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Abstract 

 

A polyphenol-rich extract with an expressive vasodilator effect was obtained from fresh 

leaves of Alpinia zerumbet (AZ), a medicinal plant. The vasodilator effects of AZ obtained 

from different extraction conditions were studied in perfused mesenteric vascular bed, and 

total polyphenol content (TPC) was determined for all samples. Chemical composition of AZ 

was analyzed by UHPLC/ESI-QTOF-MS, and a list of putative compounds was obtained by a 

molecular network. Briefly, results obtained indicate a 50% hydroethanolic extract from fresh 

leaves (AZE4) as the best extraction condition, presenting the greatest vasodilator effect (ED 

50 = 7.1 µg ± 1.73) and TPC (16.30 mg GAE/g ± 0.44). Flavonoids were detected as main 

constituents and alpinetin, kaempferol-3-O-glucuronide, (-)- epicatechin and pinocembrin 

were identified as major compounds. The last effective extraction condition was 50% 

hydroethanolic extract from dried leaves without heating, which showed the smallest 

vasodilator response (ED 50 = 29.1 µg ± 4.3) and TPC (6.35 mg GAE/g ± 0.08), reinforcing 

the use of fresh leaves and heating step to improve extracts performance. The vasodilator 

effect and the main flavonoid composition of AZE4 provide experimental support for the 

indication of this extract as a potential source of bioactive flavonoids for the treatment of 

cardiovascular diseases. 
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Abbreviations 

 

ACh Acetylcholine 

AZ Alpinia zerumbet 

AZE Alpinia zerumbet extracts 

cGMP Cyclic guanosine monophosphate 

GA Gallic acid 

GNPS Global Natural Products Social Molecular Networking 

I3ON Isorharmnetin-3-O-neohesperidoside 

K3OG Kaempferol-3-O-glucuronide 

K3OG3R Kaempferol-3-O-glucoside-3''-rhamnoside 

LDL Low-density lipoprotein 

MN Molecular networking 

MVB Mesenteric vascular bed 

NE Norepinephrine 

NF-κB Nuclear factor kappa-light-chain-enhancer of activated B cells 

NG Nitroglycerine 

PSS Physiological salt solution 

Q3OG Quercetin-3-O-glucuronide 

RDA Retro-Diels Alder 

ROS Reactive oxygen species 

SEM Standard error of the mean 

TIC Total ion chromatogram 

TPC Total polyphenol content 

 



   

Introduction 

 

The medicinal plant Alpinia zerumbet (AZ) is originated from West Asia, and is 

widespread in the northeast and southeast of Brazil. Leaves of AZ are widely used as a 

popular treatment for hypertension [1], and approximately 80 % of the population of 

developing countries use herbal medicines treatments as a first option [2]. Hypertension is 

considered a global public health problem, affecting more than 1 billion people, with a 

potential risk of heart attacks [2]. In the context of folk medicine, the use of AZ is recognized 

for its diuretic and antihypertensive properties, besides anti-inflammatory action [3,4], which 

may contribute to reducing risks of cardiovascular diseases. 

Extensive research has shown essential oil extracts of AZ [4,5] may act as a preventive 

treatment for skin diseases [6], present inhibitor properties on low-density lipoprotein (LDL) 

[7], vasodilator, and antihypertensive effects [8], and protects endothelial cells minimizing the 

oxidative stress caused by LDL [4]. However, the vasodilator activity of hydroethanolic and 

aqueous extracts leaves is not widely reported. 

The literature on the cardiovascular properties of Alpinia zerumbet reports a 

vasorelaxant effect of the essential oil of this plant [9] or its methanolic fraction [8], which 

does not represent the popular use of leaves infusion for hypertension treatment. On the other 

hand, our study focused on evaluating the procedures used in folk medicine to prepare 

extracts of Alpinia zerumbet leaves.  

In this study, we evaluated the vasodilator effect of the 50% hydroethanolic and 

aqueous extracts obtained from AZ in the isolated mesenteric vascular bed (MVB) from male 

Wistar rats, comparing dried and fresh leaves under heating or not and their total polyphenol 

content (TPC). Moreover, based on the large health benefits of flavonoids due to their anti-

inflammatory, anti-mutagenic, antioxidative, and vasodilatory effects [10], the chemical 

composition of the extracts of AZ was analyzed. 



   

 

Results and Discussion 

 

The main goal of the present study was to investigate a significant vasodilatory effect of 

different extracts from leaves of Alpinia zerumbet on perfused MVB pre-contracted with 

norepinephrine, in order to confirm an important pharmacological property of this plant, 

traditionally used for cardiovascular disease treatment in folk medicine. To achieve this 

objective, AZ extracts were submitted to analytical steps, including determination of total 

polyphenol content (TPC) and UHPLC/ESI-QTOF-MS analyses. The relevance of AZE in 

this scenario is clearly supported by the current findings presented in this study, after 

evaluation and comparison of all results obtained from mesenteric vascular bed reactivity and 

annotated compounds obtained by analytical techniques. The rapid identification of major 

compounds present in all AZE was successfully achieved by dereplication in GNPS (Global 

Natural Products Social Molecular Networking) platform, and the distribution of these 

molecules per extract was clearly visualized by the use of Cytoscape, which allowed defining 

the best extraction condition as the one used in AZE4. 

 

Leaves processing and extraction 

The leaves drying process was satisfactory within ten days at room temperature, confirmed by 

the weight stabilization after this period. Each type of extract was performed in quadruplicate, 

to ensure sufficient material for all experiments, and the average yield was 6 % w/w/ extract. 

 

Mesenteric vascular bed reactivity 

Isolated rat MVB perfused with PSS (physiological salt solution) at 4 mL/min presented basal 

average perfusion pressure in a range of 25 to 30 mmHg. In bolus injection of 120 μmol of 



   

KCl increased the perfusion pressure up to 80 mmHg, confirming the viability of MVB 

preparation. The addition of 30 μmol of NE (norepinephrine) in the PSS induced an increase 

of perfusion pressure, remaining constant in a range of 90 to 120 mmHg. Acetylcholine (Ach, 

10 pmol) and nitroglycerine (NG, 10 nmol) induced a decrease in the perfusion pressure, 

confirming the integrity of endothelium and vascular smooth muscle, respectively. These 

results enabled the evaluation of vasodilator responses of AZE, and Fig. 1 shows the dose-

response curves for each extract.  

The comparison of these curves (Fig. 1) obtained after administration of increasing 

doses for each extract (0.1, 0.3, 1, 10, 30, 100, and 300 μg) shows that the maximal 

vasodilator response (approximately 80%) was obtained between 100-300 µg of AZE for all 

samples. Based on the ED50 absolute values of the extracts, it is possible to classify them in 

descending order of potency: AZE4, AZE2, AZE5, AZE3, and AZE1, although only AZE1 

was significantly different from the others. Table 1 presents ED50 values expressed as mean ± 

SEM, n = 6. AZE1* significantly different from all other AZE (P<0.05; ANOVA). 

 



   

 

Fig. 1 Dose-dependent vasodilator effect induced by AZE in isolated MVB. Data are 

expressed as mean ± SEM, n = 6/ group. Using One-Way ANOVA and post-hoc test of 

Tukey: AZE4* significantly different (P ≤ 0.05) when compared to AZE1, AZE2, AZE3, and 

AZE5. E2† significantly different (P ≤ 0.05) when compared to AZE1 

 

AZE1 presented the higher ED50 value (P≤0.05) compared to the other extracts, 

indicating the lowest potency among all extracts. AZE4 presented the lowest value for ED50 

(7.1 µg+1.7), although not statistically different from the others. AZE4 vasodilator effect was 

significantly higher (P≤0.05) than the other extracts for doses  30µg, indicating this extract 

as a more effective vasodilator than others. No significant differences were observed between 

the vasodilator responses of AZE2, AZE3, and AZE5. 

Since AZE1 was the only extract prepared without heating, we suggest the lowest 

potency of the vasodilator effect of AZE1 could be in part attributed to the lack of heating in 

the procedure for the extract preparation. The solvents (water or hydroethanolic solution) used 

to prepare the different extracts and the type of leaves (fresh or dried), seem not to interfere 



   

with the potency of the AZE2, AZE3, AZE4, and AZE5 extracts, since no statistical 

difference was observed between them. When the vasodilator effect is analyzed, it is possible 

to assume that the extracts obtained with fresh leaves (AZE3 and AZE4) are superior to those 

obtained with dried leaves (AZE1, AZE2, and AZE5). It is worth mentioning the AZE4 as the 

most effective vasodilator extract since it induced the greater vasodilator responses with doses 

below 30 g when compared with the other extracts. The only evidence of a vasodilator effect 

in the same vascular preparation was previously described for a hydroethanolic extract 

obtained from dried leaves of Alpinia zerumbet without heating [11]. However, in the present 

study, the comparative evaluation suggested the extract AZE1 prepared exactly as this 

previous study was less effective as a vasodilator. Therefore, these findings show heating and 

the usage of fresh leaves in the extract preparation process are crucial to obtain an effective 

biological response. 

 

Determination of total polyphenols by the Folin-Ciocaulteau method 

Table 2 shows the total polyphenolic content for all AZE and AZE4 presented the highest 

total polyphenol content, followed by AZE3, AZE2, AZE5, and AZE1, in descending order. It 

is possible to assume that fresh leaves extracts retain more polyphenols (AZE4, AZE3), and 

the extraction solvent (water or hydroethanolic solution) does not affect this result. Results 

were expressed as mg of GA equivalent (GAE)/g of AZE, mean ± SEM, n = 3 for each 

sample.  

Several experimental data have proposed polyphenols occurring naturally in many 

vegetables may participate in the mechanism of the biological effects of some medicinal 

plants [12]. Studies indicate natural polyphenols exert important actions on the cardiovascular 

system and maybe a potential source of new compounds to treat cardiovascular diseases [13]. 

Besides, the vasodilator effect of polyphenols has been extensively reported [14]. 



   

In the current study, the TPC of all AZE was determined to provide a possible 

correlation between their biological effects and the content of bioactive substances. Our 

results demonstrated AZE4 has the highest TPC, which correlates with their more effective 

vascular responses obtained in the perfused MVB. These findings corroborate our conclusion 

that both fresh leaves and heating are important variables for better extraction of the 

polyphenols leading to a more expressive vasodilator response. When all the extraction 

variables are evaluated, we can suggest hydroethanolic (AZE4) compared with the aqueous 

extract (AZE3) of the fresh leaves submitted to heating presented more expressive total 

polyphenol content and vasodilator response. Besides, it is important to mention that AZE1 

showed the lowest TPC, which correlates with the smaller vasodilator response induced by 

the extract, and these values replicate the previously reported result [11]. 

 

AZE analysis and spectral library search at GNPS platform 

The high-resolution mass spectral data provided an accurate measurement of exact mass for 

each molecule present on extracts, enabling a list of annotated compounds by library search at 

GNPS. Combining the libraries results obtained from GNPS and the correlation of mass 

fragments pathway described in literature data for each annotated molecule, the chemical 

profile of all AZE in the used extraction conditions could be investigated and compared. 

GNPS spectral libraries were able to identify nine compounds, as listed in Table 3: D-

(+)-Trehalose, (Epi)catechin, Procyanidin B2, Quercetin-3-O-glucuronide (Q3OG), 

Kaempferol-3-O-glucoside-3''-rhamnoside (K3OG3R), Kaempferol-3-O-glucuronide 

(K3OG), Isorharmnetin-3-O-neohesperidoside (I3ON), Alpinetin and Pinocembrin. Fig. 2 

displays AZE total ion chromatograms (TIC) obtained from the tandem mass spectrometry 

system, where compounds are numbered according to Table 3. Peaks from methanol, used as 

solvent, and from the sodium formate, used as calibrant, are identified as B and C, 



   

respectively. The Cytoscape view for all molecular network (MN) obtained and nodes 

representing annotated compounds distribution per extract is showed in Fig. 3. 

The MN obtained from the analysis of all extracts indicates similar composition for 

AZE3, AZE4, and AZE5, while AZE1 presented only alpinetin, kaempferol-3-O-glucuronide, 

and kaempferol-3-O-glucoside-3''-rhamnoside, with the lowest intensities. This is in 

agreement with TPC and EC50 values previously described. In contrast, AZE4 and AZE5 

presented all compounds annotated by GNPS, but AZE4 presented compounds in a higher 

percentage. 

 



   

 

Fig. 2 The UHPLC/ESI-QTOF-MS (TIC) of Alpinia zerumbet: a) dried leaves hydroethanolic 

extract without heating (AZE1); b) dried leaves aqueous extract (AZE2); c) fresh leaves 



   

aqueous extract (AZE3); d) fresh leaves hydroethanolic extract (AZE4) and e) dried leaves 

hydroethanolic extract (AZE5). Compounds peaks annotated by GNPS are as follow: D-(+)-

Trehalose (1), (Epi)catechin (isomer) (2), Procyanidin B2 (3), (Epi)catechin (isomer) (4), 

Quercetin-3-O-glucuronide (5), Kaempferol-3-O-glucoside-3''-rhamnoside (6), Kaempferol-3-

O-glucuronide (7), Isorharmnetin-3-O-neohesperidoside  (8), Alpinetin isomer (9), 

Pinocembrin (10), Alpinetin isomer (11). Sodium formate was used as calibrant (C) and 

methanol as blank (B) 

 

 



   

Fig. 3 Cytoscape view of entire molecular network and nodes of major compounds annotated 

by GNPS 

 

Compound 1 was annotated by GNPS as D-(+)-Trehalose (Fig. 4), a non-reducing 

sugar that may present several isomers. However, as described by Verardo [15] it is possible 

to distinguish these compounds by formate adducts [M+HCOO]- fragmentation pathway at 

m/z 387. Besides that, non-reducing sugars like D-(+)-Trehalose present characteristics 

fragments at m/z 341[M-H]- ion of sucrose [16], m/z 179, formed through glycoside bond 

cleavage [16], also exhibiting ions (MS3; 387 → 341 →) at m/z 179 (base peak), 161, 113, 

101 [15]. All of these fragments could be observed in the mirror match tool from GNPS, with 

score of 73% in terms of correlation of cosine with reference spectrum. 

 

 



   

Fig. 4 Cytoscape view of D-(+)-Trehalose and (-)Epicatechin nodes annotated by GNPS. 

Cytoscape converted the abundance data obtained from each AZE TIC to percentages. AZE3 

and AZE 4 contribute with 38% and AZE5 contributes with 25% of all D-(+)-Trehalose found 

in the molecular network. AZE4 contributes with 33%, AZE3 with 29%, AZE5 with 24% and 

AZE2 with 14% of all (-)-Epicatechin found in the molecular network 

 

Catechins are classified as flavonols [17] presenting two chiral centers on the 

molecule, i.e., four possible diastereoisomers: two stereoisomers with trans configuration 

((±)-catechin), and two stereoisomers presenting cis configuration ((±)-epicatechin). Tsao [17] 

mentions (+)-catechin and (−)-epicatechin as the two isomers often found in food plants, 

which could explain GNPS annotation for Compound 2 as (-)epicatechin (Fig. 4). Hence, the 

most effective strategy for identifying each of these peaks in 4.84 and 5.59 minutes as (+)-

catechin or (−)-epicatechin would be through comparison with analytical standards analysis of 

these isomers, since they present the same fragmentation profile in the mass spectra. By 

means of this, this annotated compound by GNPS will be referred as (epi)catechin isomer in 

the current paper. Both compounds at the mentioned retention times present m/z 289 as base 

peak [18]. The MS2 spectrum of this fragment, presented ions at m/z 245 [M − H − 44]−, that 

could be attributed to the loss of –CH2–CHOH– or CO2 moieties, and at m/z 205 and 179 due 

to the loss of the flavonoid A ring [M − H − 84]− and B ring [M − H − 110]−, respectively. 

[18]. All of these characteristic catechin markers could be observed in the mirror match tool 

from GNPS, with score of 90% in terms of correlation of cosine with reference spectrum for 

(-)epicatechin molecule. 

A recent study [19] reported the synergic effect of (epi)catechin isomer and D-(+)-

Trehalose as inhibitors of platelet activity and oxidative stress. This may be achieved through 

increasing NO bioavailability and reducing risk factors of cardiovascular diseases when used 



   

as a treatment in patients with metabolic syndrome. These two compounds were annotated in 

AZE3, AZE4, AZE5, and AZE4 presented the highest contribution in MN for (epi)catechin 

isomer (33%). Several studies describe the cardioprotective effects of epicatechin by reducing 

systemic blood pressure, platelet activation, and thrombus formation increase of endothelial-

driven vasodilatory response in a dose-dependent manner [20–22]. A mechanism for this 

action was proposed, considering that epicatechin relaxed isolated human arteries via 

hyperpolarization through different K+ channels, as well as by interference with Ca2+ [23] . 

Furthermore, (epi)catechin isomer and its dimer procyanidin B2 (Fig. 5), annotated for AZE4 

in the highest percentage in MN, also contribute in a synergic mode to promote beneficial 

effects on the heart cardiovascular system by directly influencing mitochondrial functions. 

Besides that, procyanidin B2 presents anti-inflammatory and antioxidant properties [24], as 

well as a potent endothelium-dependent vasodilator effect on the isolated human blood 

vessels, because of an increase in NO synthesis [23]. These findings were also observed in 

isolated human saphenous veins [25]. 

Procyanidin B2 (Compound 3 at 5.18 minutes, Fig. 5) presents m/z 577 [M-H]-, as 

base peak in MS1 spectra, characteristic of dimeric proanthocyanidins [26]. Analyzing the 

MS2 spectrum of this fragment, it is possible to confirm major product ions at 451, 425, 407 

and 289 m/z [26]. A loss of 126 mass unit corresponding to the heterocyclic ring fission 

(HRF) fragmentation formed m/z 451 [26]. The ion at m/z 425 [M-152-H]- was due to retro-

Diels-Alder fragmentation (RDA). According to Maldini [26], this RDA yielded the product 

ion at m/z 407 [M-152-18-H]- due to the neutral loss of the water. Finally, the ion at m/z 289 

was attributed to Quinone methide (QM) fragmentation [M-288-H] [26]. In this case, the 

spectral similarity was obtained with score of 86% in terms of cosine correlation with 

reference spectrum. 

 



   

 

Fig. 5 Cytoscape view of Procyanidin B2, Quercetin-3-O-glucuronide and Kaempferol-3-O-

glucuronide nodes annotated by GNPS. Cytoscape converted the abundance data obtained 

from each AZE TIC to percentages. AZE4 and AZE3 contribute with 28%, AZE5 with 24% 

and AZE2 with 21% of all Procyanidin B2 found in the molecular network. AZE2 AZE3 and 

AZE4 contribute with 27% and AZE5 with 20% of all Quercetin-3-O-glucuronide found in 



   

the molecular network. All AZE contribute with 20% of all Kaempferol-3-O-glucuronide 

found in the molecular network 

Quercetin aglycone is a well-known compound that exerts crucial benefits on 

cardiovascular health. GNPS annotated identified its derivative, quercetin-3-O-glucuronide 

(Fig. 5) as a putative compound for all extracts, except AZE1. Evidences show that this 

molecule is an effective inhibitor of reactive oxygen species (ROS)-associated inflammation 

and mitigating endothelial insulin resistance, stimulating the production of NO [27]. 

Furthermore, both quercetin aglycone and Q3OG are absorbed into plasma, but the derivative 

is less toxic and a more effective antioxidant [28]. 

Q3OG peak at 6.78 minutes presents fragment m/z 477 [M-H]- and one fragment at 

m/z 301 corresponding to the aglycone, after elimination of a glucuronide moiety [M-H-176]- 

as described in the literature [29]. The presence of other fragments derived from quercetin is 

in accordance with pathway described by Dueñas [30], and may be used to confirm Q3OG. 

Fragment at m/z 273 would correspond to the loss of the CO group [M-28]-, m/z at 257 to the 

loss of CO2, and m/z at 229 to the loss of both [30], characteristic of quercetin. Fragments m/z 

151 and 179 are formed respectively by the A- ring fragment released after RDA fission and 

the retro cyclization after fission [30]. These spectral data presented a 93% cosine score when 

compared to reference spectra of Q3OG. 

Kaempferol metabolites, kaempferol-3-O-glucoside-3”-rhamnoside (K3OG3R – Fig. 

6) and kaempferol-3-O-glucuronide (K3OG – Fig. 5) were annotated for all AZE at 6.77 and 

6.87 minutes respectively. Indeed, the flavonols quercetin and kaempferol are present in 

plants as their metabolites in the sugar moieties forms, instead of aglycone form [31]. It is 

worth mentioning that kaempferol aglycone and K3OG (predominant form in human plasma) 

were pointed to be absorbed more efficiently than quercetin, even at small concentrations 

[32]. Additionally, Zaher [33] reported the inhibition of NF-κB as a rising mechanism in 



   

minimizing cardiovascular diseases, and K3OG was one of the compounds involved in this 

process, as well as Q3OG. 

 

 

Fig. 6 Cytoscape view of Kaempferol-3-O-glucoside-3”-rhamnoside and Isorharmnetin-3-O-

neohesperidoside nodes annotated by GNPS. Cytoscape converted the abundance data 

obtained from each AZE TIC to percentages. AZE2 contributes with 29%, AZE4 and AZE5 

contribute with 21% and AZE1 and AZE3 with 14% of all Kaempferol-3-O-glucoside-3”-

rhamnoside found in the molecular network. AZE2, AZE3, AZE4 and AZE5 contribute with 

25% each one of all Isorharmnetin-3-O-neohesperidoside found in the molecular network 

 

The fragmentation pattern of annotated K3OG3R is in accordance with the one 

described by Li [34], and presented a cosine score of 88% regarding reference spectra 

similarity. It is possible to find [M–H]− at m/z 593, [M–H–162–146]− at m/z 285 and [M–H––

162–146]−• at m/z 284 (losses of hexose and a deoxyhexose linked at the same position of the 

aglycone) [34]. The fragment at 447 m/z is a neutral loss of a deoxyhexose moiety from [M–



   

H]− at m/z 593, and the aglycone of kaempferol is confirmed by characteristic fragments at 

m/z 255 and 227 [34]. The K3OG had a score similarity of 81% with reference spectra at 

GNPS, and could be confirmed by comparison of obtained fragments with the ones described 

in the literature [35]: a base peak at 461 m/z in MS1 and a base peak in 285 m/z in MS2. 

Isorhamnetin-3-O-6”-rhamnoside, also known as isorharmnetin-3-O-neohesperidoside 

(I3ON), derived from isorhamnetin (a metabolic product of quercetin) was also annotated. 

Isorhamnetin aglycone is known for its cardiovascular properties and I3ON (Fig. 6) presents 

antioxidant activity [36]. GNPS network annotated this compound at 6.90 minutes for all 

AZE, except AZE1, with a cosine score value of 84% when compared to reference spectra. 

Moreover, typical fragments could be identified to confirm this compound: deprotonated 

molecule [M−H]− at m/z 623 followed by the loss of C12H20O9 producing the ion of aglycone 

at m/z 315, which m/z 151, a product after the Retro-Diels Alder (RDA) cleavage of m/z 315. 

Surprisingly, pinocembrin (Fig. 7) was annotated for AZE4 and AZE5 at 10 minutes, 

but its content in AZE4 was more expressive in the MN than AZE5, which may explain the 

most potent vasodilator response of this extract. Pinocembrin, widely distributed in Alpinia 

species, has been reported as an inhibitor of angiotensin II-induced vasoconstriction [37], a 

modulator of inflammatory responses [38], and as a cardioprotective compound [39]. This 

compound presented 77% cosine score when compared with reference spectra, and could be 

confirmed due to the presence of typical fragments, as described by Simirgiortis [40]: m/z 255 

[M - H]- and the product ion at m/z 213, due to a neutral loss of CO and CO2 in C-ring, [M-H-

CO-CO2]. 

 



   

 

Fig. 7 Cytoscape view of Pinocembrin and Alpinetin nodes annotated by GNPS. Cytoscape 

converted the abundance data obtained from each AZE TIC to percentages. AZE4 contributes 

with 60% and AZE5 contributes with 40% of all Pinocembrin found in the molecular 

network. AZE3 and AZE4 contribute with 25%, AZE1 and AZE5 contribute with 18% and 

AZE2 with 14% of all Alpinetin found in the molecular network 

 

Alpinetin (Fig. 7) is also frequently found in Alpinia gender, being annotated in all 

extracts at 8.84 and 10.90 minutes. These two possible retentions times is due to its isomeric 

structure, since it can be described as pinocembrin 5-methyl ether and co-occurs with the 7-

methyl ether [41]. This compound may contribute to the anti-inflammatory potential of 

Alpinia leaves, a key factor for avoiding cardiovascular diseases [42]. A recent study [43] 

reported that pinocembrin and alpinetin (and its isomer) [41] induced vasodilation in isolated 



   

coronary artery, through a mechanism in part dependent of endothelium involving NO 

production and an independent mechanism involving the blockage of Ca2+ channels. The 

cosine score for Alpinetin was 74% in comparison with reference spectra, and the 

fragmentation pathway found experimentally is in accordance with the one recently described 

[44]. It is possible to identify a base peak at m/z 269 [M-H]- in MS1 and two radical anions at 

m/z 254 [M–H–CH3]-, m/z 225 [M–H – CO2]
-, and m/z 165 [1,3 A−H]− derived from Retro-

Diels Alder rearrangement [44]. 

The underlying mechanisms of the vasodilator effect of the AZE remain to be 

elucidated, but a previous study demonstrated hydroethanolic extract from dried leaves of 

Alpinia zerumbet induces vasodilator effect in isolated MVB, an effect in part modulated by 

bradykinin B2 receptors and dependent on the activation of the NO-cyclic guanosine 

monophosphate (cGMP) pathway [11]. Almost all the annotated compounds as a putative 

composition for AZE4 follow this pathway, and these data may future help to elucidate and 

confirm the vasodilator mechanism of AZE. 

 

Conclusion 

 

In conclusion, this study has demonstrated that AZE4 was the most effective in producing 

vasodilation in the isolated MVB, with the highest polyphenol content. Molecular network, a 

trend in plant extracts data analysis, is an important and reliable tool for annotating 

compounds, confirmed by data comparison using classical search in literature. The main 

putative compounds annotated for all extracts are remarkable molecules with biological 

properties. Overall, this study leads us to the conclusion that the use of hydroethanolic extract 

obtained from fresh leaves of Alpinia zerumbet under heating may be useful for the treatment 

of cardiovascular diseases. 



   

 

Experimental 

 

Chemicals 

Ethanol, acetic acid, acetonitrile, calcium carbonate (CaCO3), sodium chloride (NaCl), 

potassium chloride (KCl), magnesium sulfate (MgSO4), sodium bicarbonate (NaHCO3), 

potassium phosphate monobasic (KH2PO4), calcium chloride (CaCl2), ethylene diamine tetra 

acetic acid (EDTA), and glucose were purchased from Merck KGaA (Darmstadt, Germany). 

Norepinephrine, gallic acid, Folin-Ciocaulteau reagent, sodium formate, and acetylcholine 

were purchased from Sigma Chemical (St. Louis, MO, USA). Nitroglycerine was purchased 

from Innovatec Cristália (São Paulo, Brazil). 

 

Experimental Biological Material 

Leaves of Alpinia zerumbet were collected in Rio de Janeiro, RJ, Brazil. Plants were 

authenticated and a voucher specimen was deposited in the Herbarium Prof. Jorge Pedro 

Pereira Carauta of the Federal University of Rio de Janeiro State (UNIRIO), registered as 

HUNI5015. 

 

Animals 

Twelve-week-old male Wistar rats weighing 230 g – 250 g were obtained from the facilities 

of the Institute of Biology Roberto Alcântara Gomes (Rio de Janeiro, Brazil). The rats were 

fed with a standard rodent diet and allowed unrestricted access to water in a controlled 

environment, maintained at 18 ◦C –22 ◦C, 50 %–70 % relative humidity, and a 12-h light/dark 

cycle. 

 



   

Methods 

 

Leaves processing 

Alpinia zerumbet leaves designed for fresh leaves extracts were properly cleaned and ground 

in a processor for the immediate extraction process. The other ones, designed for dried leaf 

extracts, underwent a natural drying process for ten days, through exposure to air at room 

temperature (20 - 22 oC). After this period, leaves were ground and weighed until constant 

weight to confirm the effectiveness of the natural drying process. Finally, they were stored in 

a desiccator until use, at room temperature, protected from light. 

 

Alpinia zerumbet extracts (AZE) 

A total of 50g of AZ leaves was used to obtain each extract, with a total volume of 800mL. 

Filtration was performed using Whatman® #1 filter paper. A rotary evaporator at 65 °C 

(Fisatom Equipamentos Científicos Ltda, São Paulo, Brazil) under low pressure removed 

alcohol fraction of hydroethanolic extracts. Water content was removed by freeze-drying 

(LIOTOP model 202, São Paulo, Brazil) at - 30 ◦C to -40 ◦C under 200 mm Hg vacuum, and 

lyophilized samples were stored in a freezer until use. 

The first extract (AZE1) was prepared with dried leaves in 50% hydroethanolic 

solution. This mixture was stored in an amber flask in a refrigerator for ten days, with 1-hour 

daily stirring on a mechanical stirrer, followed by filtration and lyophilization steps at the end 

of this cycle. Aqueous extract of dried leaves (AZE2) and fresh leaves (AZE3) were obtained 

after boil in distilled water for ten minutes, filtered, and stored in a freezer until the 

lyophilization process. Two 50% hydroethanolic extract using fresh leaves (AZE4) and dried 

leaves (AZE5) were prepared in 400 mL of boiling distilled water for ten minutes. After 



   

cooling, 400 mL of ethanol was added to this infusion, and the extracts were stored following 

the same procedure applied to AZE1. 

 

Isolation of mesenteric vascular bed and reactivity studies 

To evaluate the vasodilator effect of the lyophilized extracts the mesenteric vascular bed of 

male Wistar rats (n=6/extract) was isolated following the method described by McGregor 

[45]. Summarily, rats were anesthetized with inhaled CO2. The superior mesenteric artery was 

rapidly removed, cannulated, and continually perfused (4 mL/min) with physiological salt 

solution (PSS, nmol/L: 118 NaCl, 4.7 KCl, 2.5 CaCl2, 1.2 MgSO4, 1.2 KH2PO4, 25 NaHCO3, 

0.026 EDTA, and 6.0 glucose), oxygenated with 95% O2-5% CO2 at 37 °C, using a peristaltic 

pump (Model MINIPLUS 3, Gilson Inc., Middleton,WI, USA). A pressure transducer 

(Powerlab® 4/30, AD Instruments, Bella Vista, NSW 2153, Australia) recorded the changes 

in perfusion pressure (PP, mmHg) generated by arteriolar dilatation, continuously registered 

through LabChart7® (AD Instruments, Bella Vista, Australia) reader program. 

All drugs were administrated as injections at the desired concentration, directly into 

the perfusion stream, close to the vascular cannula. After a 30-minute equilibration period, 

MVB was preconstricted with KCl (120 mol), regularly every ten minutes, until consistent 

responses were obtained. Subsequently, basal perfusion pressure was elevated (80–

100 mmHg) by adding norepinephrine (NE; 30 µM) to the perfusion solution. After the 

vasopressor response of NE reached a constant plateau, acetylcholine (ACh, 10 pmol) and 

nitroglycerine (NG, 10 nmol) were infused to test the viability of endothelium and smooth 

muscle cells, respectively. Increasing doses of the AZE (0.1-300 µg), properly dissolved in 

MilliQ® water (Merck KGaA, Darmstadt, Germany) were injected at the perfusion system to 

evaluate its vasodilator effect. The vasodilator effect was expressed as a percentage decrease 

of the pressor effect of NE. 



   

 

Determination of total polyphenols by the Folin-Ciocaulteau method 

Total polyphenols content (TPC) in AZE was assessed using the colorimetric method 

described by Singleton & Rossi [46]. A calibration curve of gallic acid (GA) solutions was 

prepared using concentrations of 0.08, 0.13, 0.25, 0.50, 0.76 and 1.00 mg/mL. Aliquots of 200 

µL of calibration solutions, blank and properly diluted AZE (2mg/mL) were tested. The 

absorbance was measured in UV/VIS spectrophotometer at 765 nm (GE Ultrospec 2100 Pro®, 

GE Healthcare UK Limited, Buckinghamshire, UK) and the TPC in AZE (analyzed in 

triplicates) was determined from the linear regression equation of calibration curve: 

Absorbance = 0.004464*Concentration + 0.2518, R2=0.999. Results were expressed as mg of 

GA equivalent (GAE)/g of AZE. 

 

UHPLC/ESI-QTOF-MS analysis 

Each AZE was weighed accurately and dissolved in 50% methanolic solution (5mg/mL), 

followed by 10 min sonication and centrifuged. After those steps, samples were diluted in 

water to prepare a 1mg/mL stock solution. 

Qualitative analysis by UHPLC/ESI-QTOF-MS was performed with a Shimadzu 

Nexera X2® ultra-fast liquid chromatography (UHPLC) (Shimadzu Corp., Kyoto, Japan). 

The separation was carried out on an ODS Hypersil C18 column (2,1 mm x 150mm, 3 µm, 

Thermo Fisher Scientific, Waltham, MA USA) and a Phenomenex® (Torrence, CA, USA) 

precolumn C18 (4mm x 3,0 mm) at 40˚C. The mobile phase consisted of 0.1% acetic acid 

(v/v) in water (A) and acetonitrile (B) using a linear gradient from 0 to 10% B (0–13 min), 10 

to 100% B (13–16 min), 100% B (16–17 min), 100 to 10% B (17–25 min), stop time at 25 

minutes. The injected volume was 5 μL, with the flow rate kept at 0.2 mL/min. 



   

Detections were performed by a maXis Impact II® quadrupole time-of-flight (Q-TOF) 

mass spectrometry (MS) (Bruker Daltonik GmbH, Bremen, Germany) equipped with an 

electrospray ionization (ESI) source. The Q-TOF-MS operated in full scan mode, and the 

mass range was set to m/z 100–800 in negative ion mode. The acquisition type was Auto 

MS/MS (data-dependent) mode, at a rate of five spectra/sec. The conditions of the mass 

spectrometry were as follows. Spectra rate: 1 Hz; Dry temperature: 200ºC; Capillary voltage: 

5000 V; Collision energy: 10 - 60V; End plate offset: -500 V; Quadrupole low mass: 80 m/z; 

Nebulizer pressure: 2.0 bar; Dry gas: 8.0 L/min. External calibration with a 0.1 mmol sodium 

formate/acetonitrile 1:1 solution was performed at the beginning of each analysis. 

 

Data processing 

All raw data files obtained from AZE analysis were converted to .mzXML by MSConvert, 

Proteo Wizard Software (version 3.0) [47] (http://proteowizard.sourceforge.net), to be 

preprocessed with MZMine (version 2.53) [48] with the following parameters. Mass 

detection: MS level 1; Mass Detector, centroid; Noise level, 1000; Retention time, Auto 

Range. MS level 2; Mass Detector, centroid; Noise level, 10. Retention time, Auto Range. 

ADAP Chromatogram builder (49): MS level 1; Retention time, Auto Range; Min group size, 

5; Group intensity threshold, 3000; Min highest intensity, 150; m/z tolerance 0.01 or 10 ppm. 

Chromatogram deconvolution: Baseline cut-off; min peak height, 3000; Peak duration range 

(min), 0.005-2; Baseline level, 1000; m/z center calculation: median; m/z range for MS2 scan 

pairing (Da), 0.02; RT range for MS2 scan pairing (min), 0.015. Isotopic peak grouper: m/z 

tolerance 0.02 m/z or 10 ppm; Retention time tolerance 0.1 min absolute (min); Maximum 

charge, 2; Representative isotope, most intense. Join aligner: m/z tolerance, 0.01 m/z or 10 

ppm; Weight for m/z 75; Retention time tolerance, 0.1 absolute (min); Weight for RT 25. 

Feature list rows filter: Minimum peaks in a row, 2; Minimum peaks in an isotope pattern, 2; 

http://proteowizard.sourceforge.net/


   

Keep only peaks with MS2 scans (GNPS). Gap filling, peak finder: Intensity, 10%; m/z 

tolerance, 0.01 m/z or 10 ppm; Retention time tolerance, 0.2 absolute (min). A feature table 

with all extracted mass spectral data was exported to .csv format, aggregated MS2 

fragmentation data and converted to .mgf format. 

These files were uploaded into METABOLOMICS-SNETS-V2 workflow from Global 

Natural Product Social Molecular Networking (GNPS) and analyzed with GNPS platform 

(http://gnps.ucsd.edu) [50]. The data were filtered by removing all MS/MS fragment ions 

within +/- 17 Da of the precursor m/z. MS/MS spectra were window filtered by choosing only 

the top six fragment ions in the +/- 50Da window throughout the spectrum. The precursor ion 

mass tolerance was set to 0.02 Da and an MS/MS fragment ion tolerance of 0.02 Da. A 

molecular network (MN) was then created, where edges were filtered to have a cosine score 

above 0.7 and more than six matched fragments. Further, edges between two nodes were kept 

in the network if and only if each of the nodes appeared in each other's respective top ten most 

similar nodes. Finally, the maximum size of a molecular family was set to 100, and the 

lowest-scoring edges were removed from molecular families until the molecular family size 

was below this threshold. The spectra in the network were then searched against GNPS' 

spectral libraries. The library spectra were filtered in the same manner as the input data: all 

matches kept between network spectra and library spectra were required to have a score above 

0.7 and at least six matched peaks (50). A job for all five AZE samples was carried out at 

Metabolomics-SVNETS-V2 workflow on GNPS platform, each extract allocated into 

different groups (G1 – G5), including blank analysis (methanol) on G6. Library annotations 

were obtained from the comparison between MS2 spectra with GNPS and MassBank spectral 

libraries. The resulting MN is available at: 

https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=59981840eb014f44903aee3008f48d00. 

http://gnps.ucsd.edu/
https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=59981840eb014f44903aee3008f48d00


   

The final step on data analysis, the molecular network visualization, was achieved by 

uploading the spectral network to Cytoscape 3.8.2 [51] to improve MN visualization. Nodes 

were labeled with annotated compound names, represented by a pie chart, where the 

percentage of contribution from each extract could be compared, identified by different 

colors. The edges were labelled with cosine scores between connected nodes, and the edge 

thickness is proportional to cosine score. 

 

Statistical analysis 

Data are shown as the mean and standard error of the mean. Differences among groups were 

analyzed by one-way analysis of variance (one-way ANOVA) and post-hoc test of Tukey 

using GraphPad Prism version 6.0 (GraphPad Software, San Diego, USA). Besides, 

differences between two groups were evaluated by the unpaired Student’s t-Test using 

GraphPad Prism version 6.0 (GraphPad Software, San Diego, USA). P values less than or 

equal to 0.05 were accepted as statistically significant. 
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