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Effects of indeloxazine hydrochloride on cognitive disturbance 
in cycloheximide-treated mice 

M. YAMAMOTO, M. SHIMIZU, Department of Pharmacologv, Central Research Laboratories, Yamanouchi Pharmaceutical Co. Ltd.. 
Azusawa 1-14,  Itabashi-ku. Tokyo, 174, Japan 

Abstract-The effects of indeloxazine hydrochloride [( f )-2-[(inden- 
7-yloxy)methyl]morpholine hydrochloride] on cognitive disturbance 
in mice subjected to cycloheximide have been examined. Indeloxa- 
zine ameliorated cycloheximide-induced amnesia in mice, indicating 
a facilitatory effect of this drug on cerebral functions. Piracetam, Ca- 
hopantenate, dihydroergotoxine and viloxazine did not show signifi- 
cant effect on the amnesia. These results suggest that indeloxazine 
possesses a wider pharmacological profile than piracetam, Ca- 
hopantenate, dihydroergotoxine and viloxazine in anti-amnesic 
activities. 

Impairment of neurotransmitter systems and decrease in cere- 
bral metabolism and blood flow are well known in patients with 
cerebral vascular diseases, head injury, senile dementia, and 
other organic brain syndromes (Nilson & Ponten 1977; Jellinger 
et a1 1978; Bes et a1 1978). These patients frequently show 
multiple symptoms such as reduced spontaneity, emotional and 
cognitive disturbances, and others (Wood 1975; Ohtomo 198 I). 
Therefore, drug enhancing cerebral functions would be useful in 
the treatment of various symptoms. 

It is well known that scopolamine (an anticholinergic drug), 
cycloheximide (a protein inhibitor), anoxia, and cerebral ischae- 
mia induce cognitive disturbance in animals (Rainbow 1978; 
Hunter et al 1977; Jensen & De Fine Olivarius 1980). Therefore, 
these amnesic models have been used for evaluating the effect of 
drugs on cerebral functions (Cumin et al 1982; Yamamoto & 
Shimizu 1987a, b). We have already reported that indeloxazine 
ameliorates cognitive disturbances induced by anoxia, cerebral 
ischaemia, and scopolamine in rodents. In addition, we found 
that the pharmacological profile of indeloxazine was wider than 
those of piracetam, dihydroergotoxine, and calcium hopante- 
nate, drugs currently used in the therapy of cerebral vascular 
diseases (Table 1) (Yamamoto & Shimizu 1987 a,b; Yamamoto 
et a1 1987a,b). The present study describes the effect of 

Table 1. Effects of indeloxazine, piracetam, calcium hopantenate, 
dihydroergotoxine and viloxazine on cognitive disturbances in 
rodents. 

Amnesic model 
[previous study] 

Indelo. Piracetam Hopa. Dihydro. Vilo. Ref. 

- - Scopolamine + (-1 - 
(passive avoidance) 

(passive avoidance) + (-) + - - b  
Anoxia 

(active avoidance) + (+) + - - b  
Cerebral ischaemia 

[present study] 
c,d (passive avoidance) + (-) - - 

- - - - Cycloheximide + 
(passive avoidance) 

Indelo.: Indeloxazine, Hopa.: Ca-hopantenate, Dihydro.: Dihyd- 
roergotoxine, Vilo.: Viloxazine, +: Effective, -: Not effective. a: 
Yamamoto & Shimizu (1987a) b: Yamamoto & Shimizu (1987b) c: 
Yamamoto et al. (1987~) d. Yamamoto et al. (1987d), ( ): 
Yamamoto et al. (in preparation). 
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indeloxazine on cognitive disturbances in mice subjected to 
cycloheximide. Comparisons were conducted with the following 
drugs: dihydroergotoxine (cerebral vasodilator), piracetam and 
calcium hopantenate (cerebral metabolic enhancer) and viloxa- 
zine (antidepressant; the chemical structure of viloxazine, [2-(2- 
ethoxyphenoxymethyl) tetrahydro-1,4-oxazine hydrochloride], 
is similar to indeloxazine) (Greenwood 1975). 

Materials and methods 

Studies were carried out using male ICR mice (about 35g), 
housed in group cages under 12 h light-dark conditions and 
given free access to laboratory chow and water. 

Passive avoidance learning. Training was carried out according 
to the one-trial step-through procedure described by Jarvik & 
Kopp (1967). The apparatus consists of two compartments, one 
illuminated (14 x 10 x 10 cm; light (60W) with a height of 25 cm 
to top of chamber) the other dark (16x l o x  10 cm). The 
compartments were separated by a guillotine door (5 x 5 cm). 
Before acquisition training, the mouse received a single pretrain- 
ing trial in which it was placed in the illuminated compartment 
and, 10 s after, the guillotine door was raised. After the mouse 
entered into the dark compartment, it was allowed to remain 
there for 10 s. In the acquisition trial, the mouse was placed in the 
illuminated compartment one wall of which had a hole, through 
which the mouse could enter into the dark compartment that 
had a grid on the floor. As soon as the mouse entered the dark 
compartment, a scrambled foot-shock (0.25 mA, 50 Hz) was 
delivered to the floor grid for 2 s. The.mouse could escape from 
the shock only by stepping back into the illuminated side, 
thereafter, the mouse was returned to its home cage. Cyclohexi- 
mide in a dose of 150 mg kg-l was given subcutaneously 30 min 
before the training session. The drugs were orally or  intraperito- 
neally administered 30 min before the training. About 24 h after 
training, the retention test was conducted by replacing the 
mouse in the illuminated compartment and latency of the step- 
through response was measured. The observation period for the 
behaviour was maximally 300 s in this test. 

Spontaneous movement. The spontaneous movement of each 
animal was measured using an Animex counter (Animex 111, 
Shimazu Co.) for 60 min after the oral administration of the test 
drug. 

Drugs. Indeloxazine hydrochloride, viloxazine hydrochloride, 
and piracetam were prepared in the laboratories and dissolved in 
distilled water before use. The following drugs were obtained 
commercially: dihydroergotoxine mesylate (Sandoz Co.), cal- 
cium hopantenate (Tanabe Co.), and cycloheximide (Sigma 
Co.). Calcium hopantenate and cycloheximide were dissolved in 
distilled water and 0.9% NaCl solution, respectively. All drugs 
were administered with a volume of 0.1 mL/10 g to the mouse. 

Results and discussion 

Cycloheximide, in a dose of 150 mg kg-I (s.c.), significantly 
shortened the latency of the step-through response in mice. 
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Table 2. Effects of indeloxazine on step-through passive avoidance 
response in cycloheximide-treated mice. 

Treatment 
Control 
Indeloxazine 

Control 
Piracetam 

Control 
Ca-hopantenate 

Control 
Dih ydroergotoxine 

Control 
Viloxazine 

Dose 
(mgkg-') 

I PO 
3 

10 
30 

30 PO 

- 

- 

I00 
300 

100 PO 
300 

I000 

- 

- 

0.1 ip 
0.3 
I 
- 

3 PO 
10 
30 

Latency of Step- 
Through (s) 

48 & 28 
97 _+ 36 

1 I 1  +36* 
183&39** 
77 & 29 
48 _+ 28 
17+3 
70 & 28 
67 & 28 
56+ 10 
76 5 20 

103&24 
56+21 
62 5 28 
4059  
74&36 
4 2 5  16 
62 5 28 
48 21 
77 & 38 
25+ I3 

Each value represents the mean +s.e. from 10 mice. Latency of step- 
through in normal mice was 236+31 s (N= 10, mean&s.e.). 
Cycloheximide in a dose of 150 mg kg-' was administered 
subcutaneously 30 min before training. The test drugs were also 
administered orally or intraperitoneally 30 min before training. 
Significantly different from the value for control group: * P<O.O5, 
** P<O.OI (Mann-Whitney U-test). 

When indeloxazine (3 and 10 mg kg-' p.0.) was administered 30 
min before training, this shortened latency was ameliorated in 
cycloheximide-treated mice (Table 2). The test drugs were 
administered before training in order to evaluate the drug action 
in the acquisition and consolidation phases of the cognitive 
tasks. Thus, the present results indicate that indeloxazine seems 
to facilitate both the acquisition and consolidation of cognitive 
behaviour. In addition, spontaneous movement was not 
changed by the administration of indeloxazine in doses which 
effected cognitive disturbance (3 and 10 mg kg-l p.0.; data not 
shown). Therefore, the results suggest that the effects of 
indeloxazine on cognitive disturbances may be due to the 
facilitation of cognitive function. 

It has been reported that cycloheximide inhibits not only 
protein synthesis, but also monoamine synthesis and release 
(Flexner & Goodman 1975; Freedman et al 1982). The resulting 
deficiences are thought to disturb cognitive function in cyclohex- 
imide-treated rodents (Quinton 1971). In the present study, 
indeloxazine ameliorated cycloheximide-induced amnesia. This 
suggests the involvement of central monoaminergic nervous 
systems in improved cognitive ability by indeloxazine. The 
previous observations that indeloxazine antagonized the reser- 
pine-induced hypothermia in mice (Tachikawa et a1 1979) and 
increased monoamine contents of rat brain (Yamaguchi et a1 
1985), support the facilitatory effect of indeloxazine on central 
monoaminergic systems. Furthermore, facilitatory effects of 
indeloxazine on spontaneous EEG (Yamamoto & Shimizu 
1987a) and brain energy metabolism (Yamamoto & Shimizu 
1987b) may be attributable to, in part, the amelioration of the 
cognitive disturbances. Piracetam (500 mg kg-' P.o.), a nootro- 
pic drug has been reported to improve cycloheximide-induced 
disruption of the memory of a passive avoidance response 
(Cumin et al 1982). In the present study, however, when 
piracetam (30-300 mg kg-' p.0.) was administered 3 min before 
training, the shortened latency of step-through induced by 
cycloheximide was not changed. The reason why piracetam 
showed no influence on the acquisition of cognitive behaviour in 

this model may be due to different experimental procedures such 
as the intensity of foot shock. Dihydroergotoxine, calcium 
hopantenate, and viloxazine also showed no significant 
influence on shortened latency of step-through in cyclohexi- 
mide-treated mice. Thus, it may be postulated that indeloxazine 
possesses wider pharmacological properties than piracetam, 
dihydroergotoxine and calcium hopantenate, as this has an 
ameliorating effect on cycloheximide-induced amnesia. Further- 
more, the pharmacological profile of indeloxazine is distinct 
from viloaxazine as it relates to enhanced learning activities. 

We have already reported that indeloxazine possesses anti- 
amnesic actions in rodents subjected to anoxia, cerebral ischae- 
mia, and scopolamine (Yamamoto & Shimizu 1987a, b; Yama- 
mot0 et a1 1987b) and that the pharmacological profile of 
indeloxazine is wider than that of dihydroergotoxine or calcium 
hopantenate (Table 1). The present study strongly supports our 
prevous pharmacological results using amnesic models as 
described in Table 1. 

In conclusion, indeloxazine ameliorated cycloheximide- 
induced amnesia in mice, indicating a facilitatory effect of this 
drug on cerebral functions. The present results and previous 
pharmacological findings (Yamamoto & Shimizu 1987a,b; 
Yamamoto et a1 1987b) suggest that indeloxazine may be useful 
in the treatment of various symptoms in patients with cerebral 
vascular diseases, head injury, senile dementia, and other 
organic brain syndromes. 
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Employment of magnet-susceptible microparticles 
for the targeting of drugs 

D .  A. KHARKEVICH,  R. N. A L Y A U T D I N ,  v. I .  FILIPPOV, Department of Pharmacology, First Medical Institute, Moscow3, 119881, USSR 

Abstract-It has been demonstrated in cats that magnet-susceptible 
microspheres and liposomes containing neuromuscular blocking 
agents (dipyronium, pyrocurinum and diadonium) caused a deeper 
inhibition of the neuromuscular transmission in the limb placed in 
the magnetic field than in the control limb located beyond the field. 
The microparticles containing a short-acting neuromuscular bloc- 
king agent diadonium appeared to have the highest selectivity of 
action. The present method allows a pronounced neuromuscular 
block in a target area to be achieved without noticeable effect on 
P C O ~  of the exhaled air. 

The search for ways of increasing the selectivity of action of 
drugs, of reducing their side effects and toxicity is one of the 
urgent problems of modem pharmacology. To this end, various 
techniques are used which enable targeted transport of agents to 
the target organs. This provides an increase in local concentra- 
tion of agents in a particular area and at  the same time a decrease 
of the total dose of the drug. Targeted transport of drugs within 
the vascular compartment (Gregoriadis 1984) can be achieved 
by pH-sensitive liposomes (Yatvin et a1 1980a; Connor et a1 
1984) which can selectively release the agents during pH 
changes, e.g. in the inflammation focus; thermosensitive lipo- 
somes releasing their content in the presence of local hyperther- 
mia (Yatvin et a1 1980b; Sullivan & Huang 1985); and also by 
various techniques of drug microcapsulation with ferromagne- 
tics (Widder et a1 1978; Ibrahime et a1 1983; Ovadia et a1 1983; 
Markevicha et a1 1980). Magnet-controlled transport has made 
it possible to achieve a selective increase in the concentration of 
antineoplastic agents (Tankovich et a1 1985), X-ray contrast 
substances (Bykov et a1 1987) and anti-bacterial agents (Priluts- 
kaya 1985) in the target organ. 

The present study was devoted to the possibilities of selective 
action of neuromuscular blocking agents enclosed in magnet- 
susceptible microparticles on the neuromuscular transmission in 
certain groups of muscles. For this purpose microcarriers were 
needed that would provide a high concentration of the agent in 
the target organ. Magnet-susceptible microspheres (MMS) on 
the basis of insoluble polyelectrolyte complexes and liposomes 
(ML) were employed. 

Materials and Methods 

The possibility of achieving a selective muscle relaxation with the 
help of neuromuscular blocking agents enclosed in HMS and 
ML was tested in cats, 2.7-3.5 kg. Tracheostomy was performed 
under ether anaesthesia and a catheter was introduced into the 
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jugular vein. The animals were then given pentobarbitone 
sodium (30 mg kg-’, i.v.). To prevent possible hypoxia asso- 
ciated with the action of neuromuscular blocking agents artifi- 
cial ventilation was started in the animals before the experiment. 
The neuromuscular transmission in the gastrocnemius muscles 
of the cat was estimated according to the value of evoked 
potentials (EP) of muscles during electric stimulation of sciatic 
nerves by supramaximal rectangular pulses (0.5 Hz). EP were 
registered by bipolar needles, and 10 consecutive responses were 
averaged. One hind limb was placed in a magnetic field with 
strength of about 0.158 MA m-’. The other hind limb, which 
remained beyond the field, served as control. EP in both limbs 
were registered continuously throughout the experiment. 

Neuromuscular blocking agents with different duration of 
action were used: dipyronium (long-acting), pyrocurinum 
(medium-acting) and diadonium (short-acting) (Kharkevich 
1986). 

MMS from an insoluble polyelectrolyte complex were pre- 
pared by mixing in saline of the solutions of nucleic acid, 
polyethylenimine, neuromuscular blocking agent and ferropar- 
ticles. MMS were 0.7-2 pm in diameter and were injected i.v. 
One mL of suspension contained 350 pg of diadonium, 130 pg of 
pyrocurinum or 20 p g  of dipyronium (single neuromuscular 
blocking dose per 1 kg b.w.). The animals were injected with 
0.4 mL kg-I. 

The liposomes consisted of phosphatidylcholine and choles- 
terol in a molar ratio 5:2 and 7:2. The lipid film for M L  was 
prepared in a rotor evaporator under vacuum. A buffer solution 
containing gelatine-stabilized ferroparticles, and neuromuscular 
blocking agents diadonium and dipyronium were then added to 
the lipid film. The resulting suspension was then sonicated under 
nitrogen at  ice-melting temperature for 60-100 s. The size of ML 
ranged from 0.1 to 2 pm. The drugs not enclosed in liposomes 
were removed by dialysis for 24 h. The content of diadonium and 
dipyronium in 1 mL of the suspension was 100 pg mL-l and 10 
pg mL-’, respectively. 

The data were expressed as mean f s.e.m. Statistical differ- 
ences in the data were analysed by Student’s t-test. 

Results 

It has been shown in control experiments that the magnetic field 
of 0.199 MA m-I strength was without noticeable effect on the 
neuromuscular transmission at  the chosen parameters of stimu- 
lation. Under these conditions the administration of neuro- 
muscular blocking agents dipyronium, pyrocurinum and diado- 
nium was associated with a decrease of the amplitude of 
potentials identical in both limbs of the animal. The injection of 


