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Abstract: Tea is identified as the second most consumed drink in the world, and its frequent intake is related 
to several benefits to human health, considering its antimutagenic, anticarcinogenic, antimicrobial, anti-
inflammatory, antihistamine, diuretic, calming, and above all, antioxidant effects. These effects are often 
associated with the action of the phenolic compounds contained in these infusions. In Brazil, among the most 
consumed infusions are the teas of chamomile (Matricaria chamomilla L.), lemongrass (Cymbopogon citratus 
(D.C.) Stapf), lemon balm (Melissa officinalis L.), anise (Pimpinella anisum L.), yerba mate (Ilex 
paraguariensis A. St.-Hil), peppermint (Mentha piperita L.), and green/black tea (Camellia sinensis L.). 
Therefore, said popularity is the reason why the mentioned species were chosen to be evaluated on 
inflammatory enzymes. The activity of phospholipases A2 was reduced by more than 25% after treatment 
with black tea and yerba mate. The most significant inhibition of protease activity was observed after 
incubation with black tea (40.74%), green tea (31.48%) and yerba mate (25.93%). Infusions of black and 
green tea reduced hemolysis in semisolid and liquid media, and for the latter, reductions of up to 50% of 
hemolytic activity were observed, indicating an anti-inflammatory potential of the samples. Plasma 
incubations with green tea, black tea and lemon balm and subsequent addition of venom (1:10 ratio; tea:PBS, 
v:v) prolonged the coagulation time of citrated plasma by approximately twice compared to the positive 
control. All controls with pure tea had a thrombolytic character, in higher proportions than the venom control, 
especially chamomile (273.55% dissolution). Phenolic compounds derived from phenolic acids, flavonoids, 
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and tannins are identified as the main agents that promote the biological effects observed in this study. This 
is mainly due to their anti-catalytic properties exerted on inflammatory enzymes and as chelating agents of 
enzymatic co-factors. The evaluated teas showed potential for nutraceutical use, thus pointing to the 
possibility of use as an adjuvant in the treatment of diseases linked to hemostasis.  

Keywords: medicinal plants; functional foods; enzymatic inhibitors; toxins as tools. 
 

 

INTRODUCTION 

Tea has numerous health benefits and is the second most consumed beverage in the world, surpassed 
only by water [1]. The high consumption of infusions by different populations over the years is related to their 
antimutagenic, anticarcinogenic, antimicrobial, anti-inflammatory and, mainly, antioxidant effects [2]. 

The benefits of teas to the body are usually associated with the antioxidant activity of different phenolic 
compounds, especially flavonoids, present in these infusions [3-5]. Antioxidants are substances that have 
the ability to inhibit and/or decrease the action of oxidizing compounds and free radicals; in addition, they can 
act by chelating metal ions [6]. 

Phenolic compounds, also called polyphenols, are part of a class of substances derived from the shikimic 
acid and acetate-malonate pathways and occur in a wide variety of structures that have at least one aromatic 
ring with one or more hydroxyl groups. The antioxidant activity of polyphenols is mainly attributed to the 
presence of hydroxyl groups in their structure [7]. Phenolic compounds can be grouped into 3 major groups: 
flavonoids (anthocyanins, flavonols, isoflavones and flavones), tannins and phenolic acids [2]. 

Among phenolic compounds, flavonoids are the main targets of medical and scientific interest, especially 
for their anti-inflammatory and hypocholesterolemic properties, which are related to the ability of these 
compounds to inhibit specific enzymes [8]. Phenolic compounds with antioxidant activity are indicated as 
important agents in delaying aging as well as in the prevention of degenerative, cardiovascular and brain 
diseases [9]. In addition to antioxidant activity, these compounds perform other functions in the body, acting 
as antiatherogens and vasodilators, participating as modulators of enzymatic pathways and gene expression 
and contributing to improving the functions of cell membranes and receptors [10]. 

The consumption of beverages or supplements rich in polyphenols has been recommended to reduce 
the intestinal absorption of iron, since these natural compounds can form stable complexes with cationic 
metals, and thus reducing their bioavailability [2, 3]. The effects of the food matrix on the bioavailability of 
phenolic compounds are not scientifically clarified. However, some previously described interactions between 
phenolics and proteins present in foods indicate the chelation and/or complexation of these compounds with 
ions that act as enzymatic co-factors [ 2, 5, 10]. 

Snake venoms have different enzymes in their composition (e.g., metalloproteases, serine proteases, 
and phospholipases A2). These enzymes have structural and functional similarities to human ones, and as 
such, they can affect physiological processes by altering the inflammatory and immune responses and the 
hemostasis [11]. Therefore, using them as tools to evaluate possible interactions of natural compounds with 
different enzymes is acceptable. In the context of the scientific exploration of nutraceutical products, teas 
stand out for having a composition rich in molecules that act in the prevention and as adjuvants in the 
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treatment of various diseases of inflammatory origin and development as well as being regulated as foods 
that can be easily recommended or prescribed, without legal restrictions. Thus, in this study, the main 
infusions consumed in Brazil (chamomile, lemongrass, lemon balm, anise, yerba mate, peppermint and 
green/black tea) were characterized in pharmacological and toxicity assays to evaluate their effects on the 
activity of PLA2 and proteases (using snake venoms as the study material), aiming to increase the knowledge 
about the nutraceutical potential of these teas. 

MATERIAL AND METHODS  

Tea samples and preparation 

The plant species chamomile (M. chamomilla), lemongrass (C. citratus), lemon balm (M. officinalis), 
anise (P. anisum), yerba mate (I. paraguariensis), peppermint (M. piperita) and green/black tea (C. sinensis) 
were purchased from local stores in the municipality of Lavras, Minas Gerais, Brazil. The teas were prepared 
using 3 sachets (2 g of leaves and/or dried flowers, each) that remained under infusion in phosphate buffered 
saline (PBS), freshly boiled. The samples were prepared in PBS (pH 7.4) to simulate the physiological pH 
during the tests, thus guaranteeing the cellular integrity of red blood cells and enzymes used. The content 
used for direct evaluation in the tests was stored at -20 °C during the study. 

The proportions used were 1:0 (v: v – tea: PBS), which means 100% volume of tea and no PBS; 1:1 (v: 
v - tea: PBS), which is a dilution of 50% tea and 50% PBS; and 1:2 (v: v - tea: PBS), which represents a 
dilution of 33.33% of tea in 66.66% of PBS. 

Human blood and plasma samples 

The blood used for the tests was obtained from 10 healthy volunteers of both sexes aged between 20 
and 40 years who reported not having used medication for a period of 30 days before blood collection. A 
volume of 10 mL of blood per volunteer was collected by venipuncture into tubes containing citrate, for 
coagulation activity assays, containing heparin, for anti-inflammatory and hemolytic activity assays, or without 
anticoagulant, for thrombolytic activity assays. All experiments were performed according to protocols 
previously approved by the Human Research Ethics Committee of the Federal University of Lavras 
(Universidade Federal de Lavras - UFLA) under CAAE registration n. 10587519.1.0000.5148. 

Snake venom 

For the assays, Bothrops moojeni Hoge venom commercially purchased from Bioagents Serpentarium 
(Batatais, São Paulo) was used. The venom was weighed (10 mg) and dissolved in 1 mL of PBS (pH 7.4) for 
the assays. 

Phospholipase activity 

Phospholipase activity was assessed as described by Gutiérrez and coauthors [12]. Phospholipase A2 
inhibition assays were performed using B. moojeni venom (30 μg), which was previously incubated with the 
infusions for 30 minutes at 37 °C. The evaluation of phospholipase activity was performed on agar gel 
prepared with 0.01 mol L-1 CaCl2, egg yolk (1:3, v:v; phosphatidylcholine, phosphatidylserine and 
phosphatidylethanolamine), PBS (pH 7.4), 1% bacteriological agar and 0.005% sodium azide, pouring the 
medium at 45-50 °C into Petri dishes. After gel solidification, the treatments were applied in a final volume of 
30 µL in 0.5-cm diameter holes. The plates were kept in a cell culture chamber for 18 hours followed by 
measurement of the halos. The mean values obtained for the controls containing only phospholipases were 
considered 100% activity. Controls for enzyme inhibition were performed using prednisolone (25 µg.mL-1, 50 
µg.mL-1, and 75 µg.mL-1). 

Anti-inflammatory activity assessed by erythrocyte membrane stability at 54 °C 

Human peripheral blood (10 mL) was collected into tubes containing heparin and immediately centrifuged 
at 3600 x g for 5 minutes, after which the plasma was removed. An aliquot of the platelet-rich erythrocyte 
concentrate was used to prepare a cell suspension with 2% hematocrit in PBS, pH ~7.4 (v:v). For the 
evaluation of each treatment, 1.2 mL of a 2% erythrocyte solution were used. Two treatments were prepared 
in a final volume of 200 µL - the first contained 100 µL of the sample and 100 µL of PBS, and the second had 
only the sample (green/black tea (C. sinensis)). The positive controls were prepared with nimesulide and 
prednisolone (25, 50 and 75 µg.mL-1). Negative controls (used as a blank for readings in the 
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spectrophotometer) were prepared exclusively with PBS (pH 7.4), receiving no additional treatment. 
Incubation was performed at 37 °C for 30 minutes for extracts in liquid form. After incubation, the tubes 
containing the treatments were placed in a thermostatic bath at 54 °C for 20 minutes. Then, the incubates 
were centrifuged at 3600 x g for 5 minutes, and the supernatant was read in a spectrophotometer at 540 nm 
[13-15].  

Cytotoxic activity on human erythrocytes 

For the cytotoxicity assay using human erythrocytes, the same method described in section 2.4 [12] was 
used, but phospholipids were replaced with a concentrate of human erythrocytes at the same ratio. To obtain 
erythrocytes, 10 mL of human blood was collected in the presence of anticoagulant, mixed with the same 
volume of saline solution (2 mM NaH2PO4; 3 mM Na2HPO4; 154 mM NaCl; pH 7.4) and centrifuged at 700 
rpm (Fanem Baby® I Model 206 BL) for 10 minutes. The plasma was removed, and the erythrocytes were 
suspended in 5 mmol L-1 PBS, pH 7.4, and centrifuged under the same conditions; this step was repeated 
twice as described by Preté and coauthors [16]. The inhibition of hemolytic activity was evaluated using B. 
moojeni venom (30 µg) previously incubated with the infusions for 30 minutes at 37 °C in a final reaction 
volume of 30 µL per sample/per well. 

The phospholipase activity and cytotoxic activity on erythrocytes were evaluated by measuring (mm) the 
translucent halo formed around the holes in the gels where the samples were applied; the results are 
expressed as a percentage considering the mean of the controls containing only venom as 100% activity. 

Proteolytic activity on casein 

For the evaluation of proteolytic activity, the method described in sections 2.3 and 2.6 [12] was used, but 
phospholipids were replaced with casein solution, using this substrate at the concentration reported by Wang 
and coauthors [17] for caseinolytic tests in liquid medium. Casein solution (5 mg mL-1 in 50 mM Tris-HCl 
buffer (pH 8.0)) was used to prepare the gels. 

B. moojeni venom proteases (10 μg) and infusions were preincubated in a final reaction volume of 30 µL 
per sample for 30 minutes at 37 °C and then applied to the holes made in the gel, followed by incubation for 
18 hours at 37 °C in a cell culture chamber. Controls containing only proteases were also evaluated. 

The gel was stained with 1% black starch solution and destained in 10% acetic acid solution, enabling 
the quantification of proteolytic activity by measuring the diameters of the translucent halos formed around 
the holes. The results are expressed as percentages, where the mean of the controls containing only venom 
was considered 100% proteolytic activity. 

Fibrinogenolytic activity 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), as described by Laemmli [18], 
was used to evaluate fibrinogenolytic activity. Protease inhibition assays were performed after preincubation 
of B. moojeni venom (60 µg) with the infusions at a final reaction volume of 30 µL per sample, and half of 
these samples were incubated for 30 minutes at 37 °C, followed by the addition of fibrinogen and subsequent 
incubation for 2 hours at the same temperature. Controls containing only fibrinogen and venom were also 
performed. 

The samples were analyzed in a 12% polyacrylamide gel (w: v), allowing the observation of the α, β and 
γ chains of the control fibrinogen as well as the presence of fibrinopeptides in the samples in which there was 
proteolysis. 

Coagulant activity 

The method for evaluating the coagulation time of citrated human plasma was performed as described 
by Rodrigues and coauthors [19]. The herbal infusions were preincubated with B. moojeni venom at a final 
reaction volume of 30 µL per sample for 30 minutes at 37 °C. The incubates were then added to tubes 
containing citrated plasma (200 µL), stabilized in a heating bath at the same temperature, and immediately 
timed until the formation of a rigid clot. Controls containing only venom were also performed. The assays 
were also performed with prior incubation of the infusions with citrated plasma and the subsequent addition 
of venom. Thus, possible interactions with proteases or plasma constituents could be evaluated. The 
minimum coagulant dose was previously defined, i.e., the minimum amount of protease capable of inducing 
plasma coagulation at an interval between 1 minute and 1 minute and 25 seconds [20].  

Activity on blood thrombi 

The thrombolytic activity was evaluated on human blood clots formed in vitro. The clots were incubated 
for 24 hours at 37 °C with samples containing only B. moojeni venom (30 µg), PBS, infusions or venom 
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preincubated (30 minutes at 37 °C) with tea infusions at a final reaction volume of 30 µL per sample/per well 
[21]. The thrombolytic activity was estimated by measuring the volume of liquid released by each thrombus. 
The mean volume obtained in the controls performed with the venom was considered 100% activity. 

Statistical analysis 

The results are presented as the mean of triplicates ± standard deviation. The data were subjected to 
analysis of variance, and the means were compared using the Scott-Knott test (p<0.05) with the aid of the 
statistical program R [22]. 

RESULTS AND DISCUSSION 

Phenolic compounds are important inhibitors of snake venom enzymes and, consequently, of the toxic 
and/or pharmacological effects associated with the activity of these enzymes [23, 24]. The anti-inflammatory 
effect of flavonoids is mainly associated with interactions with enzymatic systems, the inhibition of arachidonic 
acid metabolism [25, 26] and the removal of reactive oxygen species, which are converted into stable 
resonance hybrids and, subsequently, into quinone [27]. 

Phospholipase activity  

PLA2 inhibition percentages greater than 25% were observed for the black tea (27.54%) and yerba mate 
(29.15%) infusions. Lower inhibition percentages were observed for the lemongrass (17.87%), green tea 
(19.48%), peppermint (21.10%), chamomile (14.65%), anise (13.04%), and lemon balm (6.60%) infusions 
(Figure 1). The relative standard deviations (all <4%) indicated agreement between the data obtained in the 
replicates; thus, at the evaluated experimental conditions, the inhibition of PLA2s of B. moojeni was more 
effective after incubation with the black tea and yerba mate infusions. Controls were prepared with the anti-
inflammatory drugs prednisolone and dexamethasone at a concentration of 1 µg.µL-1, obtaining maximum 
inhibition percentages of 13.04% and 19.48%, respectively, values lower than those observed in most 
samples containing herbal infusions. 

 

 
 

Figure 1. Effect of infusions on the activity of PLA2s of Bothrops moojeni Hoge (10 µg), evaluated after incubation for 30 minutes at 
37 °C. The data correspond to means with their respective standard deviations (n=3). The ratios correspond to the infusion volume 
relative to the total reaction volume, with 1:0, 1:1 and 1:2 tea:PBS (v:v). The mean of the controls containing only venom was 
considered 100% activity. *Significantly different from the respective positive control, p<0.05. 

The literature has described the anti-inflammatory action of the plant species C. sinensis and I. 
paraguariensis, attributing this effect to the presence of phenolic compounds such as phenolic acids (caffeic, 
gallic and syringic acids) and, primarily, flavonoids (quercetin, kaempferol, catechin and epigallocatechin 
gallate) [28, 29]. Plant extracts rich in phenolic compounds are also indicated as PLA2 inhibitors [30].  

The catalytic activity of PLA2s is dependent on calcium; thus, its inhibition may be associated with the 
complexation of metal ions (Ca2+) by phenolic chelators (mainly flavonoids) [31]. Flavonoids can also act 
through hydrogen donation mechanisms to inhibit the action of free radicals, which explains their correlation 
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with medicinal effects [25, 32]. In addition, phenolic compounds can bind to hydrophobic regions in the 
structure of these enzymes and/or interact with amino acid residues found in the catalytic sites of 
phospholipases [33]. 

Flavonols, such as quercetin and kaempferol, are biomolecules with high potential for the inhibition of 
PLA2s, and these are the main phenolic constituents found in yerba mate and black tea [34, 35] whose 
infusions had the highest PLA2s inhibition percentages among the tested samples. 

In the quantification of flavonoids in yerba mate performed by Bojic [36], the concentrations of quercetin 
and kaempferol were 2.2 mg g-1 and 4.5 mg g-1, respectively. Treatment with quercetin, performed by Cotrim 
and coauthors [37], led to a reduction of approximately 40% in the PLA2 activity induced by Crotalus durissus 
terrificus venom. The yerba mate infusion used in the present study was able to inhibit the phospholipase 
activity by approximately 30%, thus confirming the potential of this herb in the modulation of PLA2 activity 
induced by B. moojeni venom. 

Anti-inflammatory activity evaluated by erythrocyte membrane stability at 54 °C 

The significant inhibition of PLA2 activity conferred anti-inflammatory action to the evaluated herbal 
infusions. However, the infusions had no inhibitory effect on erythrocyte lysis induced by incubation in a 
heating bath at 54 °C. 

The assay to evaluate the stability of erythrocyte membranes has been considered an indicator of anti-
inflammatory potential due to the similarity between erythrocyte and lysosomal membranes, whose contents 
released by lysis amplify the inflammatory process. However, the anti-inflammatory mechanisms associated 
with membrane protection have not been described in the literature. For this study, different samples of the 
species C. sinensis (green and black tea) were selected due to the results of the phospholipase and 
proteolytic activities. The evaluated infusions were able to reduce the production of eicosanoids by inhibiting 
PLA2s, resulting in the decreased production of arachidonic acid and consequently of its structural 
derivatives, although they do not exert a protective action on erythrocyte membranes [34, 35]. 

In the evaluations performed after incubation at 37 °C, hemolysis percentages between 21 and 24% 
were observed for the treatments with prednisolone (SAID, steroidal anti-inflammatory drug), between 19 and 
24% for the treatment with black tea infusion and between 10 and 13% for the treatment with green tea 
infusion, compared to the normal mechanical hemolysis rate obtained for the negative control (PBS), which 
was approximately 4% (Table 1). 

Table 1. Evaluation of thermal hemolysis in the presence of anti-inflammatory drugs and infusions of Camellia sinensis 
L. (green and black tea). 

Sample  Temperature (°C)  Hemolysis (%) 

 PBS 37 4.45094* 
SAID (25 µg mL-1) 37 24.269* 
SAID (50 µg mL-1) 37 21.9948* 
SAID (75 µg mL-1) 37 21.0527* 
 PBS 37/54 22.6446* 
NSAID (25 µg mL-1) 37/54 20.7927* 
NSAID (50 µg mL-1) 37/54 22.4172* 
NSAID (75 µg mL-1) 37/54 22.7087* 

           Camellia sinensis L. (black) 
1:0 37 19.3023* 
1:1 37 24.5289* 
1:0 37/54 50.9421* 
1:1 37/54 50.2599* 

         Camellia sinensis L. (green) 
1:0 37 10.1039* 
1:1 37 13.3203* 
1:0 37/54 55.1332* 
1:1 37/54 76. 8356* 

The data are the means and standard deviations (n=3). The ratios correspond to the infusion volume relative to the total 
reaction volume, with 1:0 and 1:1 tea:PBS (v:v), SAID: nimesulide and NSAID: prednisolone. The tests were evaluated 
in a 2% (v:v) hematocrit solution. The mean of the controls containing only water was considered 100% hemolysis. 
*Significantly different from the respective positive control, p<0.05. 

In the hemolysis induction assays at 54 °C, treatment with nimesulide (NSAID, nonsteroidal anti-
inflammatory drug) resulted in hemolysis percentages between 20 and 22%, compared to a baseline 
percentage of approximately 22% for the negative control. Although the treatments with black and green tea 
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infusions reduced hemolysis induced at 54 °C compared to that induced by the positive control (pure water, 
100% hemolysis), the hemolysis percentages were between 50 and 76% (Table 1). 

The percentages of hemolysis remained practically constant in the treatments with SAID and NSAID, 
especially in the concentrations of 50 and 75 µg mL-1, demonstrating that these treatments were not very 
efficient in controlling hemolysis, even tripling the concentration of the synthetic anti-inflammatory drug from 
25 to 75 µg mL-1, at the temperature of induction of hemolysis (54 °C). The results with aliquots of herbal 
infusions were more expressive in reducing hemolysis in treatments with higher tea:PBS ratio (1:0), which 
corroborates to the anti-inflammatory and anti-hemolytic potential of bioactive compounds present in these 
preparations, such as phenolic acids, epigallocatechin gallate, epigallocatechin, epicatechin gallate, 
epicatechin, gallocatechin gallate, gallocatechin, and catechin [3-6]. 

In this context, it is necessary to highlight that the evaluated samples represent small volumes of teas 
that may be consumed daily, enhancing their disease prevention and health maintenance effects, which 
would avoid the adverse actions associated with the use of synthetic anti-inflammatory drugs, especially 
steroidal drugs. 

In some types of fermented teas, such as black tea, monomeric catechins are oxidized or condensed to 
form theaflavins [38]. Raghava and coauthors [39] highlighted the antihemolytic property of an aqueous 
extract of C. sinensis In addition, a decrease in hemolysis induced by oxidative stress in erythrocytes was 
reported in the presence of green tea and black tea, with catechins and theaflavins identified as the main 
compounds responsible for the effect. Reports in the literature point to a possible mechanism that would 
explain the behavior of the evaluated teas in the membrane stability test. 

Several biological effects of theaflavin have been attributed to its antioxidant properties, although the 
exact mechanism has not been fully elucidated [38, 40]. The theaflavins present in black tea, such as 
theaflavin-3,3'-digallate, are more effective protease inhibitors than are the catechins present in green tea 
[41]. 

C. sinensis is a rich source of compounds that have biological activities. Among them, the phenolic 
compounds stand out, and moreover the catechins (flavonoids), such as: epigallocatechin gallate, 
epigallocatechin, epicatechin gallate, epicatechin, gallocatechin gallate, and gallocatechin [5, 28, 35]. The 
phenolic compounds present in green tea are identified as potent antioxidants, especially the catechins that 
have the ability to donate hydrogen ions to inhibit the action of free radicals, which justifies their correlation 
with the medicinal field [5, 28].  

Cytotoxic activity on human erythrocytes 

In the gel hemolysis assays, the activity of venom, used as a lysis inducer, was inhibited by 50.00% after 
incubation with yerba mate and 58.33% after incubation with black tea. The green tea, lemon balm and 
lemongrass infusions had lower inhibitory effects, and the inhibition percentages observed for the highest 
doses were, respectively, 44.44%, 41.67% and 38.89%. Lower but statistically significant inhibition rates were 
observed for chamomile (27.78%), anise (25.00%) and peppermint (19.44%) teas. Thus, under the evaluated 
experimental conditions, the inhibition of hemolysis induced by B. moojeni venom was more robust with black 
tea and yerba mate (Figure 2), as also observed in the phospholipase test. 
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Figure 2. Hemolytic activity (in semisolid medium) induced by Bothrops moojeni Hoge venom (10 µg) evaluated after 
incubation with infusions for 30 minutes at 37 °C. The data are the means and standard deviations (n=3). The ratios 
correspond to the infusion volume relative to the total reaction volume, with 1:0, 1:1 and 1:2 tea:PBS (v:v). The mean of 
the controls containing only venom was considered 100% activity. *Significantly different from the respective positive 
control, p<0.05. 

Significant amounts of phenolic compounds with hypocholesterolemic, hepatoprotective, diuretic, and 
antioxidant properties are reported in the dry extract of I. paraguariensis, highlighting the derivatives of 
caffeoyl acid, caffeic acid, quercetin, rutin, and kaempferol [29, 35]. 

Among the enzyme classes present in the venom used as a hemolysis inducer, metalloproteases with 
disintegrin domains and regions rich in cysteines, characterized by cytotoxic, hemorrhagic and thrombolytic 
action, are notable [42, 43]. The inhibitory effect of the teas on hemolytic activity corroborates reports in the 
literature, in which the rich phenolic composition of plants is associated with protease inhibition [44, 45]. 

Proteases are associated with the hemorrhagic process, platelet aggregation and coagulation [46]. 
Naturally occurring nonprotein inhibitors, such as phenolic compounds, undergo hydrophobic interactions 
with aromatic amino acid residues present in the enzyme structure, in addition to promoting complexation 
with metal ions [45]. 

Proteolytic activity on casein 

Casein degradation was evaluated using B. moojeni venom as a source of proteases, and the inhibitory 
action of the herbal infusions on the catalysis exerted by proteases was analyzed after incubation with 10 µg 
of venom for 30 min at 37 °C. The most significant inhibition rates were observed for black tea (40.74%), 
green tea (31.48%) and yerba mate (25.93%). The other infusions exerted lower but statistically significant 
inhibition rates relative to the positive control, namely, 14.81% for chamomile, 16.67% for lemongrass, 
14.81% for lemon balm and anise, and 12.96% for peppermint (Figure 3). 
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Figure 3. Protease activity of Bothrops moojeni Hoge venom (10 µg), evaluated after incubation with the infusions for 
30 minutes at 37 °C. The data are the means and standard deviations (n=3). The ratios correspond to the infusion 
volume relative to the total reaction volume, with 1:0, 1:1 and 1:2 tea:PBS (v:v). The mean of the controls containing 
only venom was considered 100% activity. *Significantly different from the respective positive control, p<0.05. 

The relative standard deviations of the cited samples (all <5.00%) indicated agreement among the data. 
Thus, under the evaluated experimental conditions, the inhibition of the proteases present in B. moojeni 
venom was more robust with black tea, green tea and yerba mate. 

The cytotoxic activity inhibition exerted by the teas corroborate the results observed for the proteolytic 
activity on casein because a large part of the hemolytic action exerted by the venom can be attributed to 
proteases. 

The main molecules of plant origin described in the literature with inhibitory action on proteases, 
especially those that compose snake venom, are phenolic compounds, such as quercetin, kaempferol, 
catechins, theaflavins and caffeic and gallic acids [41, 47]. 

Among the tested samples, infusions of C. sinensis (black tea and green tea) were the most efficient in 
reducing proteolytic activity. Green tea is a rich source of compounds of biological interest, especially 
phenolic compounds, with catechins found in greater amounts [2, 48].  

Furthermore, phenolic compounds present in fermented teas (e.g., black tea), such as tannins, can 
precipitate proteins and form insoluble complexes with various metal ions (acting as a chelator), which are 
fundamental cofactors for the activity of phospholipase and proteolytic enzymes, thus reducing the catalytic 
potential of these classes of enzymes [5, 28, 48]. 

Fibrinogenolytic activity 

The green tea and yerba mate infusions, both at ratios of 1:2 and 1:3 (tea: PBS), were able to decrease, 
when compared to the control containing venom and fibrinogen, the proteolytic activity induced by B. moojeni 
venom on the α and β chains of fibrinogen; however, yerba mate at a 1:2 ratio was slightly advantageous 
compared to the other treatments. Thus, this fibrinogenolytic activity inhibition result corroborates the 
inhibitory action of phenolic compounds present in the teas on the activity of proteases present in the venom. 
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The fibrinogenases (such as the metalloproteases α-fibrinogenase and β-fibrinogenase) contained in B. 
moojeni venom [11] were inhibited in the presence of the yerba mate and green tea infusions, thus 
corroborating the results of the proteolytic and hemolytic tests (sections 3.3 and 3.4), which also showed a 
reduction in the activity of these enzymes. Furthermore, it is believed that the mechanism of fibrinogenase 
inhibition is similar to that already cited in this study, i.e., cofactor complexation and/or hydrophobic 
interactions between the bioactive compounds and the catalytic sites [45, 46].  

Coagulant activity 

The minimum coagulant dose used was 10 μg of B. moojeni venom. In the assays with plasma/infusion 
incubation and the subsequent addition of venom, the coagulation time was prolonged for all samples, with 
the longest time observed for samples with a 1:0 ratio (Table 2A). The green tea, black tea and lemon balm 
incubates had coagulation times of approximately twice that for the control group containing only venom. 

In the assays with infusion/venom incubation and the subsequent addition of plasma, prolongation of the 
coagulation time was observed in all samples, with more significant values for the samples prepared with a 
1:0 ratio (Table 2B). The treatments with green tea and black tea at a 1:0 ratio showed coagulation times 
approximately double that of the venom control. In both trials (A and B), black tea stood out, promoting the 
longest times until the formation of rigid clots, especially in the treatments in which it was preincubated with 
venom (132.33±4.04 seconds; 1:0 ratio, tea: PBS). 

Table 2. Time of citrated plasma coagulation induced by Bothrops moojeni Hoge venom, with preincubation of the 
infusions with plasma and the subsequent addition of venom (A) and preincubation of the infusions with venom and the 
subsequent addition of plasma (B). 

Citrated plasma coagulation time (seconds) 

Control (Bothrops moojeni Hoge 10 µg) 60.66±3.05 

Infusion + plasma incubation with subsequent venom addition (A) 

Sample Ratio Infusion:PBS (v:v) Seconds 

Camellia sinensis L, (green) 
1:0 117.00±7.00* 
1:1 79.00±6.24* 

Camellia sinensis L. (black) 
1:0 127.66±6.50* 
1:1 105.00±10.81* 

Ilex paraguariensis A. St.-Hil 
1:0 103.00±4.34* 
1:1 98.33±7.50* 

Melissa officinalis L. 
1:0 121.33±6.11* 
1:1 94.66±4.04* 

Infusion + venom incubation with subsequent plasma addition (B) 

Sample Ratio Infusion:PBS (v:v)  Seconds 

Camellia sinensis L. (green) 
1:0 111.33±8.02* 
1:1 101.33±8.14* 

Camellia sinensis L. (black) 
1:0 132.33±4.04* 
1:1 94.00±8.18* 

Ilex paraguariensis A. St.-Hil 
1:0 108.33±7.57* 
1:1 106.00±6.08* 

 Melissa officinalis L. 
1:0 94.66±5.03* 
1:1 89.33±7.04* 

The data are the means and standard deviations (n=3), p<0.05. The ratios correspond to the infusion volume relative to 
the total reaction volume, with 1:0 and 1:1 tea:PBS (v:v). *Significantly different from the respective positive control, 
p<0.05. 

The prospection of phospholipase and protease modulators in plant matrices is of great relevance for 
the control of hemostatic system disorders due to the action of plant compounds (mainly flavonoids) in the 
formation of complexes with Ca2+/Zn2+ ions, cofactors of enzymes linked to hemostasis, resulting not only in 
the inhibition of PLA2s but also in the coagulant action of human proteases that act in the coagulation cascade 
[31, 43].  

Bioactive compounds such as chlorogenic acid, caffeic acid, myricetin, quercetin, kaempferol, rutin, 
apigenin, luteolin, catechins, tannins, and naringenin present in samples of M. officinalis [4, 10], C. sinensis 
[5, 28], and I. paraguariensis [29, 35] are reported as agents that delay clotting time, thus demonstrating their 
pharmacological potential in cases of thrombosis and other disorders associated with the formation of clots 
throughout the inflammatory process [19, 20]. 
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The aforementioned phenolic compounds most likely play an inhibitory role on the activity of enzymes 
from the serine proteases and metalloproteases families, as these have a diverse pharmacological profile, 
which includes actions on the proteins of the coagulation cascade, such as activity similar to the action of 
thrombin on fibrinogen, factor V and protein C activation, fibrinolysis, plasminogen activation, and induction 
of platelet aggregation [13, 15, 19]. 

Compared to the venom control, the incubates, especially those of black tea, showed a significant 
increase in coagulation time, probably because they act as inhibitors of some enzymes (such as procoagulant 
proteases), and should be explored regarding their potential application in the treatment of cardiovascular 
diseases. This opens new possibilities for studies to evaluate the pharmacological potential, efficacy and 
safety of these herbal infusions. 

Activity on blood thrombi  

When compared to the control containing only venom (considered 100% thrombus lysis), all controls with 
pure tea had thrombolytic activity, promoting the dissolution of thrombi at higher rates than that induced by 
the venom, especially chamomile, with a value 2.7 times higher than that of the venom (273.55% dissolution) 
(Figure 4). 

Conversely, the treatments with lemon balm and yerba mate at the lowest dose and peppermint at the 
highest dose resulted in thrombotic action, with a reduction in fluid release compared to the negative control 
(PBS) (Figure 4). This behavior observed for M. officinalis and M. piperita samples may be associated with 
thrombotic and bleeding control properties related to phenolic compounds present in herbal infusions [2, 10]. 
The results observed for P. anisum infusions indicate dose-dependence among the samples and their 
thrombolytic potential in dissolving blood clots, properties associated with the presence of phenolic acids, 
such as: p-coumaric acid, 5-caffeoylquinic acid, chlorogenic acid, neo-chlorogenic acid and cryptochlorogenic 
acid [3-8]. 

 
 

Figure 4. Effect of herbal infusions on the dissolution of thrombi formed by Bothrops moojeni Hoge venom (30 µg), 
evaluated after incubation for 30 minutes at 37 °C. The data are the means and standard deviations (n=3). The ratios 
correspond to the infusion volume relative to the total reaction volume, with 1:0, 1:1 and 1:2 tea:PBS (v:v). The mean of 
the controls containing only venom (positive control) was considered 100% activity. The mean fluid volume released by 
the thrombi treated only with PBS (negative control) was deducted from the other treatments. C = controls treated only 
with the infusions, without venom. *Significantly different from the respective positive control, p<0.05. 
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The lysis of blood thrombi is associated with proteases with hemorrhagic, fibrin(ogen)olytic and 
cytotoxicity actions, whose structures have, in most cases, disintegrin- and cysteine-rich domains [49]. 
Although the same enzyme classes in venom are associated with thrombolysis and hemolysis, the 
performance pattern of the infusions in the hemolysis assay was different from the pattern observed in the 
thrombolytic assay, although both results point to the presence of protease inhibitors in the evaluated 
infusions. This result can be explained by the presence of compounds in the infusions that affect the integrity 
of thrombi, such as antiplatelet agents, fibrinolytic agents and plasminogen activators [50]. 

In addition, the diversity of molecules present in both the infusions and venom must be considered; these 
molecules act on different substrates, being only free erythrocytes in the hemolysis assay and a complex 
network of molecules (lipids, carbohydrates and proteins) and cells (erythrocytes and leukocytes) in the test 
evaluating effects on thrombi (prepared with whole blood from non-fasted volunteers). 

The bioactive substances contained in plant extracts can alter the shape of the coordination sites of 
cofactors present in the protease structures, thus affecting cofactor binding and, as a result, altering the 
catalytic properties of the enzymes. Secondary metabolites of plant extracts are reported as neutralizing 
agents of the hemorrhagic effect induced by Bothrops asper Garman venom; in addition, flavonoid-rich 
extracts are capable of chelating ions such as Zn2+ that are essential for the enzymatic activity of 
metalloproteases [44, 51]. 

Thus, the significant reduction in both proteolytic activity and hemolytic activity in the presence of black 
tea may be associated with the action of these biomolecules in protease modulation. Although there are 
several studies proving the health benefits of phenolic compounds through ingestion, little is known about the 
activity of their metabolites in biological systems. Furthermore, evaluations on the effectiveness of bioactive 
compounds are usually performed in vitro, investigating the “parent compound”, but not the synergistic action 
with circulating metabolites [2, 3, 10]. In this way, the need for further studies is pointed out to understand 
the action of these compounds, as well as the benefits of the products of their metabolism in the human body. 

CONCLUSION 

The herbal infusions showed potential for nutraceutical use and may have an adjuvant action in the 
treatment of diseases with inflammatory origin or progression, with effects likely associated with the content 
of phenolic compounds, especially flavonoids, present in the teas. 

Phospholipase activity was inhibited by more than 25% in the presence of black tea and yerba mate tea, 
with the flavonoids quercetin and kaempferol identified as possibly responsible for the modulation of PLA2s, 
as they are present in significant amounts in these infusions, as previously described in the literature. The 
hemolytic activity was significantly reduced in the treatments with infusions of C. sinensis (green and black 
tea) and I. paraguariensis (yerba mate); thus, the reduction in hemolysis may be associated with the 
hydrophobic interactions between flavonoids and the aromatic residues of amino acids present in the 
structure of the enzymes, in addition to possible complexation with their cofactors. Protease inhibition was 
more effective in treatments using black tea and green tea, with the phenolic compounds quercetin, 
kaempferol, catechins and theaflavins indicated as the likely modulators. Black tea stood out among the 
others by delaying plasma coagulation longer, especially after pretreatment with venom. 

Thus, it is possible to conclude that routine consumption of herbal infusions, such as black tea, green 
tea and yerba mate, could result in benefits to human health, due to both the high amount of bioactive 
antioxidant compounds that exert effects in the prevention of diseases the ability of those compounds to 
modulate the activity of enzymes linked to the hemostatic system, with possible benefits as complementary 
treatments for inflammatory and cardiovascular diseases. 
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