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Figure 1. Rational structural design of N-phenylpiperazine derivatives 4 and 5 based on the
structure of clozapine (1) and L-741 (3).
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Table 1. Effect of compounds 4 and 5 on the induction of catalepsy and blockade of
amphetamine (30 mg/kg)-induced stereotypy in rodents.

Treatment Induction of catalepsy Amphetamine
stereotypyc (grades)

30 mina (s) 60 minb (s)

SAL 1.0 (0.7-2.8) 2.9 (1.1-5.1) 2.0 (2.0-2.0)
C4 (mg/kg)

15.0 4.1 (1.6-8.8) 13.0 (4.6-16.6) NT
20.0 4.2 (2.9-10.8) 20.6 (9.0-24.7) NT
30.0 8.5 (2.0-29.9) 15.8 (4.7-33.3) 1.0 (1.0-1.0)*
40.0 16.7 (7.5-34.0)* 19.7 (6.3-30.3) NT

C5 (mg/kg)
15.0 4.3 (2.4-15.5) 15.2 (7.9-33.1) NT
20.0 4.3 (3.0-22.5) 23.3 (9.3-26.7)* NT
30.0 8.0 (5.5-13.6)* 17.8 (10.8-23.4)* 1.0 (1.0-2.0)
40.0 16.4 (9.4-23.2)* 29.6 (15.1-73.8)* NT

HAL (mg/kg)
0.5 NT NT 0.5 (0.0-2.0)*
4.0 26.8 (11.9-77.0)* 70.9 (45.7-120.0)* NT

The treatments were SAL (saline + polysorbate 80 up to 5%, 1.0 ml/100 g mouse body
weight, 1.0 ml/kg rat body weight), C4 (compound 4), C5 (compound 5) and HAL
(haloperidol) at the doses indicated. The data are reported as medians and interquartile
intervals. NT = not tested.
*P<0.005 compared to the negative control group (SAL). The letters refer to the
columns 30 min, 60 min and amphetamine stereotypy, respectively: a) H = 35.66,
P<0.001; b) H = 39.88, P<0.001; c) H = 13.94, P = 0.003; Kruskal-Wallis test.
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Table 2. Effect of compounds 4 and 5 on the rectal temperature of mice.

Treatments T0 T45 T60

1st treatment 2nd treatment

Single drug effecta

SAL SAL 38.2 ± 0.4 38.0 ± 0.8 38.2 ± 0.7
C4 SAL 38.3 ± 0.5 36.1 ± 0.9*§ 36.5 ± 1.1*§

C5 SAL 37.9 ± 0.4 35.7 ± 1.2*§ 35.7 ± 1.3*§

APO SAL 38.3 ± 0.4 37.2 ± 0.6*§ 37.4 ± 0.6*§

HAL SAL 38.4 ± 0.3 38.1 ± 0.3 38.1 ± 0.3
Effect on apomorphine-induced hypothermiab

SAL SAL 38.2 ± 0.4 38.0 ± 0.8 38.2 ± 0.7
SAL APO 38.0 ± 0.5 35.9 ± 1.3*§ 35.7 ± 1.5*§

C4 APO 38.4 ± 0.3 35.9 ± 1.4*§ 36.5 ± 1.2*§

C5 APO 38.1 ± 0.6 34.4 ± 1.3*#§ 34.3 ± 1.8*#§

HAL APO 38.4 ± 0.6 37.6 ± 0.6#§ 37.7 ± 0.7#§

Haloperidol blockade of hypothermiac

SAL SAL 38.2 ± 0.4 38.0 ± 0.8 38.2 ± 0.7
HAL SAL 38.4 ± 0.3 38.1 ± 0.3 38.1 ± 0.3
SAL C4 38.0 ± 0.5 37.1 ± 0.6*§ 36.5 ± 0.8*+

HAL C4 38.3 ± 0.6 36.8 ± 0.5*§ 36.6 ± 0.7*§

SAL C5 38.1 ± 0.3 36.5 ± 0.6*§ 35.9 ± 0.7*+

HAL C5 38.5 ± 0.3 36.7 ± 0.7*§ 36.1 ± 0.9*+

The treatments were SAL (saline + polysorbate 80 up to 5%, 1.0 ml/100 g mouse body weight), APO
(apomorphine, 1.0 mg/kg), HAL (haloperidol, 0.5 mg/kg), C4 (compound 4, 30.0 mg/kg), and C5 (compound 5,
30.0 mg/kg). T0 is the basal temperature of the animals before any treatment, T45 the rectal temperature 15
min after the second treatment, and T60 the rectal temperature 30 min after the second treatment. The
interval between treatments was 30 min. Data are reported as means ± SD in �C.
*P<0.05 compared to the control group (SAL + SAL) at the same time.
#P<0.05 compared to the apomorphine group (SAL + APO) at the same time point.
§P<0.05 compared to the T0 measure in the same group.
+Statistically different from T0 and T45 measures in the same group.
Two-way repeated measures ANOVA followed by the Student-Newman-Keuls post hoc test: a) treatments:
F4,197 = 20.56, P<0.001; time: F2,197 = 103.02, P<0.001; time x treatment: F8,197 = 14.92, P<0.001; b)
treatments: F4,182 = 19.52, P<0.001; time: F2,182 = 123.91, P<0.001; time x treatment: F8,182 = 15.43,
P<0.001; c) treatments: F5,248 = 20.71, P<0.001; time: F2,248 = 193.09, P<0.001; time x treatment: F10,248 =
15.01, P<0.001.
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