babesia 

canis infections in dogs. Journal of the South African  

Veterinary Association 50: 346–352.

Murilla, G.A., and Kratzer, R.D. (1989). Sorbent extraction 

and HPLC of Diminazene aceturate in bovine plasma 

and  tissues.  In:  Proceedings,  20th meeting, 

104



International  Scientific  Council  for  Trypanosomiasis  

Research and Control.  Mombasa,  Kenya,  OAU/STRC 

publication 115: 347-353

Naude,  T.W.,  Basson,  P.A.  and  Pienaar,  J.G.  (1970). 

Experimental   diamidine poisoning due to commonly 

used  babesiocides.  Onderstepoort  Journal  of  

Veterinary Research 37: 173–184.

Newton, B. A.  (1980). Chemotherapy of trypanosomiasis: 

current  views  on  mechanisms  of  action  of 

antitrypanosomal  drugs.  In:  Report  of  the  Expert  

Consultation  on  Research  on  Trypanosomiases,  1st 

-5th October, 1979, pp. 111- 119. F.A.O., Rome.

Niazi, N., Khan, M. S., Avais, M., Khan, J. A., Pervez, K. and 

Ijaz,  M.  (2008).  A  study on babesiosis  in  calves  at 

livestock  experimental  station  Qadirabad  and 

Adjacent areas of Sahiwal (Pakistan), Pakistan Journal 

of Agricultural Sciences, 45: 209-211.

Omoja, V. U., Anaga, A. O., Obidike, I. R., Ihedioha, T. E., 

Umeakuana, P.l  U., Mhomga, L. I.,  Asuzu, I.  U.,  and 

Anika,  S.  M.  (2012).   Erythrocytic  profile  of  rats 

infected  with  T.  brucei  brucei and  treated  with  a 

combination  of  Azadirachta  indica  leaf  extract  and 

Diminazene  diaceturate.  Comparative  Clinical  

Pathology, 21:1365-1372.

Onyeyili,  P.A.,  and  Anika,  S.M.   (1991).  Diminazene 

aceturate  residues  in  the  tissues  of  healthy, 

Trypanosoma  congolense  and  Trypanosoma  brucei  

105



brucei  infected dogs.  British Veterinary Journal.  147: 

155-162.

Onyeyili,  P.A.,  and  Anika,  S.M.  (1989).  The  influence  of 

Trypanosoma congolense infection on the disposition 

kinetics  of  Diminazene  aceturate  in  the  dog. 

Veterinary Research Communications. 13: 231-236.

Oppong,  E.N.W.  (1969)  Toxicity  of  Berenil  in  the  dog. 

Veterinary Record, 85:370.  

Peregrine, A.S. and Mamman, M. (1993). Pharmacology of 

Diminazene: A review. Acta Tropica, 54: 185-203 

Phipps,  L.P.  (1996)  Equine  piroplasmosis.  Equine 

Veterinary Education, 8: 33-36.

Pilch, D. S., Kirolos, M.A., Liu, X., Plum, G.E., and Breslaver, 

K.J.  (1995).  Berenil  [1,3-bis(4-

amidinophenyl)triazene]  binding  to  DNA  duplexes 

and to a RNA duplex: evidence for both intercalative 

and  minor  groove  binding  properties.  Biochemistry 

34: 9962-9976.

Plaa,  G.L.,  and  Hewitt,  W.R.  (1982).  Detection  and 

evaluation  of  chemically  induced  liver  injury.  In: 

Principles and Methods of Toxicology. Hayes, W. (Ed.), 

Raven Press, New York, pp: 407.

Plumb,  D.C.  (1998).  Plumb’s Veterinary  Drug Handbook. 

Pharma Vet Publishing, White Bear Lake, MN.

Portugal,  J.   (1994).  Berenil  act  as  a  poison  of 

topoisomerase II. FEBS  letter 344:136-138.

Radostits, O. M., Gay, C. C., Blood, D. C., and Hinchcliff, 

K.W. (2000).  Veterinary Medicine-A Textbook of the  

106



Diseases of Cattle, Sheep, Pigs, Goats and Horses. 9th 

ed., W. B. Saunders Co. Ltd., London, UK.

Rashid, A., Khan, J.A., Khan, M. S., Rasheed, K., Maqbool, 

A., and Iqbal, J. (2010). Prevalence and chemotherapy 

of  babesiosis  among  Lohi  sheep  in  the  Livestock 

Experiment  Station,  Qadirabad,  Pakistan,  and 

environs,   The  Journal  of  Venomous  Animals  and 

Toxins including Tropical Diseases. 16: 587-591.

Rashid, H.B., Chaudhry, M., Rashid, H., Pervez, K.,  Khan, 

M.A.,  and  Mahmood,  A.K.  (2008).  Comparative 

efficacy of Diminazene diaceturate and Diminazene 

aceturate for the treatment of babesiosis in horses. 

Tropical Animal Health and Production, 40:463-467. 

Reel, J.R., Tyl, R.W., Lawton, A.D. and Lamb, J.C. IV (1992). 

Reproductive toxicity of sulfamethazine in Swiss CD-1 

mice during continuous breeding.  Fundamental and 

applied Toxicology, 18: 609–615

Rees,  P.H.,  Kager,  P.A.,  Ogada,  T.,  and Schattenkerk,  J.K. 

(1985).  The  treatment  of  Kala-azar:  a  review  with 

comments drawn from experience in Kenya. Tropical 

and Geographical Medicine, 37: 37-46.

Ribeiro,  M.F.,  Costa,  J.O.,  and  Guimaraes,  A.M.  (1999). 

Epidemiological aspects of  Babesia equi  in horses in 

Minas  Gerais,  Brazil.  Veterinary  Research 

Communications, 23: 385-390.

Rodwell,  V.W.  (1983).  Conversion  of  amino  acids  to 

specialized  products.  In:  Martin,  D.W.,  P.A.  Mayes, 

V.W. Rodwell, (Eds.), Harper's Review of Biochemistry. 

107



19th ed.  Lange  Medical  Publications,  California,  pp: 

307.

Ross,  J.F.  and  Paegel,  B.L.  (1946).  Acute  haemolytic 

anemia  and  hemoglobinuria  following  sulfadiazine. 

Blood, 1:189.

Royal  Pharmaceutical  Society  of  Great  Britain  (2000) 

Martindale  The  Extra  Pharmacopoeia,  13th ed., 

London,  The  Pharmaceutical  Press  [MicroMedex 

Online]. 

Ruebush, T.K. 2nd, Rubin, R.H, Wolpow, E.R., Cassaday, P.B., 

and Schultz, M.G.  (1979). Neurologic complications 

following  the  treatment  of  human  Babesia  microti  

infection  with  Diminazene  aceturate.  American 

Journal  of  Tropical  Medicine and Hygiene, 28:  184-

189.

Ruppol,  J.F.,  and  Burke,  J.  (1977).  Follow-up  des 

traitements contre la trypanosomiase expérimentés à 

Kimpangu  (République  du  Zaire).  Annales  de  la 

Société Belge deMédecine Tropicale, 57:481-491.

Sakuma, M.,  Setoguchi,  A.  and Endo,  Y.  (2009).  Possible 

emergence  of  drug-resistant  variants  of  Babesia 

gibsoni in clinical cases treated with atovaquone and 

azithromycin. Journal of Veterinary Internal Medicine, 

23: 493-498.

Saschenbrecker,   P.W.  and  Fish,  N.A.  (1980). 

Sulfamethazine residues in  uncooked edible tissues 

of  pork  following recommended oral  administration 

108



and  withdrawal.  Canadian  Journal  of  Comparative 

Medicine, 44: 338-345.

Schad,   G.J.,  Allanson,  A.,  Mackaya,  S.P.,  Cannavan,   A., 

and  Tettey,  A. (2008). Development  and validation 

of  an  improved  HPLC  method  for  the  control  of 

potentially  counterfeit   isometamidium  products. 

Journal  of  Pharmaceutical  and  Biomedical  Analysis, 

46:45-51.

Schalm,  O.  W.,  Jain,  N.  C.  and  Carroll,  G.  H.  (1975). 

Veterinary  Haematology,  3rd ed.,  Lea  and  Febiger, 

Philadelphia.

Schein, E. (1988). Equine Babesiosis. In: Miodrag, R. (Ed.), 

Babesiosis of Domestic Animals and Man, CRC Press, 

Inc., pp. 197-208.

Schwarz,  S.,  and  Chaslus-Dancla,  E.  (2001).  Use  of 

antimicrobials  in  veterinary  medicine  and 

mechanisms  of  resistance.  Veterinary  Research; 

32:201-225.

Seri, H. I. (2006a). Some Pharmacological aspects of the vermicide  

Doramectin and Physiological profile of donkeys in Sudan. Ph. D. 

Thesis;  College  of  graduate  studies,  Univeristy  of 

Khartoum, Sudan.

Seri, H. I.; T. Hassan; M. M. Salih; Hassan Y. Naim (2006b). 

Reference Values on serum biochemical parameters 

of  Sudanese  Donkey  (Equus asinus)  Breed. 

Proceedings  of  12th scientific  congress.  Faculty  of 

Veterinary  Medicine.  Assiut  University.  Egypt.10-12 

December 2006. 27-40.

109

javascript:fileName='/authors/author.asp?ID=2080';displayInfo()
javascript:fileName='/authors/author.asp?ID=2079';displayInfo()
javascript:fileName='/authors/author.asp?ID=2078';displayInfo()
javascript:fileName='/authors/author.asp?ID=791';displayInfo()
http://www.ncbi.nlm.nih.gov/pubmed/11432414
http://www.ncbi.nlm.nih.gov/pubmed?term=Chaslus-Dancla%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11432414
http://www.ncbi.nlm.nih.gov/pubmed?term=Schwarz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11432414


Shahi, S. K., Krauth-Siegel, R. L. and Clayton, C. E. (2002). 

Over  expression  of  the  putative  thiol  conjugate 

transporter TbMRPA causes melarsoprol resistance in 

Trypanosoma  brucei.  Molecular  Microbiology,  43: 

1129-1138.

Shear,  N.H.,  Spielberg,  S.P.,  Grant,  D.M.,  Tang,  B.K  and 

Kalow,  W.,  (1986).  Differences  in  metabolism  of 

sulfonamides  predisposing  to  idiosyncratic  toxicity. 

Annals of Internal Medicine, 105: 179-184.

Shrivastava,  A.K.,  Raina,  R.,  Choudhary,  R.K.,  Malik,  T.K. 

(1989).  The  acute  toxicity  and  biochemical 

alterations  in  rats  after  single  oral  exposure  to 

dichlorvos. Pesticides 2: 35–40. 

Silva,  R.A.M.S.,  Seidl,  A.,  Ramirez,  L.  and Dávila,  A.M.R. 

(2002).  Trypanosoma evansi  e  Trypanosoma vivax: 

biologia,diagnóstico  e  controle.  Corumbá:  Embrapa 

Pantanal, 162p.

Singh,  B.,  Banerjee,  D.  P.  and  Gautam,  O.  P.  (1980). 

Comparative efficacy of Diminazene diaceturate and 

Imidocarb dibropionate against Babesia equi infection 

in donkeys. Veterinary Parasitology, 7: 173—179.

Sirivan, C., Pramoolsinsap, T., and Pemayodhin, P., (1994). 

Effect  of  Diminazene aceturate and isometamidium 

chloride  on  the  control  of  Trypanosoma  evansi  in 

naturally  infected  sow.  Thailand  Journal  of  Health 

Research, 8: 101–109.

Smith, B. P. (2002). Large Animal Internal Medicine. 3rd ed. 

Mosby Inc., Missouri, USA.

110



Smith, T. (1983). Investigations into the nature, causation, 

and prevention of Texas or Southern cattle tick fever 

(Bureau  of  Animal  Industries,  bulletin  no.  1.  U.S.  

Department  of  Agriculture,  Washington,  D.C.) pp 

177–304.

Stauffert,  I.,  Paulini,  H.,  Steinmann,  U.,  Sippel,  H.  and 

Estler,  C.-J.  (1990).  Investigations  on  mutagenicity 

and  genotoxicity  of  pentamidine  and  some related 

trypanocidal diamidines. Mutation Research, 245: 93-

98.

Stewart,  C.G.  (1983).  Comparison  of  the  efficacy  of 

isometamidium,  amicarbalide,  and  Diminazene 

against  Babesia  canis  in  dogs  and  the  effect  on 

subsequent  immunity. Journal  South  African 

Veterinary Association 54: 47–51.

Swan, G. E. (1995). Antibabesial drugs in dogs and cats. 

Lewis, B. D., and Jacobson, L.S., eds. Proceedings of a 

symposium  on  Canine  Babesiosis.  University  of 

Pretoria. Pretoria, 64-68. 

Taboada,   J.  and  Mercalant,  S.   (1991).  Babesiosis  of 

Companion  Animals  and  Man.  Veterinary  Clinics  of 

North America, Small Animals Practice, 21: 103-122.

Taksda, T. (1987). [Polyarthritis and fever associated with 

trimethoprim-sulfadiazine  administration  in  two 

dogs.]  Norsk  Veterinaertidsskrift,  99:725-727 

(Norwegian with English abstract).

Temu,  S.E.  (1975).  Summary  of  cases  of  human  early 

trypanosomiasis  treated  with  Berenil  at  E.A.T.R.O. 

111



Transactions of the Royal Society of Tropical Medicine  

and Hygiene, 69: 277.

Thomas, H.L., and Livesey, M.A. (1998). Immune-mediated 

hemolytic  anemia  associated  with  trimethoprim–

sulfamethoxazole  administration  in  a  horse. 

Canadian Veterinary Journal, 39: 171–173.

Thornburg,  L.P.  (1988).  A  study  of  canine  hepatobiliary 

disease,  Part  5:  Drug-induced  hepatopathies. 

Companion Animal Practice, 2:17-21

Tuntasuvan, D., Jarabrum, W., Viseshakul, N., Mohkaew, K., 

Borisutsuwan, S., Theeraphan, A., and Kongkanjana, 

N.  (2003).  Chemotherapy  of  surra  in  horses  and 

mules  with  Diminazene  aceturate.  Veterinary 

Parasitology, 110: 227–233.

Turnipseed,  S.B.,  Clark,  S.B.,  Andersen,  W.C.,  Karbiwnyk, 

C.M.,  Miller.  K.E.,  and  Hurlbut,  J.A.  (2006). 

Confirmation  of  Diminazene  diaceturate  in  bovine 

plasma  using  electrospray  liquid  chromatography-

mass  spectrometry.  Journal  of  Chromatography  B, 

844:127-133.

Vree,  T.B.,  Hekster,  Y.A.,  Nouws,  J.F.M. and Baakman, M. 

(1986).  Pharmacokinetics,  metabolism,  and  renal 

excretion  of  sulfadimidine  and  its  N4-acetyl  and 

hydroxy  metabolites  in  humans.  Therapeutic  Drug 

Monitoring, 8: 434–439

Walmsley,  R.N.  and  White,  G.H.  (1994).  A  Guide  to 

Diagnostic  Clinical  Chemistry.  3rd ed.,  Blackwell 

Scientific Publication, London.

112



Werner, L.L. and Bright, J.M. (1982). Drug-induced immune 

hypersensitivity  disorders  in  two  dogs  treated with 

trimethoprim-sulfadiazine:  case  reports  and  drug 

challenge  studies.  Journal  of  the  American  Animal 

Hospital Association, 19: 783-790.

WHO (1994). Toxicological Evaluation of Certain Veterinary  

Drug Residues in Food  (WHO Food Additives Series 

33),  Geneva,  International  Programme on Chemical 

Safety, pp. 91–103

WHO  (1995).  Evaluation  of  Certain  Veterinary  Drug 

Residues  in  Food  (Technical  Report  Series  851), 

Geneva

Wien,  R.  (1943).  The pharmacological  actions  of  certain 

aromatic diamidines possessing trypanocidal activity. 

Annals  of  Tropical  Medicine and Parasitology, 37:1-

18. 

Williamson,  J.  (1970).  Review  of  chemotherapeutic  and 

chemoprophylactic  agents.  In:  The  African 

trypanosomiasis (ed.,  Mulligan,  H.W.),  pp.  125 221. 

Allen and Unwin, London. 

Williamson,  J.  (1976).  Chemotherapy  of  African 

trypanosomiasis. Tropical Diseases Bulletin, 73: 531-

542.

Williamson, J., March, J.C. and Scott-Finnigan, T.J. (1982). 

Drug  synergy  in  experimental  African 

trypanosomiasis.  Tropenmedizin  Und  Parasitologie, 

33: 76-82.

113



Wilson,  D.A.,  MacFadden,  K.E.,  Green,  E.M.,  Crabill,  M., 

Frankeny, R.L., and Thorne, J.G. (1996). Case control 

and  historical  cohort  study  of  diarrhea  associated 

with  administration  of  trimethoprim-potentiated 

sulphonamides  to  horses  and  ponies. Journal  of 

Veterinary International Medicine; 10: 258–264.

Wilson,  L.,  and  Chowning,  W.  (1904).  Studies  in 

Piroplasmosis hominis (‘spotted fever’ or ‘tick fever’ 

of  the  Rocky  Mountains).  Journal  of  Infectious 

Diseases, 1: 31–57. 

Wuhr,  P.  (1987).  Possible  trimethoprim-sulphonamide 

induced polyarthritis. Veterinary Record, 120:291

Yoshimura,  H.  (1990).  Teratological  assessment  of  the 

antiprotozoal,  Diminazene  diaceturate  in  rats. 

Toxicology Letters, 54: 55-59.

Zinkl,  J.  G.,  Mae,  D.,  Merida,  P.  G.,  Farver,  T.  B.,  and 

Humble,  J.  A.  (1990).  Reference  ranges  and  the 

influence of age and sex on hematologic and serum 

biochemical  values  in  donkeys  (Equus  asinus). 

American  Journal  of  Veterinary  Research.  51:  408-

413.

Zweygarth, E. and RÖttcher, D. (1987). The treatment of 

Trypanosoma  (Nannomonas)  simiae  in  pigs  with 

Diminazene  aceturate  in  combination  with  a  5-

substituted 2-nitroimidazole compound (Ro 15-0216). 

Tropical Medicine and Parasitology, 38:175-176.

114

http://www.ncbi.nlm.nih.gov/pubmed?term=Thorne%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=8819052
http://www.ncbi.nlm.nih.gov/pubmed?term=Frankeny%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=8819052
http://www.ncbi.nlm.nih.gov/pubmed?term=Crabill%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8819052
http://www.ncbi.nlm.nih.gov/pubmed?term=Green%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=8819052
http://www.ncbi.nlm.nih.gov/pubmed?term=MacFadden%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=8819052
http://www.ncbi.nlm.nih.gov/pubmed?term=Wilson%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=8819052

	Brander, G. C. , Pugh, D. M. , Bywater, R. J., and Jenkins, W. L. (1991). Veterinary Applied Pharmacology & Therapeutics. 636 pages. W. B, Saunders Co; 5th edition.
	Duijkeren, E.V., Vulto, A.G., and Van Miert, A.S. (1994). Trimethoprim/sulfonamide combinations in the horse: a review. Journal of Veterinary Pharmacology and Therapeutics, 7:64-73.

