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Abstract
Prunella vulgaris is a traditional herb commonly consumed as brewed 
tea in Asian and European countries. The therapeutic antioxidant  
and anti-inflammatory activity of this traditional herbal tea are relatively 
unknown. The study examined, using established in vivo markers  
of oxidative stress and inflammation, the antioxidant and anti-inflammatory 
actions of Prunella vulgaris tea in-vitro, which were compared with those 
measured from green and black tea. Prunella vulgaris tea significantly 
decreased the human neutrophilic formations of F2-isoprostanes, 
lipid hydroperoxides, and leukotriene B4, while increasing those of nitrite 
and nitrate. The measured antioxidant and anti-inflammatory effects were 
greater than those from green and black tea. Prunella vulgaris tea exerted 
antioxidant effects via electron-transfer radical scavenging and up-regulated 
antioxidant enzyme activities, and anti-inflammatory effects by modulating 
5-lipoxygenase, myeloperoxidase, and inducible nitric oxide pathways.  
The study results provide evidence supporting further investigations in the 
in vivo conditions.
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Introduction
Oxidative stress and inflammation have been 
associated with the pathogenesis of cardiovascular 
diseases, such as atherosclerosis.1 Oxidative stress 
arises when the balance between the in vivo oxidants 
and antioxidants is distorted in favor of the oxidants.1 
The excess oxidants damage essential proteins, 
fats, and nucleic acids, inflicting irreversible in vivo 
injuries.1 The overwhelmed antioxidants cannot 
counter these oxidative damages. Exogenous 

antioxidants may help prevent oxidative tissue 
damage by eliminating the excess oxidants and 
restoring the oxidative balance.2 Inflammation  
is an essential physiological response of the body  
to various pathological processes such as pathogen 
invasion and tissue injury.1 It involves infiltration 
and subsequent activation of the immune cells, 
such as blood neutrophils and monocytes,  
to the site of injury or pathogen infiltration and 
the production of inflammatory mediators such  
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as chemokines and cytokines.1 Unresolved or overly 
expressed inflammation results in extensive tissue 
damage beyond the required immunity responses. 
Therapeutic intervention that alleviates oxidative 
stress and inflammation may delay the pathogenesis 
of cardiovascular and metabolic diseases.

Prunella vulgaris (PV) is a herb under the mint 
family commonly used in Asian and European 
countries. The name “Prunella” originates from 
the German word “Brunellen,” which translates to 
inflammation of the mouth, and “vulgaris” comes 
from a Latin adjective meaning “vulgar” or “common”. 
In Asian and European cultures, PV is traditionally 
consumed as brewed tea to relieve fevers, diarrhea, 
and sore mouth.3 In Southeast Asian cultures, the 
same herb has been traditionally consumed as 
“cooling tea,” which Traditional Chinese Medicine 
practitioners believed to remove the accumulated 
“heat”, restore the Ying-Yang balance of the human 
body, and maintain good health.3 PV was reported 
to contain phenolic acids (caffeic acid, chlorogenic 
acid, ellagic acid, ferulic acid, and protocatechuic 
acid) and flavonoids (rutin, quercetin, quercitrin, 
luteolin, and apigenin).3 These phenolic compounds 
have been extensively studied for their antioxidant 
and anti-inflammatory properties.4 The antioxidant 
effects of aqueous PV tea infused preparation (PVT) 
were previously reported.5 Limited data available 
to evaluate the effects of PVT on inflammation. 
More scientific evidence is required to examine the 
therapeutic benefits, with focus on antioxidant and 
anti-inflammatory activity, of the “cooling tea” brewed 
from this traditional herb.

Limited data is available to evaluate the antioxidant 
and anti-inflammatory properties of PVT. The study 
aimed to examine, using established in vivo markers 
of oxidative stress and inflammation, the antioxidant 
and anti-inflammatory actions of PVT in-vitro.  
The same study also evaluated the total flavonoid 
and phenolic contents, and total antioxidant 
capacities of PVT. The measured parameters of PVT 
were compared with those measured from green 
(GT) and black tea (BT). 

Materials and Methods
Chemicals & materials
Arachidonic acid (AA), F2-isoprostanes (F2IP), 
F2-isoprostanes-d4, leukotriene B4 (LTB4), and 
leukotriene B4-d4 were purchased from Cayman 

Chemical (Ann Arbor, MI, USA). 1,1-diphenyl-2-
picrylhydrazyl radical (DPPH), 2,2'-azinobis-(3-ethyl 
benzthiazoline-6-sulfonate) (ABTS), 2,2'-azobis-(2-
amidinopropane) hydrochloride (ABAP), 2,2'-azobis 
(2-methyl propionamidine) dihydrochloride (AAPH), 
2,3,4,5,6-pentafluorophenylbromide, 12-myristate 
13-acetate (PMA), 5ɑ-cholestane, acetic acid, 
ammonium ferrous sulfate, bis(trimethylsilyl) 
trifluoroacetamide, caffeic acid (CA), calcium 
ionophore, campesterol, catechin (C), fluorescein 
sodium salt, glutamine, guaiacol, hydrogens 
peroxide (50% by volume), isooctane, phosphate-
buffered saline (PBS), potassium hydroxide, 
pyridine, R-phycoerythrin, phosphoric acid, quercetin 
(Q), rosmarinic acid (RA), sitosterol, sodium 
orthophosphate, disodium phosphate, [15N]-
sodium nitrite, [15N]-sodium notrate, stigmasterol, 
streptomycin, superoxide dismutase (SOD), 
toluene, trichloroacetic acid (TCA), trolox, vitamin C,  
and xylenol orange were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Acetonitri le,  
ethyl acetate, methanol, ethanol, and sulfuric acid 
were purchased from Tedia (Fairfield, OH, USA). 
Ficoll-paque and dextran-500 were purchased 
from GE Healthcare (Uppsala, Sweden).The dried 
flowering tops of Prunella vulgaris, dried green tea 
leaves, and black tea leaves were used to prepare 
the tea. They were purchased from a renowned local 
herb shop, (Hockhua Tonic, Singapore).

Preparation of herbal tea
The PVT, GT, and BT were prepared by infusing 
the respective herbs or leaves (100 g dried 
mass) in deionised water (100 mL) at 80 °C  
for 15 minutes. The tea was filtered using filter paper 
(Whatman Filter Paper No. 1) before cooling to room 
temperature for subsequent extraction and analyses. 
Quintuplicates were performed for each tea (N=5).

Composition Analysis	
Extraction
Each of the PVT, GT, and BT (30 mL) was extracted 
using 100% methanol (10 mL x 3). The methanolic 
extract was adjusted to 30 mL using the rotary 
evaporator.

Total Phenolic Content
The total phenolic content in the extract was 
determined by the Folin-Ciocalteu’s assay.6  
The total phenolic content was expressed as  
gallic acid equivalents per 100g.



523TAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 10(2) 521-531 (2022)

Total and Specific Flavonoid Content
The total f lavonoid content was quantif ied 
by the modified Dowd  colorimetric method.7  
It was expressed as the quercetin-equivalent  
(QE) per 100g.

The total amounts of catechin and quercetin in 
the methanolic extract were measured using high-
performance liquid chromatography (HPLC).6 Briefly, 
the extract was hydrolyzed in methanolic potassium 
hydroxide (3 mol/dm3) under nitrogen gas at 60 °C 
for 3 hours. The supernatant was filtered through 
a 0.45 µm cellulose acetate syringe filter before 
HPLC injection. The filtered supernatant (20 µL) 
was chromatograph edisocratically on a reversed-
phase C18 column (Merck Purospher® Star RP-18, 
5 µm particle size, 8 A pore size, 100 × 4.60 mm) at  
a flow rate of 1.0 mL/min using a Waters HPLC series 
2695 with mobile phase methanol, acetonitrile, and 
water (60:20:20, v/v/v). Catechin and quercetin were 
measured at 276 nm and 262 nm, respectively, 
and determined by comparing the catechin  
and quercetin integrated peak areas with respective, 
predetermined calibration curves. 

Total Plant Sterol Content
The amounts of total plant sterols in the PVT, GT, 
and BT were calculated as the sum of the amounts 
of the three specific PS (sitosterol, campesterol, 
and stigmasterol). The amounts of sitosterol, 
campesterol, and stigmasterol in PVT, GT, and BT 
were determined using Gas Chromatography-Mass 
Spectroscopy (GC-MS) as previously described.8 

Briefly, internal standard (5ɑ-cholestane, 2 µmol) 
was added into the methanolic extract (20 mL).  
The mixture was hydrolyzed with ethanolic potassium 
hydroxide (final concentration 1 mol L-1) at 70 °C for 
60 minutes in the dark. The lipids were extracted 
twice with hexane and ethanol, containing 12.5 mg/L 
BHT (20:1 v/v, 10 mL). The dried lipid extract was 
derivatized with pyridine-BSTFA with 1% TMCS (1:1 
v/v, 200 µL) at 70 °C for 60 minutes. The derivatized 
extract was dried under nitrogen and reconstituted 
in isooctane (20 µL) before being injected into the  
GC-MS. The MS was operated in the electron 
ionization mode. The 5ɑ-cholestane, sitosterol, 
campesterol, and stigmasterol were monitored at 
m/z 357, 486, 472, and 484, respectively.
All analyses were performed in quintuplicate. 

Antioxidant Capacities
The antioxidant capacity of the methanolic 
extract was evaluated using the DPPH radical 
scavenging activity,9 oxygen radical absorbance 
capacity (ORAC),10  total peroxyl trapping potential 
(TRAP),11 and trolox equivalent antioxidant capacity  
(TEAC)6 assays.

Briefly, for DPPH radical scavenging assay,9  
the methanolic extract (1 mL) was added into the 
freshly prepared ethanolic DPPH solution (48 mg 
L-1, 9 mL). The change in absorbance at 517 nm 
was measured. A calibration curve was prepared 
using vitamin C (0-500 mmol L-1). Absorbance 
was corrected for the solvent. The DPPH radical 
scavenging results were expressed in mmol  
L-1 vitamin C equivalents.

For ORAC assay,10 the PV methanolic extract   
(20 µL) and fluorescein sodium salt (200 µL, 81.6 
nmol L-1) were added into a well of a 96-well plate. 
Fluorescence (kexcitation = 485 nm, kemission = 528 nm) 
was measured. AAPH (75 µL, 200 mM) was then 
added to the well. Fluorescence was recorded 
every minute for over 40 minutes. A calibration 
curve was prepared with trolox standards (0-50 µmol 
L-1). Fluorescence was corrected for the solvent.  
The ORAC results were expressed as µmol L-1trolox 
equivalents.

For TRAP assay,11 the methanolic extract  
(1 mL) was incubated with TRAP reaction mixture  
(0.43 mg L-1 R-phycoerythrin and 0.3 g L-1 AAPH 
in 50 mmol L-1 PBS (pH 7.4), 2 mL) at 37 ºC  
for 5 minutes. Fluorescence (kexcitation = 540 nm, 
kemission = 565 nm) was measured in a quartz cuvette. 
A calibration curve was prepared with vitamin C  
(0 - 100 mmol L-1). Fluorescence was corrected  
for the solvent. The TRAP results were expressed 
as mmol L-1 vitamin C equivalents.

For TEAC assay,9 the PV methanolic extract  
(40 µL) was mixed with the freshly prepared radical 
solution (20 mmol L-1 ABTS and 2.5 mmol L-1 ABAP 
stock solution in PBS, 1960 µL). The decrease  
in absorption at 734 nm was measured over 6 
minutes. A calibration curve was prepared with trolox 
(0-1 mmol L-1). Absorbance values were corrected 
for the solvent. The TEAC results were expressed 
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in mmol L-1 trolox equivalents. All experiments were 
performed at least in quintuplicate. 

Cellular Antioxidant and Anti-Inflammatory 
Activities
The cellular experiments were performed with 
human peripheral blood neutrophils, which were 
freshly isolated from the neutrophil/erythrocyte 
pellet of fresh human whole blood after Ficoll-Paque 
gradient centrifugation and dextran sedimentation 
of red blood cells.12 The whole human blood was 
obtained in kind from the study researchers and as 
such did not require ethics approval. The freshly 
isolated neutrophils were resuspended in PBS at 
a concentration of 5 × 106 cells mL-1. Cell viability 
was assessed using trypan blue exclusion and was 
typically >98%.

The cellular antioxidant capacity of the metabolic 
extract of PVT was examined by measuring the 
inhibition of F2IP (stable marker of AA oxidation) 
and lipid hydroperoxides (LPO) formation in freshly 
isolated human blood neutrophils.7 The cellular anti-
inflammatory of the same extract was evaluated 
by measuring the inhibition of LTB4 formation 
and myeloperoxidase (MPO) activity in freshly 
isolated human neutrophils.6,12 Briefly, the freshly 
isolated neutrophils (1 mL, 5 x 106 cells/mL PBS)  
were incubated with either PVT, GT, or BT methanolic 
extract (final concentration 1% v/v, 10 µL) and AA 
(final concentration, 10 µmol L-1) at 37 °C for 5 
minutes before stimulation. To stimulate the F2IP 
formation, the neutrophils were incubated with 
PMA (final concentration, 200 nM) at 37 °C for 15 
minutes. Cells treated with AA only and activated 
by PMA were used as positive controls, while cells 
treated with AA only without PMA activation were 
used as negative controls. For LPO productions, 
the neutrophils were stimulated with AAPH  
(final concentration, 5 mmol/L) at 37 °C for  
15 minutes. Cells treated with AA only and 
activated by AAPH were used as positive controls, 
while cells treated with AA only without AAPH 
activation were used as negative controls. The 
neutrophils were incubated with calcium ionophore  
(final concentration, 200 nmol/L) at 37 °C for 15 
minutes to stimulate the production of LTB4. Cells 
treated with AA only and activated by calcium 
ionophore were used as positive controls, while 
cells treated with AA only without calcium ionophore 
stimulation were used as negative controls.  

The supernatant from the neutrophil suspension 
was collected and stored at -80 °C before extraction 
and analysis of F2IP, LPO, and LTB4. F2IP and 
LTB4 were quantitated using stable isotope labeled 
GCMS.9,12 The formation of LPO was quantitated 
using the Ferrous Oxidation-Xylenol Orange assay.13 
To assess the effects of PVT, GT, and BT on MPO 
activity, the treated neutrophils were resuspended in 
fresh PBS (1 mL) and lyzed by sonication. Untreated 
neutrophils were used as positive control. Functional 
MPO activity was determined by measuring  
its catalytic action on the oxidation of guaiacol in the 
presence of hydrogen peroxide.13

The antioxidant enzyme activity of the treated 
human neutrophils was assessed by determining 
the enzyme activities of SOD and peroxidases. 
The neutrophil pellet obtained after the designated 
treatment (PVT, GT, BT, CA 10 µmol L-1, RA 10 µmol 
L-1, Q 10 µmol L-1, and C 10 µmol L-1) was lyzed by 
sonication for 5 minutes at 4 ºC. The SOD activity 
in the lyzed cell supernatant was determined using 
a commercial SOD colorimetric activity assay kit 
(Thermo Fisher Scientific, Waltham, MA, USA).  
The peroxidase activity in the lyzed cells was 
measured using a commercial peroxidase activity 
assay kit (Merck, Darmstadt, GERMANY). The SOD 
and peroxidase enzyme activities were expressed 
as the percentage of activity relative to the untreated 
positive control.
 
The effects of the three tea treatments on the NOS 
activity were determined by measuring the amounts 
of nitrite and nitrate formed by the human neutrophils 
after their respective treatments.14 Briefly, the freshly 
isolated human blood neutrophils (5×106 cells/mL in 
PBS, 1 mL) was incubated with either PVT, GT or BT 
methanolic extract (final concentration 1% v/v, 10 μL) 
and arginine (final concentration, 10 μmol/L) at 37 
°C for 5 minutes prior to stimulation. The neutrophils 
were stimulated with PMA (final concentration, 200 
nmol L-1) at 37 ºC for 5 minutes. Untreated cells 
with arginine were used as positive controls while 
untreated cells without arginine served as negative 
controls. The cell supernatant was collected at the 
end of the incubation and stored at -80 ºC before 
nitrite and nitrate analysis. The releases of nitrite and 
nitrate from stimulated neutrophils were measured 
by stable isotope labeled GC-MS as previously 
described.14
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Statistical Analyses
Statistical analyses were performed using Microsoft 
Excel (version 2103, April 2021). Data (N=5 for 
each tea) were assumed to be normally distributed 
and presented as mean ± standard deviation (SD). 
Differences between one group and a pre defined 
value were compared using one-sample t-tests. 
Differences between two or more than two groups 
were compared using two-sample independent 
t-test and ANOVA with the Bonferroni post-hoc test, 
respectively. A significant difference or correlation 
was observed when p<0.05.

Results
Phytochemical Analysis
The total phenolic content of PVT (137±17 mg GAE/ 
100g PVT) was significantly greater than that of GT 
(77±17 mg GAE/ 100g GT), but did not differ from 
that of BT (121±9 mg GAE/ 100g BT). The PVT 
(24±7 mg QE/ 100g PVT) contained significantly 
higher flavonoid content than GT (11±3 mg QE/ 
100g GT) and BT (11±2 mg QE/ 100g BT). GT 
and BT did not differ in total flavonoid contents.  
PVT contained significantly higher total quercetin 
content  (2.58±0.32 mg/ 100g PVT) than  
GT (1.74±0.06 mg/ 100g GT) and BT (1.62±0.13 
mg/ 100g BT) and significantly lower total catechin 
content (51.2±5.5 mg/ 100g PVT) than GT (62.0±6.0 
mg/ 100g GT). GT had significantly higher total 
catechin content than BT (48.4±6.3 mg/ 100g BT), but 
the two teas did not differ in total quercetin contents. 
PVT (3.14±1.04 ppm), GT (2.95±0.90 ppm), and 
BT (3.33±1.14 ppm) contained significant amounts  
of total plant sterols. The total plant sterols amounts 
did not differ between the three teas.

Antioxidant Capacities
PVT showed significantly stronger DPPH radical 
scavenging activity than GT and BT (Figure 1a).  
GT and BT did not differ in their DPPH radical 
scavenging activities (Figure 1a). The three 
teas, PVT, GT, and BT, did not differ in their 
ORAC and TRAP activities (Figures 2b and 2c).  
PVT demonstrated significantly stronger TEAC 
activity than GT and BT (Figure 1d). Significant 
difference in TEAC activities was also observed 
between GT and BT (Figure 1d).

Cellular Experiments
PVT, GT, and BT significantly decreased neutrophil 
F2IP formation (Table 1). The amounts of F2IP 
produced by human neutrophils were significantly 
lower when the cells were incubated with PVT when 
compared with GT and BT (Table 1). Significant 
difference in cellular F2IP formation was absent 
between GT and BT (Table 1). PVT inhibited LPO 
formation in human neutrophils to a significantly 
greater extent than GT and BT (Table 1). Significant 
difference in cellular LPO formation was observed 
between GT and BT (Table 1). The LPO formations 
were significantly reduced by the PVT, GT, and BT 
treatments (Table 1). The SOD activity of freshly 
isolated human neutrophils was significantly 
increased by PVT, but not by GT and BT (Figure 2a). 
All three treatments significantly elevated cellular 
peroxidase activities (Figure 2b). PVT increased 
SOD and PO activities significantly more than GT 
and BT (Figures 2a and 2b). The difference between 
the effects of GT and BT on SOD and PO activities 
did not attain significance (Figures 2a and 2b).  
The SOD and PO enzyme activities were significantly 
elevated when the neutrophils were treated with  
Q or C (Figures 2a and 2b). Significant effects were 
absent with CA and RA (Figures 2a and 2b).

PVT, GT, and BT treatments significantly inhibited 
the LTB4 production of the human neutrophils  
(Table 1). Human neutrophils treated with PVT 
produced significantly lower amounts of LTB4 than 
those treated with GT and BT (Table 1). BT inhibited 
cellular LTB4 formation to a significantly greater 
extent than GT (Table 1). All three tea treatments 
significantly reduced the MPO activity of the human 
neutrophils (Table 1). The MPO activity of the human 
neutrophils was inhibited by PVT to a significantly 
greater extent than by GT and BT (Table 1). GT and 
BT did not differ in their MPO inhibitory activities 
(Table 1). The nitrite and nitrate productions by the 
stimulated neutrophils were significantly augmented 
by PVT (nitrite 130.2±6.8%, nitrate 134.2±3.8%) 
and GT (nitrite 112.3±6.8%, nitrate 105.0±4.2%). 
BT (nitrite 99.5±5.5%, nitrate 95.9±8.6%) did  
not significantly affect the nitrite and nitrate 
production. Significant differences were observed 
between the three treatments.
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Table 1: (a) F2-isoprostanes, (b) lipid hydroperoxides, (c) leukotriene B4 formations, 
and (d) myeloperoxidase activity (% relative to positive controls, mean±SD) 

from freshly isolated human blood neutrophils after incubating with the 
methanolic extracts of aqueous Prunella vulgari tea (PVT), 

green tea (GT), and black tea (BT)(N=5). 

	 PVT	 GT	 BT

(a) F2-isoprostanes (% relative	 45.3±6.3*,a	 75.8±6.3*,b	 77.5±8.3*,b

to positive control)
(b) Lipid hydroperoxides (% relative	 80.5±8.1*,a	 64.0±5.7*,b	 71.6±3.6*,c

to positive control)
(c) Leukotriene B4 (% relative	 51.9±3.1*,a	 82.6±3.6*,b	 72.1±4.3*,c

to positive control)
(d) Myeloperoxidase activity (% relative	 81.4±3.9*,a	 92.3±3.2*,b	 90.5±3.0*,b

to positive control)

* p<0.05 vs. 100% using one-sample t-tests.
a,b,cDifferent superscripts represent p<0.05 using ANOVA with Bonferroni adjustment.

Fig. 1: The total antioxidant capacities(mean±SD), measured as (a) 1,1-diphenyl-2-picrylhydrazyl 
radical scavenging activity (mmol L-1 vitamin C), (b) oxygen radical absorbance capacity (µmol  

L-1 trolox), (c) total peroxyl trapping potential (mmol L-1 vitamin C), and (d) trolox equivalent 
antioxidant capacity (mmol L-1 trolox), of the methanolic extract of aqueous preparation of 

Prunella vulgaris (PVT), green (GT), and black (BT) tea (N=5).a,b,c Different superscripts 
represent p<0.05 using ANOVA waith Bonferroni adjustment.
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Fig. 2: (a) Superoxide dismutase and (b) peroxidase activities of freshly isolated human blood 
neutrophils after incubating with the methanolic extracts of caffeic acid (CA, 10 µmol L-1), 

rosmarinic acid (RA, 10 µmol L-1), quercetin (Q, 10 µmol L-1), catechin (C, 10 µmol L-1), 
and aqueous preparations of Prunella vulgaris (PVT), green tea (GT), and black tea (BT), 

relative to the control (N=5, mean±SD). * p<0.05 vs. 100% using one-sample t-tests. a,b 
Different superscripts represent p<0.05 using ANOVA with Bonferroni adjustment

Discussion
The total phenolic, flavonoid, and quercetin contents 
of PVT were measured to be significantly higher than 
those of GT and BT. The three teas contained similar 
amounts of total plant sterols. These phytochemical 
compounds have been extensively studied  
as antioxidants and anti-inflammatory agents.4  
The health-benefiting properties of green and black 
tea consumptions have been chiefly attributed  
to their phenolic and flavonoid contents.15,16  
The presence of significant amounts of these 
compounds in PVT is likely to confer similar 
physiological  effects.  Consequent ly,  PVT  
would most likely exert antioxidant and anti-
inflammatory activities.

Antioxidants exert their activities via various direct 
or indirect pathways.17 One of the most studied 
antioxidant pathways is the radical scavenging 
action.17  The results from the DPPH, ORAC, TRAP, 
and TEAC radical scavenging assays suggested that 
PVT, GT, and BT exhibited significant antioxidant 
capacity via the radical scavenging mechanisms, 
and PVT demonstrated stronger such action than 
GT and BT. Aqueous extract of PV demonstrated 
strong superoxide- and hydroxyl radical-scavenging 
activity but exerted only a slight pro-oxidant effect.5 
Methanolic extract of PV (25.7% rosmarinic acid) 

demonstrated stronger DPPH radical scavenging 
activity than caffeic acid and rosmarinic acid.3  
The same organic extract also inhibited copper-
mediated low-density lipoprotein oxidation to greater 
extents than caffeic acid and rosmarinic acid, inferring 
that PV contains more potent antioxidants than 
rosmarinic acid and caffeic acid.3 As shown earlier, 
PV contained significant amounts of flavonoids,  
like catechin and quercetin, which can further 
contribute to its antioxidant capacity. Mechanistically, 
radical scavenging occurs through hydrogen 
atom transfer (HAT) and/ or electron transfer 
(ET). The four radical scavenging assays used in  
the experiments differ in their reaction mechanisms 
and can be employed to evaluate the radical 
scavenging mechanisms.17 ORAC and TRAP 
measure the radical scavenging capacity via the HAT 
mechanism, as the reactions involve the transfer  
of hydrogen atoms from the probe to the radical.17 
The reactions in DPPH and TEAC assays, on 
the other hand, involve the transfer of electrons,  
not hydrogen atoms, between the probe and radicals 
and thereby determine the radical scavenging 
activity via the ET mechanism.17 PVT demonstrated 
significant radical scavenging capacities via both HAT 
and ET, but showed stronger reactivities via ET when 
compared with GT and BT. Flavonoids, like quercetin 
and catechin, scavenge radicals predominantly  
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via the ET mechanism.18,19 Phenolics, on the other 
hand, neutralize the radicals predominantly via the 
HAT mechanism.20 GT and BT had been shown 
to exhibit significant radical scavenging activities.  
The flavonoids and phenolics in PVT may contribute 
to the strong radical scavenging property and its 
associated mechanisms. The comparative stronger 
radical scavenging activity may also be accounted 
for by their higher contents. F2IP is usually 
formed by the oxidation of AA via the radical chain 
mechanism, and it is an established in vivo marker 
of oxidative stress.21 LPO is the radical-propagated 
oxidation product of cellular lipids (usually from the 
cell membrane).22 The reductions in F2IP and LPO 
formation in vitro provide physiological evidence 
on the antioxidant property of PVT via the radical 
scavenging activity. PVT reduced F2IP and LPO 
formation to a stronger extent than GT and BT.  
The cellular cell experiment result is consistent with 
the radical scavenging capacity of PVT relative to 
those of GT and BT. In addition to direct radical 
scavenging activity, PVT also significantly elevated 
the antioxidant enzyme, SOD and PO, activities. 
The results of the separate experiments with 
CA, RA, Q, and C suggested that augmentation  
of antioxidant enzyme activity may be attributed  
to the PVT flavonoid contents instead of its phenolic 
composition. The elevations of SOD and PO activity 
were previously reported for quercetin and catechin, 
but not for simpler phenolic molecules.23,24

LTB4 is a pro-inflammatory chemokine produced 
by blood neutrophils and macrophages at the 
site of inflammation, and is usually measured as 
the marker of local inflammation.25 Flavonoids, 
quercetin and catechin, reduced LTB4 formation 
dose-dependently in vitro and in vivo, possibly via 
inhibition of 5-lipoxygenase.26 Similar actions were 
observed with phenolic compounds.27 All three 
studied teas also contained significant amounts  
of total plant sterols, which had been shown to inhibit 
5-lipoxygenase activity.8 It is not surprising that the 
flavonoid-, phenolic-, and plant sterol-rich PVT, 
GT, and BT demonstrated strong LTB4 formation 
inhibitory action. MPO is a type of heme peroxidases 
mainly expressed in neutrophils and monocytes.28  
It is a critical component of the host immune system 
producing reactive species combating pathogens.29 
Elevated MPO levels and MPO-derived reactive 
species are also found to be associated with 

inflammation and increased oxidative stress.28 
Inhibiting MPO activity without compromising 
pathogen killing by the innate immune system has 
become an important direction to reduce MPO-
associated host tissue damage.29 MPO activity 
and MPO-derived products can be diminished 
by selected flavonoids, such as quercetin30 and 
catechin,31 and phenolic compounds, like caffeic 
acid and chlorogenic acid.32 The MPO inhibitory 
actions of PVT, GT, and BT emulate those of the 
flavonoids and phenolic compounds. The results 
suggested that PVT treatment significantly increased 
the inducible nitric oxide synthase (iNOS) activity  
of the freshly isolated neutrophils. The iNOS in 
human blood neutrophils have been reported to 
modulate the immune responses of the neutrophils 
and the associated inflammatory events.33 Previous 
studies provided evidence to support the anti-
inflammatory properties of PVT. PV total flavonoids 
inhibited the growth of tumors in H22 tumor-bearing 
mice by promoting apoptosis in liver cancer cells 
via upregulating expressions of pro-inflammatory 
interleukin-6, tumor necrosis factor-α (TNFɑ), 
and IFN-γ.34 Using ligand-based pharmacophore 
generation approach and virtual screening against 
natural products libraries, PV contains compounds 
that target pro-inflammatory mediators TNFα .35 PV 
aqueous extract increased the mRNA and protein 
expressions and the activity of endothelial nitric oxide 
synthase in human umbilical vein endothelial cells 
(HUVEC).36 The results from this study illustrated the 
anti-inflammatory effects of PVT via 5-lipoxygenase, 
MPO, and iNOS pathways.

It is important to understand the potential 
physiological effects of herbs through scientific 
and clinical evaluation in the most physiological 
relevant manner. The phenolic contents were directly 
determined from the herb in previous studies. In this 
study, the phenolics were extracted and determined 
from an aqueous herbal preparation, which is the 
actual delivery form to the consumers. The phenolic 
content represents the actual exposure to the 
consumers. All the cellular experiments performed 
in the study were carried out using freshly isolated 
human blood neutrophils, which is a physiological-
relevant oxidative stress and inflammation cell 
model.37 The results from these experiments may 
be more relevant and translatable to the actual  
in vivo conditions. The cellular antioxidant and anti-
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inflammatory activities were examined by measuring 
the established in vivo markers of oxidative stress 
(F2IP and LPO) and inflammation (LTB4 and MPO 
activity). The results were obtained mainly from 
cellular works, which may not represent the activities 
in vivo. Well-designed clinical studies are required 
to ascertain these cellular observations.

PVT exhibited significant antioxidant activities  
via ET radical scavenging and upregulating 
antioxidant enzymes. It also exerted anti-inflammatory 
effects through the modulations of pro-inflammatory 
5-lipoxygenase, MPO, and iNOS pathways.  
The measured antioxidant and anti-inflammatory 
effects may be attributed to PV’s phenolic and 
flavonoid contents, and were greater than those 

from GT and BT. These effects may explain in part 
the reported therapeutic properties of PVT.
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