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Abstract 

Herpes simplex virus -2 (HSV-II) increases the prevalence of life-threatening viral infections so, there is a great need to 

find new compounds to combat them. This study aims to compare the chemical composition, antioxidant potential and cell-

mediated blocking of HSV-II activities of Alpinia officinarum and Zingiber officinale extracts. The roots were extracted by 

methanol and ethyl acetate. Phenolic and flavonoid contents were determined, DPPH antioxidant activity as well as HSV-II 

antiviral activity. The phenolic content of ethyl acetate extract for AO and ZO (114.40 ± 8.11 and 90.42 ± 9.67 mg GAE/g dry 

extract, respectively) was higher than methanolic. Ethyl acetate extracts showed higher flavonoid content (299.11 ± 33.85 and 

147.92 ± 24.50 mg RE/g dry extract, respectively). IC50 of DPPH scavenging activity was promising for AO and ZO EtOAc 

(23.78 and 30.03 µg/ml, respectively). The highest anti-HSV-II activity was AO EtOAc (91.9 %), followed by ZO EtOAc 

(50.3 %). Quantification of phenolic acid in ethyl acetate extract for plants by HPLC shows that the most prevalent phenolic 

compounds in ZO were Ellagic acid, Hesperetin, Querectin, Daidzein and Syringic acid (31.89, 22.91, 19.56, 18.49 and 11.33 

µg/ml, respectively).  while, the high content of phenolic acids in AO were Chlorogenic acid, Ellagic acid, Hesperetin, 

Apigenin, Syringic acid and Kaempferol (44.57, 42.05, 38.50, 29.91, 28.25 and 23.33 µg/ml, respectively). Both plants 

especially AO EtOAc extract were promised against HSV-II that may be returned to the presence of phenolic and flavonoid compounds. 
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1. Introduction 

Herbal remedies have a long history of use in 

medicine and continue to support a wide range of 

health needs for people worldwide. Plants have been 

utilized by humans as bioresources to treat or prevent 

illness. This is because certain sections of them, like 

leaves, flowers, bark, seeds, fruits, and roots, include 

deposits of their active components, which include 

alkaloids, tannins, steroids, glycosides, volatile oils, 

fixed oils, resins, phenols, and flavonoids [1,2]. 

Zingiber officinale and Alpinia officinarum are 

members of the Zingiberaceae family. Plant species 

with antioxidant qualities are found in the 

Zingiberaceae family. The meaty rhizome and 

fragrant leaves help identify the majority of its 

species with ease. Numerous Zingiberaceae plants are 

utilized as flavoring agents, condiments, traditional 

remedies, spices, and dye sources [3].  

Alpinia officinarum, also known as Galangal, is a 

common spice in India and other Asian nations and a 

rich source of many chemicals [4]. According to Liu 

et al. [5] it has been utilized as traditional Chinese 

medicine to treat colds, stomach problems, 

circulatory system stimulation, and edema. 

Antioxidant, anticancer, antiemetic, antibacterial, 
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antiviral, and hypolipidemic properties have been 

reported for it [6,7,8,9,10]. 

Furthermore, for a very long time, people have 

used ginger, Zingiber officinale, as a spice and herbal 

remedy [11]. Its rhizomes are utilized for purposes 

other than just seasonings and sauces [12]. However, 

it also has a large number of potentially bioactive 

substances with both medicinal and biological 

properties [13]. Biological effects of ginger include 

antioxidant [14], anti-inflammatory [15], 

antimicrobial [16], antiviral [17] and anticancer [18].  

Despite significant advancements in human 

healthcare, infectious diseases continue to be the 

world's greatest cause of mortality, particularly in 

developing nations where they take millions of lives 

each year [19]. One of the main causes of infectious 

diseases is viral infections.  Because of their 

complexity and diversity, viral infections frequently 

cause pandemic events [20]. Therefore, the 

development of resistance to commonly used 

antibiotics and antiviral medications remains a 

serious challenge for its treatment at this time 

[21,22,23]. 

Among the viral infections is the Herpes simplex 

virus (HSV). It is an encapsulated DNA virus of 

medium size [24]. HSV-1, which causes the majority 

of cold sores, and HSV-2, which causes the majority 

of oral and genital herpes, are the two different forms 

of HSV infection [25,26]. About 16% of adults 

between the ages of 15 and 45 are infected with 

HSV-2, which can have a 70% fatality rate if 

treatment is not received [27]. Antiviral medications 

are therefore essential for people who have viral 

infections [26].  

This study sought to compare the phytoconstituents 

of root extracts from Zingiber officinale and Alpinia 

officinarum plants, with an emphasis on analysing 

their antioxidant potential and antiviral activities 

against herpes simplex virus type 2 (HSV-II). 

2. Experimental 

2.1. Collection and preparation of extracts  

Rhizomes of Alpinia officinarum (AO) and 

Zingiber officinale (ZO) weighing one kilogram were 

procured at the nearby Haraz Market for Herbs, and 

examined by Dr. Rim Samir Hamdy, a professor in 

the Plant Taxonomy Botany Department at Cairo 

University's Faculty of Science. Both plants' 

rhizomes were ground up, and 500 g of each were 

extracted using 85% methanol (MeOH) and the 

remaining 500 g were extracted over the course of 

seven days using ethyl acetate (EtOAc). The solvents 

were extracted using a rotatory evaporator 

(Rotavapor R 300, Buchi, Switzerland) operating 

under vacuum at 40°C. After being dried, each 

extract was stored for later research. 

2.2. Total phenolic content  

Folin-Ciocalteu reagent was used to determine the 

total phenolic content in accordance with [28,29]. As 

a standard, 1 mg/ml stock solution of gallic acid was 

utilized in methanol. From the standard and samples, 

nine serial dilutions were made, namely 12.5, 25, 50, 

100, 200, 400, 500, 800, and 1000 µg/ml. AO and ZO 

methanol and ethyl acetate extracts were made at a 

concentration of 5 mg/ml in methanol. The outcomes 

were recorded with the FluoStar Omega microplate 

reader. Six duplicates of each of the nine standards 

and samples were pipetted into the plate wells. At 

630 nm, the absorbance of the total phenolic content 

was measured, and the average measurement from six 

replicates was obtained. The results were given in 

milligrams per gram (mg GAE/g) of gallic acid 

equivalents for the dry extract. 

2.3. Total flavonoid content 

Aluminum chloride was used to determine the 

total flavonoid concentration in accordance with [30]. 

Rutin was standardised to a stock solution of 1 mg/ml 

in methanol. At concentrations of (6.5, 12.5, 25, 50, 

100, 200, 400, 500, 800, 1000 µg/ml), ten serial 

dilutions were made. Both AO and ZO methanol and 

ethyl acetate extracts were made at a 5 mg/ml 

concentration in methanol. The outcomes were 

recorded with the FluoStar Omega microplate reader. 

Six duplicates of each of the ten standards and 

samples were pipetted into the plate wells. At 415 

nm, the absorbance of total phenolic content was 

measured, and the average result from six replicates 

was obtained. The resultant data were given as 

milligrams per gram of rutin equivalents (mg QE/g) 

of dry extract. 

2.4. DPPH• radical scavenging activity 

DPPH• (2,2-diphenyl-1-picryl-hydrazyl-hydrate) 

free radical assay was carried out according to [31]. 

Briefly; 100μL of freshly prepared DPPH• reagent 
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(0.1% in methanol) was added to 100μL of the 

sample in 96 wells plate (n=6), and samples were 

prepared in final concentrations of 1000 and 100 

μg/mL in MeOH. The results were recorded using a 

microplate reader FluoStar Omega. The reaction was 

incubated at room temp for 30 min in the dark. At the 

end of incubation time, the resulting reduction in 

DPPH• color intensity was measured at 540 nm. 

Trolox was used in different concentrations (5, 10, 

15, 20, 30, 40, 50 µg/ml) as a standard. The average 

of six replicates are represented as means ± SD 

according to the following equation: Inhibition% = 

[(Average ABlank -Average ASample) / Average 

ABlank] * 100 

Where: ABlank is absorbance of blank, ASample 

is absorbance of sample. The IC50 value represented 

the concentration of the samples that caused 50% 

inhibition and was calculated by Graph Pad Prism 5.  

2.5. Determination of the maximum non-toxic 

concentration [MNTC] of each extract on vero cell 

line 

From the analyzed samples, several concentrations 

were made. Once a confluent sheet of vero cell had 

grown, the growth medium was removed from 96-

well microtiter plates and the cell monolayer was 

twice washed with wash media. The examined 

material was divided into twofold dilutions using 

DMEM. Each dilution was tested in 0.1 ml 

increments in several wells, with three wells serving 

as controls and receiving only maintenance media. 

For a maximum of two days, the plate was incubated 

at 370C and constantly checked. Physical indicators 

of toxicity, such as shrinkage, rounding, granulation, 

or partial or whole loss of the monolayer, were 

examined in the cells. A 5 mg/ml in PBS for MTT 

solution was created (BIO BASIC CANADA INC).  

Each well received 20 ul of MTT solution, which was 

then shaken vigorously at 150 rpm for five minutes to 

completely mix the MTT into the medium. For four 

hours, the plate was incubated at 370C with 5% CO2 

to facilitate the metabolism of MTT. The plate was 

left to dry once the media were removed. After being 

resuspended in formazan (a MTT metabolic product) 

in 200 ul of DMSO, the wells were shaken for five 

minutes at 150 rpm on a shaking table. Background 

at 620 nm was eliminated from the optical density 

obtained at 560 nm. There should be a direct 

relationship between cell amount and optical density. 

Each extract's maximum non-toxic concentration 

(MNTC) was calculated, and the results were applied 

to the following additional biological investigations. 

2.6. HPLC identification and quantification of 

phenolic compounds 
Phenolic and flavonoid component analyses were 

carried out with HPLC equipment (Agilent 1260 

series). The Eclipse C18 column (4.6 mm x 250 mm 

i.d., 5 μm) was used for the analysis. Water (A) and 

0.05% trifluoroacetic acid in acetonitrile (B) were the 

components of the mobile phase, which was flowing 

at a rate of 0.9 ml/min. The following was the 

sequential linear gradient programming for the 

mobile phase: 8–12 min (60% A), 0–5 min (80% A), 

12–15 min (82% A), 15–16 min (82% A), and 16–20 

min (82% A). At 280 nm, the multi-wavelength 

detector was observed. For every sample solution, 

there was one injection volume of five microliters. At 

40 °C, the column temperature was kept constant. 

Standard phenolic acids were prepared at a 

concentration of 10 mg/50 ml in methanol and 

diluted to 20–40 μg/ml. Peak area computation 

(external standard method) was used to quantify the 

primary components found in the plant extract. 

3. Results and Discussion 

3.1. Total Phenolic content 

Since hydroxyl groups scavenge free radicals, 

phenolic chemicals are attractive secondary 

components with redox characteristics. The Folin-

Ciocalteu reagent was used in this investigation to 

measure the total phenolic content. The results were 

reported in gallic acid equivalents (GAE) per gram 

dry extract weight and were obtained using a 

calibration curve of gallic acid (12.5-1000 µg/ml) (y 

= 0.0036x – 0.1174, R2 = 0.9917) (Fig 1). In 

comparison to the methanolic extracts of both plants 

(80.20 ± 6.18 and 65.14 ± 7.36 mg GAE/g dry 

extract, respectively), the phenolic content in the 

ethyl acetate extracts for AO and ZO (114.40 ± 8.11 

and 90.42 ± 9.67 mg GAE/g dry extract, respectively) 

was higher.  In contrast to earlier findings in the 

literature, ZO's total phenolic content for ethanol and 

methanol extracts was found to be in full agreement 

with our results [32,13]. Also, our results of AO were 

in concise with [33,34]. According to Burri et al. 

[35], there may be variations in phenolic content 

values between studies based on factors such as 

duration, extraction process, and regional variation. 

In actuality, the total phenolic content of the AO and 

ZO EtOAc extracts was higher than that of the other 
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extracts. Despite that they are all related to one 

family. 

 

 

Fig 1: Total phenolic content of AO and ZO extracts 

3.2. Total Flavonoid content 

This study used a colorimetric technique using 

aluminum chloride to assess the flavonoid 

concentrations of certain plant extracts (Fig 2). Rutin 

(6.25-1000 µg/ml) was used as the calibration curve 

for the results, which were expressed in rutin acid 

equivalents (RE) per gram dry extract weight (y = 

0.0014x + 0.0660, R2 = 0.9986). In both plants, total 

flavonoid level was promising; ethyl acetate extract 

had higher flavonoid content than methanolic (286.57 

± 15.39 and 8.96 ± 6.06 mg RE/g dry extract, 

respectively for AO), and (299.11 ± 33.85 and 147.92 

± 24.50 mg RE/g dry extract, respectively for ZO). 

The quantity of free OH groups determines the 

antioxidant potency of flavonoids [36]. ZO total 

flavonoid content was measured by Tohma et al. [13] 

at 25.1% dry extract, whereas, AO total flavonoid 

content was measured by Malik et al. [34] at 51.76 ± 

1.28 mg RE/g dry extract. Plants flavonoid 

concentration was found to be highly biological 

impact [37]. Our research suggests that AO contains 

more flavonoids than phenols, which could be related 

to solvents' propensity to extract flavonoids more 

readily than phenols [38].  

 

 
Fig 2: Total flavonoid content of AO and ZO extracts 

 

3.3. DPPH• radical scavenging activity 

This assay is quick, simple, and affordable, 

DPPH• is frequently used in laboratories to assess the 

capacity of phenolic compounds and natural plant 

extracts to scavenge free radicals [39]. The inhibition 

% and DPPH• IC50 of the AO and ZO extracts were 

displayed in (Fig.3).  The findings showed that for 

the two studied plants, EtOAc extracts had a 50% 

greater capacity for scavenging than MeOH extracts. 

The DPPH• assay quantifies a compound's capacity 

to donate hydrogen or scavenge free radicals [40,41]. 

Our findings corroborated other studies' findings that 

AO's various extracts had DPPH• scavenging 

capability [42,43] and Additionally, in line with the 

findings of Stoilova et al. [32] and Mošovská et al. 

[44], who demonstrated the ability of several extracts 

of ZO to scavenge DPPH free radicals. Both plants' 

scavenging capacity may be attributed to the presence 

of flavonoids and phenolic substances. 

 

 

Fig. 3: DPPH scavenging activity of AO and ZO extracts 

 

3.4. Determination of the maximum non-toxic 

concentration [MNTC] of each extract on Vero cell 

line 

The maximum non-toxic concentration (MNTC) 

for each plant extract was ascertained by testing its 

cytotoxicity against Vero cells. The outcomes 

showed that 100% of normal Vero cells were viable. 

MNTC was found in extracts AO EtOAc, ZO EtOAc, 

and ZO MeOH at 31.25 µg/ml. In contrast, MNTC 

was 62.5 µg/ml in AO MeOH. Additionally, their cell 

viability percentages (98.19%, 98.62%, 96.46%, and 

100%, respectively) resembled those of normal Vero 

cells. On the other hand, Fig. (4 &5) mentioned 

MNTC and IC50. In fact, our findings showed that 

neither of the two plant extracts had any harmful 

effects. Furthermore, AO MeOH resembled regular 
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(D) (C) 

(B) 

cells. These findings, along with earlier research, 

demonstrated that AO and ZO plants are not harmful 

to Vero cells [45,46,47,48].  

 

Fig (4): Effect of AO and ZO extracts maximum non-toxic 

concentration (MNTC) on vero cell line 

 

 

 

 

 
 

 

Fig. (5): Effect of different fractions on vero cells at different 
concentrations (1000, 500, 250, 125, 62.5 and 31.25 ug/ml) 

shows (A) MNTC of AO EtOAc to be 31.25 ug/ml. (B) MNTC 

of AO MeOH to be 62.5 ug/ml, (C) MNTC of ZO EtoAc to be 
31.25 ug/ml, (D) MNTC of ZO MeOH to be 31.25 ug/ml. 

 

3.5. Antiviral assay dependent MNTC against Herpes 

simplex type-II (HSV-II) 

The following diagram (Fig.6) illustrates how 

antiviral assay-dependent MNTC against Herpes 

simplex type-II (HSV-II) exhibits dramatically 

variable activity %. At a dosage of 31.25 ug/ml, AO 

EtOAc had the strongest anti-HSV-II (91.9 %) 

antiviral activity and the lowest toxicity (3.69 %), 

followed by ZO EtOAc (50.3 %) antiviral and 

toxicity (22.9%). ZO MeOH also demonstrated anti-

HSV II action (42.34%) and toxicity (26.53%). The 

AO MeOH extract showed the least amount of action. 

In actuality, this is the first report on Zingiber 

officinale and Alpinia officinarum's anti-HSV-II 

activity. But according to Ramadan [49], ZO 

essential oil is a viruscidal agent against HSV-II. The 

combined phenolic and flavonoid contents of the two 

plants could be the cause of such. However, these 

results indicate that the phenolic components of the 

extracts have antiviral activity against the Herpes 

simplex virus type 2. 

 

 

Fig. 6: Antiviral activity of AO and ZO extracts against Herpes 

simplex type II    revealed antiviral significant percentage. 

 

3.6. HPLC identification and quantification of 

phenolic compounds: 

The EtOAc extracts of AO and ZO in this study 

have a high concentration of phenolic components, 

which may produce antioxidant and antiviral 

activities, according to the results of the total 

phenolic and flavonoid content assay. Therefore, 

using HPLC analyses to determine the chemical 

composition and relative proportions of phenolic 

compounds in the extracts, the EtOAc extracts of 

plants were compared to nineteen standard phenolic 

compounds (Gallic acid, Chlorogenic acid, Catechin, 

Methyl gallate, Coffeic acid, Syringic acid, Pyro 

catechol, Rutin, Ellagic acid, Coumaric acid, 

Vanillin, Ferulic acid, Naringenin, Daidzein, 

Querectin, Cinnamic acid, Apigenin, Kaempferol, 

and Hesperetin), as shown in Tables (1), Fig. (7). 

The most prevalent phenolic acids in ZO extract 

were Ellagic acid, Hesperetin, Querectin, Daidzein 

and Syringic acid (31.89, 22.91, 19.56, 18.49 and 

11.33 µg/ml, respectively). The other chemicals were 

detected in trace levels, whereas pyrocatechol and 

rutin were absent. 

Chlorogenic acid, Ellagic acid, Hesperetin, 

Apigenin, Syringic acid, and Kaempferol were the 

most common phenolic acids in AO extract (44.57, 

42.05, 38.50, 29.91, 28.25, and 23.33 µg/ml, 

respectively). Rutin, Pyrocatechol, Catechin, and 

Coffeic acid were absent, and the concentration of the 
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other components in this extract was greater than that 

of the ZO extract.  

Despite coming from the same family, the two 

plants differ greatly in terms of their levels of 

comparable chemicals and their chemical 

composition. Therefore, AO may be more active than 

ZO as a result of these changes [50].  

Three phenolic acids; elagic acid, syringic acid, 

and chlorogenic acid; are beneficial to health because 

they may serve as antioxidants to prevent oxidative 

stress on cells brought on by free radical oxidation 

processes [51]. In AO, elagic acid and syringic acid 

are more concentrated than in ZO. Ellagic acid 

demonstrated increased antiviral efficacy and 

partially inhibited the replication of HSV-II by 

targeting cellular molecules [52,53,54]. it has been 

reported that AO contains chlorogenic acid, which 

has demonstrated antiviral properties against several 

virus species, including Herpes Simplex Virus-1 

(HSV-I) and Herpes Simplex Virus-2 (HSV-II) 

[55,56].  

Flavonoids, including hesperetin, querectin, daidzein, 

apigenin, and kaempferol, offer a range of possible 

biological advantages, including anti-inflammatory, 

antioxidant, antibacterial, anticancer, antifungal, and 

antiviral properties [57]. 

Whereas querectin and daidzein are more 

abundant in ZO extract than AO extract, apigenin, 

kaempferol, and hesperetin are more abundant in Ao 

extract. Hesperetin content in AO is over twice that 

of ZO extract. Hesperetin has demonstrated antiviral 

effectiveness against a variety of viruses, including 

COVID-19 and HSV-1, through reducing the virus's 

intracellular replication, according to earlier research 

[58,57,59,60]. Furthermore, it can prevent HSV-II 

plaques from forming [61]. The high concentration of 

apigenin and kaempferol found specifically in AO 

extract may account for its potent antiviral properties. 

According to [57], apigenin demonstrates a range of 

antiviral properties against many viruses, including 

poliovirus type 2, hepatitis C, and B viruses. By 

preventing infection at the viral post-entry stage, it 

was also discovered to be effective against HSV-I 

and HSV-II [62,63]. Due to its antiviral, antibacterial, 

antioxidant, anticancer, and anti-inflammatory 

properties, kaempferol has drawn a lot of interest 

[64]. Kaempferol inhibits the replication of HSV-II, 

demonstrating strong anti-HSV-II activity, according 

to several researches [65,66,57]. 

ZO extract has a moderate content of querectin. 

There have been reports that querectin reduces the 

infectivity of viruses in a concentration-dependent 

manner. Furthermore, it decreased the in-vitro virus's 

(HSV-I and II) intracellular replication [58,66,67]. 

Several investigations have demonstrated that 

daidzein has no antiviral impact against the herpes 

simplex virus (HSV), despite the fact that it is found 

in ZO extract in a modest proportion [68,69]. 

These data collectively demonstrate that ethyl 

acetate extracts of AO and ZO have a high 

concentration of phenolic components that possess 

the ability to scavenge free radicals and may help 

prevent the intracellular reproduction and infection of 

Herpes Simplex Virus-II (HSV-II). 

 

 

Table (1): Comparative Phenolic acid concentrations in EtOAc of 

ZO and AO extracts compared to standard phenolic compounds 

 

 

 

 

 

 

Compounds Rt Standard 
Conc. 

(µg/ml) 

EtOAc  of 
ZO 

Conc.(µg/

ml) 

EtOAc of 

AO  

Conc.(µ

g/ml) 

Gallic acid 3.43 15 5.84 3.31 

Chlorogeni 
acid 

4.23 50 7.39 44.57 

Catechin 4.64 75 6.21 ------- 

Methyl 

gallate 

5.63 15 1.36 10.86 

Coffeic acid 6.08 18 3.31 ------- 

Syringic 

acid 

6.59 17.2 11.33 28.25 

Pyro 

catechol 

6.84 40 ------- ------- 

Rutin 7.90 61 ------- -------- 

Ellagic acid 8.78 120 31.89 42.05 

Coumaric 

acid 

9.17 20 0.45 2.64 

Vanillin 9.79 12.9 8.85 13.72 

Ferulic acid 10.26 20 6.46 6.31 

Naringenin 10.48 30 4.89 7.50 

Daidzein 12.26 35 18.49 7.10 

Querectin 12.74 40 19.56 1.65 

Cinnamic 

acid 

14.04 10 4.54 2.84 

Apigenin 14.48 50 1.48 29.91 

Kaempferol 14.98 60 13.61 23.33 

Hesperetin 15.54 20 22.91 38.50 
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Fig (7): HPLC-chromatogram of (A): standards phenolic 

compounds, (B): EtOAc of ZO and (C): EtOAc of AO 

 

4. Conclusion 

The ethyl acetate extracts of A. officinarum and Z. 

officinale have a high content of phenolic 

components, which may be the main cause of 

antioxidant activity and inhibit the intracellular 

replication and infection of Herpes Simplex Virus-II 

(HSV-II), according to the results of the current 

study's total phenolic, flavonoid, and HPLC content 

assays. 
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