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Abstract 
A series of 2-(4-arylpiperazin- 1 -yl-methyl)-4-methyl- 1 -oxo-5,6,8,8a-tetrahydro-thiazolo[3,4-6] 
[ 1,2,4]triazines was prepared and tested for antinociceptive activity. 

The compounds were prepared by the Mannich reaction from the corresponding 
2-unsubstituted thiazolotriazines. When administered intraperitoneally most were found 
to have potent analgesic activity in the mouse during tests of phenylbenzoquinone-induced 
abdominal constriction; ED50 values (doses resulting in half the maximum effect) ranged 
from 10 to 87 mg kg-'. Derivatives with a 3-chloro- or 4-fluorophenylpiperazinylmethyl 
side-chain in the 2-position of the bicyclic system were, when administered intraperito- 
neally at doses greater than 25mgkg-', also effective in the hot-plate test without 
associated sedative effects. The compounds have a large therapeutic index; intraperitoneal 
LD50 values (doses which result in the death of half the animals) were > 700mg kg-'. 
Naloxone attenuated the analgesic activity of the 3-chloro derivative, suggesting the 
participation of p-receptors in the antinociceptive effects of this drug. In addition, a non- 
opioid mechanism, probably related to enhancement of the release of 5-hydroxytryptamine 
and noradrenaline, or inhibition of the neuronal re-uptake of these compounds, has been 
evinced to explain the analgesic properties of the 3-chloro or 4-flUOr0 derivatives. 

These results provide evidence for the involvement of noradrenergic and 5-hydroxy- 
tryptaminergic pathways in the analgesic activity of 3 and 4. Because of their potential 
effectiveness, the 3-chloro- or 4-fluorophenylpiperazinylmethyl derivatives might be 
suitable for treatment of a wide variety of painful conditions and could be attractive 
reserve agents for patients dissatisfied with opioids. 

Although clinical treatment of pain is dominated by 
two classes of analgesic, the cyclooxygenase inhi- 
bitors (aspirin and other non-steroidal anti-inflam- 
matory drugs) and the opiates (morphine and 
related compounds), a-sympathomimetic agents 
and monoamine-uptake inhibitors are also impor- 
tant in the management of pain (Schmitt et a1 1974; 
Valeri et a1 1991; Ardid et a1 1992; Pick et a1 1992). 
Thus, clonidine, an a2-adrenoceptor agonist, is a 
useful adjunct to opioid agents and has analgesic 
action when administered epidurally (Pate1 et a1 
1996). Similarly 5-hydroxytryptamine-uptake inhi- 
bitors such as clomipramine are efficacious in the 
treatment of pain related to some advanced cancers 
(Eschalier 1990). In addition a growing knowledge 
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of endogenous nociceptive and antinociceptive 
systems has led to the discovery of non-traditional 
centrally-acting analgesic drugs such as tramadol. 
This cyclohexanol derivative combines inhibition 
of neuronal monoamine re-uptake with weak affi- 
nity for opioid receptors (Raffa et a1 1995). This 
original mechanism of action results in a drug 
which does not induce the well known gastro- 
intestinal lesions generated by non-steroidal anti- 
inflammatory drugs and which has minimal mor- 
phine-like side-effects (tolerance, physical depen- 
dence, respiratory depression). Development of 
compounds which activate descending pain inhi- 
bitory systems is, therefore, particularly appropriate 
for the treatment of persistent and chronic pain. 

Research on arylpiperazinyl derivatives has led to 
the discovery of many analgesic structures, for 
example benzoxazolinones (Erdogan et a1 1991 ; 
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Gokhan et a1 1996), triazoles and benzotriazoles 
(Pick et a1 1992; Caliendo et a1 1995), oxazolo- 
pyridines (Flouzat et a1 1993), pyridopyridazines 
(Sladowska et a1 1995) acting on opioid and 5-HT 
systems. In an effort to develop novel analgesic 
compounds containing arylpiperazinyl groups we 
have previously synthesized several pyridazine and 
pyrazolotriazine derivatives which had potent 
antinociceptive properties in animal models (Mavel 
et a1 1993; Rubat et a1 1995; Moreau et a1 1996; 
Rohet et a1 1996). Continuing this work on hetero- 
polycyclic compounds with analgesic activity, a 
new series of thiazolotriazines with an arylpipe- 
razinomethyl chain has been prepared and tested in 
mice. We wanted to evaluate the effect of changing 
the pyrazole ring of previously described py- 
razolotriazines (Mavel et a1 1993) to a thiazole ring, 
because this substitution seemed compatible with 
retention of biological activity, considering that 
different thiazole derivatives had antinociceptive 
activity (Bordi et a1 1992; Palagiano et a1 1995). 
These studies and the secondary pharmacological 
results of selected compounds will be discussed 
herein. 

Materials and Methods 
Materials 
Chemicals used for synthesis were reagent-grade 
from Aldrich (St Quentin Fallavier, France). Car- 
bidopa (ICN Biomedicals, Orsay, France), cloni- 
dine (Catapressan, Boehringer Ingelheim, Paris, 
France), fluoxetine (Prozac, Lilly, St Cloud, 
France), L-5-hydroxytryptophan (Sigma, Mont- 
luqon, France), morphine hydrochloride (CoopCra- 
tion Pharmaceutique Franqaise, Melun), naloxone 
(Narcan, Du Pont de Nemours, Paris, France) and 
trazodone (Pragmarel, UPSA, Rueil Malmaison, 
France) were dissolved in saline. Yohimbine 
(Sigma) was dissolved in deionized water. 

Phenylbenzoquinone (Eastman Kodak, Roche- 
ster, USA) was used as a 0.02% solution in 5% 
ethanol. 

Synthesis 
Melting points were determined on a Reichert 
apparatus and are uncorrected. IR spectra were 
recorded with a Beckman 4240 spectrophotometer. 
NMR spectra were obtained with a Briiker 400 
MSL. Chemical shifts are reported in 6 (ppm) 
downfield from tetramethylsilane, used as an 
internal standard in CDCI3 solution. Abbreviations 
used for signal patterns are: s, singlet; d, doublet; t, 
triplet; m, multiplet. Reaction progress and purity 
of products were checked by analytical TLC on 
silica gel 60 F254 plates (E. Merck, Darmstadt, 

Germany). Spots were revealed by illumination 
with UV254 light. Microanalyses were performed 
by the Service Central d’Analyses du CNRS 
(Vernaison, France). 

Synthesis of 2-(4-aryl-piperazin-l -yl-methyl)-4- 
methyl-I -oxo-5,6,8,8a-tetrahydro-thiazolo[3,4-d] 
[ I  ,2,4]triazines 2-8 
Thiazolotriazinone 1 (1.71 g, 0.01 mol) was added 
to an aqueous solution of formaldehyde (35%; 
1 mL, 0.012 mol) and the appropriate arylpiper- 
azine (0-01 mol) in ethanol (75 mL). The mixture 
was heated under reflux for 10 h. After partial 
evaporation, the solution was cooled and the pre- 
cipitate formed was collected by filtration and 
recrystallized from ethanol (Tables 1 and 2). 

Animals and experimental procedure 
Swiss male mice, 18-22g, from Depre (Saint- 
Doulchard, France) were used in all experiments. 
Mice were kept in groups of ten in a temperature- 
controlled room with a 12 h light-dark cycle. Food 
and water were freely available until the time of the 
experiment. The allocation of animals to different 
groups was randomized and the experiments were 
performed under blind conditions. Except other- 
wise indicated all compounds were administered 
intraperitoneally in saline (0.9% NaCl). 

Acute toxicity in mice 
The compounds were administered at doses of 100, 
200, 400, 600 and 800 mg kg-’ . The animals were 
observed for 8 days to detect any sign of toxicity. 

Phenylbenzoquinone-induced abdominal 
constriction (Siegmund et a1 1957; Linee 1972) 
A solution (ethanol/water, 5 : 95) of phenylbenzo- 
quinone (0.02%) maintained at 3 7 T ,  was admi- 
nistered to mice by intraperitoneal injection 30 min 
after intraperitoneal administration of the drugs. 
The number of abdominal constrictions of each 
animal was counted between the 5 and 15 min after 
injection of the irritant. 

Table 1. Physical constants of compounds 2-8. 

Compound R Formula MW Yield Mp 
(%I (“C) 

2 C6H5 C17H230N5S 345.5 35 79 
3 3-ClC6H4 C17H220NsSCI 380.0 53 90 
4 4-FC6H4 C17H220N5SF 363.5 36 131 
5 2-OCH3C6Hd ClsH2502N5S 375.5 54 125 
6 3-CF3C6H4 C,sH220NSSF3 413.5 70 82 
7 2-Pyridyl C16H220N6S 346.5 71 149 
8 2-Pyrimidinyl CI5HZION7S 347.5 38 153 
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Table 2. 'H NMR characteristics (6 (ppm) CDC13) of compounds 2-8. 

0 

CH3 

Compound CH3 CH2c( H8 
CH2b 

H8a H6 CH2 R 

- 

2 

3 

4 

5 

6 

7 

8 

~ 

2.00 (s) 2.90 (m) 3.00 (t. J =  10Hz) 4.00 (dd, J =  10, 6Hz) 4.30 (d, J=9.2Hz) 4.70 (s) 640-7.30 (5H, m) 
3.10 (m) 

3.10 (m) 

3.40 (dd, J =  10, 6Hz) 

3.40 (dd. J =  10, 6Hz) 

4.75 (d, J = 9.2 Hz) 

4.70 (d, J = 9.2 Hz) 
2.00 (s) 2.80 (m) 3.00 (t, J =  10Hz) 3.90 (dd, J =  10, 6Hz) 4.20 (d, J=9.2Hz) 4.60 (s) 6.70-7.10 (4H, m) 

2.00 (s) 2.90 (m) 3.00 (t, J = 10 Hz) 4.00 (dd, J = 10, 6 Hz) 4.30 (d, J = 9.2 Hz) 4.60 (s) 6.80-7.00 (4H, m) 

3.10 (m) 3.40 (dd, J =  10, 6Hz) 4.70 (d, Jz9.2Hz) 6.80-7.00 (4H, m) 
2.00 (s) 2.80 (m) 3.00 (m) 3.90 (m) 4.25 (d, J = 10.3 Hz) 4.60 (s) 7.00-7.30 (4H, m) 

2.00 (s) 2.80 (m) 3.00 (t, J = 10 Hz) 4.65 (s) 6.60 (2H, m) 
7.50 (lH, m) 
8.20 (lH, m) 

1.95 (s) 2.70 (m) 2.90 (t, J =  10Hz) 3.85 (dd, J =  10, 6Hz) 4.20 (d, J=9.2Hz) 4.70 (s) 6.40 (lH, m) 
8.20 (2H, m) 

3.10 (m) 3.40 (dd, J =  10, 6Hz) 4.70 (d, J=9.2Hz) 
2.00 (s) 2.90 (m) 3.00 (m) 3.95 (dd, J =  10, 6Hz) 4.25 (d, J=9,2Hz) 4.65 (s) 3.85 (3H, S) 

3.20 (m) 3.40 (m) 4.70 (d, J = 10.3 Hz) 
3.90 (dd, J = 10, 6 Hz) 4.30 (d, J = 9.2 Hz) 

4.70 (d, J = 9.2 Hz) 

4.60 (d, J = 9.2 Hz) 

3.50 (m) 3.40 (dd, J =  10, 6Hz) 

3.75 (m) 3.30 (dd, J = 10, 6 Hz) 

Locomotor activity (Boissier & Simon 1965) 
Thirty minutes after intraperitoneal administration 
of the drug mice were placed individually in a 
photocell actimeter (Apelex, Massy, France) and 
the number of photocell beams crossed in 10min 
was recorded. 

Hot-plate test (Woolfe & McDonald 1944) 
Animals were placed on a copper plate (Apelex, 
Massy, France) maintained at a constant tempera- 
ture of 56°C. The time necessary to induce the 
licking reflex of the forepaws was then recorded. 
Measurements were made 30 min after drug 
administration. A cut-off withdrawal latency of 40 s 
was used to prevent tissue damage. 

Potentiation of morphine analgesia (Fialip et a1 
1989) 
The protocol used was the same as in the phe- 
nylbenzoquinone test. Morphine (0.15 mg kg-') 
was injected subcutaneously at the same time as the 
drugs, 30min before the test. 

Antagonism of drug antinociception by naloxone 
(Nevinson et a1 1991) 
The protocol used for the evaluation of the effect of 
naloxone on drug-induced analgesia was similar to 
that described for the phenylbenzoquinone test. 
Naloxone (1 mg kg-') was injected subcutaneously 
5 min before intraperitoneal administration of phenyl- 
benzoquinone solution. 

Antagonism of drug antinociception by yohimbine 
(Luttinger et a1 1985) 
Thirty minutes after simultaneous intraperitoneal 
administration of the drug and oral administration 
of yohimbine (1 mg kg-'), phenylbenzoquinone 
solution was given intraperitoneally . Beginning 
5 min after injection of phenylbenzoquinone the 
number of abdominal constrictions of each animal 
was counted for a period of 10min. 

Potentiation of drug antinociception by 5-hydroxy- 
tryptophan 
The protocol used was adapted from the technique 
of Vonvoigtlander et a1 (1984). Experiments were 
performed in a similar manner to the phenyl- 
benzoquinone test. Carbidopa (25 mg kg-') and, 
30 min later, 5-hydroxytrytophan (50 mg kg-') 
were administered intraperitoneally and the drug 
was administered after a further 15 min. The 
analgesic test was performed 20min later by 
administration of phenylbenzoquinone solution. 

Data analysis 
The LD50 (doses which result in the death of half 
the animals) and ED50 (doses resulting in half the 
maximum effect) values, and their 95% confidence 
intervals were determined by the method of 
Litchfield & Wilcoxon (1949). In some experi- 
ments results obtained after administration of dif- 
ferent doses of the test drugs were compared with 
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those from controls or from other treatment groups 
by use of Student's t-test. P < 0.05 was accepted as 
the level of statistical significance (Schwartz 1984). 

In the hot-plate test, the results are expressed as 
the percentage of analgesia for the different groups 
(drugs + saline; morphine + saline). 

Results and Discussion 
Chemistry 
The starting thiazolotriazine 1 was prepared by a 
procedure described elsewhere (Issartel et a1 1997). 
The new series of 2-substituted thiazolotriazines 
2-8 were obtained by the Mannich reaction with 
formaldehyde and N-arylpiperazine (Figure 1). 
Physical constants and spectral data of 2-8 were 
reported in Tables 1 and 2, respectively. All 13C 
NMR spectra of the final compounds showed sig- 
nals at approximately 68 and 162 ppm, attributable 
to the N-CH2-N and C=O groups, respectively. 

Pharmacological studies 
The compounds were first evaluated for their 
analgesic activity in the phenylbenzoquinone test 
and for their acute toxicity in mice. The results, 
shown in Table 3, include those obtained for mor- 
phine, aspirin, paracetamol and noramidopyrine. 
Trazodone (Figure 2) was also chosen as a refer- 
ence drug in the assays because its chemical 

I 

CH3 

2-8 

Figure 1. Synthesis of 2-substituted thiazolotriazinones 2-8. 

Table 3. 
toxicities (LD50) of compounds 2-8. 

Phenylbenzoquinone test ED50 values and the acute 

Compound ED50 (mg kg-') LD50 (mg kg-') 

2 
3 
4 
5 
6 
7 
8 
Morphine 
Aspirin 
Paracetamol 
Noramidopyrine 
Trazodone 

86.9 (34.9-216.4) > 800 

10.0 (4.0-25.0) > 800 
55.7 (31.6-98.0) NT 

> 100 NT 
87.0 (42.0-1 80.1 ) NT 
0.6 (0.3-1.1) NT 
7.8 (2.9-20.8) NT 

228.6 (167.9-3 1 1.7) NT 
68.3 (26.9-173.7) NT 

22.0 (13.9-34.8) 750.0 (535.7-1050.0) 

48.7 (39.9-59.4) 710.0 (591.7-852.0) 

10.2 (8.1-12.9) 223.4 (215.0-232.1) 

Values in parentheses are 95% confidence limits. NT = not 
tested. Compounds were administered intraperitoneally except 
for morphine (subcutaneously). 

Figure 2. The structure of trazodone. 

structure is closely related to those of the thiazo- 
lotriazines and because of its potent analgesic 
properties (Riblet & Taylor 1981; Valeri et a1 
1991). 

A statistically significant antinociceptive effect 
was measured for six of the seven thiazolotriazines; 
after intraperitoneal administration ED50 values 
ranged from 10 to 87 mg kg-'. Substitution on the 
phenyl ring of the phenylpiperazine group (3-6) 
markedly increased the activity in comparison with 
that of the unsubstituted derivative 2 and those of 
the bioisosteric analogues 7 and 8. The best 
analgesic effect was obtained for compounds with 
an electron-withdrawing substituent on the phenyl 
nucleus-a chlorine atom at the 3- position (com- 
pound 3) or a fluorine atom at the 4- position 
(compound 4). These two last derivatives were 
characterized by ED50 values much lower than 
those of currently used drugs (22 and 10 mg kg-', 
respectively, for 3 and 4 compared with 228.6 and 
68.3 mg kg-', respectively, for paracetamol and 
noramidopyrine). The toxic profile of thiazolo- 
triazines was assessed by determination of acute 
toxicity in mice for some representative derivatives 
of this series (Table 3). The intraperitoneal LD50 
values were found to be in excess of 700mgkg-'. 
Because, after intraperitoneal injection, the phar- 
macologically active analgesic doses are 10 to 
87mgkg-', it can be concluded that these com- 
pounds have large therapeutic indices, especially in 
comparison with the structurally related compound 
trazodone (ED50 10.2 mg kg-' and LD50 
223.4 mg kg-' , both after intraperitoneal injection). 
After an intraperitoneal dose of 100 mg kg-' all the 
substances investigated except compound 6 sig- 
nificantly reduced the spontaneous locomotor 
activity of mice (Table 4). At therapeutic doses 
equivalent to 1/30 LD50, the most active deriva- 
tives (3 and 4) in the phenylbenzoquinone test did 
not influence motor activity. 

When the hot-plate test was used to verify the 
analgesic properties of thiazolotriazines 3, 4 and 6, 
for which ED50 values after intraperitoneal 
administration were lower than 50 mg kg-' in the 
abdominal constriction test, antinociceptive activity 
was found for compounds 3 and 4 only (Table 4). 
The discrepancy between the results from the two 
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Table 4. Results from locomotor activity and hot-plate tests. morphine and 3 (Table 6). In contrast, naloxone did 

2 100 77.7 f 4.1 ** NT observations it can be postulated that thiazolo- 
~ 

3 

4 

5 
6 
7 
8 
Morphine 
Trazodone 

25 
100 
25 

100 
100 
100 
100 
100 

7.5 
5 

10 

1.0f7.2 
44.8 f 6.3* 

3.3 41 13.6 
71.6&5.1** 
77.1 f 1.7* 
24.3 f 17.3 
73.3 f 6.5* 
62.83~ 8.4* 

NT 
29.2f 11.2* 
34.6f 11.6* 

11.61 0.9* 
16.5f2.8** 
13.72~ 1.7* 
14.5 f 1.2** 

NT 

NT 
NT 

12.0+0.5* 
10.0f 1.0 
17.4f 2.6* 

10.4f 1.0 

The antinociceptive effects of drugs is expressed as the time 
necessary to induce the forepaw-licking reflex in mice. The 
reaction time for saline (control) was 8 .4f  0.5 s. NT = not 
tested. Compounds were administered intraperitoneally except 
for morphine (subcutaneously). *P i 0.05, **P < 0.01, signifi- 
cantly different from control result. 

tests could be attributed to their different sensitiv- 
ity-it is known that ED50 values obtained from 
the abdominal constriction test are usually mark- 
edly lower than those obtained in the hot-plate test 
(Ardid et a1 1992; Sladowska et a1 1995; Viaud et a1 
1995). Results from the thermal test in mice 
showed a significant increase in foot-licking 
latency after an intraperitoneal dose of 25 mg kg-' 
of compounds 3 and 4. Because of their analgesic 
potency and their low toxicity, 3 and 4 were 
selected for further pharmacological evaluation 
with particular attention to interactions with 
opioidergic and monoaminergic systems. 

When administered simultaneously with mor- 
phine 30min before testing, 4 and trazodone 
potentiated the analgesia induced by the opioid 
agonist, as illustrated in Table 5. The interaction of 
3 and the specific 5-hydroxytryptamine re-uptake 
inhibitor fluoxetine with morphine corresponded to 
simple addition of the effects of the individual 
drugs. Moreover a lmgkg-' dose of naloxone 
dramatically reduced the analgesic activity of 

triazines interfere with opiate systems, as has 
already been reported for many analgesic drugs 
(Biegon & Samuel 1980; Somoza et a1 1981; 
Isenberg & Cicero 1984; Granados-Soto et a1 
1995). It can also be concluded that activation of p- 
receptors by direct or indirect mechanisms con- 
tribute to the analgesic effect of 3 because the non- 
specific opioid antagonist naloxone has greater 
affinity for preceptors. Potentiation of morphine- 
induced analgesia by 4 could be interpreted in 
terms of increased opiate release. In addition, 
because there is mutual interaction between 5- 
hydroxytryptamine or catecholamine transmitters 
and opiate neurons (Groppetti et a1 1988; Taiwo & 
Levine 1988; Pini et a1 1997), involvement of 
monoaminergic systems in the antinociceptive 
properties of 3 and 4 was investigated. Thus, 
treatment with the precursor of 5-hydroxy- 
tryptamine, 5hydroxytryptophar1, combined with 
the peripheral decarboxylase inhibitor carbidopa 
enhanced the analgesic effect of thiazolotriazines 3 
and 4 in mice (Table 7). This activity seemed to be 
potentiation of the individual effects of the drugs. 
Similar behaviour was observed for the 5-hydroxy- 
tryptamine re-uptake inhibitor trazodone, which 
also potentiated analgesia in conjunction with 5- 
hydroxytryptophan. Trazodone might form 3- 
chlorophenylpiperazine during its biotransforma- 
tion in-vivo (Caccia & Garattini 1990) and 5- 
hydroxytryptaminergic activity of arylpiperazinyl 
groups has been established (Fuller et a1 1978; Maj 
et a1 1979; Kahn & Wetzler 1991; Fontaine 1993; 
Takeshita & Yamaguchi 1995). These results pro- 
vide support for the hypothesis that the anti- 
nociceptive action of 3 and 4 is partly 
a central event mediated through 5-hydroxy- 
tryptamine. 

Table 5. 
quinone test after acute intraperitoneal administration of 3, 4, trazodone and fluoxetine. 

Analgesic effect of subcutaneous morphine (0.15 mg kg-l) in the phenylbenzo- 

Compound Dose Analgesia (%) 
(mg kg-') 

Morphine + saline Drug + saline Drug + morphine 

7.5 f 7.0 
3 5 28.7 f 7.3 36.6f 10.1* 
4 5 35.9 f 7.6 55.3 f 5.8* 
Trazodone 2 10.3 f 6.4 43.0 f 12.2* 
Fluoxetine 3 20.1 f 2.9 30.0 f 3.9* 

Results are meansf s.e.m. *P < 0.05, significantly different from result for mor- 
phine + saline. 
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Table 6. Effect of subcutaneous naloxone (1 mg kg-I) on 
analgesia induced by 3, 4, morphine, trazodone and fluoxetine 
in the phenylbenzoquinone test. 

Compound Dose Analgesia (%) 
(mg kg-') 

Drug + saline Drug + naloxone 

3 15 64.0f 10.9 193f 16.3* 
4 15 59.5 f 12.3 59.9 f 8.9 
Morphine 1.5 77.2 f 3.9 14.1 f 9.2* 
Trazodone 5 4 1.8 f 6.0 58.3 f 9.4 
Fluoxetine 30 68.6f 7.2 68.0 f 4.1 

Compounds were administered intraperitoneally except for 
morphine (subcutaneously). Results are means f s.e.m. 
*P < 0.05, significantly different from result for drug + saline. 

Because activation of the a*-adrenoreceptors in 
the central nervous system results in antinocicep- 
tion (Luttinger et a1 1985; Suh et a1 1995), we 
examined the capacity of the a2-adrenergic 
antagonist yohimbine to prevent the analgesic 
effect elicited by intraperitoneal administration of 
test drugs in the phenylbenzoquinone test. It 
seemed that yohimbine clearly attenuated the 
antinociceptive effects of 3 and 4 and that of the 
sympathomimetic agent clonidine (Table 8). 
Accordingly, the noradrenergic system also parti- 
cipates in inhibition of chemical nociception by 3 
and 4. 

In conclusion, these results provide evidence for 
the involvement of noradrenergic and 5-hydroxy - 
tryptaminergic pathways in the analgesic activity of 
3 and 4. This non-opioid mechanism is probably 
related to enhancement of the release of 5-hydroxy- 
tryptamine and noradrenaline or to inhibition of the 
neuronal re-uptake of the compounds. In addition, 
an opioid component of the antinociceptive effect 
of 3 was evinced by administration of naloxone. 
Because of their potential effectiveness, thiazolo- 
triazine derivatives 3 and 4 might be suitable for a 
wide variety of painful conditions and could 
represent attractive reserve agents for patients dis- 
satisfied with opioids. 
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Table 7. 
intraperitoneal administration of 3, 4, trazodone and fluoxetine in the phenylbenzoquinone test. 

Potentiation by intraperitoneal 5-hydroxytryptophan (50 mg kg-I) + carbidopa (25 mg kg-I) of analgesia induced by 

Analgesia (%) 

Compound Dose Drug + saline 5-Hydroxytryptophan Drug+ 
(mg kg-l) +carbidopa 5-hydroxytryptophan 

carbidopa 

3 
4 
Trazodone 
Fluoxetine 

2 
2 
2 
3 

29.5 f 16.0 
3.3f2.1 
4.2f 2.9 
10.1 f 5.9 
19.8 & 2.8 

51.7f 13.5* 
64.8f 12.3* 
47.2 f 8.9 
51.3 f 5.4* 

Results are meansf s.e.m. *P < 0.05, significantly different from result for drug + saline. 

Table 8. 
phenylbenzoquinone test. 

Effect of oral yohimbine (1 mg kg-l) on analgesia induced by intraperitoneal administration of 3 ,4  and clonidine in the 

Analgesia (%) 

Compound Drug + saline Drug + clonidine 

3 
4 
Clonidine 

10 
15 
0.05 

66.2 f 4.9 
70.6 f 7.1 
95.2 f 4.6 

35.6f 11.2* 
49.7 f 3.6* 
37.5 f 7.4* 

Results are meansf s.e.m. *P < 0.05, significantly different from result for drug + saline. 
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