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ABSTRACT
Aim: To identify the inhibition of Phenylhydrazine (PHZ)-induced hepatotoxicity and anemia 
by bioconverted ginsenosides. Materials and Methods: We examined the potential benefits of 
bioconverted ginsenosides on anemia in a phenylhydrazine-induced rat model and described 
the prolonging effect of erythrocyte life span by focusing on compound K that was confirmed 
through ex vivo experiments. Results: Hematological analysis demonstrated that all groups 
treated with bioconverted ginsenosides showed significant recovery results. In the ex vivo 
experiments, compound K was treated in stored blood, and the erythrocytes half-life was 45 days, 
15 days longer than when not treated in blood. In the ICP-OES assay, PHZ-induced erythrocyte 
hemolysis was significantly inhibited by bioconverted ginsenosides. Conclusion: Based on the 
present results, it has been demonstrated that bioconverted ginsenoside aids in prolonging 
the erythrocyte life span and increasing erythrocyte count in vivo. Thus, this material has the 
potential to develop as a promising drug candidate in the future.
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INTRODUCTION

Anemia is defined as a condition characterized by low hemoglobin 
concentration or low erythrocyte count. According to the World 
Health Organization (WHO), the hemoglobin levels are less 
than 13 g/dl and Hematocrit (HCT) ratios are less than 41% in 
men, while in women, the hemoglobin levels are about 12 g/dl 
and HCT less than 36%.1 Statistically, 1.93 billion people (27% of 
the world population) showed signs of anemia in 2013.2 Anemia 
can lead to many symptoms (Eg. pallor, heart failure, depression, 
retinal damage, menorrhagia).3 Long-term anemia induces major 
problems in the nervous and immune systems.4,5

The main ingredients of ginseng (Panax ginseng C.A. MEYER) 
are ginsenosides (also called ginseng saponins), which have been 
identified in about 50 types of it.6,7 The ginsenosides have various 
pharmacological effects, including anti-tumor, antioxidant, 
anti-inflammatory, anti-aging, central nervous system, 
cardiovascular, and erythrocyte protection.8-11 Ginsenosides are 
divided into minor ginsenosides and major ginsenosides based 
on the sugar moiety. Minor ginsenosides (sugar moiety poor) 

are generally non-existent and consist of Rh1, F2, Rg3, and 
compound K.12 Minor saponins, which are deglycosylated, have 
high absorption from the intestine into the bloodstream. Minor 
ginsenosides are bioconverted by heat treatment, microbacterial 
conversion, and enzymatic hydrolysis. Hydrolysis of the sugar 
moiety gives the highest yield by the enzymatic method.13 Minor 
ginsenosides exhibit increased bioactivity in vivo and possess the 
potential to develop as important drugs in the future.14

In the present study, we examined the potential benefits 
of Bioconverted Ginsenosides (BCG) on anemia in a 
phenylhydrazine-induced rat model and described the prolonging 
effect of erythrocyte life span by focusing on compound K that 
was confirmed through ex vivo experiments.

MATERIALS AND METHODS

Materials

Ginseng was supplied by Geumsan Ginseng (Geumsan-gun, 
Chungcheongnam-do, Korea). Ginsenosides were purchased 
from ChemFaces (Wuhan, Hubei, China). Rapidase was obtained 
from DSM Food Specialties (MA Delft, Netherlands). The 
following chemicals were obtained from Sigma-Aldrich (St. 
Louis, MO, USA): Polyoxyethylene sorbitan monooleate (Tween 
80), L-lysine, CaCl2 and ethylene diamine tetra acetic acid 
(EDTA). Phenylhydrazine-hydrochloride was purchased from 
TCI (Kita-ku, Tokyo, Japan).
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Animals

Male SD rats were obtained from Hyochang Science (Daegu, 
Korea). All animals were housed in a temperature-controlled 
environment (23±2°C) and humidity (50±10%) with a 12 hr 
light-dark cycle and provided with food and water ad libitum. 
All experiments were performed in accordance with the WHO 
guidelines and the Institutional Review Board of Kyungsung 
University for the evaluation of safety. The study was approved 
by the committee of Kyungsung University (No. Study-19-002A).

Enzymatic Bioconversion of Ginsenosides (BCG) by 
ginseng extraction

Ginseng was prepared by steaming at 121°C for 15 min, followed 
by grinding a total of 100 g, and it was extracted about 5 times 
using 500 mL of 95% ethanol. The supernatant was harvested and 
filtered to remove precipitates. The dried ginseng saponin (20 g) 
was re-suspended in water (2,000 mL) to form a bulk active PPD. 
The suspension material was prepared in a minor ginsenoside 
component in order to decompose the sugar moiety of the extracts 
by a rapidase enzyme solution (340 mL), using a peristaltic pump 
(50 mL/min) and kept overnight at 4°C to form a clump. The wild 
type, steamed (121°C for 15 min), and bioconverted ginsenosides 
were collected by centrifugation at 15,000 × g for 10 min, and 
then the supernatant was diluted in ethyl alcohol (400 mL) and 
filtered. The filtrate was evaporated using a rotary evaporator and 
an analysis of ginsenoside contents was conducted as described 
by Ha et al.15 The 22 major ginsenosides were analyzed using a 
LaChromUltra U-Series apparatus (Hitachi-High Technologies, 
Ibaraki, Japan), which consists of a pump (L-2160u), an eluant 
reservoir, an auto injection system, and an ultraviolet detector 
(L-2400U) at an absorbance of 203 nm. A LaChromUltra C18 

short-length column (Hitachi-High Technologies, 2 mm × 50 
mm, 2 mm) and a LaChromUltra C18 middle-length column 
(Hitachi-High Technologies, 2 mm × 100 mm, 2 mm) were used 
to analyze the ginsenosides. The gradient conditions were as 
follows: solvent A (20% acetonitrile), solvent B (80% acetonitrile); 
gradient, solvent A of the mobile phase was maintained at 
approximately 10 min, linearly to 25%, B for 30 min, 70%, B for 
10 min, 100%, B for 30 min and returned to 0%, B for 5 min with 
an injection volume of 5 µL.

Cell viability (MTT assay) and measurement of NO 
production

RAW 264.7 cells (American Type Culture Collection, Rockville, 
MD, USA) were cultured in Dulbecco’s Modified Eagle Medium 
(DMEM) supplemented with 1% streptomycin and penicillin 
(Lonza, Walkersville, MD, USA), 10% (v/v) heat-inactivated fetal 
bovine serum (Performance Plus, Grand Island, NY, USA) at 
37°C and 5% CO2 in humidified air conditions.16 Cell viability was 
determined using 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl 
tetrazolium bromide (MTT) solution. RAW 264.7 cells (5 × 105 
cells/mL) were seeded in 24-well plates. After incubation for 24 

hr, the cells were treated with diverse concentrations of BCG (100, 
50, 25, 12.5, and 6.25 µg/mL) for 18 hr. Thereafter, the cells were 
incubated with MTT solution (0.5 µg/mL) for 3 h. The medium 
was removed and the cells were dissolved in 350 μL DMSO for 
cell lysis for approximately 15 min. The results were measured 
with a vehicle-treated control to compare the absorbance at 570 
nm.17

The RAW 264.7 cells were cultured in another 24-well plate with 
various concentrations of BCG (100, 50, 25, 12.5, and 6.25 µg/
mL), lipopolysaccharide (LPS; 1 µg/mL), and ascorbic acid 
(250 µg/mL) for 18 hr. After incubation, the supernatant was 
harvested and added to an equal volume of Griess reagent (1% 
sulphanilamide, 0.1% N-1-naphthyl ethylenediamine) for 15 
min. The NO level was calculated by measuring the absorbance 
at 540 nm.18

Changes in blood counts of stored whole blood and 
morphological deformation
Whole blood was collected from two different groups of SD 
rats (Male, 4 months old) in 14% CPDA (citrate-phosphate
-dextrose-adenine, Green Cross Co. Ltd., Korea) tubes. The blood 
was divided into two groups (n = 5) [0.9% saline solution and 
compound K (20 nM)-treated solution]. The treated samples of 1 
mL each were packed and stored at 2 - 6°C under standard blood 
bank conditions for up to 30 days. The samples were taken for 
analysis of blood count using a Complete Blood Count (CBC) 
analyzer (Advia 2120i, Siemens, Tarrytown, NY, USA) and 
observation of erythrocytes morphology was done by Giemsa 
staining on 0, 10, 20, 30, 40, and 50 days.

Protective effects of BCG on PHZ-induced 
hemotoxicity by ICP-OES (Inductively Coupled 
Plasma Optical Emission Spectroscopy)
For calcium, iron and zinc analysis, the whole blood was 
added with two concentrations (BCG 20 µg/mL and 20 ng/
mL), 0.9% saline solution (control), and PHZ only at 37°C, and 
pre-incubated for about 1 h. After incubation, PHZ was added at 
a final concentration of 4 mM. The plasma samples were collected 
from whole blood at 1300 g, 10 min, and 4°C. The experiment 
was conducted according to the method described by James et 
al.19 For the digestion method, 2 mL of each serum was dispensed 
into a microwave digestion vessel. For samples, the vials were 
treated with 2 mL concentrated HNO3, 1.5 mL concentrated HCl, 
and 1 mL concentrated H2O2 solution. Deionized water was made 
up to a final volume of 8 mL, and then microwaved (Milestone 
Ethos Plus MR, Sorisole, Italy). The chemical compositions were 
determined using inductively coupled plasma – optical emission 
spectroscopy (OPTIMA 2100DV, Perkin Elmer, USA).

Animal grouping and experimental design
Five SD rats (male, 8 weeks old) were randomly selected as the 
normal control group (w/v, 0.9% saline only; CON), and the 
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other fifteen rats were injected with PHZ to induce the acute 
anemia model. The rats were injected with 20 mg/kg of PHZ once 
a day by intraperitoneal administration for 3 days. The anemic 
rats were divided into 3 groups (n = 5 per group): the positive 
control group (PHZ only; PCON), the BCG-Low group (0.8 
mg/kg), and the BCG-High group (1.6 mg/kg). After 14 days of 
administration, all animals were anesthetized with diethyl ether 
in order to collect whole blood (in a container containing 14% 
CPDA) from an abdominal vein. Complete blood cell counts 
were evaluated using a hematology analyzer.

Histopathological study
The PHZ-induced damages to the spleen and liver were measured 
by hematoxylin and eosin staining.20 Firstly, the organs were 
fixed in 10% formalin. Secondly, the alcohols were used for  
dehydration. The samples were then embedded in paraffin. 
Thirdly, the paraffin samples were cut into 4 µm sections and 
stained with hematoxylin (0.1%) and eosin (1%). Finally, the 
cells were observed under a light microscope (BOT-DS-5M-L1, 
Nikon, Japan).

Statistical analysis
All of the experimental results are expressed as the mean ± SD. 
Statistical comparisons among the experimental groups were 
performed by one-way ANOVA and Duncan`s multiple range 
test using the R software program (version 3.5.2) and visualized 
by using the ggplot2 package in R into boxplots. Statistical 
significance was considered at p values <0.05.21

RESULTS

Analysis of enzymatic bioconverted ginsenosides by 
ginseng extraction by ultra-high-performance liquid 
chromatography
The wild type, steamed, and bioconverted ginsenosides by  
ginseng extraction were analyzed using ultra-HPLC. The 
total ginsenoside content of wild-type ginseng was about 1.98 
mg/g, that of steamed ginseng was 15.06 mg/g, and that of the 
bioconverted ginsenosides were 126.16 mg/g. Rd, F2, Rg3, and 
compound K comprised 92.35% of the total ginsenosides in 
the bioconverted ginsenosides. The pectinase enzyme made the 
sugar moiety poor and increased the minor ginsenoside content 
(Table 1).

Cell viability and inhibitory effect of NO production 
by bioconverted ginsenosides
The cytotoxic effects of bioconverted ginsenosides on the cell 
(RAW 264.7) were confirmed by MTT assay. BCG was treated at 
various concentrations (6.25, 12.5, 25, 50, and 100 µg/mL), and 
the results showed an IC50 density of 100 µg/mL in this study. 
The cell viability was observed to be about 90% or more at a 
concentration of 50 μm or less (Figure 1A).

NO production was achieved using cell culture supernatant 
with Griess reagent. The negative control group which was 
treated with ascorbic acid (250 µg/mL) produced NO at 2 μM. 
The positive group treated only with LPS (1 µg/mL) produced 
NO at approximately 10 µM. In the case of the bioconverted  
ginsenosides treated with various concentrations, most 
concentrations significantly inhibited NO production (Figure 
1B).

Complete blood cell counts of stored blood with 
compound K and visualization of aging-erythrocyte 
morphological deformation
Erythrocytes were packed with either compound K or vehicle 
treatment. Compound K was treated at a final concentration of 
20 nM, as previously described.22 To compare the erythrocyte 
half-life span, a CBC analyzer was used. The control (30 days, 
from 5.07 to 1.94 × 106 cells/μL), compound K (30 days, from 5.39 
to 4.1 × 106 cells/μL), and the compound K-treated blood groups 
had an erythrocyte half-life-span of 15 days longer. Hemoglobin 
(HGB) concentrations were higher in the compound K group 
(30 days, from 9.8 to 9.6 g/dL) than 0.9% saline solution group 
(30 days, from 9.7 to 5.8 g/dL). HCT levels were higher in the 
compound K group (30 days, from 27% to 19%) than 0.9% saline 
solution group (30 days, from 26.7% to 9.2%) (Table 2).

The packed blood samples were observed using post-Giemsa 
staining under a microscope. At 30 days, the control group 
showed a large number of debris cells. However, the compound 
K-treated blood groups maintained many of the most stable red 
blood cells (Figure 2).

Protective effects of BCG on PHZ-induced 
hemotoxicity by ICP-OES
The selected elements are indicative of the status of red blood 
cells: for calcium at a wavelength of 317 nm and calculated value 
(control: 56.3 mg/L, PHZ only; 108.2 mg/L, BCG 20 µg: 97.2 
mg/L, BCG 20 ng: 92.2 mg/L), for iron at a wavelength of 238 nm 
and measured value (control: 5 mg/L, PHZ only: 10.2 mg/L, BCG 
20 µg: 8.2 mg/L, BCG 20 ng: 8.9 mg/L), for zinc at a wavelength 
of 206 nm and measured value (control: 3.8 mg/L, PHZ only: 6.6 
mg/L, BCG 20 µg: 5.5 mg/L, BCG 20 ng: 5.1 mg/L (Figure 3).

Hematological analysis
Intraperitoneal administration of bioconverted ginsenoside 
to SD-rats induced with anemia with PHZ showed a recovery 
effect (Table 3). Compared to the number of White Blood 
Cells (WBC) in the CON group, the number in PCON group 
decreased by 66%, the BCG-Low (0.8 mg/kg) group by 87%, and 
the BCG-High (1.6 mg/kg) group recovered by 84%. Red Blood 
Cell (RBC) numbers also decreased by 79% in the PCON group 
and the BCG-High groups significantly recovered by about 91%. 
Decreased RBC levels contributed to lower HGB and HCT levels. 
Mean Corpuscular Volume (MCV); PCON was 25% higher than 



Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 4, Oct-Dec, 2023 1135

Chung, et al.: The Hematotoxicity Effect of Bioconverted Ginsenosides

the CON group, showing that the average red blood cell size 
was larger. Red Blood Cell Distribution Width (RDW) was also 
lower than PCON, but it was not noticeable. The most notable 
significant result was the Platelet (PLT) level. Both experimental 

groups returned to the CON level, but decreased to 80% for 

PCON. Macro RBCs were present in 18% of PCON and decreased 

in proportion to the concentration of experimental groups.

Ginsenosides Materials (mg/g)

Wild
type

Steamed BCG

Rg1 0.24 2.09 0
Re 0.89 2.58 0
Rf 0.1 0.61 0.47
Rh1(S) 0 0 2.13
Rg2(S) 0.09 0.41 0
Rg2(R) 0 0.06 0
Rh1(R) 0 0.04 0.31
Rb1 0.23 3.15 0.11
Rc 0.12 1.72 0
F1 0 0 0
Rb2 0.11 1.62 2.63
Rb3 0 0.22 0.59
Rd 0.16 1.48 29.87
F2 0 0.86 15.91
Rg3(S) 0.02 0.13 13.51
Rg3(R) 0 0.07 9.76
PPT (S) 0 0 0
PPT(R) 0 0.02 2.21
Compound K 0 0 47.55
Rh2(S) 0 0 1.11
Rh2(R) 0 0 0
PPD 0.02 0 0
Total 1.98 15.06 126.16

Table 1: Ultra-HPLC analysis of wild type, steamed, and Bioconverted Ginsenosides (BCG).

Figure 1: Effect of BCG on cell viability and nitric oxide production in RAW 264.7 cells. (A) Results of the MTT assay. (B) Inhibition 
of nitric oxide levels in LPS (1 μg/mL)-induced RAW 264.7 cells with ascorbic acid (250 μg/mL) and BCG (6.25, 12.5, 25, 50 and 100 

μg/mL). Data are shown as the mean ± SD for three independent experiments (n = 3). *p<0.1, **p<0.01, ***p<0.001.d
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Spleen and Liver Histopathology

In the hematoxylin and eosin staining of representative liver, 
the black arrows show vacuoles in the cytoplasm. The nucleus 
of hepatocytes in the CON group was clear and round without 
vacuoles. Various sizes and many vacuoles were present in the 
PCON group hepatocytes. It also showed that the nucleus was 
lost and the cells contracted. In contrast, the number of vacuoles 
was significantly reduced in the BCG-High group (Figure 4A).

In the hematoxylin and eosin staining of the representative spleen, 
the Periarterial Lymphatic Sheath (PALS) length of splenocytes 
was measured. PALS was widespread around the central artery 
in PCON. In the BCG treatment group, the spread of PALS was 
significantly reduced, which was dependent on the concentration 
of BCG (Figure 4B).

DISCUSSION

In the present study, ex vivo and in vivo experiments 
demonstrated the inhibition of PHZ-induced hematotoxicity 
and the therapeutic effects of anemia through bioconversion 
of ginsenosides. The transformation of ginsenosides can be 
categorized into three groups: physical, chemical, and enzymatic 
methods.23 The enzymatic method, one of the bioconversion 

methods, is the most preferred method and is promising owing 
to its short reaction time and low contamination.24 As the result 
of ginsenosides analysis after enzymatic treatment using rapidase, 
sugar moiety poor group (Rd, F2, Rg3, compound K) was increased 
and its contents occupied over 90%. In the in vitro results of 
BCG, the IC50 was 100 µg/mL and the cell survival rate was over 
90% at 50 µg/mL. In the normal range, it regulates blood vessels 
and defenses, but high concentrations of NO produce harmful 
substances and cause inflammatory reactions.24 Therefore, the 
NO production inhibition effect of BCG was excellent even at a 
low concentration of 6.25 ng/mL.

Ex vivo experiments were conducted to study the erythrocyte 
lifespan. Previous studies have shown that Rg2 and Rh1 have 
erythrocyte protective effects, but no reports on compound K have 
been reported.25 The compound K concentration was based on 20 
nM, referring to a previous study by Bae et al.22 A comparison of 
the packed blood sample with compound K and non-treatment 
groups showed that the half-life was 30 days in the untreated 
group, but the half-life extended to 45 days in the treated group 
(data not shown). A microscopic examination of the erythrocyte 
morphology revealed that the compound K group significantly 
reduced the occurrence of debris and aggregation. Although 
the exact mechanism of compound K on erythrocytes is not 

Day 0 Day 30

Parameters 0.9% saline solution 
group

Compound K group 0.9% saline solution 
group

Compound K group

RBC
(109 cells/ml)

5.07±0.01 5.39±0.01 1.9±0.3 4.1±0.3*

HGB
(g/dL)

9.7±0.01 9.8±0.01 5.8±0.3 9.6±0.01*

HCT
(%)

26.7±0.01 27±0.01 9.2±0.3 19±0.3*

RBC: Red blood cell; HGB: Hemoglobin; HCT: Hematocrit.

Table 2: Comparison of CBC values of stored blood by the BCG effect. The blood was divided into two groups (0.9% saline solution and Compound K 
(20 nM)-treated groups). The results are presented as mean ± SD for 5 rats. *p<0.01 versus 0.9% saline solution group.

Figure 2: Representative observation of morphological changes [(A) 0.9% saline solution group and (B) compound 
K-treated blood groups] of rat RBCs at 30 days in storage (n = 10) using a fluorescence microscope (X400, Nikon ECLIPSE 

Ti-s, Tokyo, Japan) by Giemsa staining. Black arrow: debris cells and white arrow: stable red blood cells. Scale bar: 100 µm.
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known, it supports the evidence that its erythrocyte protective 
effect is apparent as a result of prolonged erythrocyte life and 
morphological protection.

PHZ is a substance that causes hemolytic anemia and is widely 
used in anti-anemia research.26 PHZ is one of the substances 
capable of inducing macro RBCs by cytotoxicity.27 It mainly works 
as an oxidative stress to radicals and decomposes hemoglobin 
into methemoglobin, irreversibly, to break down the cytoskeletal 
proteins of erythrocytes.28 In order to defend against hemolysis by 
PHZ, the cytotoxic protective effect of erythrocytes by BCG was 
observed through ICP-OES plasma (PHZ 4 mM) analysis. Many 

researchers have studied hemolysis using plasma and serum ion 
concentrations. In particular, 80% of the total zinc in the blood is 
inside the red blood cells. Therefore, it is studied as an important 
hemolysis marker.29,30 As a result of mineral ion analysis through 
plasma data, it was shown that the BCG treatment group had a 
protection of erythrocytes by PHZ. Furthermore, these results 
were hypothesized to inhibit Phosphatidyl Serine (PS) exposure 
of erythrocyte membranes by ginsenoside, but had no significant 
effect. However, it was confirmed that the size of red blood cells 
was controlled by treatment with bioconverted ginsenosides by 
flow cytometry (data not shown).

Figure 3: Comparison of (A) Ca (317 nm), (B) Fe (238 nm), and (C) Zn (206 nm) ionic elements in plasma by ICP-OES (n = 10) of PHZ 
only, PHZ treated with BCG 20 µg and BCG 20 ng groups. *p<0.01. 

Parameters Units CON PCON BCG-Low BCG-High
WBC 106 cells/mL 7.75 ± 1.97 5.90 ± 0.15 7.75 ± 1.68** 7.51 ± 1.70**

RBC 109 cells/mL 7.71 ± 0.07 6.16 ± 0.12 6.56 ± 0.06** 6.84 ± 0.10**

HGB g/dL 15.17 ± 0.21 14.85 ± 0.14 15.25 ± 0.21* 14.85 ± 0.17
HCT % 47.25 ± 0.61 46.73 ± 0.66 47.43 ± 0.77 47.45 ± 0.37
MCV fL 60.63 ± 0.75 75.88 ± 0.80 71.65 ± 0.17* 68.68 ± 0.64**

MCH pg 21.60 ± 0.37 24.33 ± 0.78 24.43 ± 0.29 22.73 ± 0.50**

RDW % 11.19 ± 0.25 22.00 ± 0.81 20.33 ± 0.33* 20.93 ± 0.43*

Macrocyte % Not dectected 18.32 ± 2.51 13.99 ± 3.20 9.59 ± 2.19***

PLT 106 cells/mL 1,036.21±71.02 839.57 ± 96.74 1094.47 ± 58.88*** 1,066.03±199.91

Table 3: CBC results on blood toxicity recovery effect by BCG administration. The results are presented as mean ± SD for 5 rats. *p<0.05, **p<0.01, 
***p<0.001 versus PCON group.
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In the present in vivo study of erythropoiesis, the effect of 
ginsenosides on reducing erythrocyte counts and anemia was 
induced by the administration of PHZ for 3 consecutive days to 
SD-rats. BCG injection was administered for 2 weeks to determine 
the recovery of anemia. As a result of CBC analysis, the damage 
of most positive control groups recovered by 80% compared to 
the normal control group. In contrast, the WBC, RBC, and PLT 
recovered to nearly normal levels in the BCG-High group. The 
MCV level gradually returned to normal, and the number of 
macroRBCs also decreased in the BCG group. Therefore, BCG 
was found to be effective in regulating erythrocyte size as well as 
in restoring and increasing erythrocyte numbers.

In histological studies, the positive control group of hepatocytes 
was found to have many vacuoles and the nuclei of hepatocytes 
disappeared, crumbled, and aggregated. The BCG-Low group did 
not recover to normal levels, but the BCG-High group showed 
an almost normal level in liver tissue. In the splenic histological 
study, the Periarterial Lymphatic Sheath (PALS) length, which 
spreads around the central artery, was measured. Pharmacological 
effects were significantly observed with BCG administration as 
the length of the arrow gradually decreased.

CONCLUSION

In this study, we studied the various pharmacological effects of 
BCG in prolonging the life of red blood cells, preventing and 
recovering from death. There are many types of ginsenosides 
including Rg3 which causes hemolysis, and Rg2 and Rh1 have 
a protective effect on erythrocytes; however, there are still 
disagreements among scholars. This is the first study of the 
phenomena of erythrocytes in compound K, and it has been 
demonstrated that bioconverted mixtures also have a protective 
effect against erythrocytes.
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ABBREVIATIONS

PHZ: Phenylhydrazine; WHO: World health organization; HCT: 
Hematocrit; BCG: Bioconverted ginsenosides; DMEM: Dulbecco’s 
Modified Eagle Medium; MTT: 3-(4,5-dimethylthiazole-2-yl)-
2,5-diphenyl tetrazolium bromide; LPS: Lipopolysaccharide; 
CPDA: Citrate-phosphate-dextrose-adenine; CBC: Complete 
blood count; HGB: Hemoglobin; WBC: White blood cell; RBC: 
Red blood cell; RDW: Red blood cell distribution width; PLT: 
Platelet; MCV: Mean corpuscular volume; PS: phosphatidyl 
serine.

SUMMARY

• This study was investigated the inhibitory effects of 
Phenylhydrazine (PHZ)-induced hepatotoxicity and anemia 
using bioconverted ginsenosides.

• The bioconverted ginsenoside increases erythrocyte count 
and erythrocyte life span in vivo by the results of MTT assay, 
nitric oxide inhibition, and ICP-OES assay.

• The bioconverted ginseng extraction have the potential for 
drug substance.
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