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a b s t r a c t

The phenolic fraction and the crude extract from Tribulus pterocarpus have different biological activity, 
including antiplatelet–antiadhesive properties. Since it is demonstrated that hyperhomocysteinemia 
may act as stimulator of blood platelet activa tion (platelet adhesion, aggregation, and secretion), but var- 
ious antiplatelet comp ounds are able to reduce hyperactiva tion of blood platelets induced by hyperhom- 
ocystei nemia. The aim of our present experiments was to investigate in vitro one of the step in platelet 
activa tion proce ss – platelet adhesion to collag en induced by the model of severe hyperhomocyateinemia 
in the presence of the phenolic fraction and the crude extract from T. pterocarpus . Severe hyperhomocy- 
steinemia was induced by reduced form of Hcy in the concentrations 0.1 mM and 1 mM, or using HTL in 
the concentrations 0.1, 0.5 and 1 lM. Adhesion of blood platelets to collagen was determined accordin g
to Tuszynski and Murphy. We observed that the phenolic fraction and the crude extract from T. pterocar- 
pus have the inhibitory effect on platelet adhesion during severe hyperhomocyst einemia. The action of 
tested phenolic and crude extract was concentration- dependent, but the pheno lic fraction was stronger 
antiad hesive action than the crude extract. We suggest that T. pterocarpus may be good source of anti- 
platelet compounds during hyperhomocysteinemia. 

� 2013 Published by Elsevier Ltd. 
1. Introduction 

Homocystei ne (Hcy) is an endogenous amino acid, containing a
free thiol group, which in cells is involved in methionine and cys- 
teine metabolism. Homocys teine exists in the human blood in dif- 
ferent forms: homocys teine thiolactone (HTL; 0–35 nM), free 
reduced Hcy (about 0.1 lM), protein N-linked homocysteine (about
15.5 lM), protein S-linked homocysteine (about 7.3 lM) and 
homocystei ne (Hcy-S-S-Hcy) and combined with cysteine to form 
mixed disulphides (Hcy-S-S-Cys) (about 2 lM) (Mansoor et al., 
1992; D’Angelo and Selhub, 1997; Ramakrishn an et al., 2006 ). The 
elevated plasma level of homocystei ne (hyperhomocysteinemia)
may be a result of genetic defects of enzymes involved in its metab- 
olism. Moreove r, hyperhomo cysteinemia may also result from 
other factors: lifestyle, various diseases, medications, drugs, sex, 
age and diet (Sawula et al., 2009; Malinowska et al., 2012a ). Kang
et al. (1992) classified several types of hyperhomocystei nemia. 
They defined hyperhomocystei nemia (in relation to the total plas- 
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ma Hcy concentr ation): severe (for concentratio ns higher than 
100 lM), intermediate (for concentratio ns between 31 and 
100 lM), moderate (for concentratio ns of 16–30 lM), and a refer- 
ence total plasma Hcy range as 5–15 lM (mean, 10 lM). Later, 
Lentz and Haynes (2004) defined also various types of hyperhomo -
cysteinemi a: severe (>100 lM), moderate (30–100 lM) and mild 
(10–30 lM).

On the bas is of diff ere nt obse rva tion s, it has demo nst rate d that 
Hcy and its thio lact one ma y act as ind ucto rs of oxi dat ive stre ss (Car -
luc cio et al., 2007 ; Olas et al., 2008 a, 200 8b Plat ele ts; Sib rian- Vaz -
que z et al. , 2010; Kol lin g et al., 201 1) and bloo d pla tele t acti vat ion 
(Leon cin i et al. , 2006 and Leon cin i et al. , 2007 ; Ale xan dru et al., 
200 7; Un das et al., 2007 ; Karo lcza k and Olas , 2009 ; Olas et al., 
200 8b and Ola s et al. , 2009 ; McG arri gle et al., 201 1). Blo od pla tele t
act iva tion inclu des main ly adh esio n, sha pe chan ge, aggr egat ion 
and sec reti on of act ive com pou nds from gra nul es (Wu, 1996; Lev y- 
Tol eda no, 1999 ; Ryni nge n and Hol mse n, 1999 ). Blo od plat ele t adh e- 
sio n und er phys iolo gic al cond iti ons is an imp ort ant proc ess to sto p
ble edi ng, but it is cons ider ed tha t exc essi ve plat ele t adh esio n caus es 
thr om bos is and ather osc ler osis (Wu, 199 6). Mc Don ald et al. (1964)
obs erv ed inc rea sed blo od plate let adh esion in hom ocy styn uric 

http://dx.doi.org/10.1016/j.fct.2013.01.025
mailto:olasb@biol.uni.lodz.pl
http://dx.doi.org/10.1016/j.fct.2013.01.025
http://www.sciencedirect.com/science/journal/02786915
http://www.elsevier.com/locate/foodchemtox


M. Tomczynska et al. / Food and Chemical Toxicology 56 (2013) 266–271 267
pat ien ts. Our ear lier res ults ind icat e that var ious form s of hom ocy s- 
tein e – the redu ced form of Hcy and its thio lact one may affec t adh e- 
sive pro pert ies of plat ele ts (Mal ino wska et al., 201 2b ).

A large number of pharmacologic al and non-pharma cological 
compounds have been found to inhibit the platelet adhesion and 
other steps of platelet activation (Halliwell, 2000; Visioli et al., 
2000). Moreover, some dietary compounds (for example from 
grape seeds, berries of Aronia melanocarpa , and resveratrol) cannot 
only attenuate hyperactivity of blood platelets, but also the oxida- 
tive stress induced by hyperhomo cysteinemia (Malinows ka and 
Olas, 2011 ; Malinowska et al., 2012c ). Therefore, the aim of our 
study was to establish the influence of crude extract and phenolic 
fraction isolated from aerial parts of Tribulus pterocarpus , which 
have antiplatelet (including antiadhesiv e) and antioxidative prop- 
erties (Malinowska et al., submitted for publication; Olas et al., 
2013) on blood platelet adhesion during severe hyperhomo cy- 
steinemia. We induced severe hyperhomo cysteinemia using the 
reduced form of Hcy in the concentrations 0.1 mM and 1 mM, or 
using HTL in the concentrations 0.1, 0.5 and 1 lM.

2. Materials and methods 

2.1. Plant material 

Aerial parts of T. pterocarpus was collected from El-Madinah El-Munawwarah 
(Kingdom of Saudi Arabia) at the stage of flowering–seeding or seeding. The plant 
material was identified by Prof. Hamed AI according to Boulos (2000) and the vou- 
cher specimens were deposited in Botany Department Herbarium, Aswan Faculty of 
Science (Egypt). Stock solution of tested crude extract and the phenolic fraction 
from T. pterocarpus was made in 50% dimethylsulfoxide (DMSO). The final concen- 
tration of DMSO in samples was lower than 0.05% and in all experiments its effects 
were determined. 

2.2. Reagents 

Reduced form of D,L-homocysteine, D,L-homocysteine thiolactone, thrombin, col- 
lagen type I, bovine serum albumin (BSA), and bicinchoninic acid solution (BCA)
were purchased from Sigma (St. Louis, MO). All other reagents were of analytical 
grade and were provided by commercial suppliers. 

2.3. Extraction of plant materials 

The dried aerial parts of T. pterocarpus (290 g) were separately ground into pow- 
der and defatted with chloroform using Soxhlet extractor. The defatted plant mate- 
rials were exhaustively extracted with 80% MeOH by refluxing (it was extracted 
several times until the extract was colorless). The crude extract was concentrated 
under reduced pressure to a syrupy consistence (15, 30 and 45 g, respectively).
Based on LC–MS analysis it was shown that the crude extract contained saponins 
10.59 mg/g d.m. as equivalent of Pentandroside A., and three phenolic compounds 
as described below, concentration of which was 6.94 mg/g d.m. as equivalent of ru- 
tin. Peaks showing phenolic profiles were summarized and concentration calcu- 
lated based on one appropriate standards. Saponins not having chromophores 
were determined with LC–MS.

2.4. Separation of phenolic fraction of T. pterocarpus 

The aerial parts of T. pterocarpus (290 g) were powdered and exhaustively ex- 
tracted with 80% EtOH by maceration at room temperature. The crude extract 
was concentrated under reduced pressure to a syrupy consistence (50 g). Nine 
grams from the crude extract was loaded on a water preconditioned short column 
(6 � 10 cm, Diaion HP20, Supelco, USA) and eluted with H2O and then with 40% 
MeOH (363 mg). The 40% MeOH eluate called phenolic fraction was used for exper- 
iments. When profiled with HPLC, this fraction consisted of three dominant compo- 
nents (87.22% of total peak area measured at 280 nm). Peak 1 (UV max = 280.8) had 
molecular weight of 194 mu, peak 2 (UV max = 239.4, 365.2) had MW of 388 mu 
and peak 3 (UV max = 220.6, 250.1, 301.0) had MW of 223 mu. The separation of 
these three phenolics was performed for their full structure elucidation. The sepa- 
ration of phenolic fraction of T. pterocarpus was described earlier (Olas et al., 2013 ).

2.5. Analysis of endogenous total Hcy and the reduced form of Hcy 

The natural concentration of total Hcy in plasma was 8–14 lM. The endogenous 
concentration of reduced form of Hcy was about 102 ± 11.2 nM. The classical tech- 
nique HPLC has been used to determination of Hcy (Bald et al., 2004 ) in human plas- 
ma. The HPLC analysis was performed with a Hewlett–Packard 1100 Series system 
according to Glowacki et al. (2011) and Bald et al. (2004).
2.6. Blood collection 

Human blood was taken from 10 healthy volunteers aged 21–36 years (average:
26; SD = 9.3 years) not taking any medications or addictive substances (including
antioxidants, tobacco, alcohol and aspirin or any other anti-platelet drugs) and keep- 
ing a balanced diet (meat and vegetables), with similar socio-economic background. 
2.7. Isolation of human blood platelets 

The platelet suspension was prepared according to the procedure described pre- 
viously (Wachowicz and Kustron ´ , 1992 ). Washed human platelet suspensions 
(about 3 � 108 cells/ml) in the modified Tyrode’s Ca +2/Mg+2 free buffer (127 mM 
NaCl, 2.7 mM KCl, 0.5 mM NaH 2PO4, 12 mM NaHCO 3, 5 mM HEPES, 5.6 mM glucose, 
pH 7.4) were exposed (15 min, 37 �C) to: 

– D,L-homocysteine at a final concentration 0.1 mM and 1 mM, 
– D,L-homocysteine thiolactone at a final concentration between 0.1 and 1 lM,
– crude extract of T. pterocarpus at a final concentration between 0.5 and 50 lg/ml

and the reduced form of D,L-homocysteine at a final concentration 0.1 and 
1 mM, 

– crude extract of T. pterocarpus at a final concentration between 0.5 and 50 lg/ml
and HTL at a final concentration between 0.1 and 1 lM,

– phenolic fraction of T. pterocarpus at a final concentration between 0.5 and 
50 lg/ml and the reduced form of D,L-homocysteine at a final concentration 
0.1 and 1 mM, 

– phenolic fraction of T. pterocarpus at a final concentration between 0.5 and 
50 lg/ml and HTL at a final concentration between 0.1 and 1 lM.

Samples of washed platelets were activated by thrombin. 
The protocol was accepted by the Committee for Research on Human Subjects 

of the University of Lodz number KBBN-UŁ/I/5/2011.
2.8. Platelet adhesion 

Adhesion of blood platelets to collagen type I was determined according to Tus-
zyn ´ ski and Murphy (1990) as described earlier (Olas et al., 2008a ). The absorbance 
of control platelets (without tested compounds) was expressed as 100%. 
2.9. Data analysis 

All the values in this study were expressed as means ± SD. The statistical anal- 
ysis (to calculate the differences among the effect of different concentration of ex- 
tract or fraction) was performed with one-way ANOVA test. The statistically 
significant differences were also assessed by applying the unpaired Student’s t test
and the significance level was p < 0.05. In order to eliminate uncertain data, the Q- 
Dixon test was performed. 
3. Results 

Our experiments showed that the reduced form of homocyste- 
ine (0.1 and 1 mM) and its thiolactone (0.1, 0.5 and 1 lM) modu- 
lated the adhesion of thrombin-stim ulated platelets to collagen 
(Figs. 1 and 2). We observed that the adhesion to collagen of blood 
platelets incubated with Hcy (0.1 and 1 mM) was stimulated 
(p < 0.05) (Fig. 1). Incubation of platelets with HTL (at all tested 
concentr ations: 0.1, 0.5 and 1 lM) had also stimulator y effects 
on the adhesion of thrombin-a ctivated platelets to collagen 
(p < 0.01) (Fig. 2). Moreove r, our results showed that the adhesion 
to collagen of blood platelets incubated with the crude extract and 
the phenolic fraction from T. pterocarp us , and stimulated by throm- 
bin (0.1 U/ml) in the presence of Hcy or HTL was changed (Figs. 1
and 2). Incubatio n of platelets with the crude extract and the phe- 
nolic fraction from T. pterocarpus had inhibitory effect on adhesion 
of thrombin – stimulated platelets to collagen (Figs. 1 and 2), and 
the effect of their action was concentr ation-depende nt (Figs. 1
and 2). Tables 1 and 2 reports the percent inhibition of adhesion 
to collagen of activated platelets induced by all tested concentra- 
tions of the crude extract and phenolic fraction from T. pterocarpus 
(0.5–50 lg/ml) during severe hyperhomo cysteinemia. 

In control experiments , we observed that DMSO, the solvent of 
the crude extract and the phenolic fraction from T. pterocarpus ,
added to platelet suspensions at a final concentr ation lower than 
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0.05%, did not change the platelet adhesion in the studied tests 
(data not shown).

4. Discussion 

Various experiments indicate that the hyperhomo cysteinemia 
(induced by the increase of level of Hcy and its derivatives) stimu- 
lates different steps of blood platelet activation (aggregation, adhe- 
sion and secretion) and changes metabolic processes (including
eicosanoid synthesis) in blood platelets (Signorello et al., 2002, 
2007; Leoncini et al., 2006, 2007; Alexandru et al., 2007; Olas 
et al., 2008b and Olas et al., 2009 ). Results of Signorello et al. 
(2002) showed that homocysteine induces arachidonic acid release 
and generates thromboxane A2 accumulation in blood platelets. 
Moreover, arachidonate metaboli sm (catalyzed by cyclooxygenas e
and lipoxygenas e) generates reactive oxygen species (ROS), which 
may act as secondary messengers (Wachowi cz et al., 2002 ). Auto- 
oxidation of Hcy may also account for the remaining amounts of 
ROS produced by Hcy (Signorello et al., 2002 ). On the other hand, 
our earlier results demonstrat ed that the polyphenolic fraction 
from T. pterocarpus and the crude extract from T. pterocarpus re-
duce blood platelet adhesion to the adhesive protein – collagen 
(Malinowska et al., submitted for publication ). The phenolic frac- 
(A)

(B)

Fig. 1. The effects of crude extract and polyphenolic fraction from aerial parts of T. ptero
activated platelets to collagen during sever hyperhomocysteinemia. Hyperhomocysteinem
by a reduced form of Hcy (at final concentration of 1 mM) (B). Data represent means ± SD 
of the extract (0.5, 5 and 50 lg/ml) was statistically significant according to one-way A
different concentrations of the phenolic fraction (0.5, 5 and 50 lg/ml) was statistically si
1 mM Hcy).
tion from T. pterocarp us was more active reductor of this process 
than the crude extract isolated from this plant (Malinows ka 
et al., submitted for publication ). The comparison of the phenolic 
fraction and the crude extract from T. pterocarpus revealed that 
both efficiently inhibit platelet adhesion stimulated by Hcy and 
its thiolactone. In this experime nts, we also observed that the phe- 
nolic fraction from T. pterocarpus was more effective as anti-adhe -
sive factor during severe hyperhomo cysteinemia (induced by Hcy 
and its thiolactone) than the crude extract (Figs. 1 and 2, Tables 
1 and 2). Since the phenolic fraction from T. pterocarpus had stron- 
ger antiadhes ive activity than the crude extract, we may suppose 
that differences in chemical profiles of tested fraction and extract 
may explain this process. We suppose that phenolic compounds 
seems to be responsib le for the observed antiplate let properties. 
However , analysis of biological activity of other compounds from 
the tested crude extract from T. pterocarpus remain to be studied. 
Moreove r, our preliminary results indicate that tested phenolic 
fraction and tested crude extract from T. pterocarpus decrease the 
platelet activation (the platelet adhesion to collagen) by inhibition 
of arachidonate metaboli sm in blood platelets activated by throm- 
bin (Olas et al., 2013; Malinowska et al., submitte d for publication ).
We also observed the antioxidative activity (measured by level of 
selected markers – the level of superoxi de anion radicals and iso- 
carpus (at final concentrations of 0.5–50 lg/ml) on adhesion of thrombin (0.1 U/ml)
ia was induced by a reduced form of Hcy (at final concentration of 0.1 mM) (A) and 

of 10 experiments done in quadruplicate. The effect of three different concentrations 
NOVA test, p < 0.02 (for 0.1 mM Hcy), p < 0.01 (for 1 mM Hcy). The effect of three 

gnificant according to one-way ANOVA test, p < 0.01 (for 0.1 mM Hcy), p < 0.001 (for
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(A)

(B)

(C)

Fig. 2. The effects of crude extract and polyphenolic fraction from aerial parts of T. pterocarpus (at final concentrations of 0.5–50 lg/ml) on adhesion of thrombin (0.1 U/ml)
activated platelets to collagen during severe hyperhomocysteinemia. Hyperhomocysteinemia was induced by HTL (at final concentration of 0.1 lM) (A), HTL (at final
concentration of 0.5 lM) (B) and HTL (at final concentration of 1 lM) (C). Data represent means ± SD of 10 experiments done in quadruplicate. The effect of three different 
concentrations of the extract (0.5, 5 and 50 lg/ml) was statistically significant according to one-way ANOVA test, p < 0.05 (for 0.1 lM HTL), p < 0.02 (for 0.5 lM HTL), p < 0.001 
(for 1 lM HTL). The effect of three different concentrations of the phenolic fraction (0.5, 5 and 50 lg/ml) was statistically significant according to one-way ANOVA test, 
p < 0.05 (for 0.1 lM HTL), p < 0.01 (for 0.5 lM HTL), p < 0.001 (for 1 lM HTL).
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prostanes) of tested fraction from aerial parts of T. pterocarpus in
blood platelets (Olas et al., 2012 ). It is very important for protectiv e
action of phenolic fraction and crude extract in blood platelets dur- 
ing hyperhomocystei nemia. Our present results may suggest that 
inhibition of arachidonic acid metabolism and reduction of ROS 
generation may be involved in mechanism(s) of phenolic fraction 
and the crude extract from T. pterocarpus in blood platelets treated 
with Hcy or HTL. 



Table 1
The inhibitory effect of crude extrac t and polyphenolic fraction from aerial parts of T. pterocarpus (at final concentrations of 0.5–50 lg/ml) on adhesion of thrombin (0.1 U/ml)
activated platelets to collagen during severe hyperhomocysteinemia. Hyperhom ocysteinemia was induced by a reduced form of Hcy (at final concentration of 0.1 mM and 1 mM).
Data represent means ± SD of 10 experiments done in quadruplicate. The effects were statistically significant according to the unpaired Student’s t test.

The inhibition of platelet adhesion to collagen (%)

Crude extract from T. pterocarpus (lg/ml) Hyperhomocysteinemia induced by Hcy (0.1 mM) Hyperhomocysteinemia induced by Hcy (1 mM)
0.5 17.8 ± 2.9 (n.s.) 32.7 ± 4.2 *

5 25.7 ± 3.3 * 35.3 ± 4.9 *

50 30.1 ± 3.9 * 39.5 ± 5.2 *

Phenolic fraction from T. pterocarpus (lg/ml) Hyperhomocysteinemia induced by Hcy (0.1 mM) Hyperhomocysteinemia induced by Hcy (1 mM)
0.5 21.2 ± 2.8 * 38.4 ± 5.2 *

5 30.1 ± 3.9 * 42.9 ± 4.9 *

50 41.3 ± 4.4 * 53.1 ± 6.2 *

n.s. – p > 0.05. 
* p < 0.05. 

Table 2
The inhibitory effect of crude extrac t and polyphenolic fraction from aerial parts of T. pterocarpus (at final concentrations of 0.5–50 lg/ml) on adhesion of thrombin (0.1 U/ml)
activated platelets to collagen during severe hyperhomocyste inemia. Hyperhom ocysteinemia was induced by HTL (at final concentration of 0.1 lM, 0.5 lM and 1 lM). Data 
represent means ± SD of 10 experiments done in quadruplicate. The effects were statistically significant according to the unpaired Student’s t test.

The inhibition of platelet adhesion to collagen (%)

crude extract from 
T. pterocarpus (lg/ml)

Hyperhomocysteinemia induced 
by HTL (0.1 lM)

Hyperhomocysteinemia induced 
by HTL (0.5 lM)

Hyperhomocysteinemia induced 
by HTL (1 lM)

0.5 9.4 ± 1.9 (n.s.) 9.8 ± 2.0 (n.s.) 39.3 ± 4.9 *

5 14.2 ± 2.8 (n.s.) 16.4 ± 2.5 (n.s.) 41.4 ± 5.0 *

50 22.0 ± 3.4 * 21.4 ± 4.3 * 47.5 ± 5.3 *

Phenolic fraction from 
T. pterocarpus (lg/ml)

Hyperhomocysteinemia induced 
by HTL (0.1 lM)

Hyperhomocysteinemia induced 
by HTL (0.5 lM)

Hyperhomocysteinemia induced 
by HTL (1 lM)

0.5 18.7 ± 3.8 (n.s.) 18.4 ± 3.4 (n.s.) 46.7 ± 6.8 *

5 24.5 ± 4.2 (n.s.) 29.0 ± 4.3 * 52.1 ± 5.3 *

50 33.7 ± 4.4 * 39.4 ± 5.1 * 58.8 ± 5.0 **

n.s. – p > 0.05. 
* p < 0.05. 
** p < 0.001. 
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In conclusion, for the first time, the present study demonstrates 
the protective properties of the phenolic fraction and the crude ex- 
tract isolated from T. pterocarpus on blood platelet adhesion during 
the model of severe hyperhomo cysteinemia, therefore aerial parts 
of T. pterocarpus may be potentially source of compounds useful in 
the prevention cardiovascular diseases associated with 
hyperhomo cysteinemia. 
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