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NOTE
Neurotropic and Antitumor Activities of Silyl-
and Germyl-isoxazolin-2-yl Derivatives

E. Lukevics*, P. Arsenyan, S. Germane and |. Shestakova
Latvian Institute of Organic Synthesis, Aizkraukles 21, Riga, LV-1006, Latvia

Neurotropic and antitumor activities of the  nitrogen-containing five-membered heterocycle
pyridyl-substituted 5-Si(Ge)-isoxazolines and (3- (substituted 1,2,4-triazolinones) are effective
alkyl-4-triphenylgermylisoxazolin-2-yl)-5-car- ~ against experimental gastric carcinoma MGC-
boxylic acid ethyl esters have been investigated. 803° Therefore, we decided to investigate the
It has been shown that silylisoxazolin-2-yl antitumor (and also neurotropic) properties of the
derivatives are more potent in protection against  following Si(Ge)-substituted isoxazolin-2-yl com-
hypoxia and Corazole convulsions than their pounds.
analogues. Germylisoxazolin-2-yl compounds

are stronger tumor growth inhibitors and NO-

inducers than their silyl analogues. Copyright
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INTRODUCTION
EXPERIMENTAL
Silyl-substituted isoxazolines show a wide spec-
trum of biological activity* Germanium-containing The Si(Ge)-substituted isoxazolings10 (Table 1)
heterocycles are usually less toxic than their carborwere prepared by cycloaddition of nitrile oxides to
and silicon analogues* We have performed a vinyl- and ally-germanes (silanes). Their synthesis
comparative study of the vasodilating, anticoagu-and characterization are described in Refs 5 and 7.
lant and cardioprotective activity of 5-Si(Ge)- Neurotropic activity was studied on Icr:lce and
substituted isoxazolin-2-yl derivatives. The sub-BALB/c mice. Ambient temperature (221 °C)
stitution of the silicon atom for the germanium doeswas maintained in the laboratory and in the animal
indeed lead to a significant increase in vasodilatingcolony. The tested substances were administered
antithrombotic and cardioprotective activity. The intraperitoneally as aqueous suspensions prepared
insertion of a methylene group between Ge and thevith the aid of Tween 80. Control animals received
isoxazoline ring reduces the vasodilating activity. injections of equal amounts of distilled water with
The most active isoxazoline, 3:{Biethylgermyl-  Tween 80. Tests were carried out and determined
3-isoxazolinyl)pyridine hydrochloride, protects the according to Refs 8 and 9.
heart from rhythm disturbances and lethality during Acute toxicity was evaluated in male ICR-JCL
ischaemia reperfusioh.As has been found pre- mice (19-23 g). The compounds were dissolved—
viously, the triphenylgermyl derivatives of another suspended in a 0.6% solution of Tween 80 and
injected intraperitoneally.

A conventional reflex of passive avoidance test
* Correspondence to: E. Lukevics, Latvian Institute of Organic was applied to evaluate the mﬂue.nce of the Stu.dl.ed
Synthesis, Aizkraukles 21, Riga, LV-1006, Latvia. substances on memory and antiamnestic activity.
E-mail: lukevics@osi.lanet.lv Retrogradal amnesia was caused transcorneally by
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Table 1 The silyl(germyl)isoxazolines-2nvestigated

No. Compound Yield (%) Ref.
1 2-(5-Triethylsilyl-3'-isoxazolinyl)pyridinehydrobromide 52 5
2 3-(5-Triethylsilyl-3'-isoxazolinyl)pyridinehydrobromide 44 5
3 4-(5-Triethylsilyl-3'-isoxazolinyl)pyridinehydrobromide 44 5
4 2-(5-Triethylgermyl-3-isoxazolinyl)pyridinehydrochloride 70 5
5 3-(5-Triethylgermyl-3-isoxazolinyl)pyridinehydrochloride 47 5
6 4-(5-Triethylgermyl-3-isoxazolinyl)pyridinehydrochloride 45 5
7 2-(5-Triethylgermylmethyl-3-isoxazolinyl)pyridinehydrochloride 43 5
8 3-(5-Triethylgermylmethyl-3-isoxazolinyl)pyridinehydrobromide 45 5
9 (38-Methyl-4-triphenylgermylisoxazolinyl-2)-5-choxylic acid ethyl ester 94 7

10 (3-Ethyl-4-triphenylgermylisoxazolinyl-2)-5-choxylic acid ethyl ester 90 7

maximal electric shock administeredjust after
learning.

According to recent investigationsthere is a
strongassumptiorthat excessivenduction of NO
biosynthesisn cells couldleadto theirirreversible
damage’® Potential cytotoxic activity of the
synthesized Si(Ge)-substituted isoxazolines-2
based on such a biological effect was tested
in vitro on three standardmonolayertumor cell
lines: MG-22A (mouse hepatoma), HT-1080

(human fibrosarcoma),B16 (mouse melanoma),
and normal mousefibroblastcells. This was done
accordingto a known proceduré® using 96-well

plates. Two independentcolorimetric methods
were employed:(a) colorationwith CrystalViolet

(CV), specifyingthe integrity of cell membranes;
and (b) coloration with 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolim bromide (MTT), char-

acterizing the redox activity of mitochondrial
enzymesn cells.

Table2 Acutetoxicity, rotating-rodtubeandtractiontestsof silyl(germyl)isoxazolin-2-ylcompounds$n white mice

(i.p)

(ECso, mgkg ™)

No. LDso (mgkg ™) Rotating-rodtest Tubetest Tractiontest

1 447 178 178 282
(313-596) (112-253) (112-253) (183-372)

2 515 141 69 274
(362-692) (92-209) (24.2-130.3) (99-324)

3 325 54.7 70.8 60.0
(219-455) (20-102.7) (50.1-92.5) (31.7-93)

4 410 89 51.5 90.8
(268-552) (56-129.1) (36.2-69.2) (50.1-92.5)

5 355 178 163 205
(249-461) (136-230) (109-227) (146-288)

6 355 447 70.8 >100
(202-508) (31.3-59.6) (50.1-92.5)

7 708 355 325 410
(501-925) (202-508) (219-455) (211-622)

8 515 163 141 141
(362-692) (109-227) (68—209) (92-209)

9 >500 258 89 >250

(168-357) (63.1-119.7)
10 >500 >250 178 >250
(136-230)
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Table 3 Neurotropicactivity of silyl(germyl)isoxazolin-

2-ylcompounds

Activity (% of control)

No Hypoxia Corazolespasms Phenaminestereotype Ethanolanaesthesia Thiopentalanaesthesia
1 118 145.5 100.4 79.3 133.3
2 143 205 88.4 119 144.4
3 131 265 155.3 73.6 87.3
4 125.5 156 113 99 209
5 136 174 28.5 336.7 74.1
6 102 114 117.8 216.7 138.8
7 134 140 91 72 133
8 113.7 120.7 94.1 30.2 119
9 — 139 204 84.6 104.5

10 — 125 112.3 176.1 103

RESULTS AND DISCUSSION

The experimentakvaluationsf acutetoxicity and
neurotropigoropertiearepresented Tables2 and
3

The compoundsinvestigatedhave a medium
toxicity. The most toxic compoundis 3, 4-(5-
triethylgermyl-3-isoxazolinyl)pyridine hydrobro-
mide (325mgkg ). The introductionof a methy-
lene group betweenthe triethylgermyl group and
the isoxazolinering decreasethe toxicity 2.2-fold
for 7. Triethylsilylisoxazolinesare a little more
toxic than the germyl analoguesAll compounds
exhibit low activity in rotating-rod, tube and
tractiontests.

The 2-pyridyl-substitutedgermylisoxazoline4
was the most active in increasingthe duration of
thiopental anaesthesiaby 109%, while the 3-
pyridyl-substituted analogue 5 decreasedit by
25.9% (Table 3). Silylisoxazolines decreased
ethanol anaesthesiabut their germyl analogues
showeda prolongationeffect. The introduction of

Table 4 Antitumor activity of isoxazolines

the methylenegroup betweenthe triethylgermyl
group andthe isoxazolinering causedan opposite
effect — shorteningthe anaesthesiéime by 28%
for 7 andby 70%for 8.

Silyl- andgermyl-isoxazolin-2yl compoundg1
—10) possestow antihypoxicactivity (Table3). 4-
(5'-Triethylsilyl-3'-isoxazolinyl)pyridinehydrobro-
mide 3 is 1.3 times more active than the corre-
spondinggermylanalogueb.

The stimulating effects of phenamine are
strengthenedndertheinfluenceof silylisoxazoline
3 and germylisoxazolineé by 55.3 and 17.8%,
respectively but triphenylgermylisoxazolin® ex-
hibits the highesteffect (by 104%).

All isoxazolinederivativestestedpossessanti-
Corazolepotency.The mostactiveis silylisoxazo-
line 3 (165%).Silyl derivative3, germylderivative
6 and germylmethylis@azolines 7 and 8 in
comparativelysmall doses(50mgkg™) comple-
tely preventthe retrogradalamnesiacausedby
electricshock.

Theisoxazolinegestednavemediumactivity on

HT-1080 MG-22A B16
ICs0 (g ml ™) NO (%) ICs0 (g ml ™) NO (%) ICs0 (ugml™™) NO (%)
No CcVv MTT Ccv CcVv MTT cVv CcVv MTT CcVv
1 nce nce 26 100 100 46 nce nce nce
2 80 nce 38 70 55 55 nce nce nce
4 45 50 850 13 20 850 100 100 42
7 40 45 850 23 23 450 nce nce 22
9 50 77 126 60 80 177 12 75 157
10 37 1 77 10 3 129 65 nce 67

& nce, no cytotoxic effect wasdetected.
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HT-1080andMG-22A cell tumorcultures,andlow
activity on B16 (Table 4). The most active
antitumor substances triphenylgermylisomzoline
10 (ICs0 MTT). Germylisoxazolinest and 7 are
strongNO-inducerg(850%)on HT-1080and MG-
22A.

Germylisoxazolin-2-ylderivatives are stronger
tumorgrowthinhibitorsandNO-inducerghantheir
silyl analogues.
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