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Abstract: Radical scavenging activity of the extracts of Lathyrus aphaca L. var. 
pseudoaphaca (Boiss.) Davis, L. aureus (Stev.) Brandza, L. cicera L., L. sphaericus 
Retz., L. digitatus (Bieb.) Fiori in Fiori & Paol. and L. setifolius L. taxa distributed in 
Burdur-Isparta regio was determined. Methanol extracts of air dried aerial parts and 
the seeds of the plants were dissolved in water and chlorophylls and lipophilic 
compounds were removed from the aqueous extracts. 2,2-diphenyl-1-picryl 
hydrazyl, superoxide and nitric oxide radical scavenging activity of aqueous and 
methanol extracts of the plants were tested. Gallic acid equivalent total phenolic 
contents of the plant extracts were also detected using Folin-Ciocalteu reagent. 
According to the 2,2-diphenyl-1-picryl hydrazyl radical scavenging activity test, the 
highest antioxidant activity was found in aerial parts of L. aphaca var. pseudoaphaca 
and highest total phenolic content was found as gallic acid equivalent in L. sphaericus 
seed extracts. 

  
  

Burdur-Isparta Yöresinde Yayılış Gösteren Bazı Lathyrus Taksonlarının Radikal 
Süpürücü Aktivitesi 

 
 

Anahtar Kelimeler 
DPPH, 
Lathyrus,, 
NO, 
Radikal süpürücü aktivite, 
SO, 
Toplam fenolik içeriği 
 
 

Özet: Burdur-Isparta yöresinde yayılış gösteren Lathyrus aphaca L. var. 
pseudoaphaca (Boiss.) Davis, L. aureus (Stev.) Brandza, L. cicera L., L. sphaericus 
Retz., L. digitatus (Bieb.) Fiori in Fiori & Paol. and L. setifolius L. taksonlarına ait 
ekstraktların radikal süpürücü aktivitesi belirlenmiştir. Kurutulmuş topraküstü 
kısımları ve tohumlarının metanol ekstraktlarından klorofil ve lipofilik bileşikler 
uzaklaştırılmıştır. Sulu ve metanol ekstraktlarının 2,2-difenil-1-pikril hidrazil, 
süperoksit ve nitrik oksit radikali süpürücü aktiviteleri araştırılmıştır. Ayrıca gallik 
aside eşdeğer toplam fenolik madde miktarı Folin-Ciocalteu reaktifi kullanılarak 
belirlenmiştir. En yüksek 2,2-difenil-1-pikril hidrazil radikali süpürücü aktivite L. 
aphaca var. pseudoaphaca’nın topraküstü kısımlarında, en yüksek toplam fenolik 
madde içeriği gallik aside eşdeğer olarak L. sphaericus’un tohumlarında 
bulunmuştur. 

  
 
1. Introduction 
 
The Fabaceae family is in the third position in 
largeness among flowering plants in the world [1]. The 
genus Lathyrus, belonged to the tribe Fabeae, is one of 
the largest genera with about 200 species worldwide, 
mainly in the Mediterranean [2]. Legumes bare great 
economic importance for the world and are used for 
human food, animal feed and other products. Legumes 
contain different bioactive compounds. When 
regularly consumed, they might have beneficial effects 
against metabolic diseases like diabetes mellitus, 
coronary heart disease, colon cancer and 
neurodegenerative disturbances including 
Alzheimer’s and Parkinson’s diseases. Besides 
phenolic compounds which have antioxidant effect, 

Lathyrus species also include neurotoxic substances 
such as ODAP (-β-N-oxalyl-L-α, β-diamino propionic 
acid), [3].  
 

In spite of the antioxidant activity and phenolic 

content of Lathyrus species [3-9], poor attention has 

been given to them. Since Lathyrus species are 
important for their nutritional values and bioactivities 
as potential functional foods, we investigated the 
radical scavenging activity (RSA) of Lathyrus aphaca L. 
var. pseudoaphaca (Boiss.) Davis, L. aureus (Stev.) 
Brandza, L. cicera L., L. sphaericus Retz., L. digitatus 
(Bieb.) Fiori in Fiori & Paol. and L. setifolius L., 
distributed in Burdur-Isparta regio which we 
determined ODAP content of in our previous study 
[10]. 
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2.  Material and Method 
 
2.1. Plant materials and extraction 
 
Plants were collected from different locations 
distributed to Isparta-Burdur regio. L. aphaca, L. 
cicera, L. sphaericus and L. setifolius are annual while 
L. aureus and L. digitatus are perennial herbs, and they 
generally distribute in forests and scrublands [11] 
(Table 1). Air-dried and powdered aerial parts and 
seeds of the plant materials were extracted for three 
times with methanol by using magnetic stirrer at 40oC 
for three days. Afterwards, the obtained methanolic 
extracts were filtered and evaporated in a rotator 
evaporator to gain crude extracts (Table 2). 
Subsequently, crude methanolic extracts were 
dissolved in distilled water followed by partition with 
equal volume of petroleum ether to remove 
chlorophyll and other lipophylic compounds. Finally, 
the remaining aqueous extracts were lyophilized [12]. 
 
Table 1. Lathyrus taxa and the collection stations 

Taxa Station 
Altitude 

(m) 
L. aphaca var. 
pseudoaphaca 

Isparta-Eğirdir, pine 
forest 

1190 

L. aureus 
Isparta-Eğirdir, Kasnak 

oak forest 
1530 

L. cicera Burdur, urban area 850 

L. sphaericus 
Isparta-Eğirdir, pine 

forest 
1190 

L. digitatus Isparta-Eğirdir, lake shore 875 
L. setifolius Isparta-Eğirdir, lake shore 875 

 
2.2. 2,2-diphenyl-1-picril hydrazyl (DPPH) radical 
scavenging activity 
 
DPPH RSA potentials of the methanolic extracts of the 
plants were detected [13]. Each methanol sample or 
control of 200 µL was added DPPH, a stable free 
radical, (50 µL, 1 mM) at certain concentrations and 
then mixed well. The remaining DPPH had an 
absorbance value of 517 nm after a 30-minute period. 
The RSA of a negative control well which contained 
only DPPH and solvent was taken as comparison to the 
RSA of the extract. Positive control was ascorbic acid. 
All analyses were done as three replicates. RSA was 
asserted as percent inhibition and calculated by the 
following equation: 
 

IP (%) = (ABScontrol – ABSsample / ABScontrol) * 100 
 
2.3. Superoxide radical scavenging activity test by 
alkaline DMSO method 
 
Superoxide (SO) RSA was detected according to 
Kunchandy and Rao [14]. In sum, a non-enzymatic 
system was established to generate a superoxide 
radical. The mixture which include 10 µL of nitroblue 
tetrazolium (NBT) (1 mg/mL solution in dimethyl 
sulphoxide, (DMSO) and 30 µL of each sample (in 
DMSO). 100 µL of alkaline DMSO (1 mL of which 

containing 5 mM NaOH in 0.1 mL of water) was put in 
order to make a final volume of 140 µL and the 
absorbance was read at 560 nm. Positive control was 
ascorbic acid. All analyses were done as three 
replicates. RSA was asserted as percent inhibition and 
calculated by the following equation: 
 

IP (%) = (ABSsample – ABScontrol / ABSsample) * 100 
 
2.4. Nitric oxide radical scavenging activity 
 
Nitric oxide radical scavenging activity of the extracts 
was also determined [15]. Briefly, 60 µL of 10 mM 
sodium nitro prussiate, in phosphate buffered saline 
(PBS), were added to 60 µL of the extract or control 
wells and the plate was incubated at room 
temperature under light for 150 min. Finally, 60 µL of 
Griess reagent (1 g sulphanilamide + 0.1 g N-(1-
naphthyl) ethylene diamine dihydrochloride + 2.5 mL 
phosphoric acid, completed 100 mL distilled water) 
was added into each well in order to measure the 
nitrite content at 577 nm. Ascorbic acid was used as 
positive control. All analyses were done as three 
replicates. Radical scavenging activity was 
represented as the inhibition percentage and was 
calculated using the formula below: 
 

IP (%) = (ABScontrol – ABSsample / ABScontrol) * 100 
 
2.5. Total phenolic content 
 
The total phenolic content (TPC) was detected via the 
method of Singleton and Rossi [16] with minimal 
changes. 10 µL of sample or standard (10-500 µg/mL 
of gallic acid) and a diluted 150 µL of Folin-Ciocalteu 
reagent (1:4 reagent/water) were put in the wells of 
the plate and later taken into incubation at room 
temperature during three minutes. After the 
admixture of 50 µL of saturated sodium carbonate 
(7.5%) and an additional session of incubation for two 
hours at room temperature, absorbance was at 725 
nm. TPC was figured as gallic acid equivalent (GAE). 
 
2.6. Statistical analysis 
 
Statistical significance was assessed using Analysis of 
Variance, ANOVA (one way), followed by Tukey test 
for multiple comparisons, at p< 0.05 level. Graphics for 
linear regression curves, inhibition percentage, and 
correlation coefficients were drawn and used to 
determine calculations. Correlation coefficients 
between were defined via Pearson correlation test. All 
the tests were done in triplicates.  
 
3. Results 
 
Extract yields of Lathyrus taxa were given in Table 2. 
Aerial parts (IC50 = 222.27±5.61 μg/mL) and seeds 
(IC50 = 43.42±0.39 µg/mL) of L. aphaca have the 
highest DPPH RSA values. The lowest IC50 value 
indicates the highest RSA, meaning the extract has 
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effect even in low concentrations (half-maximal 
inhibitory concentration).  Seeds (IC50 = 102.52±6.31 
µg/mL) of L. aphaca have the highest SO RSA. Seeds 
and aerial parts of L. cicera and aerial part of L. 
digitatus showed negligible SO RSA. NO RSA of taxa 
were found negligible (IC50 > 1000 μg/mL). The 
highest total phenolic contents were found in both 
seed (288.89±0.05 mg/g GAE) and aerial 
(273.16±0.35 mg/g GAE) parts of L. sphaericus. In 
addition, there were no or weak correlation between 
both the total phenolic content and DPPH RSA 
(p<0.05) (rseed -0.34; raerial parts 0.55) (Table 3). 
 
Table 2. Extract yields of Lathyrus taxa. 

Extract Yield (%) 
Taxa Seed Aerial Part 
L. aphaca var. pseudoaphaca 6.69 14.00 
L. aureus  6.66 12.58 
L. cicera 6.25 20.00 
L. sphaericus 5.69 5.00 
L. digitatus nd 11.16 
L. setifolius nd 24.87 
nd: not determined   

 
4. Discussion and Conclusion 
 
Our results indicate that L. aphaca and L. sphaericus 
are significant in antioxidant capacity. Lathyrus 
extracts had negligible NO RSA (IC50 >1000 µg/mL) 
and our extracts can scavenge DPPH and SO radicals 
more than the NO radical. Flavonoids must contain a 
catechol group to scavenge NO radical in the plant 
extracts. Catechins are one of the compounds 
responsible for the NO RSA [17]. Lathyrus extracts did 
not show a significant NO RSA which can be explained 
due to lack of NO active substances in the plant 
contents. 

 
Maximum phenolic contents were found both in seed 
(288.89±0.05 mg/g GAE) and aerial parts 
(273.16±0.35 mg/g GAE) of L. sphaericus while the 
lowest were determined in the seed (5.38±0.01 mg/g 
GAE) and aerial parts (13.85±0.16± mg/g GAE) of L. 
cicera. These results were nearly the same as of the 
records of Pastor-Cavada et al. [3]. In that study, the 
highest total phenolic content (catechin equivalent) 
was determined in L. sphaericus (29.2 mg/g), while the 
lowest was found in L. cicera (3.8 mg/g). 

DPPH RSA and total phenolic content of Lathyrus 
extracts didn’t show any correlation (rseed -0.34; raerial 
parts 0.55). Moreover, the highest total phenolic content 
was found in L. sphaericus extract, but this taxon had 
weak or negligible inhibition values in all the RSA tests 
when compared to most of the other taxa (Table 3). 
However; L. aphaca extract, exhibiting a relatively 
high RSA, possessed a low total of phenolic content 
(GAE). In this context, the high RSA of L. aphaca extract 
could be thought due to another compound(s). 
Antioxidant activity is generally related to total 
phenolic content and radical scavenging activity deals 
with numbers and positions of the hydroxyl groups of 
the phenolic compounds [18]. Furthermore, 
antioxidant activity is not fully contributed by 
phenolic compounds alone [19]. Essential oils, 
vitamins, carotenoids and other secondary 
compounds are also responsible for antioxidant 
activities. In addition, a wide range of secondary 
metabolites can show antagonistic or synergistic 
effects.  
 

In the past decades nutritional and antinutritional 
factors of L. sativus and other Lathyrus species, ODAP 
and related neurotoxins, their metabolism [20], 
neurotoxicity [21], physiological [22] and genetic [23] 
studies to decrease neurotoxin content [24] besides 
their bioactivities [25, 26] such as antioxidant [3] and 
antimicrobial [25] properties have been investigated. 
Therefore some researchers found that neurotoxins 
such as ODAP which leguminous seeds could contain 
might be radical scavengers [27]. Lathyrus 
neurotoxins especially ODAP can result in irreversible 
neurodegeneration causing spastic paraparesis of the 
lower limbs. This disease called Lathyrism usually 
happens when seeds are consumed in large amounts 
during famine episodes triggered by droughts in 
countries like Ethiopia, India and Bangladesh [28]. 
 

There are some studies on bioactive components and 
their bioactivity of Lathyrus taxa. For example, L. 
binatus, L. cicera [5], L. digitatus [6], L. czeczottoianus 
[2] contain phenolics, L. japonicus triterpene saponins 
[7] and flavonoids [4], L. cicera [5] and L. davidii 
flavonoids and saponins [8] and L. odoratus contains 
phytoalexins [9]. Lathyrus neurotoxins especially 
ODAP and its metabolites have been broadly studied 
in terms of their metabolism [29]. Also neurotoxin 

 
Table 3: Radical scavenging activities (IC50 values) and total phenolic contents of Lathyrus taxa 

Taxa 
DPPH (µg/mL) NO (µg/mL) SO (µg/mL) TPC (mg  GAE/g dw) 

Seed Aerial part Seed 
Aerial 
part 

Seed Aerial part Seed Aerial part 

L. aphaca var. 
pseudoaphaca 

43.42±0.39*a 222.27±5.61b >1000 >1000 102.526.31a 171.396.66b 75.330.03b 22,360.02a 

L. aureus 480.11±0.66de 441.61±11.79de >1000 >1000 142.365.34ab 562.3622.38d 29.900.02a 67.600.03b 

L. cicera 768.95±23.21f 354.49±10.82bcd >1000 >1000 >1000 >1000 5.80.01a 13,850.16a 

L. sphaericus 410.58±3.72cde 496.52±1.12e >1000 >1000 920.7830.98f 667.6725.32e 288.890.05c 273,160.35c 

L. digitatus - 275.62±3.48bc - >1000 - >1000 - 32.840.03a 

L. setifolius - 531.73±39.07de - >1000 - 377.309.32c - 13.180.01a 
*: means of three replicates±sd, different letters in the same column indicates significant differences, DPPH: 2,2-diphenyl-1-picryl hydrazyl, NO: nitric oxide, SO: 
superoxide, TPC: total phenolic content, GAE: gallic acid equivalent, dw: dry weight 
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content of Lathyrus species and its changing in 
different ecological and physiological conditions was 
studied. Researches for plant breeding to eliminate the 
non-protein amino acid β-ODAP from the seed have 
been conducted for four decades. A large number of 
“low-toxin” varieties of grass pea emerged but it didn't 
result in the development of “toxin-free” varieties, yet 
[30].  
 
There are some data on interactions with neurotoxin 
content, stress and antioxidant activity especially in 
legume seeds and L. sativus. β-ODAP carries out a 
protective role in L. sativus as it significantly increases 
when L. sativus is under drought stress. β-ODAP pile 
up in high amounts in order to manage osmotic 
adjustments in plants exposed to drought stress [31] 
as well as oxalic acid, a precursor for ODAP 
biosynthesis [32].  
 
We investigated RSAs of some Lathyrus taxa which we 
determined ODAP contents of. In our previous study, 
some Lathyrus species such as L. cicera which has 
relatively larger and lighter coloured seeds contain 
ODAP while L. sphaericus and L. aphaca having 
antioxidant activity, did not contain ODAP [10]. More 
studies are needed on Lathyrus’ neurotoxins and 
secondary metabolism and genetic and environmental 
effects on them.  
 
ODAP content increases in stress conditions and it 
could have radical scavenging ability. Similarly some 
secondary metabolites like phenolics increase when 
plants face stress. Phenolics have antioxidant activity 
beside having some other ecological properties such 
as allelopathy [33]. Lathyrus species are rich in protein 
and some other nutritional factors, thus scientists 
have concentrated on their breeding to decrease 
neurotoxin content and to use for animal and human 
food in recent. Overall these studies, two substantial 
outcomes could be obtained:  
 
1. Interactions between ODAP, its metabolites, other 
secondary metabolites and stress could be 
enlightening in terms of ecology, physiology and 
biochemical studies.  
2. Breeding strategies of Lathyrus species concerning 
both high nutritional values and lowest neurotoxin 
content, contribute to agricultural economy 
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