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Abstract 

Clinically, myocardial injury (MI) is considered one of the major health problems worldwide. MI is a significant 

worldwide illness burden. Ginseng is a traditional medicine used in the treatment of acute decompensated heart failure 

(ADHF). This study aimed to assess the possible cardio protective effect of acidic, 80% methanolic (AMeOH) and 70% 

ethanolic (EtOH) extract from the root of Vietnamese (Vit) and Chinese (Chin) ginseng (Gens) against adrenaline-induced MI 

in rats. Additionally, an evaluation was conducted on the extracts' impact on histopathological alterations and cardiac function 

biomarkers. Adrenaline (2 mg/kg, s.c.) was given once for two days in a row (24 hours apart) in order to induce MI. Normal 

and control groups received the vehicle for 14 consecutive days. The other 3 groups were orally administered the extracts for 

14 consecutive days. In addition, quantification of the total phenolic content as gallic acid equivalent in three extracts was 

measured. The antioxidant activity was measured in vitro using 1,1-diphenyl-2-picrylhydrazyl (DPPH). The result revealed 

that acidic, 80% methanolic and 70% ethanolic extract from the root of Vietnamese (AMeOH-Vit-Gens, EtOH-Vit-Gens) and 

Chinese ginseng (AMeOH-Chin-Gens, EtOH- Chin-Gens) had clear cardio protective effects.  Therefore, ginseng is a 

potential source of antioxidant specially the acidic extract and methanolic extract, respectively. The silyliated extracts were 

evaluated by using GC-MS analysis. The highest carboxylic acids ratio was found in the Vietnamese ginseng ethanol extract, 

followed by methanol extract and hydrochloric acid extract (12.17%, 10.43% and 5.64% respectively). The highest sugar 

content was established in Chinese ginseng hydrochloric acid extract (83.95%), Vietnamese ginseng hydrochloric acid extract 

(81.91%), ethanol extract (Vietnamese 79.31% and Chinese 73.03%) and methanol extract (Vietnamese 72.31% and Chinese 

70.36%). Vietnamese ginseng methanol extract had 5.95% of alcohols, 2.92% of ethanol, and 3.51% of hydrochloric acid, 

whereas Chinese ginseng methanol extract contained 3.50% of alcohol, 5.16% of ethanol, and 0.71% of hydrochloric acid. 

These findings offered solid proof that ginseng might prevent myocardial injury by activating the NF-B signaling pathway. 
Keywords: Myocardial injury, Vietnamese ginseng, Chinese ginseng, adrenaline-induced 

______________________________________________________________________________________

1. Introduction 

Across the entire world, myocardial infarction is 

regarded as one of the biggest health issues [1]. In 

the entire world, myocardial infarction is the leading 

cause of death [2]. When the oxygen deprivation of 

the heart muscle is severe enough to cause the death 

of myocardial cells, a heart attack occurs. The event 

of myocardial (heart muscle) infarction (cell death 

due to ischemia), which is what a heart attack is 

medically known as, is appropriately described by 

its technical nomenclature [3]. The term 

"myocardial infarction" refers to the death of heart 

cells because of an imbalance in the supply and 

demand of oxygen in the heart [4]. It can happen as 

a result of atherosclerotic plaque (type 1 myocardial 

infarction), changes in the oxygen supply and 

demand in the heart without atherosclerotic plaque 

(type 2 myocardial infarction), or the patient's ST 

elevation electrocardiogram (type 3 myocardial 

infarction) being detected. Types 4 and 5 

myocardial infarction, respectively, can be linked to 

percutaneous coronary procedures or coronary 

artery bypass surgery [5]. In addition to being an 

independent condition, myocardial damage (MI) is a 

prerequisite for the diagnosis of MI. According to 

[6], oxidative stress in MI is brought on by an 

overabundance of reactive oxygen species (ROS), 

which disturbs the cardiac cell membrane and 
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causes lipid peroxidation. Elevated ROS levels in 

MI also cause the activation of apoptotic and 

inflammatory pathways. On the heart, 

catecholamines have both inotropic and 

chronotropic actions [7]. Overindulgence in 

catecholamines results in coronary vasoconstriction, 

which raises the oxygen demand and decreases the 

flow of blood to the heart, ultimately causing 

myocardial infarction. Catecholamine-induced MI is 

caused by an excess of reactive oxygen species 

(ROS) and a decrease in cardiac antioxidants, which 

leads to oxidative stress and myocardial necrosis or 

apoptosis [8]. 

Generally regarded as a hormone involved 

in the "fight or flight" response, adrenaline is a 

naturally occurring catecholamine [9]. The earliest 

application of adrenaline as a medication was in 

human cardiac resuscitation. It has further therapeutic 

uses in the management of asthma, glaucoma, 

allergic responses, and cardiac arrest. On the other 

hand, adrenaline has been shown to cause the 

generation of reactive oxygen species (ROS), or 

reactive nitrogen species-mediated tissue damages, at 

doses higher than physiological levels [10]. 

Adrenaline-induced MI in rats is considered a valid 

experimental model, which is used to investigate the 

cardio protective effect of antioxidant agents [11].  

Adrenaline was found to induce MI by causing lipid 

peroxidation leading to depletion of cellular 

antioxidants [12]. In cardiomyocytes, adrenaline was 

shown to increase lipid, protein, and DNA damage 

with overproduction of nitrosative derivatives [13]. 

Medicinal plants and some organic products are used 

to cure heart attacks and have a significant positive 

impact on productivity [14]. 

Panax ginseng C. A. Meyer is a perennial 

plant found in Korea and northern China that is a 

member of the Araliaceae family. The ginseng root 

has been utilized for more than 2000 years, as is 

commonly known. A significant medicinal plant with 

a long history around the world is P. ginseng, 

sometimes known as Korean ginseng. Ginseng root is 

frequently employed in herbal therapy. Many studies 

have been conducted on the chemical components 

and biological functions of P. ginseng root. The P. 

ginseng berry exhibits possible biological and 

pharmacological activity, according to several studies 

published recently. Compared to the P. ginseng root, 

the P. ginseng berry has not been thoroughly 

investigated and analyzed. There are numerous 

components in ginseng's dried roots and rhizomes 

that are crucial for health saponins, phytosterol, 

carbohydrates, organic acids, nitrogenous materials, 

amino acids, peptides, vitamins, minerals, and some 

isolated and described enzymes are some of these. 

Ginseng saponins have been shown to be the main 

and most effective component among them. These 

saponins' extraction, purification, identification, 

isolation of aglycones, and biosynthesis has therefore 

been the subject of chemical investigation. Saponins, 

also known as ginsenosides or panaxosides, have 

been isolated and identified thus far. These 

triterpenes have dammarane and oleanane structures. 

The kind, quantity, and attachment place of the sugar 

moieties distinguish them from one another. These 

ingredients are in charge of the complicated 

pharmacological effects of ginseng. Moreover, it is 

utilized as a general tonic and adatogen to improve 

health by assisting the body in fending off the 

damaging effects of a variety of physical, chemical, 

and biological factors. Moreover, ginseng has 

powerful anti-tumor properties and can enhance 

immune system cell function. Although the roots of 

American, Japanese, San-ch'i, Himalayan, and 

Siberian ginseng species contain numerous saponins 

that are identical to those in ginseng, their general 

makeup is substantially different. Several of the 

saponins typically found in the root are present in 

these ginseng plants' aboveground components, 

particularly the leaves. Future ginseng research may 

focus on finding affordable supplies of ginseng 

saponins in nature or even through chemical 

synthesis. Unquestionably, more thorough, ongoing 

research is required to transform these traditional 

cures into practical, effective modern treatments [15]. 

Ginseng is a well-known herbal remedy that has been 

a crucial part of numerous Chinese treatments for 

thousands of years. It still has a fixed and noticeable 

location today. Ginseng is thought to be a valuable 

medicinal plant and nutritional supplement for 

promoting healthy biological processes, preserving 

human health, and regulating physiological 

circumstances [16]. Ginseng has recently gained 

popularity as a food and beverage addition as well as 

a dietary health supplement. These days, herbal 

remedies are highly valued and suggested as natural 

options for maintaining health.  Both red and white 

ginsengs are effective in the treatment of 

cardiovascular disease [17; 18; 19]. Therefore, in this 

study focused on the recently reported medicinal 

effects of different panax ginseng species. 

Comparative studies between Chinese and 

Vietnamese panax ginseng exopolysaccharides and 

its in vivo protective effect on myocardial injury 

induced by adrenaline in rat and antioxidant, 

prebiotic activity was evaluated. In addition, 

quantification of the total phenolic content as gallic 

acid equivalent in acidic, methanoic and 70% 

ethanolic extract from the root of Vietnamese and 

Chinese ginseng was measured. The silyliated 

extracts were evaluated by using GC-MS analysis. 

2. Materials and Methods 

2.1. Materials 

Vietnamese and Chinese Panax ginseng were 

obtained from the local market (Haraz Company), 

Cairo, Egypt. The collected ginseng plant materials 



 COMPARATIVE STUDIES BETWEEN CHINESE VS VITNAMESE PANAX GINSENG EXOPOLYSACCHARIDES..  .. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 11 (2024) 

 

651 

were dried in a shade at room temperature for 8 days 

and then milled into powder using a high-speed 

blender (IKA-Laboratechnic, Germany). 

2.1.1 Drugs 

Adrenaline 1 mg/ml S.C. ampoules (commercially 

available, CID, Egypt).The research protocol was in 

accordance and approved by Research Ethics 

Committee, Faculty of Pharmacy, Cairo University 

(REC-FOPCU). 

2.1.2. Animals 

Healthy adult males of Wistar Albino rats weighing 

150-180g were obtained from the Animal House, 

National Research Centre. Rats were housed in 

standard polypropylene cages under standard 

laboratory conditions of temperature, humidity and 

light with a free access to standard diet and water ad 

libitum. The study was approved by the Institutional 

Medical Research Ethics Committee (MREC) of the 

National Research Centre (Ethical approval license 

Nr. 2445062023). 

2.2. Methods 

2.2.1. Scanning electron microscopy (SEM) 

The surface morphology of the milled Vietnamese 

and Chinese Panax ginseng was examined using 

scanning electron microscopy (JEOL 5410) 

microscope with an accelerating voltage conducted at 

10 kV. Sample were gold coated using a Hitachi 

coating unit IB-2 coater under a high vacuum, 0.1 

Torr, high voltage, 1.2 kV and 50 mA.  

2.2.2. Energy Dispersive X-Ray Spectroscopy 

EDAX (or EDS) is an x-ray spectroscopic method for 

determining elemental compositions (qualitative and 

quantitative analysis).  

2.2.3. Extraction and isolation 

Both milled Vietnamese and Chinese Panax ginseng 

(50 g) was subjected to the extraction process using 

HCl (1N) in 1L H2O at 80°C for 3h, separately. Then 

supernatant was centrifuged and neutralized with 

NaOH (1N). After neutralization, supernatant 

dialyzed, concentrated and obtained acidic extract. 

On the other hand, the methanolic extract was 

obtained from the both Vietnamese and Chinese 

ginseng with 80% methanol at 25°C for overnight to 

yield a black residue. Also, ethanolic extract was 

obtained from both types by using 70 % ethanol at 

25°C for overnight.  

2.2.4. Total carbohydrate determination  

Complete acid hydrolysis of extracted samples was 

carried out according to the modified method by [20]. 

Qualitative and quantitative sugars were evaluated as 

follow: 

 

2.2.4.1. Qualitative examination of the hydrolyzed 

products  

The hydrolyzolate sugars were detected using 

chromatography on Whatman No.1 paper, using the 

solvent system: n-butanol-acetone-water (4:5:1). 

Authentic samples of D-glactouronic acid, D-

galactose, D-glucose, D-fructose, D- mannose, L-

arabinoseand D-xylose were co-chromatographed as 

reference sugars. After chromatographic separation, 

the chromatogram was air dried and dipped in 40-50 

ml of the color reagent, air dried, and then heated at 

105°C for 10 min in an oven for developing the 

colored spots [21].  

2.2.4.2. Quantitative Determination of the 

Hydrolyzed Products   

Quantitative determination of the hydrolyzed sugars 

was done. The individual chromatographic spots 

were cut off, divided into small strips, and dropped 

into 4 ml eluting agents. The absorbance of the 

resulting colored solutions was determined at 390 

NM Spectrophotometer UNICO 7200 [22]. 

 

 

2.2.5. Determination of soluble protein  

 

Protein assay was performed according to the method 

of Lowry   et al., (1951).  

2.2.6. Total phenolic content (TPC) 

The total phenolic content was estimated according to 

Makkar’smethod[23].ThreemLof theextractwas

thoroughly mixed with 1.5 mL of Folin 

Ciocalteuphenol reagent (previously diluted 1:10 in 

water), and allowed to stand for 5 min.  Sodium 

carbonate solution (20%) 1.5 mL was added and the 

mixture was gently stirred. After incubation (90 min 

at room temperature), the absorbance was measured 

at 725 nm on a UV-1800 spectrophotometer 

(Shimadzu, Kyoto, Japan). Readings were calibrated 

using known concentrations of gallic acid. TPC was 

expressed as mg of gallic acid equivalents (mg gallic 

acid equivalent/ 100g extract) and the values are 

presented as means of triplicate. 

 

2.2.7. Total flavonoid content (TFC) 

The total flavonoid content was determined according 

to [24].  Briefly, 1 mL of extract was dissolved in 5 

mL of H2O in a 10 mL volumetric flask. Sodium 

nitrite 0.3 mL (50 g L-1 in water) was added; the 

mixture was allowed to stand for 5 min and then 0.3 

mL of aluminum chloride (100 g L-1 in water) was 

added. The mixture was incubated (6 min at 25°C), 

after that 2 mL of sodium hydroxide (1 M) was added 

and diluted to volume with water. The absorbance 

was immediately measured at 510 nm. Measurements 

were calibrated with a standard curve of known 

concentrations of catechin. TFC was expressed as mg 

of catechin equivalents (mg catechin equivalent/ 100g 

extract). 

 

2.2.8. GC-MS analysis of silylated extracts 

The Gas chromatography/mass spectrometry 

(GC/MS) analysis of the extracts was carried out 

using gas chromatography/mass spectrometry 

instrument stands at the department of Medicinal and 

Aromatic Plants Research, National Research Center 

with the following specifications. Instrument: a 
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TRACE GC Ultra Gas Chromatographs (THERMO 

Scientific Corp., USA), coupled with a THERMO 

mass spectrometer detector (ISQ Single Quadrupole 

Mass Spectrometer). The GC/MS system was 

equipped with a TR-5 MS column (30 m x 0.32 mm 

i.d., 0.25 μm film thickness).Analyseswere carried

out using helium as the carrier gas at a flow rate of 

1.3 mL/min and a split ratio of 1:10 using the 

following temperature program: 60°C for 1 min; 

rising at 4.0°C/ min to 240°C and held for 1 min. The 

injector and detector were held at 200°C. Silylated 

extracts analysis was carried out as follows. 

Briefly,100 mg of the three fractions was extracted 

with 5 ml 100% methanol with sonication for 30 min 

with frequent shaking, followed by centrifugation at 

12,000rpmfor10mintoremovedebris.100μlofthe

methanolic extract was aliquoted in a screw-cap vial 

and left to evaporate under a nitrogen gas stream to 

complete dryness. For derivatization, 150μL of N-

methyl-N-(trimethylsilyl)-trifluoroacetamide 

(MSTFA) that was previously diluted 1:1% with 

anhydrous pyridine was added to the dried 

methanolic extract and incubated at 60 °C for 45 min 

prior to analysis using GC-MS. Separation of 

silylated derivatives was accomplished on a Rtx-5MS 

(30m length, 0.25mm innerdiameter, and 0.25m film) 

[25]. Diluted samples (1:10 hexane, v/v) of 1μL of

the mixtures were always injected. Mass spectra were 

obtained by electron ionization (EI) at 70eV, using a 

spectral range of 40-450 m/z. The identification of 

the chemical constituents of the silylated 

polysaccharide samples was deconvoluted using 

AMDIS software (www.amdis.net) and identified by 

its retention indices (RI) with relation to n-alkanes 

(C6-C20). Mass spectrum matching to the Wiley 

spectral library collection, NSIT library database. 

Peaks abundance data were exported for multivariate 

data analysis by extraction using MET-IDEA 

software [26]. 

 

2.2.9. Experimental design 

The rats were divided into eight groups containing 

six rats each. Group 1: received distilled water orally 

through intragastric tube daily for 14 consecutive 

days, then distilled water was given subcutaneously 

in a single dose 24 h apart fortwo consecutive days 

from 15th day and served as normal. Group 2: 

received distilled water orally through intragastric 

tube daily for 14 consecutive days, then adrenaline (2 

mg/kg) was given subcutaneously in a single dose 24 

h a part for two consecutive days from 15th day and 

served as control. Group 3 and 4: received orally 

ethanol extract Chinese and ethanol extract 

Vietnamese, respectively through intragastric tube 

daily for 14 consecutive days, then adrenaline (2 

mg/kg) was given subcutaneously in a single dose 24 

h apart for two consecutive days from 15th day and 

served as treatment. Group 5 and 6: received orally 

methanol extract Chinese and methanol extract 

Vietnamese, respectively through intragastric tube 

daily for 14 consecutive days, then adrenaline (2 

mg/kg) was given subcutaneously in a single dose 24 

h apart for two consecutive days from 15th day and 

served as treatment. Group 7 and 8: received orally 

HCl extract Chinese and Vietnamese, respectively 

through intragastric tube daily for 14 consecutive 

days, then adrenaline (2 mg/kg) were given 

subcutaneously in a single dose 24 h apart for two 

consecutive days from 15th day and served as a 

treatment. All the rats were sacrificed 24 h after the 

last dose under light anesthesia by ether. About 2 ml 

of blood from each rat was collected in a clean and 

dry test tube by cervical decapitation. The serum was 

separated by ultra-centrifugation (4000 rpm for 5 

min) and collected by micropipette, transferred to 

labeled test tubes for biochemical study as follows: 

 

2.2.9.1.  AST level 

AST level was estimated according to the method of 

[27] using rat AST ELISA assay kit. The 

concentration of enzyme was measured 

spectrophotometrically at wavelength 340 nm. 

  

2.2.9.2.  LDH level 

LDH level was estimated using the enzymatic 

method according to manufacturer instructions 

(Chrono Lab, France) and measured 

spectrophotometrically at 340nm. Serum LDH level 

is expressed as U/L.  

 

2.2.9.3.  CK level  

CK level was determined enzymatically using Abbot 

et al. (1984) method and the concentration was 

measured using spectrophotometer at 340 nm. Serum 

CK level is expressed as U/L [28].. All quantitative 

variables were expressed as mean ±SD. ANOVA was 

done for statistical analysis. Post-hocanalysis of 

differences was done by Least Significant Difference 

(LSD) test. 

 

2.2.10. Histopathological examination 

At the end of the experiment, animals were 

decapitated under light ether anesthesia. Tissue 

specimens were collected from the heart of the 

different experimental groups and preserved in 10% 

buffered neutral formalin (CH2O). Formalin fixed 

specimens were routinely dehydrated by graded 

series of alcohol, cleared in xylol and finally 

embedded in paraffin. Paraffin blocks were serially 

sectioned at 4-5 µm thickness and stained with H & E 

[29]. The obtained sections were collected on glass 

slides and subjected to histopathological examination 

using electric light microscope Olympus BH2 

(Tokyo, Japan). Tissue slides were examined and 

compared with their corresponding controls. 
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3. Results and discussion: 

3.2. SEM analysis 

 SEM spectroscopy analysis is a powerful 

investigative technique that uses a focused electron 

beam to create detailed, high magnification images of 

the sample surface topography. SEM indicated the 

presence of Panax ginseng Vietnamese as circle 

nodes; however, the Chinese has no definite shape as 

shown in Fig. 1. 

  
Chinese Vietnamese 

Fig. 1 Scanning electron micrograph showing the 

morphology and microstructure of Panax ginseng 

Vietnamese and Chinese. 

3.2. EDAX analysis 

 In conjunction with SEM analysis, the 

system's EDS component was applied to determine 

elements in the sample surface for qualitative and 

quantitative information. The ginsenosides not only 

make ginseng so good for our health. Also the 

essential minerals like (nitrogen, iron, potassium, 

calcium, phosphorous) and traces elements (zinc, 

selenium). Chinese ginseng minerals content (P 

0.17%, K 0.55%, Ca 0.34% and Fe 0.63%) higher 

than Vietnamese ginseng (P 0.07%, K 0.38%, Ca 

0.11% and Fe 0.44%). On the other side Vietnamese 

ginseng minerals content (N 2.89%, Zn 0.77% and Se 

1.41%) higher than Chinese ginseng (N 2.34%, Zn 

0.07% and Se 0.23%) as shown in Fig. 2 and Table 1. 

Potassium is a related mineral that is essential for 

maintaining a healthy heart and blood pressure. 

Consuming more potassium-rich foods and fewer 

salty foods may considerably reduce the risk of 

cardiovascular disease. According to research, higher 

serum selenium levels are linked to hypertension, 

although neither high nor low levels of copper or zinc 

are [30]. 

3.2. Phytochemical analysis 

In the present study, we have focused on three 

different types of extractions from the root of 

Vietnamese and Chinese ginseng. One of them was 

using HCl (1N) at 80°C, 80% methanolic extract at 

25°C and the other was an ethanolic extract. The 

yields of the resulted extract (Table 2) were found to 

comprise 1.94%, 5.20% and 4.65% of acidic 

methanolic and ethanolic Vietnamese ginseng 

extracts, respectively. 

On the other hand, Chinese ginseng extracts yielded 

0.53%, 5.60% and 4.57% of acidic, methanolic and 

ethanolic extracts, respectively. 

 

Chinese 

 
Vietnamese 

 
Fig. 2 EDAX analysis of Panax ginseng 

Vietnamese and Chinese. 

 

Shalaby et al. (2018) reported that the yield 22% of 

acidic extract while, 40% was found in the alkaline 

Vietnamese ginseng extract. Therefore, the analytical 

characterization of acidic extract indicated that the 

presence of carbohydrates (83% Chinese ginseng 

extract and 81% Vietnamese ginseng extract) as 

major constituent. However, the methanolic and 

ethanolic extract has 70-72% total carbohydrates 

content (TCC) [31]. Total soluble protein (TSP) 

ranged between 1.3 to 5%. Using the Folin-Ciocalteu 

reagent method, the total phenolic contents (TPC) of 

several P. ginseng extracts were examined, and a 

remarkable quantity was discovered in all samples 

(Table 2). TPC was estimated 5.95 mg/ml 

methanolic, 2.92 mg/ml ethanolic and 3.51 mg/ml 

acidic Vietnamese ginseng extracts, on the other hand 

Chinese ginseng extracts recorded 3.50 mg/ml 

methanolic, 5.16 mg/ml ethanolic and 0.71 mg/ml 

acidic extract. The total flavonoid content (TFC) was 

determined and lowest content was 17.11 mg/ml 

acidic Chinese extract, 19.91 mg/ml ethanolic 

Vietnamese extract and the highest content was 

methanolic Chinese extract 28.21 mg/ml. The P. 

ginseng root, leaf, and fruit all contained TPC, but 

the methanolic fruit extract had the highest quantity 

(95.21 mg/g). Methanolic leaf extract (39.21 mg/g), 

which was followed by root (30.21 mg/g), had the 

second-highest concentration. Methanolic fruit 

extract was found to have the highest total flavonoid 

concentration (50.21 mg/g), followed by leaf (24.32 

mg/g) and root (20.25 mg/g) [32].  It was established 

that the composition of the dry root was 

approximately as follows: ginsenosides, 1–6%; 
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carbohydrates, 60–70%; nitrogen-containing 

compounds, 12–16%; fats, 2%; vitamins, 0.05%; 

mineral 4–5% and moisture, 9–11% [33]. 

Qualitative and Quantitative carbohydrate 

analysis was determined and the results revealed that 

different monosaccharide existed. Glucose (50-80%), 

arabinose (10-40%), fructose (5-15%) and galactose 

(2.5-5%) were the main sugars. Glucouronic acid was 

represented as traces sugar as shown in Fig. 3. 

 
Fig. 3 Qualitative and Quantitative 

monosaccharide sugars analysis. 

Table 1 Elemental content of Panax ginseng Vietnamese and Chinese. 

 

Table 2 Phytochemical analysis of three different types of extractions from the root Vietnamese and 

Chinese ginseng. 

Panax ginseng Extract Yield TCC TPC TFC TSP 

Vietnamese Acidic 1.94 81 3.51 21.63 3.61 

Methanolic 5.20 72 5.95 27.98 4.28 

Ethanolic 4.65 72 2.92 19.91 4.62 

Chinese Acidic 0.53 83 0.71 17.11 1.31 

Methanolic 5.60 70 3.50 28.21 5.01 

Ethanolic 4.57 70 5.16 25.77 4.66 

 

3.4. GC-MS analysis of silylated extracts 

 By comparing each compound's retention 

time, peak area, and interpretation of its mass spectral 

data to the literature, all compounds were identified. 

Based on the information in Fig. 4 and Table 3, it was 

determined that 66 components were present in total, 

accounting for 96.61%, 99.84%, and 97.18% of the 

total Vietnamese ginseng extracts of methanol, 

ethanol, and hydrochloric acid, on the other hand 

98.45%, 98.84%, and 92.13% of the total Chinese 

ginseng extracts of methanol, ethanol, and 

hydrochloric acid, respectively. The highest 

carboxylic acids ratio was found in the Vietnamese 

ginseng ethanol extract, followed by methanol extract 

and hydrochloric acid extract (12.17%, 10.43% and 

5.64% respectively). Phosphoric acid was the main 

carboxylic acid (6.31%) and then Malic acid (4.31%). 

However, citric, quinic, malonic and malic acid were 

found just in Vietnamese ginseng extracts. The 

obtained carboxylic acids ratio was agreed with 

Ragab et al. 2021 (21.40%) [34].  Vietnamese 

ginseng methanol extract had 5.95% of alcohols, 

2.92% of ethanol, and 3.51% of hydrochloric acid, 

whereas Chinese ginseng methanol extract contained 

3.50% of alcohol, 5.16% of ethanol, and 0.71% of 

hydrochloric acid. Myoinositol was the highest 

alcohols 4.01% in Vietnamese ginseng methanol 

extract, 2.85% in ethanol, and 2.98% in hydrochloric 

acid extract. The only sources of linalool, glycerol, 

erythritol, and barigenol were Chinese ginseng 

extracts. In all extracts, amino acids were present in 

roughly similar amounts. Pyroglutamic acid was the 

most abundant amino acid, followed by alanine, 

valine, proline, serine, and aspartic acid. Fatty acids 

Element Chinese Vietnamese 

Weight % Atomic % Error % Weight % Atomic % Error % 

C 37.23 44.52 8.00 46.89 54.96 9.91 

N 2.34 2.40 34.91 2.89 2.91 97.56 

O 58.43 52.46 10.66 47.04 41.4 14.04 

P 0.17 0.08 35.45 0.07 41.4 14.04 

K 0.55 0.20 15.23 0.38 0.14 50.99 

Ca 0.34 0.12 22.29 0.11 0.04 77.77 

Fe 0.63 0.16 21.76 0.44 0.11 67.51 

Zn 0.07 0.02 77.51 0.77 0.17 66.8 

Se 0.23 0.04 73.32 1.41 0.25 69.06 
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represented 2.29% in Chinese ginseng ethanol extract 

as tetracosanoic acid, 1.86% in Chinese gensing 

methanol extract as tetracosanoic acid and oleanolic 

acid, and 1.31% in Vietnamese gensing methanol 

extract as oleanolic acid. Linoleic acid was only 

8.17% in Vietnamese ginseng butanol fraction [34]. 

Octadecanamide 4.9 % was found as amide in 

Chinese ginseng ethanol extract, 4.46% in Chinese 

ginseng methanol extract and less than 1% in other 

extracts. Adenosine was found as the main amine in 

all extracts and then Phenylethanolamine. 

Hydroxyandrosterone and methylcytosine were 

existed as ketons traces (less than 1%). Amides, 

amines, ketons and furans were represented as traces 

in Vitnamese ginseng fractions [34].  Ginseng 

generally had many carbohydrates, which were 

visible in their extracts. the highest sugar content was 

established in Chinese ginseng hydrochloric acid 

extract (83.95%), Vitnamese ginseng hydrochloric 

acid extract (81.91%), ethanol extract (Vitnamese 

79.31% and Chinese 73.03%) and methanol extract 

(Vitnamese 72.31% and Chinese 70.36%). Fructose 

was the main ketonic monosaccharide sugar in all 

extracts ranged from 26.79% -14.66%. 

Glucopyranose was the second abundant sugar in 

Vitnamese ginseng (20.68%- 11.66%) and 

galactopyranose (15.77%-8.59%), respectively. 

Sucrose was the disaccharide sugar existed in all 

extracts (22.55%-1.40%).The sugar contents of the 

Vitnamese ginseng were as follows: fructose 22.62%, 

sucrose 22.61%, glucopyranose 12.67%, and 

galactopyranose 10.16% [34]. 

Fig. 4 GC–MS chromatogram of silylated methanol extract Vit. (A), methanol extract Chin. (B), ethanol 

extract Vit. (C), ethanol extract Chin. (D), HCl extract Vit. (E) and HCl extract Chin. (F). 
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Table 3 Chemical profiles of silylated methanol extract Vit., methanol extract Chin., ethanol extract Vit., 

ethanol extract Chin., HCl extract Vit. and HCl extract Chin. 

  

  Methanol ext. Ethanol ext. HCl ext. Structure 

  Peak   Name RT(min) KI Exp VIT China VIT China VIT China   

1 Propylene glycol 3.26 988 0.25 0.4 0.07 0.19 0.37 0.07 C9H24O2Si2 

2 D-Lactic acid 4.19 1047 0.73 4.64 0.14 3.26 0.18 0.15 C9H22O3Si2 

3 Alanine 4.94 1094 1.08 0.73 0.89 0.47 0.62 0.14 C9H23NO2Si2 
4 Malonic acid 6.95 1202 ---    0.1 ---  ---  ---  C9H20O4Si2 

5 L-Valine 7.00 ###### 0.36 0.29 0.26 0.19 0.24 ---  C11H27NO2Si2 

6 Linalool 7.92 1157  --- ---  ---  ---  0.16 ---  C13H26OSi 
7 Glycerol 8.06 1259 ---  ---  --- 1.94 ---  ---  C12H32O3Si3 

8 Phosphoric acid 8.11 1263 5.02 6.31 3.16 2.47 3.36 1.16 C9H27O4PSi3 

9 Isoleucine 8.49 1282 ---  ---  0.16 ---  0.13  --- C12H29NO2Si2 
10 Proline 8.62 1324 0.33 0.52 0.14 0.45 ---  0.11 C11H25NO2Si2 

11 11-β-Hydroxyandrosterone 8.7 1307 ---  0.23 0.07 0.14 ---  ---  C19H30O3 

12 Proline 9.28 1324  --- 0.37 0.09 0.2 0.29 0.13 C17H37NO2Si2 
13 Serine  9.73 1348 0.27 1.12 0.12 0.75 0.22 0.24 C12H31NO3Si3 

14 L-Threonine 10.16 1371  --- 0.38 0.17 0.33 0.16 0.08 C13H33NO3Si3 

15 Phenylethanolamine  10.31 1379 ---  0.28 0.07 0.18 0.19 0.09 C17H35NOSi3 
16 Malic acid  12.13 1479 3.02  --- 4.31 0.17 1.3 ---  C13H30O5Si3 

17 Erythritol  12.25    --- 0.51 ---  0.25 ---  ---    

18 L-Aspartic acid 12.69 1510 0.27 0.41 0.24 0.33 0.39 0.45 C13H31NO4Si3 
19 γ-Aminobutyric acid 12.82 1518 0.65 ---  0.62 0.12 0.38 --- C13H33NO2Si3 

20 Pyroglutamic acid 12.87 1521 1.32 ---  1.69 0.24 0.62   C11H23NO3Si2 

21 5-Methylcytosine 13.15 1537 ---  ---  0.11 ---  1.03 0.34 C11H23N3OSi2 
22 L-Threonic acid 13.22 1542 ---  ---  0.1  --- ---  ---  C16H40O5Si4 

23 Barrigenol R1 13.85 ---  ---  0.39  --- 0.25 ---  0.16 C30H50O6 
24 α-DL-Arabinopyranose 14.09 1592 ---  ---  0.14 ---  4.68 0.16 C17H42O5Si4 

25 Ornithine 14.3 1603 ---  1.19  --- 1.47 0.37 0.16 C14H36N2O2Si 

26 Glutamic acid  14.4 1613 ---  ---  0.24 0.11 0.32 ---  C14H33NO4Si3 
27 N,O-Bis-phenylalanine 14.53 1619  ---  --- 0.11 ---  ---  ---  C15H27NO2Si2 

28 Arabinose 14.6 1623 ---  ---  0.16 ---  6.24 0.21 C17H42O5Si4 

30 Tetracosanoic acid 15.25 ---  ---  1.14 ---  2.29 ---  ---  C27H56O2Si 
31 D-Xylofuranose 15.65 1689 ---  0.6 0.24 0.58 0.43 ---  C17H42O5Si4 

32 Fructofuranoside, methyl  16.65 1750 0.71 0.59 0.46 0.37 0.4 0.19 C19H46O6Si4 

33 D-(-)-Tagatofuranose 16.89 1767 0.49 ---  0.25 0.14 ---  ---  C21H52O6Si5 
34  D-(-)-Fructofuranose 16.96 1771 4.32 7.67 2.59 7.27 4.38 6.24 C21H52O6Si5 

35 FRUCTOSE  17.09 1779 21.42 26.06 22.56 26.79 14.66 17.32 C21H52O6Si5 

36 d-(-)-Fructose 17.32 1794 ---  ---  0.14 0.21 0.3 9.35 C21H52O6Si5 
37 Citric acid, tetra 17.41 1800 1.71  --- 3.83 0.17 0.31  --- C18H40O7Si4 

38 D-Psicopyranose 17.62 1814 0.97 0.93 0.61 1.06 1.71 1.76 C21H52O6Si5 

39 Quinic acid 17.78 1825 0.45 ---  0.63 ---  0.49 ---  C22H52O6Si5 
40 D-Psicose 18.26 1858 2.06 4.22 2.18 4.1 3.58 5.17 C21H52O6Si5 

41 Galactopyranose 18.32 1860 8.59 ---  10.13 ---  15.77 7.78 C21H52O6Si5 

42 α-D-(+)-Talopyranose 18.43 1869 0.23  --- 0.3 ---  0.35 0.14 C21H52O6Si5 
43 Octadecanamide 18.66 1898 0.62 4.46 0.2 4.9 0.89 0.67 C22H44N2O2 

44 Glucosamine per 19.23 1925   0.45 0.13 0.44 0.17 ---  C24H61NO5Si6 

45  β-D-Glucopyranose 19.61 1951 11.66 0.78 12.64 0.75 20.68 9.77 C21H52O6Si5 
46 Myoinositol  20.93 2062 4.01 2.2 2.85 1.92 2.98 0.37 C24H60O6Si6 

47 Glyceryl-glycoside  23.85 2351 ---  ---  0.11 ---  --- 0.39 C27H66O8Si6 

48 Hexopyranose 26.67 2628  --- 0.67 0.15 1.1 ---  ---  C21H52O6Si5 

49 D-Psicofuranose 27.09 2670 ---  1.78  --- 1.97 ---  0.3 C21H52O6Si5 

50 Sucrose 27.34 2693 19.2 9.46 22.55 10.56 1.4 1.16 C36H86O11Si8 

51 B-LYXOPYRANOSE 27.77 2732 ---  ---  ---  ---  1.67 19.98 C17H42O5Si4 
52 Adenosine 27.86 2745 ---  1.8 0.26 2.16 0.27 3.75 C22H45N5O4Si 

53 Maltose 28.26 2786 ---  ---  0.11 ---  2.19 0.45 C36H86O11Si8 

54 Aucubin 28.46 2804 ---  0.7 ---  0.42  --- 2.81 C33H70O9Si6 
55  D-Lactose 28.83 2847  --- 0.77 ---  0.72  --- 0.2 C36H86O11Si8 

56 1-Monolinoleoylglycerol 29.15 2873 ---  ---  ---  ---  ---  0.11 C27H54O4Si2 

57 Monostearin 29.42 2899 0.74 2 0.53 1.68 1.57 0.57 C27H58O4Si2 
59  β-Gentiobiose 30.09 2966 ---   --- 0.21 0.48 1.45 ---  C36H86O11Si8 

60 4-O-β-Galactopyranosyl-D-

mannopyranose 

30.28 2984  ---  --- ---  ---  0.28  --- C36H86O11Si8 

61 β-Sitosterol  30.35  --- 2.29  ---  --- 0.51 ---  ---  C32H58OSi 

62 Oleanolic acid 31.85 3140 1.31 0.72 ---  ---  ---  ---  C30H48O3 

63 GLYCOCHOLIC ACID  32.12  --- 0.67 0.68 ---  0.28 ---  ---  C30H50O2 
64 D-(+)-Turanose 33.68 3318 0.49 1.1 3.02 0.58  --- ---  C36H86O11Si8 

65 Stigmasterol  34.2 3370 0.61 ---   --- 0.35 ---  ---  C32H56OSi 

66 Sucrose 34.51  --- 0.76 11.9 ---  13.53  --- ---  C27H54O4Si2 

  Total      96.6 98.45 99.8 98.84 97.2 92.13   
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 3.5. Chemical composition-based 

main component analysis (PCA) and 

agglomerative hierarchical clustering (AHC)  

The chemical compound data were applied 

to PCA in a trial to analyses the variation within 

ginseng extracts in an untargeted manner, despite the 

fact that different nonvolatile patterns of several 

extracts of ginseng were visible by simple visual 

inspection of the GC-MS chromatograms (Fig. 4, 

Table 3). The PCA is an unsupervised clustering 

method that does not require data set awareness and 

works to keep the variation in the data while reducing 

the multivariate data dimension [25]. Based on the 

PCA, the main component correlations among the 

investigated ginseng extracts were examined (Fig. 5). 

The PCA horizontal axis explained 69.90%, while the 

vertical axis explained a further 15.50% of the overall 

variation. The findings deduced the correlations 

among the two ginseng locations and different 

ginseng extracts, and all these extracts and ginseng 

from two location were found on the positive side of 

the cluster. The methanol and ethanol fraction 

showed strong correlations based on the abundance 

of sugars and amino acids, especially the major 

compounds; fructose, sucrose, β-D-glucopyranose, 

galactopyranose, and others. 

Fig. 5 Hierarchical clustering and principal component analyses of silylated metabolites from different 

ginseng extracts. (A) Score plot of PC1 vs. PC2 scores. (B) Loading plot for PC1 & PC2 contributing 

metabolites and their assignments. (C) HCA plot. The metabolome clusters are located at the distinct 

positions in two-dimensional space described by two vectors of principal component 1 (PC1)=69.92% and 

PC2=15.50%. 

 

3.6. Effect of the extracts on serum and cardiac 

biochemical parameters 

Serum and cardiac enzymes in the studied groups at 

the end of the experimental period, as depicted in 

Figures 6A, 6B and 6C adrenaline-induced MI 

resulted in significant increase in serum AST, LDH, 

and CK levels as compared to normal rats. Oral 

pretreatment of all extracts except Vietnamese 

ethanolic extract showed a significant decrease in 

AST as compared to control (MI) group. Oral 

pretreatment of all extracts except Vietnamese acidic 

showed a significant decrease in LDH level as 

compared to control (MI) group. Oral pretreatment of 

all extracts showed a significant decrease in CK-MB 

level as compared to control (MI) group. 
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Fig. 6 Effect of extracts on serum and cardiac 

enzymes (A) AST, (B) LDH and (C) CK-MB. 

This study provides new evidence on the 

cardio protective effect of extracts from the root of 

Vietnamese and Chinese ginseng against adrenaline-

induced MI in rats. To the best of the authors’

knowledge, this is considered the first study to 

investigate the role of cardiac enzymes, as well as 

histopathological changes of extracts from the root of 

Vietnamese and Chinese ginseng in adrenaline-

induced MI in rats. Subcutaneous administration of 

adrenaline (2 mg/kg) for 2 consecutive days in the 

present study resulted in abnormalities as manifested 

by elevated serum levels of cardiac enzymes; AST, 

LDH, and CK levels as described in a previous study 

[35].  This reveals that adrenaline administration led 

to myocardial damage and leakage of cardiac 

enzymes into the circulation. Administration of 

extracts from the root of Vietnamese and Chinese 

ginseng against adrenaline-induced MI in rats 

reduced serum levels of AST, CK and LDH, 

reflecting preservation of membrane integrity and 

thereby cardio protection against adrenaline-induced 

MI. Those findings are paralleled by improved 

histopathological features of cardiac lesions and are 

in consistence with other studies about natural 

products that efficiently attenuated cardiac damage in 

adrenaline-induced MI in rats [36]. 

 

3.7. Histopathological examination 

 Microscopic examination of hearts of 

control negative rats showed normal histological 

structure of the cardiac muscle fibers (Fig. 7A). 

While the hearts of administrated rats (rats with 

infarcted hearts) showed widespread areas of 

Zenkers’ necrosis of the myocardial muscle fibers

and few inflammatory cell infiltrations (Fig. 7B). In 

the focal necrotic areas, the myofibrils appeared 

homogenous without any nuclear structure with 

scattered inflammatory cell infiltration (Fig. 7C). The 

blood vessels showed inflammatory cell infiltration 

in the blood vessel’s wall and focal areas of

hyalinization and perivascular edema (Fig. 7D) with 

swelling and granular degeneration as well as 

necrosis of the cardiac muscle fibers (Fig. 7E). Focal 

areas of calcification were seen in the necrotic 

cardiac muscles (Fig. 7F). 

 Regarding examination of various treated 

groups, revealing variable degrees of curative effects. 

Hearts of control positive rats (infarcted hearts) 

which treated with methanolic Chinese extract 

showed widespread myonecrosis and mononuclear 

inflammatory cell infiltration (Fig. 7G). Areas of 

inter-muscular hemorrhages accompanied a moderate 

degree of necrosis of the muscle fibers were also 

apparent (Fig. 7H). Hearts of control positive rats 

(infarcted heart) and treated with methanolic 

Vitnamese extract showed diffuse myonecrosis and 

foci of hyalinization (Fig. 7I). Some hearts showed a 

moderate degree of myonecrosis with an obvious new 
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vascularization among the necrotic fibers (Fig. 7J). 

Concerning hearts of control positive rats (infarcted 

heart) and treated with ethanolic Chinese extract, the 

examination of which revealed few mononuclear 

inflammatory cell infiltration, new vascularization 

among the necrotic muscle fibers (Fig. 7K). 

Generally, the moderated degree of myocardial 

necrosis and marked, scattered vascularization with 

rare intermuscular hemorrhages was a prominent 

finding (Fig. 7L). In regards to rats with infarcted 

hearts and treated with ethanolic Vitnamese extract 

showed a fair degree of necrosis of the myocardial 

muscle fibers and few extravasated blood and few 

vascularization (Fig. 7M and 7N). Rats with infarcted 

cardiac tissue and treated with HCl extract (China) 

showed intermuscular hemorrhages, and 

intermuscular edema accompanied areas of 

myocardial necrosis (Fig. 7O). Most of the blood 

vessels in those hearts showed vascular congestion 

with vascular wall hyalinization (Fig. 7P). 

However, hearts of control positive rats (infarcted 

heart) and treated with HCl extract (Vitnamese) 

showed severe swelling and homogenization 

(Zenkers’ necrosis) of the cardiac muscles and few

fibers with cytoplasmic vacuolation (Fig. 7Q and 

7R). 
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Fig. 7 The histological structure of the cardiac muscle infarcted heart fibers (A-R), all are 400×. 

 

4. Conclusion 

 The goal of myocardial ischemia treatment 

is to improve blood flow to the heart muscle. 

Depending on the severity of your condition, your 

doctor may recommend medications, surgery or both. 

The study aimed to evaluate the possible cardio 

protective effect of new medications natural products 

from two different origin Vietnamese and Chinese 

ginseng (acidic, 80% methanolic and 70% ethanolic 

extract) against adrenaline-induced MI in rats. Oral 

pretreatment of all extracts showed a significant 

decrease in AST, LDH and CK-MB level as 

compared to control (MI) group. Histopathological 

examination of various treated groups (rats with 

infarcted hearts) showed moderated degree of 

myocardial necrosis and marked, scattered 

vascularization with rare intermuscular hemorrhages 

was a prominent finding. 
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Abbreviation 

List of abbreviation: MI: myocardial injury; 

DPPH: 1,1-diphenyl-2-picrylhydrazyl; ROS: reactive 

oxygen species; SEM: Scanning electron microscopy; 

EDAX: Energy Dispersive X-Ray Spectroscopy; 

TPC: Total phenolic content, GC/MS: Gas 

chromatography/mass spectrometry; TFC: Total 

flavonoid content; LSD: Least Significant Difference; 

EI: electron ionization; RI: retention indices; TCC: 

total carbohydrates content; PCA: Chemical 

composition-based main component analysis ; AHC 

agglomerative hierarchical clustering. 
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