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ABSTRACT

One hundred and eighty, 21 days old male Bovans type chicks
allotted to nine groups were infected with Railietina tetragona
cysticercoids. Six groups were treated with the N-acyl /COO - alkyl
derivatives of the open lactam form of praziquantel (OLF - PZQ) in
oral doses of 20 mg/kg body weight on days 21 and 24 post -
infection. The efficacy of the compounds was evaluated as 62, 70,
44, 44, 20 and 30 % following the first dose and 84, 88, 66, 74, 44
and 48 % after the administration of the second dose in groups
4,5,6,7,8 and 9 respectively. Histopathological, haematological, and
biochemical alterations were evaluated and compared with those in
infected chicks. Neither clinical signs of toxicity nor severe pathologic
-al changes were observed in the birds treated with the different

compounds.

INTRODUCTION

Available reports have indicated that knowledge about the
efficacy of praziquantel PZQ, as the anthelmintic drug of choice is
inadequate (Stelma et al., 1997, Cioli et al., 1995; Fallon et al., 1997)
.All the reports dealt with the structure - activity relationship of PZQ

emphasized the importance of the pyrazinoxy isoquinoline ring
system (Andrews ef al., 1983).
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We here report the efficacy and toxicity of N - acyl / COO -
aikyl derivatives:of OLF — PZQ against mature Railietina tetragona
infection in Bovans type chicks.

MATERIALS AND METHODS
Birds: One hundred and eighty 1-day- old male Bovans type chicks
were bought from Coral Company, Khartoum, and reared at the
premises of the Faculty of Veterinary Medicine and Animal
Production, Kuku, Khartoum North. The chicks were provided with
ad libitum feed and drinking water with illumination at night. At the
age of 21 days, the chicks were assigned randomly into 9 groups of
20 chicks each. Each group was kept separately under strict
conditions to prevent accidental infection with tapeworms.
Infection: R. fefragona cysticercoids were recovered by dissection of
adult ants, Teframorium caespitum which were found in poultry
farms. 10 cysticercoids per chick were fed in gelatin capsules to
chicks in nine groups that were previously starved for 5 hours at the
age of 21days.One group was kept as control (group 1) uninfected
untreated and two other groups were either infected — untreated or
vehicle treated. =
Compounds and synthesis: OLF-PZQ was obtained by selective hydroly-
sis of PZQ. The different derivatives were prepared by standard
synthetic procedures utilizing conditions, which prevented the
chemical cyclization to the parent PZQ (Saeed, 2000). The identities
of the prepared compounds were elucidated by spectroscopic means
g 80 - asdr " - NMR., M.S.) as described by (Saeed,2000).
The six compounds were:
I) N-(1,2,3,4- tetrahydro — 2 — acetyl — 1 - isoquinolinyl methyl)
- —N-cyclohexyl carbonyl glycine.
II) Methyl - N - (1,2,3,4- tetrahydro — 2- acetyl —1- isoquinolinyl
methyl) — N-cyclohexyl carbonyl glycinate.
IIT) N - (1,2,3,4- tetrahydro — 2- propionyl —I- 1soquinolinyl
methyl) — N-cyclohexyl carbonyl glycine
IV) Methyl- N - (1,2,3,4- tetrahydro - 2- propionyl -1-
isoquinolinyl methyl) — N-cyclohexyl carbonyl glycinate
(V) N - (1,2,3,4- tetrahydro -2- (ethyl formate) —1- 1soquinolinyl
methyl) — N-cyclohexyl carbonyl glycine.
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(VI) Methyl -N- (1,2,3,4- tetrahydro —2- (ethyl formate) —1-
isoquinolinyl methyl) — N- cyclohexyl carbonyl glycinate.

T
N—F —R1
I\II/\COOR2

Ot

(I) R] = CH3 Rz = H, (II) R1 = CH;;_. R: = CH3
(IIN) Ry = CH,CH;. R, = H, (IV) Ry = CH,CHs, R, = CHs.
(V) R; = OCH,CHj3, R, = H, (V) R, = OCH,CH; . R; =CH.

Figure 1: Chemical structures of the compounds tested

‘Treatment of infected chicks: The compounds (I — VI) were given orally
to each chick in groups (4 - 9) respectively at a dose rate of 20 mg /
kg / BW at day 21 and day 24 post - infection. Each dose given to
chick was dissolved in 15% propylene glycol. Each chick in group
(3) was treated with 0.5 ml of 15% propylene glycol, group (2)
chicks were kept as infected untreated control and group (1) chicks
were uninfected untreated control.
Recovery of worms: Ten birds / group were slaughtered three days after
each treatment on days 24 and 27 post - infection. At necropsy, the
intestine of each bird was slit open longitudinally after it had been
placed in Petri dishes containing warm solution of normal saline.
Any visible worms were collected and counted for each chick.
Percent efficacy / group was recorded.
Laboratory assays: Blood samples were collected from each chick at
slaughter (Days 24 and 27 post- infection) into two dry clean bottles,
one of them contained ethylene diamine tetra acetic acid (EDTA) as
anticoagulant for haematology and the other without anticoagulant
for serobiochemical analysis. :

The activity of aspartate amino transferase (AST), and the
concentrations of total protein, and uric acid were measured by

= A
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commercial kits (Plasmatec Laboratory Products ltd., England).
Serum concentrations of sodium (Na), calcium (Ca), magnesium
(Mg), iron (Fe), cobalt (Co), copper (Cu), zinc (Zn), and manganese
(Mn) were analysed by Atomic Absoption Spectrophotometer
(Perkin Elmer 3110, USA).

Haemoglobin (Hb), red blood cell (RBC) counts, packed cell
volume (PCV), mean corpuscular volume (MCV), mean corpuscular
haemoglobin concentration (MCHC) and mean corpuscular
haemoglobin (MCH) were determined by the methods described by
Dacei and Lewis, (1995).

All chicks were examined for gross lesions and specimens of
the intestines, liver and kidneys were immediately fixed in 10%
formal saline, embedded in paraffin wax, sectioned and stained with
haematoxylin and eosin (H & E) for microscopic examination,
Statistical analysis of data: Data were statistically analyzed using SPSS
programme, statistical package for windows, version 11.5 (2002).
The statistical analysis was carried out at p < 0.05.

RESULTS

Efficacy of compounds: No clinical abnormaliteis were seen in the
chicks infected with R . tetragona at 10 cysticercoids per chick or in
the chicks infected and treated at three - day intervals (days 21 and
24) with the different compounds in doses of 20 mg / kg BW. The
compounds were well tolerated by the chicks and no death took place
during the experiment.

Parasitological findings: The number of worms, R.fetragona in the
intestines of the chicks were recovered and counted during post —
mortem examination of each chick (Tables 1 and 2). It was found
that all N — acyl / COO alkyl derivatives of the open lactam form of
praziquantel (OLF — PZQ) possessd anticestodal activity which was
highest after the second dose especially with regards to compounds I
and II.

Pathological findings: Necropsy findings: No significant post- mortem
changes were recorded in any of the chicks, which had been
slaughtered following completion of the dosing of the different
compounds.



.....Vol. 5 (1) 2004

b

Table 1: Efficacy of single dose of N-acyl/ COOH and N- acyl / COO slkyl derivatives of the open lactam form of praziquaatel agaianst

R tetragona infection in chicks

No. of Ne. of Ne. of Age of Tetal Neo, of
Greap / composad hicks/group cysticercoldy/chick | cysticercoide/greap .u.ﬂnréo- werms / groap Efficacy %
| wnmiecied - untresied controd 10 - - - - -
2 miecied untreated control 10 10 100 21 100 -
3 PRGOSmi 10 10 100 21 100 5]
4 (R=CH.R-=H) 10 10 100 21 38 62
S5 (R,~CH,.R~CH,) 10 10 . 100 21 30 70
6 (R=C,H, R=t) 10 10 100 21 56 44
7 (Re=C.H . R.=CH,) 10 10 100 2! $6 44
8 (R=0C.H,R=H) 10 10 100 21 80 20
9 (R=0OC:H, R=CH,) 10 10 100 21 70 30

56
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Table (2) Efficacy of 2 doses, 3 days apart of N-acyvl/ COOH and N- acyl / COO alkyl derivatives
of the open lactam form of prasiquantel against R. tetragona infection in chicks

y . No. of : :
Group / compound ) A, SE : i .oa ! cysticercoids A s 1_. Tl Na. of Efficacy %
chicks/group | cysticercoids/chick ' lgroup infection | worms/group
! uninfected - untreated control 10 -- -- - -- -
2 infected untreated control 10 10 100 ol 100 -
3 PRGUD W 10 10 100 s 100 00
4 (R .IJOI.W”HZ— i0 10 100G 21 16 24
5 (R-=CH: R.=CH-) 10 10 100 2 g 88
6 (R.=C:H«R:=H) 10 10 100 =1 e 66
7  (R-=C-H:R-=CH:) 10 10 100 3 -6 74
8 (R-=0C.H, R:=H) 10 10 100 =1 56 44
9 (R=0C:H;R-=CH:) 10 10 100 = o 48

PRG = propvlene glveol (13%0 solution)..

F s |
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Histopathological findings: The microscopic lesions were mainly
observed in the liver, kidneys and intestines.

Liver: Hepatic lesions in chicks infected with R .fefragona and given
the test compounds were mild and consisted of centrilobular
patocelluar necrosis or degeneration with foamy appearance of the
cytoplasm of hepatocytes particularly in chicks receiving compounds
III (group 6) and IV (group 7). Slight congestion of the hepatic blood
vessels and sinusoids and lymphocytic infiltration in the portal area
were noticed. No significant lesions were seen in the uninfected -
untreated (group 1) chicks.

Kidneys: There was congestion of the renal blood vessels. The
epithelial cells of some of the proximal convoluted tubules were
degenerated and / or necrotic with acidophilic homogeneous material
in the affected renal tubules especially in chicks treated with
compounds IIT and IV (groups 6 and 7). No other renal lesions were
seen in treated chicks.

Small intestine: Slight lymphocytic infiltration was observed in
mucosa and submucosa of all the chicks infected - untreated and
infected - treated groups. Scolicial parts of the worms sometimes
were seen in the submucosa of the experimental chicks.

Changes in serum constituents: Significant decreases (p < 0.05) were
observed in the values of AST and total protein in the test and
infected untreated groups in slaughter I and II (Tables 3 a, b).
Compared to the uninfected untreated chicks (group 1), a significant
increase (p < 0.05) was observed in AST activity in the groups
treated with compounds V and VI at slaughter I and the groups
treated with compounds I, II, III and IV at slaughter I. there was no
difference (p < 0.05) in total protein concentration between the
uninfected — untreated control and the test groups at slaughter I and
II, but a significant decrease (p < 0.05) in total protein value was
observed in the group treated with compound V af slaughter I and the
groups treated with compounds V and VI at slaughter II .

No significant differences (p > 0.05) in uric acid, sodium or
potassium concentration were observed between the test and the
uninfected — untreated or the infected - untreated control groups
during slgughter I and II. Significant increase (p < 0.05) in uric acid
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Table 3a: Serobiochemical changes in chicks infected with 2. fetragona and treated with N-acylV/COOH

and N-2cyl/COOMe derivstives of the open lactam

form of prazigusntel.

Ne. of Singie dose ( sisughier | ) 2doscs, 3 days mpart ( sisughier 15)
Group / compound chicks AST (UM d!lua_nm_w.nf Uric acid (mg/dl) AST (UA) .—‘l-a_m.s_ﬂm.&o cnﬁ
; .-.s.ﬂa_naho_ 1o w2012 w501209° w53£09% | 42542224° | 06772071 | uS60812"
T Pr] w3312807% 1ed120020® T Le0re08 ] S306461 | i35 0081"™ | Levairre
3 PRGOSmi 10 3195208 w3232040™ 06052082™ | 153502112™ | n3762050 | m661213%
4 (R=CH.R:~H) 1o w523223° w6341 1" wblzll™ 2338213° w727206° w669¢09™
5 (R:=CH.R=CH,) 1o w498227"° w622095° 716210™ 2771 2149° m7.102051° | n681212"
6 (RC;H.R:=H) 1o w261242° wm614209° 422095 -31.81£08° w 5922071 | g545221™
7 (Ri=CH, R;=CH,) " w2341232° wd552027° 707209 2149240° wb482064° | 15656110
8 (R=OC;H,R:=H) 1o 3531232° 3852015° w626213° w30172£60° 5.422106° w8223
9 (Ri=OC;H,R=CH,) "0 3314262° 43209° wS?521.7° w2971213° 5862027° w7177224™
PRG - propyiene glveol 15% solution, Mean ¢ SD. Upper n .

¢ significant m p <005




Table 3b: Serobiochemical changes in chicks infected with R. fefragona and treated with N-acyl/COOH
and N-acyl/COOMe derivatives of the open lactam form of praziquantel.

Group | comsmomnn No. of . Single dose ( slaughter ) 2 doses, 3 days apart ( slaughter If)
chicks Ca (mg/dl) Fe (pg/dl) Cu ( ( pg/dl) Ca (mg/dl) Fe (pg/di) Cu (pg/di)
I uninfected - untreated control 10 ws 13.05 £ 0.25° xs 85 & 13 NS ns 19+ 05N | ns 13.00£0.32 ns 85+ 14N | 1S 18.1£03
2 infected untreated control 10 ws 11.60 % 0 2gNs \s 82 £ 09 NS ns 184038 | ns 11,70+ 0.19 ns 89+ 10N | 1 18.5 £ 01
3  PRGO.5ml e ns 117820 127 ns 85 4 [ONS zmwozumo.o_ nw:.mm»o.un ns 812 128 | A 19004
4 (R=CH.R;=H) 10 wi38ragas | Wi | e 163£08 | 13672044 w0223 7T e
5 (Ri=CH,R;=CH,) 10 MR iy 2g% [ ns 168213 [ 13502039 ws 1052211
6  (R.=C:H;.R:=H) 10 ns 12.80 4023 ° 116 % 16M ns 1864 2N [ s 13.50£0.42 ns 922 14M | 917450
7 (Ri=C;H;.R,=CH),) . 10 ns 13974021 ° 122420 ns 17238 [ 1s13.26+0.29 ns 91 2 10N | 20201 ™
8  (Ri=OC:;HsR=H) gy P A Wl o il [ atiid L T TP e ppe
9 (R=OC:H;,R:=CH;) 10 ns 11.572014° ns 80 % 12N ns 186N | 1512002032 Ne 844N L 194 s

PRG - propylenc glvcol 15% solution .Mean = SD, Upper right : compared to infected untreated control, Lower left : compared to uninfected untreated control, NS : not
gnificant. * : significant at p < 0.05




Table 4: Haematological changes (Mean + SD) in experimental chicks infected with R. tetragona and treated with

N-acyl/COOH and N-acyl/COOMe derivatives of the open lactam form of praziquantel.

No, of Single dose ( slaughter 1 ) 2 doses, 3 days apart ( slaughter [ )

chicks 3
Kxtnup { svm poubd f Hb (g/dl) PCV (%) RIG i 0 ami) Hb(g/dl) PCV (%) RBC ( x10° mm’)
MS.H”EE& Wi " Ns7.09+030° Ns25£0.51° ns 2.40 = 0.1 ™8 Ns§7.122009° Ns242025° g 2 6= 9 15™
2 infected untreated control 10 Ns 5482006 | ne21312061° N 2.1520.5™ N 588 %010 Ns 225051 sl loED S
3 PRGO.5ml 10 ns 5.50.2 0.13™ ne 205 12N N 220% 017 Ny 5.95 = 0.15™ ns 22.8 = 0.38™ w231 =051
4 (R,=CH.R,=H) 10 ws 718 2016 ns24.5410° ns 2.81205™ ns 678 £0.21 Nx 2352051 ne 252 &R
5 (R,=CH.R:=CH)) 10 ns 728207 Ny 242 1.5 ns 262 % 0.51 ns 6932027 s 23.25%0.55 ns 2.24 £ 0.49™
6 (R=C;H.R:;=H) 10 e 7672021 ns 26+ 0.8 ws2.80 2 0 5470 ns7.1120.13° ns 25.30+ 0.82° s 291 =081
7  (R=C;Hs.R,=CH,) 10 ns 718203 " wx 261208 ns 2.29 % 0.32 7 s 26720202 ns 262 1.71° ns 2.54 = 0.52°
8 (R;=OC:;Hs.R:=H) 10 ns 7.35 £0.27 ns 23.5 2 0.61 ns2.50 % 0.16™ ns 7.85 £ 0.46 N5 26.5 £ 191 ns 300 = 048™
9 (R=0C;H:«R:s=CH,) 10 Ns 7392015 b= 433 ns 2.79 2 048 2675013 ns 24.75 % 1.71 ns 2.97 = 0.66™°

PRG - propylene givcol 15% solution .M £ SD | Upper right : compared to infected untreated control, Lower left
not significant, * : significant at p <0.05

: compared to uninfected untreated control, NS :
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value was observed in the groups treated with compounds II and IV
compared to the uninfected — untreated control at slaughter L.

No significant differences (p > 0.05) in Mg, Mn and Zn
concentrations during slaughter I and II, Cu value during slaughter 1
and Fe concentration at slaughter II were noticed between the test
and control chicks. Significant increase (p < 0.05) was observed in
Fe value at slaughter I between the groups treated with compounds
I1I, IV and V and the uninfected — untreated control. Significant
increase (p < 0.05) was observed in Cu value at slaughter II in the
groups treated with compounds I and V compared with the
uninfected — untreated control. The concentration of Co fluctuated
within the normal range. Ca concentration did not significantly
change during slaughter I and II, although significant increase (p <
0.05) was observed between the test and the infected untreated
control during the same periods.

Haematological changes: These data are given in Table 4. Significant
increase (p < 0.05) was observed in the values of Hb and PCV in the
test and infected untreated groups. No significant. differences (p >
0.05) were observed in the Hb and PCV values between the test and
uninfected - untreated groups. No significant differences in RBCs,
MCH. MCV or MCHC values between the test and control groups
were observed.

DISCUSSION .
The findings of this study confirm the susceptibility of
Bovans type chicks to infection with R . tetragona. Ten cysticercoids
per chick were sufficient to induce mature worm infection at day 21
without signs of morbidity or mortality. Worms were easily
recovered from the intestinal lumen indicating either free or loose
scolicial attachment. Severe lesions may point to ‘embedding of
worm  scolices in the intestinal lamina propria leading to
inflammation and lymphocytic infiltration. It has been reported that
adult R.tetragona apparently produce little serious effect upon the
host except in very heavy infections, in which, they interfere with
digestion or cause partial obstruction (Tslim ef al, 1995). Extra



intestinal lesions were attributed to toxins produced by the worm
(Abdel Hafiz et al, 2000).

The compounds (N-acyl /COOR) represented derivatives of
the open lactam form of praziquantel and designed to test the
essentially of the pyrazinoxyisoquinoline ring system,£for the
anthelmintic activity, of praziquantel. These derivatives were
designed to block cyclization of the open lactam form structure of the
parent praziquantel.

In this class of derivatives, the anticestodal activity decreases
with increasing acyl group size, and increases, on the second dose,
with esterification of the COOH group .The latter effect is possibly
due to increase in lipophilicity. Generally, the carbamate with free or
esterified COOH exhibits the lowest anticestodal activity of all other
tested derivatives.

In considering the biocyclization of these derivatives to the
parent PZQ it was clearly observed the absence of PZQ or any of its
metabolites in the sera of these chicks when tested by thin layer
chromatography (Saeed, 2000).

It is well known that, the liver is the detoxifying organs while
the kidney, is the major organ of excretion in the body. Thus, these
organs could be considered as the most sensitive organs to the toxic
actions of drugs. The pathological lesions observed in the chicks
were mild and could be attributed to physical and/or toxins secreted
by the worms. In addition, changes in serum AST activity, total
protein and uric acid concentrations were within the normal range.
Furthermore, there were no significant changes in other serum
constituents and haematological series. These results indicated that
slight effect was observed in chicks dosed with the different
compounds.

The clinical, serobiochemical and haematological evaluations
indicated high efficacy of a new promising cestodicidal remedy
against R. tetragona infection, a problem in poultry industry -
without development of undesirale effects. It is concluded that the
pyrazinoxy isoquinoline ring system in PZQ is not essential for
anticestodal activity. Further studies should be done to elucidate
efficacy on the different cestodes species and other helminthes.
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