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I. Introduction  
It is well known that the 

hydantoins (imidazolidines) and their 
derivatives have application in the 
medicine and the clinical practice as 
aldose reductase inhibitors [�, �]. 
They also possess antitumor [�], 
anticonvulsant, antiepileptic [�] and 
antiarrhythmic action [�]. 

Sea lettuce (Ulva lactuca) is 
bright green algae which is a common 
inhabitant of seas. The plant can be 
found attached to rocks and shells by 
a holdfast, but it is also commonly 
found free floating.  Large volumes of 
sea lettuce often indicate high levels 
of nutrient pollution. It is often found 

in areas where sewage runoff is 
heavy. That’s why sea lettuce is used 
as a standard indicator species to 
monitor pollution trends for 
indication of large amounts of 
nutrients [�].  

During recent years there even 
are projects for using Ulva lactuca as 
human and animal food source which 
makes this plant potentially 
significant for agricultural economy.  

As a common sea macroalga sea 
lettuce is a typical organism for 
ecotoxicological research of eventual 
deleterious action of
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chemical substances according to the 
marine plants [�-�]. 

During this study we examine 
the presence or lack of acute toxic 
action of cyclopentane-spiro-�-
hydantoin, cyclohexane-spiro-�-
hydantoin, cyclopentane-spiro-�-(�,�-
dithiohydantoin) and �-
aminocyclopentanecarboxylic acid 
towards sea lettuce which is one of 
the most common and widely spread 
alga for the region of the Bulgaria 
Black Sea Coast and Aquatoria. 
 

II. Materials and methods 
II.1. Synthetic compounds 
All chemicals used were 

purchased from Merck and Sigma-
Aldrich. The cyclopentanespiro-�-
hydantoin (CPSH, Fig. �a) and 
cyclohexanespiro-�-hydantoin 
(CHSH, Fig. �b) were synthesized via 
the Bucherer-Lieb method [�0]. The 
cyclopentanespiro-�-(�,�-
dithiohydantoin) (CPSDTH, Fig. �c) 
was synthesized in accordance with 
Marinov et. al. [��]. The �-
aminocyclopentanecarboxylic acid 
(ACPCA, Fig. �d) was obtained in 
accordance with Stoyanov and 
Marinov [��]. Melting points were 
determined with a Koffler apparatus 
and with a digital melting point 
apparatus SMP �0. Elemental analysis 
data were obtained with an automatic 
analyzer Carlo Erba ��0�. IR spectra 
were taken on spectrometers Bruker-
��� and Perkin-Elmer FTIR-��00 in 
KBr discs. NMR spectra were taken 
on a Bruker DRX-��0 spectrometer, 
operating at ��0.�� and ��.�0 MHz 
for �H and ��C, respectively, and on a 
Bruker Avance II + �00 MHz 

spectrometer, operating at �00.��0 
and ��0.�0� MHz for �H and ��C, 
respectively, using the standard 
Bruker software. Chemical shifts 
were referenced to tetramethylsilane 
(TMS). Measurements were carried 
out at ambient temperature. 

 

a) 
 

cyclopentanespiro-�-
hydantoin 
(CPSH) 

  

b) 
 

cyclohexanespiro-�-
hydantoin 
(CHSH) 

  

c) 
 

cyclopentanespiro-�- 
(�,�-dithiohydantoin) 

(CPSDTH) 
  

d)  
�-aminocyclopentane- 

carboxylic acid 
(ACPCA) 

 

Fig. 1. Structures of the compounds 
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All products obtained were 
characterized by physicochemical 
parameters, IR and NMR spectral 
data. The results obtained from these 
analyses are identical with the 
previously published in the literature 
[��-��]. 

In addition, in this paper we 
present Raman and DRIFT spectral 
data for the compounds. The Raman 
spectra of the compounds (the stirred 
crystals placed in aluminium disc) 
were measured on RAM II (Bruker 
Optics) with a focused laser beam of 
�00 mW (for CPSH, CHSH and 
ACPCA) and �00 mW (for CPSDTH) 
power of Nd:YAG laser (�0�� nm) 
from �000 cm−1 to �� cm−1 at 
resolution � cm−1 with �� scans. Their 
Diffuse Reflectance FTIR (DRIFT) 
spectra were recorded with a 
VERTEX �0 FT-IR spectrometer 
(Bruker Optics). DRIFT accessory 
used is Praying MantisTM (Harrick 
Scientific). Crystals of the compounds 
were stirred with KBr; the spectra are 
from �000 cm−1 to �00 cm-� at 
resolution � cm−1 with �� scans. The 
spectral data obtained are presented in 
Table � below. 

 
II.2. Ecotoxicological tests 
Conduction of ecotoxicological 

tests was in accordance with OECD 
Standard № �0� – Freshwater Alga 
and Cyanobacteria, Growth Inhibition 
Test [��]. 

Natural occurring Ulva lactuca 
algae were collected from the 
Bulgarian Black Sea Coast, the 
Burgas beach region.  

Ten concentrations using natural 
sea water of each compound were 

prepared for the purpose of the test. 
Saturated concentrations of the 
compounds in water were as follows:  

 
 CPSH – � %; 
 CHSH – 0.� %;  
 CPSDTH – 0.0�� %; 
 ACPCA – 0.� %. 
 
The test design included three 

replicates at each test concentration 
plus control variant. 

The duration of test was �� h (� 
days). At the end of the test, tested 
plants were visually observed for 
phytotoxicological manifestations as 
whitening, discoloring, deforma-tions, 
necrosis and other signs. Plant 
biomass was measured before and 
after test. Based on this, a dose–
response modeling was conducted for 
determination of NOAEC (LD0�), 
LOAEC (LD��) and LD�0 via R 
language for statistical computing (R 
Development Core Team (�0��). R: 
A language and environment for 
statistical computing [��] and R 
packages drc [��].  

Physical/chemical properties of 
tested compounds, required for such 
ecotoxicological studies, were 
estimated by using the US EPA EPI 
(Estimation Programs Interface) 
Suite™ – Windows®-based suite of 
physical/chemical property and 
environmental fate estimation 
programs developed by the EPA’s 
Office of Pollution Prevention Toxics 
and Syracuse Research Corporation 
(SRC) [��]. 
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Table 1. Raman and DRIFT spectral data for the compounds 
 

Compound Raman spectral bands, cm-1 DRIFT spectral bands, cm-1 

   

CPSH 

�0��, ����, ����, ����, ����, 
����, ��0�, ����, ����, ����, 
����, ���0, ����, ����, ��0�, 
���0, ��0�, �0��, �0��, �0�0, 
�00�, ���, ���, ��0, ���, ���, 
���, ���, ���, ��0, ���, �0� 

����, ����, ����, ��0�, ����, 
����, ����, ���0, ����, �0��, 
����, ����, ���0, ����, ����, 
����, ����, ����, �0��, �0��, 
�0��, �00�, ���, ���, ���, 
��0, ��0, ���, ���, ���, ���, 
��� 

   

CHSH 

�0��, ����, ����, ����, ���0, 
����, ��00, ����, ����, ��0�, 
����, ����, ����, ����, ��0�, 
�0��, �0��, �0��, �000, ���, 
���, ���, ���, ���, ���, ��0, 
���, ���, ���, ��0, ��� 

����, ����, ����, ����, ����, 
��0�, �0��, ���0, ����, ����, 
��0�, ����, ����, ����, ����, 
���0, ����, �0��, ����, ����, 
����, ����, ���0, ����, ����, 
����, ����, ��00, ����, ����, 
����, ����, ����, ����, ��0�, 
�0��, �0��, �000, ���, ���, 
���, ���, ���, ���, ���, ���, 
���, ���, ���, ��0, ���, ���, 
���, ���, ���, ��� 

   

CPSDTH 

����, ����, ����, ����, ����, 
�0��, ����, ����, ����, ����, 
��00, ����, ����, ����, ����, 
���0, ����, �0��, �0��, �0��, 
���, ��0, ���, ���, ���, ���, 
���, ���, ���, ���, ���, ���, 
���, ���, ���, ��0 

����, ����, ��0�, ����, ����, 
����, �0��, ����, ����, ����, 
����, ����, ���0, ����, ����, 
����, ����, ���0, ����, ����, 
����, ����, ����, �0��, ����, 
����, ����, ����, ����, ����, 
����, ����, ����, ����, ���0, 
����, ��0�, ����, ���0, ���0, 
����, ����, ��0�, ����, ����, 
��0�, �0�0, �0��, �0��, ���, 
���, ���, ���, ���, ���, �0�, 
���, ���, ���, ���, ���, ���, 
���, ���, ���, ���, ���, �0� 

   

ACPCA 

����, ����, ����, ����, ����, 
���0, ����, ����, ����, ����, 
����, ����, ����, �0��, �0��, 
���, ���, ���, ���, ���, ���, 
���, �0�, ���, �0� 

����, ����, ����, ����, ����, 
�0��, ���0, ����, ����, ����, 
����, ����, ��0�, ����, ����, 
����, �0��, �0��, ��0, ���, 
��0, ���, ���, ���, ��0, ���, 
���, ���, �0� 
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All products obtained were 
characterized by physicochemical 
parameters, IR and NMR spectral 
data. The results obtained from these 
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[��-��]. 
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and Cyanobacteria, Growth Inhibition 
Test [��]. 

Natural occurring Ulva lactuca 
algae were collected from the 
Bulgarian Black Sea Coast, the 
Burgas beach region.  

Ten concentrations using natural 
sea water of each compound were 
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Table 1. Raman and DRIFT spectral data for the compounds 
 

Compound Raman spectral bands, cm-1 DRIFT spectral bands, cm-1 

   

CPSH 

�0��, ����, ����, ����, ����, 
����, ��0�, ����, ����, ����, 
����, ���0, ����, ����, ��0�, 
���0, ��0�, �0��, �0��, �0�0, 
�00�, ���, ���, ��0, ���, ���, 
���, ���, ���, ��0, ���, �0� 

����, ����, ����, ��0�, ����, 
����, ����, ���0, ����, �0��, 
����, ����, ���0, ����, ����, 
����, ����, ����, �0��, �0��, 
�0��, �00�, ���, ���, ���, 
��0, ��0, ���, ���, ���, ���, 
��� 

   

CHSH 

�0��, ����, ����, ����, ���0, 
����, ��00, ����, ����, ��0�, 
����, ����, ����, ����, ��0�, 
�0��, �0��, �0��, �000, ���, 
���, ���, ���, ���, ���, ��0, 
���, ���, ���, ��0, ��� 

����, ����, ����, ����, ����, 
��0�, �0��, ���0, ����, ����, 
��0�, ����, ����, ����, ����, 
���0, ����, �0��, ����, ����, 
����, ����, ���0, ����, ����, 
����, ����, ��00, ����, ����, 
����, ����, ����, ����, ��0�, 
�0��, �0��, �000, ���, ���, 
���, ���, ���, ���, ���, ���, 
���, ���, ���, ��0, ���, ���, 
���, ���, ���, ��� 

   

CPSDTH 

����, ����, ����, ����, ����, 
�0��, ����, ����, ����, ����, 
��00, ����, ����, ����, ����, 
���0, ����, �0��, �0��, �0��, 
���, ��0, ���, ���, ���, ���, 
���, ���, ���, ���, ���, ���, 
���, ���, ���, ��0 

����, ����, ��0�, ����, ����, 
����, �0��, ����, ����, ����, 
����, ����, ���0, ����, ����, 
����, ����, ���0, ����, ����, 
����, ����, ����, �0��, ����, 
����, ����, ����, ����, ����, 
����, ����, ����, ����, ���0, 
����, ��0�, ����, ���0, ���0, 
����, ����, ��0�, ����, ����, 
��0�, �0�0, �0��, �0��, ���, 
���, ���, ���, ���, ���, �0�, 
���, ���, ���, ���, ���, ���, 
���, ���, ���, ���, ���, �0� 

   

ACPCA 

����, ����, ����, ����, ����, 
���0, ����, ����, ����, ����, 
����, ����, ����, �0��, �0��, 
���, ���, ���, ���, ���, ���, 
���, �0�, ���, �0� 

����, ����, ����, ����, ����, 
�0��, ���0, ����, ����, ����, 
����, ����, ��0�, ����, ����, 
����, �0��, �0��, ��0, ���, 
��0, ���, ���, ���, ��0, ���, 
���, ���, �0� 
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III. Results and discussions  
All tested compounds, except 

CPSH, did not manifest any 
phytotoxic signs at their saturated 
concentrations in water. ANOVA 
analysis conducted with R language 
for statistical computing in respect to 
plant biomass did not show 
significant differences (p > 0.0� at �� 
% confidence level) between tested 
variants and control. 

However, the CPSH substance 
showed extremely high deleterious 
effect on plants at the saturated 
concentration in water – � %, at the 
form of completely discoloring and 
whitening of the plants – Fig . �. 
 

 
a)  
 

 
b) 

 

Fig. 2. Pictures taken with Chronos 
USB 2.0 digital microscope (150x):  
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