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BACKGROUND/OBJECTIVES: We examined the chemical composition and the effect of fermented deer antler on hematopoietic 
factors in bone marrow cells. 
MATERIALS/METHODS: For the preparation of fermented deer antler extract (FAB), fermentation was carried out using Bacillus 
subtilis at 30°C for 7 days. The hematopoietic effect of FAB was investigated hematopoietic factors in marrow cells. 
RESULTS: The contents of total sugar, sulfated glycosaminoglycans, and uronic acid and the dry weight gradually increased 
with fermentation time. The sialic acid content (from 0.14 mg/mL to 0.54 mg/mL) was the highest on the 4th day of fermentation 
after which it decreased. The proliferating activity of bone marrow cells increased with fermentation times. The levels of various 
hematopoietic growth factors were determined to verify the beneficial effect of deer antler extract fermented by B. subtilis 
on hematopoiesis. FAB increased the number of stem cell factors and granulocyte colony-stimulating factor in bone marrow 
cells. In addition, FAB augmented the burst-forming unit erythroid and total colonies in splenocyte-conditioned medium compared 
with non-fermented antler extract (NFA). However, FAB did not affect the mRNA levels of erythropoietin, an important factor 
for erythropoiesis. 
CONCLUSIONS: FAB, like NFA, did not directly affect hematopoiesis, but contributed to hematopoiesis by stimulating the production 
of hematopoietic factors.

Nutrition Research and Practice 2015;9(5):451-458; doi:10.4162/nrp.2015.9.5.451; pISSN 1976-1457 eISSN 2005-6168

Keywords: Bacillus subtilis, fermented antler, bone marrow

INTRODUCTION1)

Hematopoiesis is the process of the production of red blood 
cells (RBCs) and the maturation of the bone marrow. Hemato-
poiesis accompanies the formation of blood cellular components, 
which are derived from hematopoietic stem cells (HSCs). RBCs 
have to be renewed daily at a certain rate for the maintenance 
of the body in a healthy state [1]. The reduction of RBCs or 
hemoglobin in the circulation causes serious health problems. 
In particular, hematopoiesis is an extremely important issue not 
only for patients who have anemic symptoms but also for 
patients receiving treatments for clinical cancer [2,3]. Hemato-
poietic cells in the bone marrow have the ability to self-replicate 
and differentiate into blood cells, which is required to prevent 
anemic symptoms. The proliferation and self-renewal of these 
cells are tightly regulated by hematopoietic growth factors 
(HGFs). These factors include stem cell factor (SCF), colony- 
stimulating factors (CSFs), granulocyte-macrophage CSF (GM-CSF), 
granulocyte CSF (G-CSF), macrophage CSF (M-CSF), erythropoietin 
(EPO), and various cytokines [4]. 

Traditionally, deer and deer parts have been popular medicinal 
sources in Asian countries such as China, Taiwan, Mongolia, and 
Korea [5]. Deer antler, which is believed to possess restorative 
and hematopoietic activities [6-9], is used in several medicinal 
applications. Recent studies have reported the various biological 
effects of deer antler extracts. Chen et al., for example, reported 
that deer antler extract improved muscle fatigue in mice [10]. 
Li et al. showed that it promotes hair growth [11]. A recent 
study showed that substances from deer antler could be used 
as potential medicinal resources as they recovered RBCs, serum 
EPO levels, and the hepatic activity of δ-aminolevulinic acid 
dehydratase (ALAD) in anemic animal models [12], suggesting 
an improvement of hemolytic anemia [13,14]. In another report, 
deer antler fermented by Cordyceps militaris was found to have 
physiological effects, including immunomodulatory and antioxi-
dant activities [15]. The primary benefit of fermentation is the 
conversion of sugars and other carbohydrates into other 
molecules, thereby enhancing the biological effects. We previously 
demonstrated that bone growth, immunomodulatory, and 
antioxidant activities of deer antler could be increased through 
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fermentation [16]. 
In this study, we tested the effect of deer antler extract 

fermented by B. subtilis (FAB) on hematopoietic factors in 
marrow cells, comparing its beneficial effects on hematopoiesis 
for RBC production with those of non-fermented deer antler 
(NFA). 

MATERIALS AND METHODS

Fermented deer antler extract preparations
Dried antlers from adult male Russian elks (Cervus canadensis) 

were obtained from Kwang-Dong Pharmaceutical (Gyeonggi-do, 
Korea). In a previous study in which bacteria strains were 
isolated for the preparation of FAB to evaluate its physiological 
activities, Bacillus subtilis KH-15 was used for fermentation [15]. 
B. subtilis KH-15 isolated from soybean paste was grown on LB 
broth at 30°C for 1 day. The stock culture was maintained on 
LB agar slants and subcultured monthly. The seed culture was 
grown in a 250-mL flask containing 50 mL of LB broth at 30°C 
on a rotary shaker incubator at 150 rpm for 5 days. Flask cultures 
were incubated in 500-mL flasks containing 100 mL of antler 
powder medium (15 g of antler powder in 100 mL of distilled 
water) at 30°C on a rotary shaker at 150 rpm for 5 days. For 
the pilot-scale study, cultures were incubated in a 3-L stirred 
tank fermenter (Fermentech, Gyeonggi-do, Korea) containing 
1.8 L of antler powder medium (1.2 kg of antler powder in 1.8 
L of distilled water) after inoculation with 2% (v/v) flask culture 
for 2 days (temperature: 30°C; aeration rate: 1 v/v/min; agitation 
speed: 150 rpm; initial pH: 5.6). After fermentation, the ferment 
was centrifuged at 2,800 × g for 20 min. The supernatants were 
concentrated at 60°C using a vacuum evaporator and lyophi-
lized to produce FAB. NFA was prepared by soaking 45 g of 
antler powder in 300 mL of distilled water followed by refluxing 
for 3 h and cooling. The extracts were centrifuged, concent-
rated, and lyophilized.

Chemical analysis of the culture media during fermentation
Total sugar and uronic acid contents were determined by the 

phenol-sulphuric acid method [17] and by mhydroxydiphenyl 
[18], respectively, using glucose and galacturonic acid as the 
respective standards. Protein content was assayed using the 
bicinchoninic acid method, according to the manufacturer’s 
instructions (Pierce Chemicals Ltd, Rockford, USA) using bovine 
serum albumin as the standard. Dry weight was estimated from 
the sample weight by heating at 110°C overnight. Sulfated- 
glycosaminoglycan (GAG) content was assayed using the 
modified 1,9-dimethylmethylene blue (DMMB) dye-binding 
method as previously described [19]. A standard curve was 
constructed using serial dilutions of chondroitin sulfate (Sigma 
Chemical Co.). Sialic acid was released by mild acid hydrolysis 
(0.05 M H2SO4, 80°C) of the glycoprotein, and the free sialic 
acid content was determined by the thiobarbituric acid method 
[20].

Proliferation assay of bone marrow cells
Bone marrow cell proliferation induced by FAB or NFA was 

performed according to the modified procedure of Yu et al. 
[21]. A diluted antler extract sample (50 μL) was incubated with 

a bone marrow cell suspension (2.5 × 105 cells/mL in RPMI- 
1640-FBS, 100 μL) prepared from C3H/He mice for 6 days in 
a humidified atmosphere of 5% CO2/95% air. After the addition 
of 20 μL of Cell Counting Kit-8 solution to each well, the cells 
were continuously cultured for 4-6 h and the fluorescence 
intensity was measured using a microplate reader set at 450 
nm. The bone marrow cell proliferating activity was expressed 
as the relative percentage of the bone marrow cell growth 
compared with that of the saline control incubated without the 
test sample.

Cell preparation and cell cytotoxicity
All surgical and preparative procedures were performed 

under aseptic conditions. The spleen, bone marrow, and the 
kidneys were excised from 7-week-old female Balb/c mice. The 
cell preparation methods were performed according to the 
method of Liao et al. [22]. Briefly, splenocytes were harvested 
from the spleen using a 70-μm cell strainer. Marrow cells were 
separated from the mouse femur and tibia by flushing the 
bones with RPMI 1640 medium [23]. Kidney cells were harvested 
from tissue homogenates with 0.1% collagenase. The cytotoxicity 
of NFA and FAB was measured using the MTT colorimetric assay 
[24].

Preparation of splenocyte-conditioned medium (SCM)
The spleen was excised from 7-week-old female Balb/C mice 

and homogenated into single cells. The splenocyte suspension 
(1 × 107 cells/mL) was cultured in RPMI 1640 medium (10% fetal 
calf serum) with or without EPO treatments. The supernatant, 
designated as SCM, was collected after 72 h of incubation and 
stored at -70°C until use [22].

Hematopoietic growth factors and hematopoietic stem cell 
colony-forming unit assay

Cytokine levels were determined from SCM using comm-
ercially available enzyme-linked immunosorbent assay (ELISA) 
kits (R&D Systems, Inc., Minneapolis, MN, USA). A colony-forming 
unit assay with a soft-agar culture method was performed using 
methylcellulose-based media (R&D Systems, Inc., Minneapolis, 
MN, USA) to determine the colony-forming potential of HSCs 
as previously reported [25,26]. Bone marrow cells were harvested 
from Balb/c mice and dispersed into RPMI1640 medium with 
10% FCS after 90 min of culturing at 37°C in a CO2 incubator. 
After 14 days of incubation, the colony-forming unit-granulocyte/ 
erythrocyte/macrophage/megakaryocyte (CFU-GEMM) and burst- 
forming unit erythroid (BFU-E) were determined and expressed 
as the total colony (GFU-GEMM + BFU-E) and BFU-E. The effects 
of interleukin (IL)-3 (base media + IL-3, 10 ng/mL-1), SCF (base 
media + SCF, 50 ng/mL), EPO (base media + EPO, 5 IU/mL), IL-3
+ SCF (base media + IL-3 + SCF), and IL-3 + SCF + EPO (base 

media + IL-3 + SCF + EPO) were determined by comparing the 
colony-forming unit to the positive control medium that 
contained IL-3, IL-6, SCF, and EPO.

Reverse-transcription polymerase chain reaction
The isolation of RNA using TRIzol LS reagent (Invitrogen, 

Carlsbad, CA, USA) and the synthesis of cDNA using Super 
Script® III Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA) 
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Fig. 1. Effect of fermented antler extract on chemical compositions and bone marrow cell proliferation during Bacillus subtilis-mediated fermentation. Cultures were 
incubated in a 3 L stirred-tank fermenter containing 1.8 L of the antler powder medium after inoculation with 2% (v/v) flask culture for seven days (temperature, 30°C; aeration rate, 
1 vvm; agitation speed, 150 rev/min; initial pH 5.6). Total carbohydrate and uronic acid (A), S-GAG and sialic acid (B), protein and solid content (C) were analyzed, and the proliferative 
activity of bone marrow cell (D) were determined during fermentation of antler extract. Values are means ± SD (n = 6). Means with different superscript letters within a row are significantly 
different at P < 0.05 by Duncan’s multiple range tests. S-GAG: sulfated glycosaminoglycans.

were performed according to the manufacturers’ instructions. 
One microgram of cDNA was used as the template in a 20-μL 
PCR volume with 0.5 mM of each primer, 2.5 mM MgCl2, 0.2 
mM of each dNTP, and 0.5 U of Taq polymerase (Promega Corp., 
Madison, WI, USA) in the presence of 50 mM KCl, 10 mM Tris-HCl 
(pH 9.0), and 1% Triton X-100. The PCR amplification was 
performed in a Perkin Elmer 9600 thermal cycler (Fostery, CA, 
USA) with an initial denaturation of 4 min at 95°C, followed 
by 25-30 cycles of 30 s at 95°C, 30 s at 55-60°C, 30 s at 72°C, 
and a final extension of 10 min at 72°C. The PCR products were 
resolved by electrophoresis on 1.2% agarose gels and were 
visualized by ethidium bromide staining. The mRNA levels of 
each gene were normalized to that of the housekeeping gene 
(β-actin).

Statistical analyses
Data were subjected to statistical analysis using the SPSS 

software version 12.0 (SPSS, Inc., Chicago, IL, USA). A one-way 
analysis of variance (ANOVA) was performed for each response 
variable. P values < 0.05 were considered significant.

RESULTS

Changes in total sugar, uronic acid, sulfated glycosaminoglycans 
(S-GAG), sialic acid, protein, and solid contents during antler 
fermentation using B. subtilis

The fermentation of antler using B. subtilis was carried out 
at 30°C for 7 days. Fig. 1 shows the changes of the chemical 
compositions in the culture media during fermentation. As 
shown in Fig. 1A, the total sugar content continuously increased 
during the fermentation time. At day 5, the fermented product 
contained 2.38 mg/mL of total sugar, which was a 2-fold 
increase compared with the initial amount of 1.22 mg/mL (Fig. 1A). 
The uronic acid level was slightly increased during fermentation 
process compared with that measured at the initial time point. 
The ferment was hydrolyzed in mild sulfuric acid for the analysis 
of the sialic acid content. The sialic acid level was 4-fold 
increased at day 4 (0.54 mg/mL) over the initial level, after which 
it decreased again. (Fig. 1B). The level of ganglioside (S-GAG) 
gradually increased during fermentation. In contrast, the protein 
content showed a downward trend over time, while the dry 
weight was slightly increased during fermentation (Fig. 1C). In 
addition, FAB prepared in the pilot-scale study had a higher 
total sugar and sialic acid content (7.84 mg/g and 0.19 mg/g, 
respectively) than NFA (4.41 mg/g and 0.06 mg/g, respectively) 
(Table 1). As shown in Fig. 1D, the proliferating activity of the 
bone marrow cells increased with fermentation time. Especially, 
cell proliferation was rapidly increased until day 2, after which 
its levels did not change significantly. This result showed that 
FAB stimulated bone marrow cells. Since bone marrow 
hematopoietic stem and progenitor cells have the ability to 
self-replicate and differentiate into mature blood cells [27], FAB 
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Sample Dry weight (mg/g)* Total sugar (mg/g) Uronic acid (mg/g) S-GAG (mg/g) Sialic acid (mg/g)

Non-fermented control 461.63 ± 4.23 4.41 ± 0.29 1.58 ± 0.17 0.68 ± 0.05 0.06 ± 0.002

Bacillus subtilis KH-15 549.38 ± 4.59 7.84 ± 0.51 1.85 ± 0.53 0.76 ± 0.08 0.19 ± 0.002

* Contents were expressed mg per g of sample. Reference materials: total sugar: glucose; uronic acid: galacturonic acid; sulfated (S)-GAGs: chondroitin sulfate; sialic acid: 
N-acetylneuraminic acid. Values are the mean ± SD of triplicate determinations.

Table 1. Dry weight, total sugar, uronic acid, S-GAG, and the sialic acid content of the fermented antler [15]

(A)

   

(B)

(C)
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Fig. 2. Effect of NFA and FAB on hematopoietic growth factors in SCM. Balb/C mice- derived splenocytes were cultured in RPMI 1640 medium for 72 h in the presence or 
absence of NFA and FAB. Levels of hematopoietic growth factors including SCF (A), G-SCF (B), GM-SCF (C), and IL-3 (D) were analyzed by ELIZA. The data were expressed as the 
mean ± SEM of three separate experiments. NFA: non-fermented antler extract; FAB: antler fermented extract by B. subtilis; SCF: stem cell factor; G-CSF: granulocyte colonystimulating 
factors; GM-SCF: granulocyte-macrophage CSF; IL-3: interleukin-3.

Conc. (μg/mL) NFA (%) FAB (%)

0 100.0 ± 0.9 100.0 ± 1.5

100 100.4 ± 0.4 97.0 ± 2.8

250 101.6 ± 0.9 102.0 ± 1.3

500 101.2 ± 0.9 101.4 ± 1.4

750 102.0 ± 0.7 104.8 ± 4.5

1000 109.9 ± 1.2 100.4 ± 1.8

2000 108.3 ± 1.9 101.8 ± 1.5

3000 108.8 ± 0.3 106.8 ± 1.5

5000 116.3 ± 2.9 103.3 ± 2.7

The data are expressed as the mean ± SEM of 3 separate experiments.The data 
are expressed as percentage of the control. NFA: non-fermented antler extract; 
FAB: antler extract fermented by B. subtilis. 

Table 2. Effect of antler extract on the proliferation of spleen cellsis shown to be able to promote the differentiation of bone 
marrow cells into leukocytes or erythrocytes in the blood.

The effect of fermented antler extract on SCF, G-CSF, GM-CSF, 
and IL-3 in SCM

No detectable cytotoxicity of NFA and FAB against splenocytes 
was observed up to a concentration of 5,000 μg/mL-a concent-
ration that is used in the analysis of hematopoietic factors in 
splenocytes (Table 2). The hematopoietic factors SCF, G-CSF, and 
GM-CSF and the cytokine IL-3 in NFA-SCM and FAB-SCM were 
determined using a commercially available ELISA kit (Fig. 2). The 
levels of GM-CSF and IL-3 were not significantly changed at 
the tested doses of both antler extracts, and no significant 
difference between NFA and FAB was observed. However, both 
NFA and FAB significantly increased SCF and G-CSF levels in 
a dose-dependent manner, and their levels were significantly 
higher after FAB treatment than those observed after NFA 
treatment at most of the concentrations used. 
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Fig. 3. Effect of EPO and cytokines on colony-forming cells. Bone marrow cells 
derived from Balb/c mice were cultured in RPMI1640 medium with 10% FCS (base media). 
For colony formation, IL-3, SCF, and EPO were added to the media (completed media), 
and evaluated. Colony formation was photographed by microscope (A). After 14 days of 
incubation, the colony-forming unit-granulocyte/ erythrocyte/ macrophage/ megakaryocyte 
(CFU-GEMM) and erythroid (BFU-E) were determined (B). Total colony: (GFU-GEMM 
+BFU-E). The data were expressed as the mean±SEM of three separate experiments. 
BFU-E had multicentric (burst) erythroid colonies with red or pink color. IL-3: interleukin-3; 
SCF: stem cell factor; EPO: erythropoietin; GFU-GEMM: colony-forming unit-granulocyte/ 
erythrocyte/macrophage/megakaryocyte; BFU-E: burstforming unit erythroid.

Group
Conc.

(μg/mL)

Without EPO With EPO

Number of 
total colonies

Number of 
BFU-E colonies

Number of 
total colonies

Number of 
BFU-E colonies

Control 3.0 ± 0.9 - 3.0 ± 0.9 1.7 ± 0.6

NFA  1 5.0 ± 0.9 - 5.0 ± 1.9 2.5 ± 0.4

 100 3.5 ± 0.4 - 4.0 ± 0.9 1.5 ± 0.4

 1000 4.5 ± 1.4 - 5.0 ± 0.9 3.0 ± 0.9

FAB  1 5.0 ± 1.9 - 4.5 ± 0.4 2.0 ± 0.9

 100 3.5 ± 0.5 - 5.0 ± 1.9 2.5 ± 0.4

 1000 5.5 ± 0.5 - 4.5 ± 0.4 2.5 ± 0.4

The data are expressed as the mean ± SEM of 3 separate experiments. NFA: 
non-fermented antler extract; FAB: antler extract fermented by B. subtilis; EPO: 
erythropoietin; BFU-E: burst- forming unit erythroid.

Table 3. The effect of EPO and antler extract on colony-forming cells

(A)

 

(B)

 

(C)

Fig. 4. Effect of NFA and FAB on colony formation in splenocyte conditioned media containing EPO. Bone marrow cells derived from Balb/c mice were cultured in RPMI1640 
medium with 10% FCS (base media). Colony formation of bone marrow cells was induced with SCM and EPO. PHA, NFA, and FAB were added to stimulate colony formation, and 
evaluated (A). The numbers of total colonies and BFU-E were determined in NFA or FAB-treated SCMs containing different concentrations (B and C).Data from four separate experiments 
are expressed as the mean ± SEM. Means with different superscript letters indicated significant differences at P < 0.05 by Duncan's multiple range tests. NFA: non-fermented antler extract;. 
FAB: antler extract fermented by B. subtilis; EPO: erythropoietin; SCM: splenocyte conditioned media; BFU-E: burstforming unit erythroid. PHA was positive control and its concentration 
was 10 μg/mL.

Effect of EPO and cytokines on colony-forming cells
Progenitor cells are known to differentiate into blood cells 

by the hematopoietic activation of cytokines such as EPO, 
GM-CSF, G-CSF, IL-3, IL-6, TPO, and SCF [27]. In particular, colony 
formation in bone marrow cells is a prerequisite for the 
differentiation into RBCs. We tested the effect of the cytokines 
IL-3, SCF, and EPO on colony formation in marrow cells. A total 
colony was formed after treatment with IL-3 and SCF (16.0 and 
10.0 colonies, respectively), whereas they failed to form total 
BFU-E colony, which has the capability of differentiating into 
RBCs (Fig. 3). On the other hand, EPO-treated cells formed a 
BFU-E colony, although no clearly detectable total colony was 
formed. The simultaneous treatment with SCF, IL-3, and EPO 
led to the formation of both colonies (total and BFU-E, 35.7 
and 4.8 colonies, respectively) (Fig. 3), similar to the formation 
of colonies in complete media. This result showed that EPO 
played a critical role in the formation of BFU-E colonies. 

The effect of antler extract on colony formation with or without 
EPO

Based on the above-mentioned results, we tested the hema-
topoietic effect of NFA and FAB treatment in marrow cells with 
or without EPO supplementation. No significant difference in 
total colony formation was observed between both treatments- 
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Fig. 5. Effect of antler extracts on the mRNA expression of EPO in kidney cells. 
mRNA expressions of EPO was determined in treated kidney cells treated by NFA and 
FAB by semi-quantitative RT-PCR. Data from four separate experiments are expressed 
as the mean ± SEM. Control: saline; NFA: non-fermented antler extract; FAB: antler 
extract fermented by B. subtilis. Data are expressed as contrast of control, EPO: 
erythropoietin.

with or without EPO supplement (Table 3). In addition, FAB and 
NFA did not significantly induce the formation of BFU-E 
colonies, both in the absence and presence of EPO, as 
compared with that in the control group (Table 3).

The effect of EPO and splenocyte-conditioned media on colony 
formation and the effect of antler extract on EPO mRNA expression 
in kidney cells

To verify the effect of NFA and FAB on progenitor cell 
differentiation, we determined colony formation using SCM in 
marrow cell cultures. The cells were supplemented with EPO 
and SCM to induce hematopoiesis (Fig. 4). The formation of 
BFU-E and total colonies was significantly increased by SCM 
treatment compared with that in the controls (P < 0.05). In 
particular, PHA, a lymphocyte-activating factor, induced the 
formation of the highest number of BFU-E colonies in marrow 
cells. FAB treatment significantly increased the formation of 
BFU-E and total colonies compared with that after NFA 
treatment. These results indicated that FAB, more than NFA, 
effectively stimulated total colony as well as BFU-E colony 
formation essential for hematopoiesis. Finally, to assess the 
hematopoietic effect of NFA and FAB, we measured the mRNA 
level of EPO in kidney cells. There was no significant increase 
of the EPO mRNA level by both treatments of NFA and FAB 
(Fig. 5).

This suggests that FAB positively affected the formation of 
colonies, which, in turn, is important for hematopoiesis. The 
stimulating effect of FAB and NFA on colony formation was 
directly not due to an increase in EPO gene expression. Rather, 
FAB is shown to promote the EPO-mediated formation of BFU-E 
colonies via stimulation of hematopoietic factors. However, to 
understand the erythropoeitic effect of FAB in more detail, late 
stage factors, such as CFU, in the erythroid development should 
be investigated in future studies. 

DISCUSSION

Natural products with various health claims are currently 
being re-evaluated as the need for traditional medicinal resources 
has greatly increased [28]. Antlers are one of the most signifi-
cant and prominent resources for such traditional medicines 
[29]. Concerns about the potential side effects from antler 
consumption have rarely been discussed and reported [29]. 
Fermented and non-fermented antlers are considered to be safe 
in vitro and in vivo as reported in a previous study [14]. 

In the present study, the total sugar, sialic and ganglioside 
content of FAB increased during fermentation (Fig. 1). We suggest 
that antler cell membranes were hydrolyzed by fermentation; 
thus, active compounds, such as proteins and gangliosides, 
were released into the culture media. Our previous reports were 
also showed the increase of total sugar, sialic acid and gang-
lioside content during fermentation with Cordyceps militaris [15]. 
Our results showed that the cytotoxicity of FAB and NFA was 
not detected at a concentration less than 5,000 μg /mL in vitro. 

In our previous reports, we demonstrated that the fermen-
tation of antlers by Cordyceps militaris enhanced specific 
physiological effects, including immunomodulatory and antioxi-
dant activities [15], and that fermented antler promoted the 
differentiation of osteoblasts, which are related to bone 
formation and growth [16]. Antlers are known to potentiate the 
recovery of RBCs, serum EPO levels, and the hepatic activity 
of ALAD in animal models of hemolytic anemia [12]. In this 
study, the hematopoietic activity of FAB was investigated. 
Antlers were fermented using B. subtilis and we verified the 
hematopoietic effect of FAB in bone marrow cells by determ-
ining colony formation in vitro. 

Hematopoiesis of progenitor cells into RBCs is associated with 
the hematopoietic activities of various factors, including EPO, 
GM-CSF, G-CSF, IL-3, IL-6, and SCF [12]. Our data showed that 
FAB affected the spleen-derived hematopoietic factors such as 
SCF and G-CSF rather than IL-3 and GM-CSF (Fig. 2). Further-
more, the production of SCF and G-CSF was more stimulated 
by FAB than by NFA. This result indicated that FAB could more 
strongly stimulate the differentiation of hematopoietic stem 
cells from bone marrow cells by promoting the production of 
SCF and G-CSF. 

Erythropoiesis (or hematopoiesis) undergoes several colony- 
forming stages, including the formation of BFU-E and CFU-E 
colonies in the spleen and the kidneys, respectively [30]. We 
tested the effects of the cytokines IL-3, SCF, and EPO on colony 
formation in marrow cells and observed that EPO played a 
major role in the formation of BFU-E colonies, which is the 
earliest stage of erythroid development (Fig. 3). SCF and IL-3 
did not lead to the formation of BFU-E colonies, but contributed 
to the EPO-induced increase in BFU-E colony formation (Fig. 
3). Interestingly, in a previous report, it was shown that the 
cytokines IL-3, IL-6, IL-11, and SCF significantly induced the 
expansion of marrow cells in vitro [27]. 

In particular, no hematopoietic effect was observed in NFA- 
and FAB-treated marrow cells, both in the absence and 
presence of EPO (Table 3). This result indicated that the 
hematopoietic effect of antler extract was not directly related 
to an erythropoietic effect. NFA and FAB-SCM had a significant 
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effect on progenitor cell differentiation in marrow cells by 
increasing BFU-E and total colonies, with FAB significantly 
increasing the number of total and BFU-E colonies compared 
with what was observed for NFA (Fig. 4). This suggests that 
FAB positively affected the formation of colonies, which, in turn, 
is important for hematopoiesis. However, to understand the 
erythropoeitic effect of FAB in more detail, late stage factors, 
such as CFU, in the erythroid development should be investi-
gated in future studies. Our data verified crucial role of EPO 
in the formation of BFU-E colonies and that FAB increased the 
number of colonies (Fig. 3 and 4). Therefore, we tested if FAB 
could affect the expression of EPO in kidney cells and found 
that it did not affect the mRNA levels of EPO. Therefore, FAB 
directly did not regulate EPO for hematopoiesis, but FAB is 
shown to promote hematopoiesis via activation of hematopoietic 
factors in the presence of EPO. It is also possible that FAB could 
support the biological actions of EPO at the cellular level. In 
particular, EPO is known to play a considerable role in the 
biological processes underlying wound and neuronal injury 
healing [31,32]. Whether FAB may affect these biological 
processes needs to be investigated in the future studies. 

We did not address the active compound in FAB that induced 
the increase of hematopoietic factors. Yang et al. [6] reported 
that monoacetyldiglycerides isolated from deer antler, Cervus 
nippon, were potent stimulants of hematopoiesis in vitro. We 
demonstrated that these active compounds were monoace-
tyldiglycerides by mass, NMR and IR spectrometry. Su et al. [33] 
also reported that deer antler base collagens and proteins could 
enhance the body’s hematopoietic function. The mechanism 
may be that deer antler base collagens and proteins promote 
the hematopoietic system to secrete hematopoiesis-related 
factors, improve the hematopoietic micro-environment and 
stimulate the proliferation, differentiation and maturation of 
hematopoietic stem cells, and thus elevate the number of red 
blood cells and the content of hemoglobin in peripheral blood 
[34]. Another previous study, however, showed that sialic acid 
played an important role in hematopoietic spleen colony 
formation [35]. Therefore, based on our data showing highly 
increased levels of sialic acid on day 4 of fermentation (Fig. 1), 
sialic acid in FAB is recognized as a major compound respon-
sible for the hematopoietic effect observed in this study. 
Previous reports can be seen that deer antler base has a very 
clear hematopoietic modulatory activity. However, determining 
its exact cellular and molecular mechanisms will require further 
investigation.

We also previously reported that the changes of some 
hematopoietic factors, such as EPO and hepatic ALAD activity, 
induced by phenylhydrazine exposure were restored to within 
the normal range when anemic rats were treated with antler 
extract [14]. In the iron deficiency anemic rats, oral administ-
ration of the extract for 1 week increased blood hemoglobin, 
iron contents in liver and spleen, and divalent metal transporter 
1 (DMT1) expression in the liver compared to anemic control 
rats. The fermentation could increase these hematopoietic indexes 
of deer antler without significant differences [36]. Furthermore, 
our data showed that FAB did not directly affect EPO produc-
tion, a crucial factor in hematopoiesis. However, FAB increased 
the production of spleen-derived hematopoietic factors such 

as SCF and G-CSF in marrow cells. Therefore, this study shows 
that FAB has a positive effect on hematopoiesis by promoting 
the differentiation of hematopoietic stem cells and the produc-
tion of hematopoietic factors. Taken together, FAB could be 
a potential remedy for anemic symptoms.
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