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A challenging task of modern organic chemistry is a search for 
new molecular systems possessing a wide spectrum of useful 
properties, in particular, biological activity.1 Furoxans represent a 
distinct group of heterocyclic compounds exhibiting an interesting 
profile of biological activity,2 including neuroprotective, precogni­
tive,3 cytotoxic,4 antihelmintic,5 antibacterial,6 and fungicidal7 
activities. It is expected that the biological activity of furoxans 
is connected with their capacity to release NO.8 

It was reported9,10 that furoxans could be regarded as promising 
antiaggregant agents. In particular, 3-cyano-4-phenylfuroxan 111 
and 3-nitro-4‑phenylfuroxan 212 (Figure 1) inhibit platelet aggrega­
tion induced by collagen. Based on the observed levels of activity, 
compounds 1 and 2 can be considered as potential starting points 
for a further rational design of next generation agents with 
improved antiaggregant activity and water solubility. However, 
the reported data for 1 and 2 concerning their antiaggregant 
properties were studied always within 5 min after inducing platelet 
agglutination. Therefore, before starting the synthesis and bio­
logical study of novel furoxans, a thorough investigation into 
the  antiaggregant properties of compounds 1 and 2 should be 
performed. Here, we report on the influence of 1 and 2 on platelet 
aggregation studied with the use of an expanded list of inducers 
and within longer periods of monitoring.

The antiaggregant activity of 1 and 2 was studied in vitro using 
platelet rich plasma (PRP). Four platelet agglutination inducers, 
namely, collagen, ristocetin, adenosine diphosphate (ADP), and 
adrenaline, were applied in the experiments. The effects of the 
samples were measured according to an approved procedure.† 

In the tests, an inducer was added after plasma heating at 37 °C 
for 2 min.‡ 

In the experiments with collagen, where three concentrations 
of 1 and 2 were tested, only a delay in aggregate formation was 
observed (Table 1). Thus, in the control group, platelet agglu­
tination was started after 5 min, while the reaction started after 
about 6 min in the presence of 1 or 2 in a concentration of 
37.5 nmol ml–1 [Figure 2(a)]. An increase in the concentration of 
the test compounds led to a bigger delay in the reaction, whereas 
the levels of agglutination were similar (about 70% of light 
transmission was detected).

Both of the furoxans were inactive in the experiments with 
ristocetin (data not shown). However, the application of ADP and 
adrenaline revealed very promising effects of both compounds 
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The measurement of the antiaggregant properties of 3-cyano-
4-phenylfuroxan and 3-nitro-4-phenylfuroxan has demon
strated that these compounds effectively inhibit platelet agglu
tination induced by adenosine diphosphate and adrenaline 
but not ristocetin. When collagen was used as an inducer, 
only a slight delay of aggregate formation was observed. 
Therefore, these furoxan derivatives could be considered as 
a basis for the development of next generation agents with 
improved antiaggregant activity.
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Figure  1  Structures of furoxan derivatives 1 and 2.

†	 http://www.renam.ru/katalog/reagenty-dlya-issledovaniya-funkcii-
trombocitov/agrenam.

‡	 Experimental procedure. The test was performed using a Biola platelet 
aggregation analyzer (Biola Ltd, Russia) according to an established 
procedure. Agrenam (Renam, Russia) kit and adrenaline were used for the 
experiments. Blood with a citrate buffer (9:1) was centrifuged at 1000 rpm 
for 10 min, and platelets rich plasma (PRP) was collected. The 0.5 m 
stock solutions of compounds 1 and 2 in DMSO were prepared. The stock 
solutions were diluted with water to concentrations of 5, 2.5 and 1.25 mm. 
To 300 ml of heated at 37 °C PRP, 10 ml of a solution of a tested sample 
was added, and the mixture was incubated at 37 °C for 2 min with stirring. 
Then, a solution (30 ml) of collagen (2 mg ml–1) was added, and light 
transmission was measured for 8 min at 37 °C. Aqueous solutions of 
DMSO with appropriate concentrations were used as controls. Inducers 
(30 ml) other than collagen, namely, ADP (0.2 mm), ristocetin (15 mg ml–1) 
and adrenaline (110 mm), were used in the experiments with 1.25 mm 
solutions of 1 and 2. If aggregation did not occur, another inducer of 
aggregation was added and light transmission was measured for 5 min 
at 37 °C.

Table  1  Delay in platelet aggregation induced by collagen in the presence 
of different amounts of agents 1 or 2 compared to a control.

Agent
Concentration/nmol ml–1

37.5 75 150

1 1 min 1.5 min 2.1 min
2 50 s 1.8 min 3.0 min
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1 and 2 even at the lowest test concentration of 0.0375 mmol ml–1 
[Figure 2(b),(c)]. Thus, in the control group, the reaction was 
started immediately after ADP or adrenaline addition, while a low 
level of platelet aggregation was observed in the test groups (< 25%). 
Note that the addition of ristocetin after 10th min of the experi­
ments switched on agglutination immediately [Figure 2(b),(c)], 
which indicated that platelets were still capable to cell–cell 
interaction after the furoxan treatment. These results indicate 
that compounds 1 and 2 possess a selective mechanism of platelet 
aggregation inhibition. ADP and adrenaline are considered 
the  main agents causing thrombus formation.13,14 Therefore, it 
seems promising to study the effect of furoxans 1 and 2 in more 
detail. 

In conclusion, furoxan derivatives 1 and 2 were found to 
inhibit platelet agglutination induced by adenosine diphosphate 
and adrenaline rather than ristocetin. In the case of collagen as 
an inducer, only a delay of aggregate formation was observed. 
Therefore, these results are promising in search of novel furoxan 
derivatives with improved antiaggregant activity.

This work was supported by the Russian Science Foundation 
(grant no. 14-50-00126).
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Figure  2  Effect of furoxans 1 and 2 on in vitro platelet aggregation.
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