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Abstract

Objectives: The purpose of this study is to examine whether
Hominis Placental pharmacopuncture solution (HPPS) combi-
ned with zinc-oxide nanoparticles (ZnO NP] activates RAW
264.7 cells.

Methods: We soaked Zn0O nanoparticles in the Hominis Plac-
enta pharmacopuncture solution, thereby making a combined
form (ZnO NP HPPS). The effect of ZnO NP HPPS on the intra-
cellular reactive oxygen species (ROS) production was measu-
red by 2', 7'-dichlorofluorescin diacetate (DCFH-DA)] assay.
The effect of ZnO NP HPPS on NF-4B was measured by using
a luciferase assay. The effect of ZnO NP HPPS on the cytokine
expression was assessed by semi-quantitative reverse tran-
scriptase polymerase chain reaction (RT-PCR). The cellular
uptake of ZnO NP HPPS was measured by using a flow
cytometric analysis, and cellular structural alterations were
analyzed by using transmission electron microscopy (TEM).

Results: Neither the HPPS nor the ZnO NPs induced intracell-
ular ROS production in RAW 264.7 cells. Neither of the mater-
ials activated NF-«B or it s dependent genes, such as TNF-¢,
IL-1, and MCP-1. However, ZnO NP HPPS, the combined form
of ZnO NPs and HPPS, did induce the intracellular ROS prod-
uction, as well as prominently activating NF-«B and it" s depe-
ndent genes. Also, compared to ZnO NPs, it effectively increa-
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sed the uptake by RAW 264.7 cells. In addition, cellular struc-
tural alterations were observed in groups treated with ZnO
NP HPPS.

Conclusions: Neither ZnO NP nor HPPS activated RAW 264.7
cells, which is likely due to a low cellular uptake. The ZnO NP
HPPS, however, significantly activated NF-«B and up-regula-
ted its dependent genes such as TNF-q, IL-1, and MCP-1.
Zn0 NP HPPS was also more easily taken into the RAW 264.7
cells than either ZnO NP or HPPS.

1. Introduction

Nanotechnology is referred to as a science that makes a
new system through which matter is manipulated on a nan-
oscale [1], and great advances have been made in the field of
nanotechnology over the last decade. It is one of the most
advancing technologies of the 21* century and is thought to
occupy a leading position in industry. Engineered nanomat-
erials are already being used in various industrial fields such
as sporting goods, cosmetics, and electronics and will be
increasingly applied to medical fields such as diagnosis,
cancer treatment, and drug delivery [2,3]. Regardless of the-
se extensive applications, many concerns about the safety
and the potential risks of engineered nanomaterials associ-
ated with human health have been raised [4].

Zinc oxid (Zn0) is one of the most exciting materials becau-
se of its versatile properties such as its semiconducting,
biosafe, and biocompatible natures. ZnO is also considered
to be a “GRAS” (generally recognized as safe) subst-ance by
the Food and Drug Administration (FDA). Because of these
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properties, ZnO can be safely used in medical fields such as
cancer therapy and drug delivery vehicles [5].

Hominis Placenta extracts have been used in traditional Kor-
ean medicine to improve physiological function. Recently, there
have also been several reports that Hominis Placenta can be
applied to pathologic conditions such as wounds [é], cartilage
degradation [7], osteoporosis [8], nerve injury [9], and anemia [10].

In this study, we examined whether ZnO makes a difference
when it is combined with Hominis Placenta pharmacopuncture
solution (HPPS). We made ZnO NP HPPS, a combined form of
Zn0 nanoparticles (NPs) and HPPS. Then, we compared the sti-
mulatory effects of ZnO NP HPPS with those of ZnO NPs and
HPPS. In this study, we found that ZnO NP HPPS, the combined
form of ZnO NPs and HPPS, had more ability to stimulate RAW
264.7 cells, than ZnO NPs and HPPS alone.

2. Materials and methods

2.1. Preparation of Hominis Placenta pharmacopun-

cture solutions (HPPS)

HPPS was prepared by using the following protocol provided
by the Korean Pharmacopuncture Institute. Briefly, Hominis
Placenta was hydrolyzed with HCL at 101°C, and the extracts
were heated at 80-100 °C for 10 hrs, autoclaved, and filtered
with a 0.1 gm filter membrane. The final product was kept refr-
igerated until usage.

2.2. Synthesis of Zn0 nanoparticles (ZnO NP)

Zn0 NPs were synthesized by using a low-temperature soluti-
on method with zinc acetate dihydrate (ZnAc], hexamethy-
lenetetramine (HMTA), and LiOH [11]. For synthesizing fluores-
cein isothiocyanate (FITC)-conjugated ZnO NPs, a 3 mL FITC sol-
ution (3 mM) was added to a solution of 0.1 M ZnAc and 0.05 M
HMTA. Subsequently, a 1.0 M LiOH solution was slowly added to
the above solution to pH 10 and was refluxed at 90° C for 3 hrs.
The precipitates were washed and then airdried. The structure
and the crystallinity of the as-synthesized ZnO NPs were deter-
mined by using transmission electron microscopy (TEM] and X-
ray diffraction (XRD) in the range of 20-70° at an 8°/min scanning
speed.

2.3. Cell culture

The RAW 264.7 cells were obtained from ATCC (American Type
Culture Collection, Rockville, MD, USA), were cultured in Dulbe-
cco’ s modified Eagle's medium (DMEM) containing L-glutamine
(200 mg/L) supplemented with 10 % (v/v) heat-inactivated fetal
bovine serum (FBS), 100 U/ml penicillin, and 100 xg/ml strepto-
mycin, and were maintained in a humidified incubator at 37°C
with 5% CO: prior to the experiment.

2.4. Measurement of intracellular ROS generation

Cells, 1 x 10°/ml, were cultured under the same conditions as
in the flow cytometric analysis. ZnO NPs (1 xg/ml), ZnO NP
HPPS and 10 uM 2', 7'-dichlorofluorescin diacetate (DCFH-DA)
were added to cell plates. For 30 mins, the cells were maintai-
ned under cell culture conditions. Then, reactive oxygen species
(ROS) was measured by using a Victor3 system (Perkin Elmer,
Waltham, MA, USA]. Hz0: (TmM)] was added to the cells to verify
the ROS experiment.

2.5. Reporter construct and luciferase assay

To measure the NF-«B transcriptional activity, we created an
NF-«B reporter construct, and stably transfected it into RAW
264.7 cells. The reporter construct harbors four tandem copies
of a 36-base enhancer from the 5° HIV-long terminal repeat

(containing two NF-«B binding sites, GGGACTFTTTCC]) placed
upstream of the HSV minimal thymidine kinase promoter, which
were cloned into pEGFPLuc. Then, the reporter construct was
introduced into RAW 264.7 cells by transfection using lipof-
ectamine, and the transfected cells were selected under G418
(600 ug/ml). Candidate cell lines harboring the NF-¢B reporter
construct were tested for luciferase activity. The cell line used in
this study was cultured in DMEM medium containing 10% FBS
and 1% penicillin/streptomycin antibiotics (PSA] at 37° C under a
5% CO: atmosphere. G418 was added as to a final 50 xg/ml
concentration to maintain the transfected cells. ZnO NPs or ZnO
NP HPPS was added to the cells at a concentration of 1 xg/ml,
and the treated cells were incubated for 8 hrs. Cells were harv-
ested by centrifugation at 13000 rpm and 4°C, and cell lysate
was prepared. Ten ul of the cell lysate was used for the
luciferase activity per the protocol of the manufacturer
(Promega, Madis-on, WI, USA]. NF-«B activities were measured
by using an infini-te M200 (TECAN Group Ltd.).

2.6. Isolation of total RNA from cells and RT-PCR

We isolated total RNA by using Trizol reagent through the
manufacturer’ s instructions (Invitrogen, Carlslab, CA, USAJ.
After the concentration of RNA had been determined by using a
spectrophotometer, we made cDNA by using reverse-transcrip-
tion from 1 xg of RNA obtained using M-MLV reverse transcrip-
tase (Promega) and amplified using polymerase chain reaction
(PCR) with specific primers (Table 1). The final PCR products
were separated on 1.5% agarose gel by electrophoresis. Images
of the bands were captured and quantified by using Image J
(Bio-Rad, Hercules, CA, USAJ.

Table 1 Sequences of the primers (for RT-PCR) used in the present

study
Primer Direction Sequence
MCP-1 Forward 5'-AGGTCCCTGTCATGCTTCTG-3'
Reverse 5'-TCTGGACCCATTCCTTCTTG-3'
IL-18 Forward 5'-GCCCATCCTCTGTGACTCAT-3'
Reverse 5'-AGGCCACAGGTATTTTGTCG-3'
TNF-a Forward 5 -CCAAACGATGTTGTACCCGA-3’
Reverse 5 -CAGTTGGAGGAGAGACGGTA-3'
GAPDH Forward 5'-AACTTTGGCATTGTGGAAGG-3'
Reverse 5'-ACACATTGGGGGTAGGAACA-3'

2.7. Cellular uptake and FACS analysis

RAW 264.7 cells (1 X 10¢ cells/ml) were plated in a 96-well pl-
ate and were incubated in 5% CO: at 37° C. After a 24 hrs incu-
bation, the culture medium was replaced with 100 xul of fresh
medium containing FITC- conjugated ZnO NPs or ZnO NP HPPS
and was further incubated in 5% CO: at 37°C for 2 and 4 hrs.
After incubation, the cells were washed with PBS 3 times.
Finally, the cells were resuspended in PBS for the flow
cytometric analysis (FACS Canto Il Analyzer, BD Bioscience, San
Jose, CA, USA).

2.8. Transmission electron microscopy (TEM)

Cells were cultured at a density of 1 X 10° cells/mlin a cultu-
re medium, each medium containing samples at a concentra-
tion of 100 xg/ml of ZnO NPs or ZnO NP HPPS. After 4 hrs, cells
were washed in PBS and were centrifuged at 1000 rpm for 5
mins. Cell pallets were fixed in 2% osmium tetroxide and then
dehydrated with propion aldehyde. Epoxy resins were added;
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then, they were sectioned for transmission microscopy (TEM])
observations (HITACHI H-7600, Japan).

2.9. Statistical analysis

All data are expressed as means * standard deviations of at
least three independent experiments. For comparison among
groups, a one-way analysis of variance (ANOVA) test was used
(with the assistance of Graph Pad Software, Inc., San Diego, CA).

3. Results

3.1.Zn0 NP HPPS significantly induced intracellular
ROS production

To measure the effects of ZnO NP HPPS on the intracellular
ROS production, we treated RAW 264.7 cells with 1 zg/ml HPPS,
Zn0 NP, and ZnO NP HPPS for 30 mins. We observed that the
amounts of intracellular ROS were higher in ZnO NP HPPS
treated cells than HPPS and ZnO NP treated cells (Fig. 1). Hz0:
was used as a positive control. Although HPPS or ZnO NP treat-
ment alone induced a little of intracellular ROS, it was not
statistically significant.
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Figure 1 Effects of HPPS, Zn0O NPs, and ZnO NP HPPS on the
intracellular ROS production in RAW 264.7 cells. Cells were
treated with 14g/ml HPPS, ZnO NPs, and ZnO NP HPPS for
30 mins prior to assay. The y axis represents the relative
fluorescence intensity and reflects the amount of ROS. Zn0O
NP HPPS induces 25% and 15% more ROS than ZnO NPs
and HPPS, respectively (**p <0.01).

3.2.Zn0 NP HPPS significantly increased the NF-«B
activation

To evaluate the potential of ZnO NP HPPS to induce cellular
activation, we measured the activation of NF-«B transcription
factor. We treated the NF-«B reporter cell line with 1 zg/ml of
HPPS, Zn0O NP, and ZnO NP HPPS in for 8 hrs, and then measu-
red the NF-«B activity by luciferase assay. Either HPPS or ZnO
NP did not increase the luciferase activity but ZnO NP HPPS
significantly increased the luciferase activity (p <0.01).
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Figure 2 Effects of HPPS, ZnO NPs, and ZnO NP HPPS on the NF-«B
activity. An NF-¢B reporter cell line derived from RAW
264.7 cells was treated with 1 xg/ml HPPS, ZnO NPs, or
Zn0 HPPS for 8 hrs. HPPS and ZnO NPs did not increase
the luciferase activity. ZnO NP HPPS showed significantly
higher activity than CTL and ZnO NP. Luciferase activity
was normalized to the amount of total protein in cell lysate.
** Statistically significant difference as compared with the
control (**p ¢ 0.01).

3.3.Zn0 NP HPPS increased the expression of NF-¢
B dependent cytokine mRNA

To evaluate whether ZnO NP HPPS could modulate TNF-¢, IL-1
B, MCP-1 cytokine production, we performed semi-quantitiative
RT-PCR. Total RNA was extracted from the cells treated with
HPPS, ZnO NP, and ZnO NP HPPS for 4 hrs at the concentration
of 1 ug/ml. In cases of TNF-q, IL-18, MCP-1, no changes were
obs-erved in the HPPS and Zn0O NP treated groups when
compared to the control, while significant increases of mMRNA
expression, especially IL-13, were identified in the ZnO NP
HPPS treated groups (Fig. 3). The results clearly show that ZnO
NP HPPS affects production of MCP-1, TNF-g, IL-14 cytokines.
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Figure 3 Effects of HPPS, ZnO NPs, and ZnO NP HPPS on the NF-«B
dependent gene expression. RAW 264.7 cells were treated
with 1 xg/ml HPPS, ZnO NPs, and ZnO HPPS for 4 hrs.
Then, total RNA was extracted, and the expressions of NF-«
B dependent genes, including TNF-a, IL-18, MCP-1, were
analyzed by semiquantitative RT-PCR. The relative expres-
sion of each gene was determined by using a densitometric
analysis of each band (**p ¢0.01, ***p ¢0.001).

3.4. Uptake of ZnO NP HPPS and ZnO NPs (by FACS

analysis)

To examine the cellular uptake and the permeation of the ZnO
NP HPPS through the cell membrane, we treated the RAW
264.7 cells with 1 ug/ml of FITC-conjugated ZnO NP and ZnO NP
HPPS for 2~4 hrs, and then performed flow cytometric anal-
ysis. The cells treated without ZnO NP were used as negative
controls. As shown in Fig. 4, there are almost negligible fluores-
cence differences between ZnO NP and ZnO NP HPPS for 2 hrs
treatment. However, a slight increase of fluorescence intensity
was detected in 4 hrs treatment, suggesting that the amount of
cellular uptake was increased.
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Figure 4 Uptake of ZnO NPs and ZnO NP HPPS in RAW 264.7 cells.
The x axis represents the fluorescence intensity and
reflects the amount of uptake, and the y coordinate shows
the number of cell counts. The region of high fluorescence
intensity (over 150,000) was assigned as A. A slight increase
in the fluorescence intensity was observed especially in the
Zn0 NP HPPS treatment groups for 4 hrs.

3.5.Zn0 NP HPPS caused structural alterations in
RAW 264.7 cells

For the analysis of subcellular morphologic changes, ZnO NP
and ZnO NP HPPS treated cells were examined by transmission
electron microscopy (TEMJ). RAW 264.7 cells were treated with
either ZnO NP or ZnO NP HPPS for 4 hrs. There were no ultra-
structural alterations in the cells treated with ZnO NP. The
integrity of subcellular structures such as plasma and nuclear
membrane were normal (Fig. 5a, b). However, significant
alterations were observed in the cells treated with ZnO NP
HPPS. Variations in size and shape of the cells were prominent,
and large inclusions were observed in the lysosome (Fig. 5c, d).
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Figure 5 Cellular structural changes of RAW 264.7 cells treated with ZnO NPs (a, b) and ZnO NP HPPS (c, d). (a) The nucleus contains a
moderate quantity of nuclear membrane-associated condensed chromatin ( ¥ ). (b) The nuclear and mitochondrial membranes are
clearly outlined (*]. (c-d) Large inclusions are observed in the lysosome (¥). The arrow in (d] indicates complex inclusions.

4. Discussion

Nanotechnology is an engineering system that manipulates
matter at a molecular scale. Engineered nanomaterials have al-
ready been used in industry such as sports, cosmetics, and ele-
ctronics. In the last decade, great advances have been made in
nanomedicinal field. Recent studies have focused on using
nanoparticles for imaging, tissue engineering, and drug delivery
[12-15].

Delivering therapeutic agents into cells can be highly ineffici-
ent because of diverse physicochemical properties of therapeu-
tic agents. Recently there were many extensive investigations in
the field of drug delivery systems for the purpose of improving
and facilitating drug efficacy. Nanomaterials can modify the
physicochemical properties of a drug so to provide an opportun-
ity for increasing uptake and interaction with target cells.
Therefore, it is important to ensure that these agents do not
cause any adverse effect. However, there are growing concerns
about the toxic effects of engineered nanomaterials on human
health because of their unusual physicochemical properties.
There are some consensuses that deal with potential risks ass-
ociated with inhalation of nanoparticles [16,17].

Nanoscale ZnO used in many applications in daily life is beli-
eved to be nontoxic and biocompatible. Recently, attentions have
focused on the Zinc Oxide nanoparticles (ZnO NPs) because of
its own unique biosafe and biocompatible properties [5].

HPPS is one of the most widely used herb-acupunctural mate-
rial to replenish vital essence and blood in Korean traditional
medicine [18]. Several studies about therapeutic effectiveness of
HPPS were reported. HPPS has a protective effect against ost-
eoporosis [8], growth-promoting activity on the nerve regenera-

tion [9], protective effect on radiation enteropathy [19], and
capacity to regulate bone resorption [20].

In this study, we examined whether ZnO NO HPPS, a combini-
ng form of ZnO NP and HPPS, has any special effects over
HPPS. Oxidative stress was regarded as a major cytotoxic
standard caused by nanomaterials [2]. Previous studies showed
that ZnO NP induces ROS production [21-23]. However, our
results revealed that ZnO NP did not increase intracellular ROS
production, but ZnO NP HPPS up-regulated the intracellular
ROS level (Fig. 1). It is well known that NF-«B is a transcription
factor which is involved in cellular response to stimuli such as
stress, UV, ROS, and bacterial antigens. It is a key factor that
regulates genes responsible for the innate immunity [24,25].
Tsou et al. reported that ZnO NP is related to NF-«B activation
[26]. However, our results show that ZnO NP did not influence
the NF-«B activation. On the other hand, ZnO NP HPPS signific-
antly activated the NF-«B transcription factor (Fig. 2) and its
dependent genes (Fig. 3). Among NF-«B dependent genes, IL-13
was especially up-regulated by the treatment of ZnO NP HPPS
(Fig. 3b). Our unpublished results indicate that a longer
treatment of ZnO NP also increased the NF-«B activation (data
not shown). From these results, we have assumed that some
components in HPPS makes ZnO to easily activate RAW 264.7
cells via NF-«B. As shown in Figure 4, increase of cellular upta-
ke was observed in the ZnO NP HPPS treated group for 4 hrs. To
observe whether ZnO NP HPPS can cause any subcellular
changes, we examined ultastructural alterations by using
transmission electron microscopy (TEM] in the RAW 264.7 cells
treated with ZnO NP and ZnO NP HPPS for 4 hrs. The cells mai-
ntained normal appearance when were treated with ZnO NP;
however, the cells exhibited significant ultrastructural
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alterations, such as large lysosomal inclusions, condensation of
chromatin around the periphery of the nucleus when treated
with ZnO NP HPPS (Fig. 5).

In conclusion, our results show that each of the HPPS or Zn0O
NP did not induce any remarkable changes on RAW 264.7 cells,
while ZnO NP HPPS, a combined form of ZnO NP and HPPS,
significantly activated the RAW 264.7 cells. ZnO NP HPPS
increased the intracellular ROS production, NF-«B transcrip-
tion, and the expression of its dependent genes, such as TNF-g,
IL-18, and MCP-1. ZnO NP HPPS was more readily taken up by
RAW 264.7 cells. It also induced ultrastructural alterations,
such as large inclusions in the lysosome. As considering these
results and another work, we assume that some components in
the HPPS might play a role in the internalization of ZnO NP,
thereby activate the RAW 264.7 cells.

ROS production by phagocytes normally occurs in response to
a variety of infectious and proinflammatory stimuli. This process
forms essential part of the innate immune system [27]. From
the result that ZnO NP HPPS has effectively stimulated RAW
264.7 cells through ROS production and NF-«B activation, we
assumed that ZnO NP HPPS could be able to strengthen our
defense system. But there are many obstacles to overcome for
the clinical application, we need to put much effort to clarify the
toxicity of ZnO NP HPPS. In addition, it is presently unknown
which component in the HPPS plays a major role in the cellular
activation. Thus, further studies are needed to define the roles
of each component of HPPS in the ZnO NP HPPS.
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