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Abstract 
 

 

The paradigm of modern medicines, which is mainly about chemotherapy, shows limits 

caused by side effect, temporary therapeutic efficacy and drug resistance. Over the three 

thousands of chemicals have been used as chemotherapeutic treatment and some of them have 

contaminated environment and destroyed the ecology, as residual drug which is called  

‘Xenobiotics’. So acupuncture an oriental medicine, which has been used as a complementary 

and alternative medical treatment is attracting attention.  

Acupuncture needle begins to be employed from 6000 BC, which is believed to be, by 

insertion of sharpened stone, bamboo, and bone. It is a medical device which converts physical 

energy to vital energy by needle insertion in the skin. However, most of plausible mechanisms 

cannot explain its actual action clearly yet. Although acupuncture is unexplainable therapeutic 

system, it has been adopted in various types of illnesses as a kind of effective therapy. One of 

the reasons, acupuncture needle is attracting attention is its environment friendly and 

sustainable treatment technique which does not have side effects due to physical stimulation 

rather than chemotherapy.  

Recently, it has been proved that the therapeutic effect of acupuncture needle in the treatment 

of four major serious illnesses such as cancer, stroke, Alzheimer’s disease and Lou Gehrig’s 

disease expect to be a sustainable treatment without side effects due to physical stimulation 

energy instead of chemotherapy. Increasing surface area and development of quantum 

mechanical stimulation modeled functional nanoparticles such as magnetic field, fluorescence 

and surface plasmonic effect will be a new breakthrough in the premises of modern medicines 



 

ii 

 

For this reason, it is urgent to develop various acupuncture needle based on modern technology. 

At this point, nanotechnology-based acupuncture research will innovate new class of 

acupuncture needle as a game changer in medical field 

Hence motivated, we have electrochemically anodized acupuncture needle to engrave a large 

number of concave holes to get porous acupuncture needle (PAN). The hierarchical 

micro/nanostructured surface provoked enhanced stimulation intensity with surface area 

approximately 20 times higher than conventional acupuncture needle (CAN). The effect of high 

surface area stimulation in rats, showed PAN to be more powerful in acupuncture efficacy.     

In the case of drug addiction treatment such as of alcohol and cocaine, electrophysiological 

and behavioral responses from in vivo stimulation of HT7 acupoint proved that PAN 

significantly reduced drug withdrawal symptoms in animal model more than CAN. In addition, 

the molecular biological changes adduced by PAN found to be inhibiting the growth and 

elimination of cancer cells. PAN is confirmed as neurophysiological excellence than CAN and 

opened the possibility of treatment for severe disease.  

Second, Noble metal nanoparticle such as gold, silver and platinum have elicited numbers 

of interesting results for significant biomedical applications due to their inertness and electrical 

properties. Electrochemical deposition method is utilized for nano particle deposition of noble 

metal on the surface of PAN and CAN. The nanoparticles enhanced its surface area and reduced 

impedance than PAN. These properties, in comparison to CAN, induced more neuron activity. 

 

Keywords: Acupuncture, Anodization, Porous acupuncture needle, High surface area, Noble 

metal nanoparticles. 
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Chapter 1. Introduction 

1.1. Research Background 

Acupuncture needle begins to be employed from 6000 BC, which is believed to be in the 

form of sharpened stone, bamboo, and bone [1,2].  Physical stimulation of energy shows 

medical efficacy such as needle insertion, and rotation into skin. So, Acupuncture is receiving 

attention as a sustainable solution to overcome the limitations of chemotherapy such as side 

effect, drug resistance, and residual medicinal substances. 

The market scale of domestic oriental medical device is reported to be USD 40.55 million 

in 2016 out of which acupuncture occupied 46.1%. In addition, the export performance of 

acupuncture is USD 7.75 million accounting for 68.4% of total. It shows that demand for 

acupuncture needle is expected to increase. [3] In case of USA, more than 10 million 

acupuncture services are provided annually. The major acupuncture treated illnesses were:  

back pain (21 %), joint pain (17 %), and depression (13 %). [4, 5] The market analysis of 

complementary & alternative medicine in 2015 shows financial scale of acupuncture 

intervention as USD 8.06 billion and it is expected to increase to USD 45.28 billion by 2025 

[6]. 

In academic field, scientific research has supported progressively the generalization of 

acupuncture in the world. Likewise, the number of paper publication is an important factor as 

successful development of acupuncture. From 1995 to 2014, 13,320 articles were published in 

the field of acupuncture and its annual growth rate is 10.7 %. Pain research, the most focused, 

was composed of 37.9 % of all published articles. Other researches pertinent to Neoplasms 

(4.3 %), Arthritis (4.1 %), Stroke (3.7 %), Pregnancy (3.6 %) etc. are following pain research 

field. But, the research trends are diverting to more challenging illnesses such as tumor, heart, 

brain etc. [7] 
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In socially, Fig. 1A and Fig. 1B describe mechanism of mechanical coupling. In needle 

insertion as shown in Fig. 1A, the initial coupling occurs due to attractive force between 

connective tissue and inserted needle surface. Connective tissue mainly consists of 

extracellular matrix which is composed of tangled collagen, elastic fibers, and negatively 

charged proteoglycans. In needle 

 

1.2. ‘de qi’ response for Activation of Vital Energy 

Activation of vital energy through the meridian is the basic acupuncture mechanism. It is 

triggered by ‘de qi’ reaction. This response defined as excitation of vital energy (qi) inside 

meridians by needle stimulation into the skin at specific points [8]. In clinical practices, many 

acupuncturists have highlighted the ‘de qi’ a feeling that can be felt through their fingers and 

patients also notice a kind of sensation changes [9]. ‘de qi’ response mainly induced by local 

muscle contraction so that acupuncturist feels hard to pulling inserted needle out [10, 11]. 

So far reported, most acupuncture researchers have focused on explanation of ‘de qi’ with a 

challenging hypothesis, called ‘needle grasp’ [10, 11]. The needle grasp is a kind of ‘de qi’ 

response between needle surface and tissue. This needling sensation characteristic is induced 

by mechanical coupling of connective tissue wrapped needle surface.  

 

Figure 1.1 Illustration of needle insertion (A) and needle rotation (B) into connective 
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tissue. 

Fig. 1A and Fig. 1B describe mechanism of mechanical coupling. In needle insertion as 

shown in Fig. 1A, the initial coupling occurs due to attractive force between connective tissue 

and inserted needle surface. Connective tissue mainly consists of extracellular matrix which is 

composed of tangled collagen, elastic fibers, and negatively charged proteoglycans. In needle 

rotation as depicted in Fig. 1B, attracted collagen fibers are wrapped around the needle surface 

that causes cytoskeletal remodeling [10, 11].                   

This deformation of extracellular matrix contributes transmission of mechanical signal to 

sensory neurons, fibroblasts linked with intracellular cytoskeleton involving cellular response 

associated with therapeutic effect [12, 13, 14]. The significance of this phenomenon is that 

pulling of collagen fibers during needling for transmission a mechanical signal, ‘de qi’ effect 

[8]. 

 

1.3. Research Approaches 

According to ‘de qi’ conception, modification of parameters such as diameter, [15, 16] depth 

of insertion, [17, 18] needle surface modification [19, 20] has been investigated for enhanced 

therapeutic effects. Thickness of needle is involved in change of physiological impact with 

blood perfusion [15]. In case of pain-related diseases, thicker needle treatment shows better 

efficacy than thinner one. But, insertion of thicker needle is more painful for patients in 

comparison to thinner [16]. Moreover, deeper insertion of acupuncture needle shows less pain 

intensity in shoulder’s myofascial pain and it is more effective than skin insertion for treating 

other pain-related diseases and diarrhea [17], [18].   

So, we hypothesized that the effective surface area between needle surface and tissue around 

acupoints boosts efficacy of acupuncture needle. 
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1.3.1. Hierarchical Micro/Nano-Porous Acupuncture Needles 

Surface modification of needle surface can improve its physical coupling. A few studies have 

reported enhancement of cell adhesion, resulted from its own physical properties such as 

roughness[21] and nanoporous structure[22]. So motivated, one of the promising and facile 

nano modification technique, anodization is utilized for surface modification of acupuncture 

needle. 

 

1.3.2. Nanoscale deposition of Noble Metal particles on Acupuncture Needles 

Noble metal particles such as gold, silver and platinum have elicited many interesting results 

for significant biomedical applications due to their inertness and electrical properties [23]. 

Silver and gold nanoparticles were found to be effective for enhancement of neuronal 

excitability because they induce enhanced frequency of spontaneous action potentials in neuron 

[24]. The role of neurophysiology in acupuncture is very important to care by activating the 

brain central mechanism of internal homoeostasis such as acute and chronic pain, psychiatric 

disease [25]. Hence, noble metal nanoparticles deposition on the nano-porous structure may 

offer synergistic effect of ‘de qi’ performance. 

 

 

 

 

 

 

 

 



 

５ 

 

 

1.4. References 

[1] White, A. & Ernst, E. A brief history of acupuncture. Rheumatology 43, 662–663, 2004 

[2] Lao, L. Acupuncture techniques and devices. J. Altern. Complement Med. 2, 23–25,1996  

[3]   김종열, 이응세, 최혁용, 권영규, 한국한의약연감, 한의학연구원, 2016 

[4] Maria T. Chao, Kimberly M. Tippens, Erin Connelly Utilization of Group-Based, 

Community Acupuncture Clinics: A Comparative Study with a Nationally 

Representative Sample of Acupuncture Users The Journal of Alternative and 

Complementary Medicine. 2012, 18(6): 561-566 

[5]   Jason Jishun Hao, DOM, MTCM, MBA, Michele Mittelman, RN, MPH, Acupuncture: 

Past, Present, and Future Glob Adv Health Med. 2014 3(4): 6–8.  

[6] Grand View Research, Alternative And Complementary Medicine Market Analysis By 

Intervention (Botanicals, Acupuncture, Mind, Body, and Yoga, Magnetic Intervention), 

By Distribution Method, And Segment Forecasts, 2018 – 2025, Grand View Research, 

2017 

[7] Maria T. Chao, Kimberly M. Tippens, Erin Connelly, Utilization of Group-Based, 

Community Acupuncture Clinics: A Comparative Study with a Nationally 

Representative Sample of Acupuncture Users The Journal of Alternative and 

Complementary Medicine. 2012, 18(6): 561-566   

[8] Zhou W., Benharash P. Significance of "Deqi" response in acupuncture treatment: Myth 

or reality J Acupunct Meridian Stud. 2014 7(4) 186-9. 

[9] Kwokming J. C. Neurobiological Mechanisms of Acupuncture for Some Common 

Illnesses: A Clinician's Perspective J Acupunct Meridian Stud. 2014 7(3) 105-114 

[10] Langevin, H. M., Churchill, D. L. & Cipolla, M. J. Mechanical signaling through 

connective tissue: a mechanism for the therapeutic effect of acupuncture. FASEB 15(12), 



 

６ 

 

2275–2282 (2001). 

[11] Langevin, H. M., Bouffard, N. A., Badger, G. J., Churchill, D. L. & Howe, A. K. 

Subcutaneous tissue fibroblast cytoskeletal remodeling induced by acupuncture: 

Evidence for a mechanotransduction-based mechanism. J. Cell. Physiol. 207, 767–774 

(2006). 

[12] Chicurel ME, Chen CS, Ingber DE. Cellular control lies in the balance of forces. Curr 

Opin Cell Biol. 1998 10(2):232-9.  

[13]  Giancotti FG, Ruoslahti E (1999). Integrin signaling. Science 285(5430):1028-1033. 

[14] Burridge K, Fath K, Kelly T, Nuckolls G, Turner, C. Focal adhesions: Transmembrane 

junctions between the extracellular matrix and the cytoskeleton. Ann Rev Cell Biol 

1988; 4:487–525.  

[15]  Zhang, X., Park, H.-J. & Lee, H. Do acupuncture needle size and needling depth matter? 

A laser Doppler imaging study. Integr. Med Res. P1.068 (2015)  

[16] Wang G, Gao Q, Li J, Tian Y, Hou J. Impact of Needle Diameter on Long-Term Dry 

Needling Treatment of Chronic Lumbar Myofascial Pain Syndrome. Am J Phys Med 

Rehabil. 2016 95(7):483-94. doi: 10.1097/PHM.0000000000000401 

[17] J.-G. Lin, P.-C. Chou, and H.-Y. Chu, “An exploration of the needling depth in 

acupuncture: The safe needling depth and the needling depth of clinical efficacy,” 

Evidence-Based Complementary and Alternative Medicine, vol. 2013, Article ID 

740508, 21 pages, 2013.  

[18] Ceccheerelli, F., Bordin, M., Gagliardi, G. & Caravello, M. Comparison between 

superficial and deep acupuncture in the treatment of the shoulder’s myofascial pain: a 

randomized and controlled study. Acupunct. Electrother. Res. 26(4), 229–238 (2001).  

[19] Henry, S., McAllister, D. V., Allen, M. G. & Prausnitz, M. R. Microfabricated 

Microneedles: A novel approach to transdermal drug delivery. J. Pharm. Sci. 87(8), 922–



 

７ 

 

925 (1998). 

[20] Shirkhanzadeh, M. Microneedles coated with porous calcium phosphate ceramics: 

Effective vehicles for transdermal delivery of solid trehalose. J. Mater. Sci. Mater. Med. 

16, 37–45 (2005). 

[21] Biazar E., Heidari M., Asefnezhad A., Montazeri N., The relationship between cellular 

adhesion and surface roughness in polystyrene modified by microwave plasma 

radiation Int. J. Nanomedicine 6, 631–639 (2011)  

[22] Bao Hong Zhao , Fu Zhai Cui , Yang Liu , Chun Fu Deng. Histomorphometrical and 

clinical study of connective tissue around titanium dental implants with porous surfaces 

in a canine mode Journal of Biomaterials Applications. Feb 2013, Vol. 27, No. 6: 685-

693  

[23]  Arvizo, R. R. et al. Intrinsic therapeutic applications of noble metal nanoparticles: past, 

present and future. Chemical Society Reviews 41, 2943–2970 (2012) 

[24] Jung S, Bang M, Kim BS, Lee S, Kotov NA, Kim B, Jeon D: Intracellular gold 

nanoparticles increase neuronal excitability and aggravate seizure activity in the mouse 

brain. PLoS One 2014, 9:e91360  

[25]  Karavis M. The neurophysiology of acupuncture: A viewpoint. Acupunct Med. 

1997;15(1):33–42. 



 

- 8 - 

 

Chapter 2. Equipment 

Acupuncture needle characterization techniques and tools have performed surface 

analysis. Field emission scanning electron microscope (FE-SEM) is implemented for the 

morphological analysis. Energy dispersive X-ray spectroscopy (EDX) is implemented for 

elemental analysis. X-ray diffractometer (XRD) is used to identify the structural properties 

of needle surface. X-ray photoelectron spectroscopy (XPS) is performed for the 

identification of oxide layer and alloy composition of surface of stainless steel acupuncture 

needle. Potentiostat is used for electrochemical impedance spectroscopy (EIS) 

measurement. Ultraviolet-Visible spectroscopy (UV-Vis) is utilized to measure the specific 

surface area of acupuncture needle. 

     

2.1. Field Emission Scanning Electron Microscope (FE-SEM) 

Topographical and cross sectional morphology of acupuncture needle is investigated by 

utilizing FE SEM with focused electron beam having a potential range of 2~50 keV which 

scan the sample surface in vacuum. Since the wavelength of the electron beam is much 

lower than the visible light, the magnification of the SEM is much higher than optical 

microscopy. [1]  

The FE SEM is mainly made up an electron gun, vacuum system, detector, series of 

electromagnetic lenses and apertures, and display screen as shown in the Fig. 2.1.a. An 

electron beam emitted from the electron gun is condensed by the series of the 

electromagnetic lenses and condenser lenses to get a fine probe for surface analysis. The 

beam deflection system with the aid of objective lens is used to operate the probe scanning. 

The deflection systems move the probe over the specimen and a rectangular raster is 
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formed on the specimen surface. The signal electrons produced from the specimen are 

collected by the detector, amplified and used to generate the images according to the 

correlation between the scanning points and picture points on the display screen. The ratio 

of the linear dimension of the display and the linear dimension of the specimen is used to 

determine the magnification of the FE-SEM. [2]  

When high energy electrons form an electron source strikes with a sample, two types of 

electrons are generated i.e. secondary electrons (SE) by inelastic electron scattering an 

backscattered electrons (BSE) by elastic electron scattering. Both the SE and BSE form 

the samples are used as information for creating the SEM images. Figure 2.1.b which 

interacts with the electron beam and in which it is considered that SE, BSE and other 

electromagnetic radiations are generated. The SE generated via inelastic scattering consists 

of a less sample volume with the depth of range of 5-50 nm whereas the BSE possess 

approximately similar energy as incident electron beam and because of high energy can 

escape from a deeper level of the sample i.e. within depth range 50-300 nm. The trajectories 

of these SE and BSE are changed during the scanning of the samples, who are providing 

the topographic al and compositional information respectively, regarding the sample under 

investigation. [3] 

Figure 2.1 (a) Schematic diagram of SEM operation and (b) Schematic view of sample’s 

interaction zone with incident electron beam below the sample surface. 
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2.2. Potentiostat 

The galvanostatic mode uses three-electrode configuration shown in Fig. 2.2. A current 

is applied between reference and working electrodes while the potential of the working 

electrode is monitored. In this case, redox (electron transfer) reaction must occur at the 

surface of the working electrode to support the applied current. Commonly it is used for 

constant current stripping potentiometry and constant current electrolysis, such as 

electrodeposition and battery studies. Constant current techniques have one advantage that 

the ohmic drop due to solution resistance is also constant. On the other hand, in 

potentiostatic experiments such as the cyclic voltammetry data correction is more 

complicated. 

Cyclic voltammetry (CV) is a voltammetric method in which potential between working 

electrode and a reference electrode. Unlike linear sweep voltammetry, which sweeps 

voltage linearly with time, CV sweeps back and forth and measure the current at working 

electrode. To receive the preliminary information about a new system the CV is nearly 

always the technique of first choice. The cyclic voltammetry can be applied for a study of 

all electrochemical reactions without limitations. With the help of this method, it is possible 

to get information about the type of reactions observed in the system and the potentials at 

which they occur. At the same time this technique is unfortunately not the best one to obtain 

quantitative data about electrochemical nucleation processes. The three-electrode method 

is the most widely used because the electrical potential of reference does not change easily 

during the measurement. This method uses a reference electrode (RE), working electrode 

(WE), and counter electrode (CE) (also called the secondary or auxiliary electrode). 

Standard CV experiments consist of measuring the current flowing through the WE during 

a triangular potential perturbation. The applied potential is measured against the RE, while 



 

- 11 - 

 

the CE closes the electrical circuit for the current to flow. The experiments are performed 

by a potentiostat that effectively controls the voltage between the RE and WE, while 

measuring the current through the CE (the WE is connected to the ground). Electrolyte is 

usually added to the test solution to ensure sufficient conductivity. The combination of the 

solvent, electrolyte and specific working electrode material determines the range of the 

potential to be applied. 

Electrochemical Impedance Spectroscopy (EIS) involves the study of the variation of the 

impedance of an electrochemical system with the frequency of a small amplitude AC 

perturbation [4]. In practice, the time-domain of the input and output signals are converted 

into a complex quantity which is a function of a frequency. The nyquist plots, of which x-

axis is real value of impedance and y-axis is imaginary value of impedance, are the most 

often used data plots in electrochemical impedance spectroscopy. The needle is set as a 

working electrode whereas carbon paper and Pt electrode are set as counter and reference 

electrodes.  

Figure 2.2 Schematic diagram of typical three electrodes configuration for electrochemical 

measurements. 
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2.3. X-ray Photoelectron Spectrometer (XPS) 

X-ray photoelectron spectroscopy is an analytical method that measures the valence 

states, elemental composition and the empirical formula of any material. Figure 2.3a 

shows the basic analytical process of XPS.  

XPS spectra is measured by crushing a material with X-rays while simultaneously 

measuring the kinetic energy and the number of electrons that escape from the material. 

Each atom on the surface has core electron with the characteristic binding energy that is 

conceptual, not strictly, equal to the ionization energy of that electron. When an X-ray 

beam directs to the sample surface, the energy of the X-ray photon is adsorbed completely 

by the core electron of an atom. If the photon energy, hn, is large enough, the core electron 

will then escape from the atom and emit out of the surface (Figure 2.3b). The emitted 

electron with the kinetic energy of Ek is referred to as the photoelectron. The binding 

energy of the core electron is given by the Einstein relationship (eq. 1 and eq. 2). 

 

ℎ𝑣 = 𝐸𝑏 + 𝐸𝑘 + ɸ (1) 

𝐸𝑏 = ℎ𝑣 − 𝐸𝑘 − ɸ (2) 

 

Where hν is the X-ray photon energy (for Al Kα, hn =1486.6 eV); Ek is the kinetic energy 

of photoelectron, which can be measured by the energy analyzer; and ɸ is the work 

function induced by the analyzer, about 4~5 eV. Since the work function, ɸ, can be 

compensated artificially, it is eliminated, giving the binding energy by changing (eq. 2) to 

(eq. 3). [5] 

𝐸𝑏 = ℎ𝑣 − 𝐸𝑘 (3)  
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Figure 2.3 Schematic illustrations of (a) X-ray photoelectron spectrometer working 

principle and (b) photoelectron generation process. [5, 6]  
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2.4. X-ray Diffractometer (XRD) 

X-ray diffraction (XRD) is a characterization technique that is used to find the 

crystallographic structure of different materials with lattice parameters, planar spacing, and 

crystallite size of materials. The key components of an XRD instrument includes an X-ray 

source, specimen holder and a detector (Figure 2.4a).  

X-ray generated from X-ray source which hits an atom on the sample stage and reflected 

X-ray is detected by X-ray detector. The specific mechanisms of XRD are described in 

Figure 2.4b. When an x-ray beam hits an atom, the electrons around the atom start to 

oscillate with the same frequency as the incoming beam. In almost all directions we will 

have destructive interference, that is, the combining waves are out of phase and there is no 

resultant energy leaving the solid sample. However, the atoms in a crystal are arranged in 

a regular pattern, and in a very few directions we will have constructive interference. The 

waves will be in phase and there will be well defined X-ray beams leaving the sample at 

various directions. Hence, a diffracted beam may be described as a beam composed of a 

large number of scattered rays mutually reinforcing one another.  

This method is based on the principle of Bragg’s law (eq. 4). The variable d is the 

distance between atomic layers in a crystal, and the variable lambda (λ) is the wavelength 

of the incident X-ray beam and n is an integer. Reflections occur from planes set at an angle 

θ with respect to the incident beam and generates a reflected beam at an angle 2·θ from the 

incident beam. The possible d-spacing defined by the indices h, k, l is determined by the 

shape of the unit cell. Therefore, the possible θ values where we can have reflections are 

determined by the unit cell dimensions (eq. 5). However, the intensities of the reflections 

are determined by the distribution of the electrons in the unit cell. The highest electron 

density is found around atoms. Therefore, the intensities depend on what kind of atoms we 

have and where in the unit cell they are located. Planes going through areas with high 
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electron density will reflect strongly, planes with low electron density will give weak 

intensities. [7] 

n ∗ λ = 2d ∗ sin θ (4) 

sin θ =  λ / 2d (5) 

Figure 2.4 Schematic diagram of (a) X-ray diffraction spectroscopy and (b) Bragg’s law. 

[8, 9]  

 

 

 

2.5. Ultraviolet–Visible spectroscopy (UV-Vis) 

Ultraviolet–Visible spectroscopy (UV-Vis) refers to absorption spectroscopy or 

reflectance spectroscopy in the Ultraviolet-Visible spectral region. Figure 2.5a shows the 

schematic illustration of UV-Visible spectrometer operation. For double-beam UV-Vis 

spectrometer, the light from D2 and tungsten lamp is split two beams for the analysis. One 

is used for reference, the other passes through the samples and the result display the ratio 

of the two beam intensities. [10] Figure 2.5b indicates various electronic transitions in 

molecular energy level by light absorption. There are three kinds of electrons in molecules: 

namely σ (single bond), π (multiple bond) or n (non-bonding). i) σ bond electrons are most 

stable due to have lowest energy. It requires a lot of energy (UV region) to excite to a higher 

energy level. ii) π bond electrons have much higher energy than the ground state. So these 



 

- 16 - 

 

electrons can be excited more easily with lower energy (UV or Vis). iii) n bonding electrons 

are generally related to the lone pair electrons. [11] These have higher energy than π-

electrons and can be excited by UV or Visible light. When the molecules absorb the light 

energy, the electrons get excited to lowest unoccupied molecular orbital (LUMO, anti-

bonding) from the highest occupied molecular orbital (HOMO, bonding or non-bonding 

energy level). The difference between HOMO and LUMO is called energy gap or band gap 

which is a characteristic value for each material. 

Figure 2.5 Schematic illustration of (a) the operation for UV-Visible spectrometer [10] and 

(b) various electronic transitions between bonding and anti-bonding state by light 

absorption. [11] 

 

2.6. Carbon filament-filled single glass microelectrode 

Neuronal activity evaluation of acupuncture needle was performed by carbon filament-

filled single glass microelectrode (0.4–0.8 MΩ, impedence @ 1 kHz; Kation Scientific, 

Minneapolis, MN, USA). Dr. Young Sub Gwak was responsible for measurement of 

neuronal activity.   
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Carbon fiber microelectrodes were used to record extracellular action potentials. In in 

vivo experiments, extracellular recordings were made from spinal dorsal horn neurons of 

the spinal cord in anesthetized rats. The sharp carbon tip allowed these electrodes to 

penetrate the arachnoid membrane over the spinal cord with ease (see figure 2.6). The 

electrodes picked up extracellular spikes with an excellent signal-to-noise ratio. Carbon 

fiber electrodes were fabricated from borosilicate glass capillary tubing.[12] 

 

Figure 2.6 SEM image of the tip of a single-barrel carbon fiber electrode The sharp-pointed, 

conical tip of the carbon fiber protrudes from the insulating borosilicate glass capillary 

tubing. 

 

Extracellular, single-unit recordings were made from neurons of the dorsal horn of the 
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sacral spinal cord. The tip of the electrodes was kept in physiological saline during the filling 

procedure in order to prevent cross-contamination between the barrels and to prevent 

drying-out of the tip. The carbon tip is suitable for extracellular recording and for in vivo 

electrochemical analysis. 

Within the nervous tissue, the electrodes picked up extracellular spikes with an excellent 

signal-to-noise ratio. Under the experimental conditions applied, when 30 Hz to 8 KHz filters 

were used, the peak- to-peak noise level was about 20 mV (Fig. 2.7). Spike recordings of 

drugs were performed with carbon fiber electrodes. A sample record tracing of NMDA-

evoked spikes is shown in Fig. 2.7. [12] 

 

 

Figure 2.7 Sample spike records from a low threshold (LT) spinal dorsal horn neuron, carbon 

fiber recording electrode, (A). Neuronal firing was evoked by NMDA as shown. (B). Shape of 

an individual extracellular action potential. 
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2.7. Mechanical Acupuncture Instrument 

 

‘Manual acupuncture’ involves the manipulation of the inserted needles by the hand of the 

acupuncturist, such as lifting, thrusting, twisting, twirling or other complex combinations. It is 

believed that different manipulations may elicit different effect for different conditions. It is a 

traditional method of acupuncture, and is most commonly used in clinical practice. However, 

manipulation of acupuncture that determines the curative effect of some diseases is the core 

and hard to learn part. Its performance can reflect medical skill of the physicians.  

Mechanical manipulation of acupuncture to simulate physician with the insertion of 

acupuncture needles which may produce similar therapy effect. Adopting two stepper motors, 

the mechanical acupuncture instrument is designed with synthesized movements of lifting, 

thrusting and twirling. The working process can be controlled by the command strings. The 

mechanical acupuncture instrument possesses several manipulations of acupuncture just as 

physician does, and the needle can be adjusted quantitatively and reliably. With quite effective 

therapy function of animal experiment, the mechanical acupuncture instrument can replace 

physician to a certain extent. [13] 

 

Figure 2.8 Computer control structure chart. 
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The mechanical acupuncture instrument can be controlled either manually by the front 

board or automatically by the expert database (as shown in Fig. 2.8). Application of simulation 

to manipulation of acupuncture of physicians allows researchers to consider its dynamics. This, 

in turn, may reveal general regularities similar to those arising in physician ś actual operation. 

Thus, in the multiple connected system formed by personal computer (PC), front board, 

interface unit, drive unit, and acupuncture instrument, the PC and front board may be treated 

as a controller of mechanical manipulation system, while the acupuncture instrument serves as 

a controlled object. In order to simulate the manipulation of acupuncture, the parameters of 

famous acupuncturists in the process of the acupuncturing are collected to build the expert 

database. 

Figure 2.9 The structure of acupuncture instrument. 

The acupuncture instrument is made up of stepper motor for twirling and lifting & 

thrusting, sleeve, sliding block and acupuncture needle (see Fig. 2.9.). Just as a syringe pipette, 

it can be gripped in the hand, and can be operated flexibly. A multiple-degree-of-freedom of 

cramping apparatus was also made for free position setting. With fixed in the holder, the needle 

moves flexibly according to the command string. [13] 
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2.8. Force transducer 

At the end of ethanol self-administration, the ethanol-containing diet was replaced by the 

control liquid diet for 2 h to precipitate ethanol withdrawal, and then the ethanol withdrawal 

signs, tremors, were measured. Tremor activity was quantified in a real-time manner using a 

force-transducer (Grass Instruments, USA) mounted on a restraint holder (20 cm × 6 cm) in an 

automatic tremor activity monitoring system. This investigation was performed by Prof. Bong 

Hyo Lee and Dr. Young Sub Gwak. 

Single channel force transducers, intended for measurement of the evaluation curves of 

precondition fibers in muscles contracting synergistically during direct or indirect electric 

stimulation of isolated muscle, were designed, developed and experimentally tested. For basic 

research in physiology measurements of muscle contractions, forces are very important for 

studies of contraction mechanisms. Force transducers made of strain gauges give the 

opportunity to develop force sensitive and reliable transducers. The force transducer should 

fulfill the following requirement: (a) it should be able to evaluate a force produced by the 

contraction of muscles, (b) the electrical response should be as linear as possible over the whole 

range of forces and (c) the transducer should react fast enough to be able to represent 

contraction reliably. 

    The characteristics of the transducer enable the measurements of the contracting tissues 

always to be perpendicular to the axis of the measured muscle contraction. The cantilever was 

made of highly tempered stainless steel ribbon soldered to a stainless steel bar using silver 

solder (as shown in Fig. 2.10.) [14] 



 

- 22 - 

 

 

Figure 2.10 A picture of the mechano-electric transducer. 
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2.9. Ultrasonic Vocalization(USV) 

Measurement of spontaneous pain sensation induced by acupuncture needle insertion 

were recorded using audible Ultrasonic Vocalizations (USVs). Prior to undergoing a USV test 

a rat was housed in the USV test box (70 cm × 50 cm × 60 cm; with proper air circulation, 

regulated temperature, and protected from sound and light) for 3 consecutive days to eliminate 

environmental influences.  

A high performance microphone (Ultrasonic USB Microphone 250 KHz, Dodotronic, 

USA) was attached within a hole in the center of the box ceiling 30 cm above the rat. This 

investigation was performed by Prof. Bong Hyo Lee and Dr. Young Sub Gwak. 

In animals, emotional memory is classically assessed through fear conditioning, in which 

a neutral novel stimulus (conditioned stimulus) is paired with an aversive unconditioned 

stimulus. After conditioning, the conditioned stimulus elicits a fear response characterized by 

a wide range of behavioral and physiological responses. Despite the existence of this large 

repertoire of responses, freezing behavior is often the sole parameter used for quantifying fear 

response, thus limiting emotional memory appraisal to this unique index. Interestingly, 

respiratory changes and ultrasonic vocalizations (USV) can occur during fear response. 

The aim of the present study was to design an experimental setup allowing both (1) the 

simultaneous recording of respiration, USV, and behavior (RUB cage) in rats experiencing 

different emotional states and (2) the offline synchronization of the collected data for fine-grain 

second by second analysis. The rationale for choosing respiration and USV in addition to 

freezing is the following. Beside its primary function of maintaining physiological homeostasis, 

respiration is also modulated by factors which are not primarily related to metabolic 

requirements, including emotions, arousal, and cognitive activities [15] 

 

 



 

- 24 - 

 

 

 

Figure 2.11 (A) The experimental cage consisted in a customized plethysmograph used to 

measure respiratory activity in behaving rats. (B) Individual example of raw respiratory signal. 

I, inspiration phase; E, expiration phase. (C) Individual example of ultrasonic vocalizations. 

Upper part: waveform of three successive USV. Lower part: corresponding frequency 

spectrogram 
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2.10. Light Microscopy 

Light microscopy is a key tool in modern cell biology. Light microscopy makes it ideally 

suited for imaging biology in living cell. A diverse range of available fluorescent probes makes 

it possible to mark proteins, organelles, and other structures for imaging.[16] The light 

microscopy was utilized for tissue analysis on oncology. Visualization of β-catenin expression  

and morphological analysis of aberrant crypt foci(ACF) is performed by Dr. Eunjoo Kim. 

The microscope consists of two lens systems, the objective and the eyepiece. The objective 

forms a real image of the specimen, and this image is viewed through the eyepiece forming a 

virtual image at infinity.(as shown in Fig 2.12.)  

Figure 2.12 Basic principle of light microscopy 

 

An image of the object (specimen) formed by the objective lens, which typically provides 

a magnification in the range 10x to 100x. Then magnified image is viewed through the eyepiece 

(ocular), whose magnification is usually 10x. The total magnification of a microscope is 

obtained by multiplying the objective and eyepiece magnifications. Typically, total 

magnifications are in the range 100X to 1000X. [17] 

    Most broadly, light microscopy techniques in cell biology can be categorized into: 

brightfield and fluorescence. In brightfield microscopy, the light source and detection objective 

are placed on opposite sides of the sample, and the sample is imaged by its effect on the light 
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passing through it as the sample absorbs, scatters, or deflects the light. Because most cells are 

thin and transparent, they do not absorb much light and so are difficult to visualize without 

adding optics that allows the phase shift of light induced by the cells to be seen. The, two most 

commonly used techniques to visualize this phase shift are phase contrast, which causes cells 

to appear dark on a light background, and differential interference contrast (DIC), which 

imparts a pseudo–three-dimensional (3D) shaded appearance to cells.[18]  

Otherwise, fluorescent dyes (fluorophores) are used, which are molecules that absorb 

one wavelength of light (the excitation wavelength) and emit a second, longer wavelength of 

light (the emission wavelength). Most molecules in the cell are not very fluorescent, so 

fluorescent labels to be imaged are typically introduced by the analyst. This allows the labels 

to target the molecule(s) of interest, either by genetically encoding a fluorescent protein or by 

binding a fluorescently labeled antibody. Multiple different fluorescent molecules can be 

distinguished simultaneously and can be detected at very low abundance (single molecules can 

be imaged), making this a very powerful technique. Fluorescence microscopy is typically done 

using epifluorescence, in which the fluorescence excitation light illuminates the sample 

through the same mechanism that is used to detect the emission from the sample. A 

fluorescence filter cube separates the light by wavelength so that the emitted light can be 

imaged without interference from the excitation light. [18] 

Fig. 2.13. shows an inverted epifluorescence microscope. The sample sits between the 

slide and coverslip. The condenser lens delivers illumination for viewing light transmitted 

through the sample; the objective lens collects light from the sample and delivers excitation 

light for fluorescence microscopy. The filter cube consists of an excitation filter (blue), an 

emission filter (green), and a dichroic mirror (gray). The excitation and emission filters select 

the wavelengths that will illuminate the sample and get recorded on the camera respectively, 

and the dichroic mirror reflects the excitation light to the sample while transmitting the 
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emission light to the camera. An upright microscope has the same design, just rotated by 180° 

[16]. 

 

Figure 2.13 Schematic drawings of epifluorescence microscope technique.[16] 

 

2.11. IHC (Immuno-histo-chemical) method 

Immunohistochemistry, the identification and visualization of cell- or tissue-bound 

antigens in situ, by means of a specific antibody–antigen reaction, tagged microscopically by 

a visible label, has a remarkably wide range of applications. Basic techniques are 

straightforward and can be adapted to explore the localization of any molecule of researcher’s 

interest in samples of normal and/or malignant cells. Heterogeneity can be mapped in term of 

loss or gain of immunoreactivity with tumour progression. Analysis of β-Catenin expression 

in polyps found in colons of maturation stage of colorectal cancer is investigated by Dr. Eunjoo 

Kim. 

Immunohistochemistry may be defined as the visualization of a cell- or tissue-bound 
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antigen in situ, achieved by means of a specific antibody–antigen reaction, viewed 

microscopically by virtue of a visible label. Immunohistochemistry is appropriate for a wide 

range of applications. 

Any cell- or tissue-bound molecule to which an antibody can be raised can, theoretically, 

be detected in situ.  

 

Figure 2.14 Cell- or tissue-bound antigens detected by binding of directly labelled primary 

antibody. [19] 

Successful immunohistochemistry is the presence of a visible label. The choice of label 

usually lies between a fluorescent label and the colored product of an enzymatic reaction, 

although other labels such colloidal gold, silver, or ferritin can also be employed. Traditionally, 

the most commonly technique is fluorescent labeling. There is also an increasing range of other 

fluorescent labels which open up the possibility of multiple labelling experiments and which 

are increasingly being used in confocal imaging. 
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2.12. ELISA(Enzyme-Linked Immunological Assay) kit 

Quantitative analysis of β-Catenin was performed by ELISA kit in this investigation. Dr. 

Eunjoo Kim was responsible for this evaluation of β-Catenin concentration.  

 

 

Figure 2.15 Detection of biomarkers by using ELISA. 

 

Quantitative analytical methods that show antigen–antibody reactions through the color 

change obtained by using an enzyme-linked conjugate and enzyme substrate and that serve to 

identify the presence and concentration of molecules in biological fluids are generally called 

[enzyme-linked immunosorbent assay (ELISA)] [20]. ELISA typically employs antibodies that 

are raised in animals, directed against specific biomarkers. As shown in Fig. 2.15, a specific 

epitope of antigens bind to the pABs immobilized on the solid surface. The enzyme linked sAB 

binds to the other epitopes to form a sandwich like complex. The binding of the antigen and 

pAB is detected using an activity of enzyme, which changes the substrate into a colored product. 

ELISAs are useful methods in detecting and quantifying biomarker proteins in serum and 
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biological fluids. The intensity of the color is directly proportional to the amount of enzyme 

linked to antibody and so the amount of antigen bound to the immobilized pABs. [21] 

 

Figure 2.16 Schematic description of sandwich ELISA analysis. 

 

In this ELISA method (see Fig 2.16.), the wells are coated with a capture anti-body and 

blocked. The sample is added to the microplate wells coated with the antibody; then, the plate 

is incubated for sometime and washed. Washing removes the unbound antigens. When the 

antigen specific to the bound antibody is found, these antigens cannot be removed. Following 

the washing step, antibodies that were tagged with the enzyme specific to the antigen, are added 

and incubated. After incubation and washing, if there are antigens in the medium, these cannot 

be removed as the enzyme-tagged anti-bodies are confined to them. In order to reveal the 

enzyme activity, enzyme substrate was added to the medium and coloration is ensured. 

Coloration showed a positive result, while lack of coloration indicated lack of enzymes, or a 

negative result. As the relevant protein is stuck between two antibody molecules, this method 

is called Sandwich ELISA. Sandwich ELISAs have been reported to be 2–5 times more 

sensitive than all other ELISAs. [20] 
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Chapter 3. Hierarchical Micro/Nano-Porous Acupuncture Needle 

3.1. Introduction 

The biological basis of acupuncture still remains unclear, however a considerable 

number of studies have established a general concept that acupuncture contributes in, 

neurochemical balance of the central nervous system (CNS) and recovery or maintenance of 

homeostasis[1,2] via interactions between needles and the surrounding tissue[3,4]. The 

activation of the A-beta afferent fiber (sensory nerve fiber) of the ulnar nerve promoting 

cellular activation by acupuncture at Shenmen (HT7) points for modulating cocaine-induced 

addictive behavior [5]. Moreover, it is found that mechanoreceptors in the superficial and deep 

afferents of the ulnar nerve play a pivotal role in producing acupuncture effects during 

mechanical stimulation of HT7. In acupuncture therapies manual manipulation of acupuncture 

needles is still most practiced clinical procedure to enhance the stimulation intensity for 

improved therapeutic effects. 

For achieving improved therapeutic effects, relatively thick acupuncture needles have 

been frequently used in clinical practice which, in turn, enhanced stimulation intensity. 

However due to implication of discomfort natureof the larger-diameter acupuncture needles 

there is considerable interest in developing advanced acupuncture therapeutical techniques that 

provide more comfort with improved efficacy. Various needle parameters such as 

diameter[6,7], depth of insertion[7,8], number of needles used per session[9], and needle 

surface modification[10,11] have been investigated for improved acupuncture performance. 

These studies suggest that employing thick needles in combination or alone with deeper 

insertion can act to produce increased stimuli intensity. Accordingly, altering the 

aforementioned parameters can moderately influence the acupuncture efficacy due to possible 

interaction between the inserted needle and mechanoreceptors in the surrounding tissue [3,4].  
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We hypothesized that an increase in needle surface area with no significant variation 

in needle diameter may lead to increased interactions of surrounding tissue consequently 

leading to enhanced acupuncture stimuli. So motivated, we have fabricated a new type of 

acupuncture needle possessing a novel surface morphology, and applied this as described in 

the present work. The fabrication methodology employed herein results in so-called porous 

acupuncture needles (PANs), with hierarchical micro/nano-scale conical pores on the surface 

of conventional stainless steel acupuncture needles that, in turn, provide higher surface area 

than conventional acupuncture needles. 

Investigation of nano-structured surface of acupuncture needle underlies ‘de qi’ 

response via focal adhesion between connective tissue and needle.[3,12] Surface modification 

of needle surface can improve its physical coupling. A few studies have reported enhancement 

of cell adhesion resulted from its own physical properties such as roughness [13] and 

nanoporous structure. [14] Moreover, collagen fibrils, main component of collagen fiber, have 

a diameter of 100 – 500 nm can be attached strongly on the needle surface of nanoporous and 

roughness structure. [15]  

One of the promising and facile nano-modification technique is anodization.  

Biomedical applications of anodized Ti materials have been reported[16,17]. Anodization, as  

of stainless steel 304 type which is mostly used as acupuncture needle, has been applied to 

photocatalysts[18], functional nano-materials [19], Li ion batteries[20]. For enhanced ‘de qi’ 

effect, the surface of stainless steel needle has to be rough and porous. These properties will be 

qualified for high efficacy caused strong tissue adhesion and high effective surface area.  

To generate roughness and porosity, fluoride-containing ethylene glycol electrolytes are used 

in this investigation [21]. Anodization was performed in a two-electrode cell, with carbon paper 

as the counter electrode and acupuncture needle as a working electrode as shown in Fig. 3.1  



 

- 35 - 

 

 

Figure 3.1 Schematic diagram of anodization of acupuncture needle. 

 

Based upon our hypothesis, the performance efficacies of both conventional 

acupuncture needles and porous acupuncture needles were evaluated by electrophysiological 

and behavioral responses using in vivo tests employing Wistar rats. A comparative analysis 

between PAN and significantly thick acupuncture needle, was made by measuring cocaine 

induced locomotor and pain activity. Results depicted similar locomotion for insertion and 

manipulation of both needles, however it showed PAN to impart less pain to patient.  

And, we investigated the effects of acupuncture treatment during both the initiation 

and maturation stages of colorectal cancer (CRC) in rats. The numbers of aberrant crypt foci 

(ACF) at the initiation stage and progression of adenocarcinoma and tumor growth at 

maturation stages were tracked. The PN is found more effective in reversing changes in tumor 

growth than CN, suggesting the ability to augment therapeutic effects in cancer treatment with 

molecular changes. 
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3.2. Experimental Section  

3.2.1. Chemicals and materials 

Conventional acupuncture needle (40 mm length and 0.3 mm diameter, Dong 

Bang Acupuncture Inc., Republic of Korea), Conventional hand acupuncture needle (8 

mm length 0.18 mm diameter, Dong Bang Acupuncture Inc., Republic of Korea), 

Conventional thread embedding acupuncture needle (30 mm length, 0.26 mm outer 

diameter and 0.12 mm inner diameter) were used for needle material. Ethylene glycol 

(extra pure, Daejung, Republic of Korea) and ammonium fluoride (98.0 %, Alfa Aesar) 

were used for preparation of the anodization electrolyte. Carbon paper (Carbon and Fuel 

cell (CNL), Republic of Korea) used as the counter electrode for anodization. Potassium 

hydroxide (extra pure, Duksan, Republic of Korea) is used for degreasing conventional 

thread embedding acupuncture needle. 

3.2.2. Fabrication of Porous Acupuncture Needle  

Before anodization, conventional stainless steel acupuncture needles were 

sequentially cleaned with acetone, ethanol, and finally rinsed with deionized water (DI). 

Anodization of the stainless steel needles was performed using a two-electrode cell, with 

the acupuncture needle serving as the working electrode and carbon paper (5 cm × 1 

cm × 0.042 cm) as the counter electrode. Anodization was carried out for 1 hour (h) 

with 30 voltage using an electrolyte comprised of 0.3 wt. % NH4F and 2.0 vol. % DI 

water in ethylene glycol. After anodization, the anodized needles were rinsed with acetone, 

ethanol, and DI water, and then air-dried in a flowing stream of nitrogen. 

3.2.3. Fabrication of Porous Hand Acupuncture Needle 

Before anodization, conventional hand acupuncture needles were sequentially 
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cleaned with acetone, ethanol, and finally rinsed with deionized water (DI). Anodization 

of the hand acupuncture needle was performed using a two-electrode cell, with the 

acupuncture needle serving as the working electrode and carbon paper (2 cm × 1 cm 

× 0.042 cm) as the counter electrode. Anodization was carried out for 30 min with 20 

voltage using an electrolyte comprised of 0.2 wt. % NH4F and 2.0 vol. % DI water in 

ethylene glycol. After anodization, the anodized needles were rinsed with acetone, ethanol, 

and DI water, and then air-dried in a flowing stream of nitrogen. 

3.2.4. Characterization of Porous Acupuncture Needle  

Needle surfaces were evaluated using a Scanning Electron Microscope (SEM, 

Hitachi S-4800 High Resolution Scanning Electron Microscope operating at 3 kiloVolt 

(kV); Energy Dispersive Spectroscopy (EDS, Brucker Co.) operating at 20 kV). UV-

visible absorption spectroscopy of the dye solutions was measured using a Cary series 

UV-visible near IR spectrophotometer (Agilent Technologies) in the range of 550–750 

nm. The electrochemical impedance spectroscopy (EIS) tests were performed using Bio 

Logics SAS (Model VSP-1158) three-electrode workstation with platinum (Pt) wire as 

the counter electrode, Ag/AgCl electrode as the reference electrode and acupuncture 

needles as the working electrode. The system was operated using EC Lab software in the 

frequency range of 200 kiloHertz (kHz) to 50 MegaHertz (MHz). The electrolyte consists 

of saline solution (0.9 g NaCl in 100 ml DI water) purchased from JW-Pharma, Republic 

of Korea and used without further modifications. 

3.2.5. Characterization of Porous Hand Acupuncture Needle 

Surface images of both CN and PN were obtained using a Field Emission Scanning 

Electron Microscope (FE-SEM, Hitachi S-4800) operating at 3 kV. Elemental analysis of the 
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CN and PN were done using Energy Dispersive Spectroscopy (EDS, Bruker Co.) built in FE-

SEM machine. The absorption spectra for the dye solutions desorbed from CN and PN samples 

were obtained using a Cary series UV-visible near IR spectrophotometer (Agilent Technologies) 

in the range of 550–750 nm wavelength. Electrochemical impedance spectroscopy (EIS) 

spectra were obtained using a Bio Logics SAS (Model VSP-1158) three-electrode workstation. 

The three electrode cell was comprised of a platinum (Pt) wire counter electrode, acupuncture 

needle (CN or PN) working electrode, and Ag/AgCl reference electrode, all immersed in saline 

solution (0.9 g NaCl in 100 ml DI water) purchased from JW-Pharma, Republic of Korea and 

used as obtained. EC Lab software was used to operate the system over a frequency range of 

100 kHz to 1 MHz. 

 

3.2.6. Calculation of Specific Surface Area of Acupuncture Needle 

To check the specific surface area of PAN, it was immersed in aqueous solution of a 

methylene blue (MB). The concentration of MB absorbed on needle, after immersing it in DI 

water, was detected by UV/Vis spectrometer. According to this method, specific surface area 

was estimated by quantitative comparison between MB concentration and specific surface area.   

As for the method of calculating specific surface area, the absorbance of a MB solution 

loaded on acupuncture needles before and after undergoing an anodizing process was measured 

according to the following Equation 1 to calculate a concentration of methylene blue.  

Concentration(M) =  1.667e−5 (
𝑀

𝐴𝑏𝑠
) × 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛(𝐴𝑏𝑠)           (1) 

In Equation 1, 1.667e-5 (M/Abs) is slope of line obtained by plotting calibration curve 

(see Figure 3.2). To calculate specific surface area, the absorbance of a MB solution loaded on 
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acupuncture needles before and after undergoing an anodizing process was measured according 

to the following Equation 1 to calculate a concentration of methylene blue with already known 

concentration,  

 Concentration A(M) ∶ 0.0017 (
m2

g
)  =   Concentration B(M) ∶ Surface Area (

m2

g
)  (2) 

In Equation 2, concentration A is concentration of MB loaded on acupuncture needle 

before anodization, while concentration B is anodized one calculated by Equation 1. Further, 

specific surface area before undergoing an anodization process is 0.0017 (m2/g), which was  

calculated by thickness, length and weight of the needle (see 3.3). Needle can be divided in to 

two parts; one is cone-shape part, which is needle tip and another is cylindrical part, which is 

needle body. Based on geometric equation, the sum of surface area of cone-shape part and 

surface area of cylindrical part could be estimated as the total surface area of needle. (Equation 

3, 4) As conventional acupuncture needle is too long to measure, we set the specific length as 

25mm (see Figure 3.3.a) 

Surface area of cone (𝑚2) =  πr√𝑟2 + ℎ2       (3) 

Surface area of cylinder (𝑚2) =  2πrh         (4) 
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Figure 3.2 Calibration curve of MB solution 

 

      In case of Hand Acupuncture Needle, Its geometric surface area is estimated as 0.04488 

(m2/g) via Equation 1, 2. (see Figure 3.3.b) 
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Figure 3.3 Concepts for calculation of specific surface area of acupuncture needle.  

(a)Conventional Acupuncture Needle (b) Conventional Hand Acupuncture Needle 
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3.2.7. Surface Analysis of Stainless Steel Acupuncture Needle. 

Surface analysis was implemented for identifying the elements and crystalline structure 

of surface of stainless steel and inspecting the changes before and after anodization. 

Crystalline structure of stainless steel acupuncture needle is examined by powder X-

ray diffraction (XRD), using an X-ray diffractometer (Panalytical, Empyrean) operating at 

40 kV and 30 mA with Cu Kα radiation (λ=1.54 Å) in the range of 2θ = 5–90° with a step time 

of 0.5 s and step degree of 0.02°.  

The surface composition, oxidation states of Fe, Cr, Ni, O in different materials are 

determined by X-ray photoelectron spectroscopy (XPS, Thermo VG, K-alpha) using Al Kα line 

(1486.6 eV) as the X-ray source. 

 

 

 

 

 

 

 

 

 

 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/powder-x-ray-diffraction
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/powder-x-ray-diffraction
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/x-ray
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/diffractometers
https://www.sciencedirect.com/topics/materials-science/surface-composition
https://www.sciencedirect.com/topics/materials-science/x-ray-photoelectron-spectroscopy
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3.3. Results and Discussion  

3.3.1. Morphological analysis of Porous Acupuncture Needle  

Figure 3.4 Surface images of: (a) Conventional stainless steel needle. (b) Porous anodized 

needle. (c) Enlarged image of (b). (d) Cross-sectional image of the porous anodized needle. 

Insets of (a,b) show needle tips. 

 

Figure 3.4 shows Scanning Electron Microscope images of the conventional and 

anodized (electrolyte of 0.3 wt% NH4F and 2 vol % DI water in ethylene glycol at room 

temperature for 1 h at variable anodization voltages) stainless steel acupuncture needle surfaces. 

It is obvious that the conventional needle possesses a relatively smooth surface, Fig. 3.4.a, 

while that of the anodized needle has a distinct micro/nano-scale porous topology, Fig. 3.4.b. 

Uniform micro/nano porous topology is achieved at an anodization voltage of 30 V; see Fig. 

3.4.c,d. One can see that the pores are conical in shape, tapering in size from 3.0 μ m at the 

surface to 0.05 μm, with a cone depth varying from 1.0 to 2.6 μ m. For the given electrolyte 
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we found an optimal anodization voltage of 30 V, with smaller voltages leading to smaller 

surface area topologies, and larger voltages resulting in a non-uniform surface topology.  

A cross-sectional image of the porous topology is shown in Fig. 3.4.d. Elemental 

analysis of the acupuncture needle before and after electrochemical anodization, using energy 

dispersive spectrometer (EDS), is shown in Table 1. No formation or loss of any element in 

the acupuncture needle is detected, assuring that electrochemical anodization doesn’t change 

the chemistry of the acupuncture needle. Needle surface area is determined using dye 

desorption measurements in combination with the Beer-Lambert’s Law. The absorption 

spectra for Methylene Blue dye-adsorbed needles, conventional and anodized, is shown in 

Fig. 3.5.a. The surface area of our optimal 30 V anodized needle is 0.0328 m2g−1, which is 

approximately twenty times greater than that of the starting needle (0.0017 m2g−1), see Fig. 

3.5.b. The calculated needle surface area corresponds to the portion of the needle inserted, or 

‘dipped,’ during acupuncture treatment. 

 

 

Table 1. EDS (Energy Dispersive Spectrometer) data before and after anodization of 

acupuncture needles 

 Before Anodization After Anodization 

Elements Atom. C (at. %) Error (%) Atom. C (at. %) Error (%) 

Fe 44.76 1.76 45.47 1.28 

Cr 12.19 0.50 18.29 0.55 

C 36.29 2.73 31.75 2.31 

Ni 5.69 0.34 2.76 0.18 

Al 1.08 0.09 1.73 0.12 
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3.3.2 Specific surface area of Porous Acupuncture Needle 

Figure 3.5 (a) The absorption spectra for Methylene Blue dye adsorption shows an 

enhancement for the 30 V anodized needle. (b) Change in needle surface area as a function of 

anodization voltage, with the 30 V anodized needle showing a maximum result 

 

 

3.3.3. Electrochemical analysis of Porous Acupuncture Needle 

Electrochemical impedance spectroscopy (EIS), a powerful technique for investigating 

the surface characteristics of materials, is performed for conventional needles and PANs. Figure 

3.6 shows the fitted Nyquist plots corresponding to EIS results for conventional and porous 

acupuncture needles in saline solution. The Nyquist plots for both needles are of similar shape 

indicating that the saline electrolyte does not affect the needle surface, while the semicircles of 

depressed nature can be attributed to the combination of charge transfer resistance (Rct) and a 

constant phase element (CPE) at the working electrode (acupuncture needles in this case) and 

electrolyte interface. A reasonable decrease can be observed in the semicircle diameter for the 

PANs, indicating a significant decrease of charge transfer resistance (Rct). 
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. 

Figure 3.6 Fitted Nyquist plots corresponding to electrochemical impedance spectra (EIS) for 

conventional and porous acupuncture needles. 
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3.3.4. Electrophysiological Evaluation of Porous Acupuncture Needle  

Figure 3.7 Conventional and PAN groups show increased neuronal activity to needle 

stimulation (after) compared to before stimulation (*p < 0.05). In addition, PAN group shows 

a significant increase in stimulation induced neuronal activity compared to conventional group 

(#p < 0.05). 

 

To determine whether the PANs produce a significantly different electrophysiological 

response as compared to conventional, smooth-surface needles, the ability of the PANs to 

facilitate the neural response of a single spinal dorsal horn is tested. Rats receiving acupuncture 

with conventional needles (n = 6) show spinal dorsal horn neuronal activity (3.85 ± 0.9 

spikes/sec) significantly higher than baseline pre-stimulation neuron activity (0.5 ± 0.1 

spikes/sec, *p < 0.05; see Fig. 3.7). Rats receiving acupuncture with PANs (n = 9) also show 

significantly enhanced spinal dorsal horn neuronal activity (16.8 ± 5.4 spikes/sec) than baseline 

pre-stimulation resting activity (0.6 ± 1.1 spikes/sec, *p < 0.05; see Fig. 3.7.). However, the 

PAN group also shows a significant enhancement in neuronal activity compared to the 

conventional group (*p < 0.05). While the needle insertion itself did not cause a significant 

change of spontaneous activity, the needle stimulation induced greater activity for the PAN 

group than conventional group. 
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3.3.5. Therapeutic Performance of Porous Acupuncture Needle 

Figure 3.8 Therapeutic performance comparison among acupuncture needles and  

 

To test the therapeutic effectiveness of the PANs, we analyze the effect of acupuncture 

using PANs on tremor activity in ethanol-withdrawn rats. The alcohol group (n = 9) 

demonstrates an elevated tremor activity approximately 4 fold of the control diet group, *p < 

0.05, see Fig. 3.8.a. Both the conventional needle group (n = 8) and PAN group have lower 

tremor activity than the control diet group. However, acupuncture with PANs (n = 10, #p < 

0.05) significantly decreases tremor activity compared to that achieved using conventional 

needles; Fig. 3.8.a. 

A comparative analysis between the PANs (0.3 mm diameter) and thick (1.6 mm diameter) 

acupuncture needles is done using cocaine induced locomotor activity and pain sensation 
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measurements, with all needles inserted into the animal to a depth of 3 mm. Figure 3.8.b shows 

the attenuation effect of PANs and thick acupuncture needles for the hyper-locomotion induced 

by cocaine administration (15 mg/kg. i.p.). As compared to the cocaine group (control group), 

HT7 acupuncture using PANs (*p < 0.05) and thick acupuncture needles (#p < 0.05) shows a 

significantly attenuated hyper-locomotor activity. It is obvious that PAN and thick acupuncture 

needle groups show less locomotion activity with similar pattern as compared to cocaine group 

(control group). However over extended duration the PAN group shows a moderate attenuation 

effect as compared to the thick acupuncture needles. Figure 3.8.c shows pictures of the PANs 

and thick acupuncture needles selected for comparison studies.  

The pain sensation caused by acupuncture related insertion of conventional, PANs, and 

thick acupuncture needles is analyzed via audible Ultrasonic Vocalization (USV) tests. USV is 

considered a reliable tool for detection of spontaneous pain in animal studies; specifically, pain-

related vocalizations in animals are found within the frequency range of 18–35 kHz. [22] 

Typical USVs waveforms measured upon insertion of conventional (smooth surface, 0.3 mm 

diameter), PAN, and thick needle groups are shown in Fig. 3.8.d. It is clearly seen that the thick 

needles produce more waveforms as compared to PANs and conventional needles, indicating 

more pain. The ability of acupuncture to modulate cellular signaling pathways in various 

pathophysiological conditions is well documented. [23] In the present study, changes of 

neuronal activity induced by acupuncture needle stimulation are measured as a function of 

needle-type. In comparison to conventional smooth-surface stainless steel needles of the same 

diameter, the high surface area PANs demonstrate a significantly greater effect on 

electrophysiological and behavioral responses. Both PANs and the thick acupuncture needles 

of the same interfacial surface area show attenuation of cocaine induced hyper-locomotor 

activity, with the PANs showing significantly reduced pain sensation. 
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3.3.6. Morphological analysis of Porous Hand Acupuncture Needle  

Figure 3.9 Surface images of (a) Conventional hand acupuncture needle (CN) and, (b) The 

porous hand acupuncture needle (PN) with its (c and d) high resolution images. (e) Acupoints 

of rats used in this study. 

 

A stainless steel porous hand acupuncture needle (PN), prepared according to our recent 

study, is used and the effects compared to those of a conventional stainless steel hand 

acupuncture needle (CN). Surface images of both a CN and PN, obtained using field emission 

scanning electron microscopy (FE-SEM), are shown in Fig. 3.9. The CN, initially having a 

smooth surface, Fig. 3.9.a, after anodization obtains a micro-nanoscale porous surface topology 

of high surface area, see Fig. 3.9.b–d. Elemental analysis of the needles is tabulated in Table 2, 

which clearly indicates that no impurities are incorporated within the needle during the 

anodization. 

 PN surface areas, fabricated at various anodization voltages, determined using dye 

desorption measurements and Beer-Lambert’s Law, are shown in Figure 3.10. The PN 

fabricated using an anodization voltage of 20 V shows an estimated surface area of 1.03 m2∙g−1, 
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a maximum value approximately twenty-five times higher than CN (0.04 m2∙g−1). Due to its 

optimal surface area 20 V PN is employed for the majority of investigations within the present 

work. 

Table 2. EDS (Energy Dispersive Spectrometer) data before and after anodization of hand 

acupuncture needles 

 Before Anodization (CN) After Anodization (PN) 

Elements Atom. C (at. %) Error (%) Atom. C (at. %) Error (%) 

Fe 40.46 1.69 26.03 1.39 

Cr 12.00 0.51 8.01 0.44 

C 42.71 3.06 63.24 4.70 

Ni 4.32 0.28 2.46 0.22 

Si 0.51 0.06 0.25 0.05 

 

3.3.7. Specific surface area of Porous Hand Acupuncture Needle  

 

Figure 3.10 (a) Absorption spectra for dye adsorbed on CN and various PN samples.             

(b) Surface areas determined for CN and various PN samples, the PN fabricated using 20 V 

anodization voltage shows a maximum result in both absorption spectra and surface area. 
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3.3.8. Electrochemical analysis of Porous Hand Acupuncture Needle  

 

 

Figure 3.11 Electrochemical impedance spectra (EIS) with fitted Nyquist plots corresponding 

to conventional acupuncture needle (CN) and nanoporous acupuncture needle (PN). The inset 

shows equivalent circuit for EIS measurement, where RS = Solution resistance, RCT = Charge 

transfer resistance and C = Double layer capacitance. 

 

Figure 3.11 shows the fitted Nyquist plots for both CN and PN. The similar shapes indicate 

no surface effects due to the electrolyte, while the substantial decrease of the semicircle 

diameter for PN indicates decreased charge transfer resistance due to increased PN surface area. 

While the exact mechanism between electric signal and alteration of molecular expression has 

not been clearly identified, perhaps the enhanced effect of PN is due the elevated strength of 

electric signals from PN. 
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3.3.9. Therapeutic Performance of Porous Hand Acupuncture Needle 

 

Table 3. Animals and acupuncture treatments. a)CN, conventional acupuncture needle; PN, 

nanoporous acupuncture needle. b)N.T., no treatment. 

To induce CRC in rats, azoxymethane (AOM)[24,25] is administered according to the 

experimental scheme provided in Table 3. From one week following the final AOM injection, 

acupuncture was performed every day for 4 weeks; For the initiation stage groups I1–I6 

acupoints HT7 [26] and SI5 [27] were used, while HT7 was used for the maturation stage 

groups M7–M10; rats that did not receive acupuncture treatment were handled for the same 

amount of time as those receiving treatment. 

 

 

Figure 3.12 (a) Average number of ACF found in each group. The experimental conditions of 

initiation groups I2–I6, all at early stage CRC, are as follow: I2 = Positive control (AOM 



 

- 54 - 

 

Injection only); I3 = CN treatment at HT7 point; I4 = CN treatment at SI5 point; I5 = PN 

treatment at HT7 point; and I6 = PN treatment at SI5 point. Representative images of ACFs 

for (b) normal tissue and (c) aberrant crypts with multiplicities. 

 

Aberrant crypt foci (ACF) are microscopic lesions that are known to precede the 

development of dysplasia or adenoma in the colon and are considered to be the earliest 

preneoplastic lesions in colon carcinogenesis. [28] ACF increase in crypt multiplicity with time, 

and thus are accepted as a predictor of tumor progression. [29] Figure 3.12.b,c show 

representative images of normal and aberrant crypts (ACs) with multiplicities. Demonstrating 

that PN at HT7 acupuncture significantly inhibits AOM-induced colonic ACF formation in rats. 

The reduced ACF number is, presumably, closely related to the recovered expression of genes 

altered by AOM exposure. 

 

Figure 3.13 β-Catenin expression in polyps found in colons of maturation stage of CRC 

(positive control group, M8) and following acupuncture treatment. (a) Polyps categorized as 

normal tissues, and (b) Cancerous tumors.Images magnified at ×40. (c) M9 (acupuncture 

treatment using CN) and (d) M10 (acupuncture treatment using PN) 
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In colon cancer, β-catenin expression has been reported to be an important indicator of 

the cancerous state of the colon endothelium. [30,31] Animals from I3 and I4 express minimal 

levels of β-catenin, however in animal groups I5 and I6 the expression levels appear similar to 

those from I1. Figure 3.13 shows β-catenin distribution in polyps from group M8 animals 

where, from the same colon, a higher level of β-catenin was expressed by the tumors (Fig. 

3.13.b) than the normal polyps (Fig. 3.13.a). In Fig. 3.11.c,d, β-catenin levels in tumors from 

M9 and M10 group animals are compared. The expression in M9 varied from sample to sample, 

even though all samples, Fig. 3.13.c, were diagnosed as cancerous tissues. The expression of 

β-catenin was dramatically reduced in cancerous polyps from M10 animals, Fig. 3.13.d. The 

average concentration of β-catenin was highest in M8 animals, where the concentration was 

almost ten to hundred times higher than M7 animals. For M9, they varied by almost 2-orders 

between animals within the group. However, the levels in M10 animals were reduced to almost 

the same level as M7, and were significantly different from M8 (p = 0.0048). The noticeably 

lower level in M10 was consistent with the IHC data. The results suggest PN treatment  

promotes a regression of average tumor mass in the maturation stage of CRC. 

Figure 3.14 Average size of tumors identified in the colon of animals from each experimental 

group. Maturation groups M7–M10, all at late stage CRC, have experimental conditions: M7 

= Negative control (no treatment); M8 = Positive control (AOM injection only); M9 = CN 

treatment at HT7 point; and M10 = PN treatment at HT7 point. 
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Figure 3.14 shows the average tumor size in each group. Interestingly, the average tumor 

size observed in M10 was significantly decreased from that of M8. We hypothesize that the 

acupuncture treatment is connected to the reduction seen in final tumor number and size.  

3.4. Conclusions 

Based on our previous findings, HT7 acupuncture activates A-beta afferent fibers of the 

ulnar nerves [5]; we found PANs to be more effective than conventional needles, consequently 

increased needle surface area leading to increased interaction of surrounding tissue with 

acupuncture stimuli. The result indicates that acupuncture with PANs can activate 

mechanoreceptors more effectively than conventional needles.  

Our earlier study found that acupuncture at HT7 could suppress the reduction of 

mesolimbic dopamine neurotransmission [32] and behavioral withdrawal signs including 

tremor in ethanol-withdrawn rats; herein, as compared to conventional and thick acupuncture 

needles we found the PANs have a strong inhibitory effect on ethanol withdrawal tremors as 

well as cocaine locomotion.  

PN treatment manifested a significant decrease of ACF numbers, as indicated in groups 

I5 and I6 At the maturation stage of colorectal cancer(CRC), the average tumor mass in the 

distal tubule was reduced significantly for PN acupuncture treated rats (Fig. 3.12. group M10). 

The reduced tumor size may be due to effects other than the acupuncture treatment, such as 

difference in tumor mass at the start of the treatment by long-term exposure of AOM.  

However, the decreased levels of distal tubule β-catenin expression at the maturation 

stage strongly supports the enhanced therapeutic effect of PN over CN. It is well documented, 

in colon cancer, β-catenin expression is an important indicator of the cancerous state of the 

colon endothelium. [30,31,33] Hence, the dramatic decrease of β-catenin expression levels for 
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group M10 indicated the PN effect.  

The commonly accepted operational mechanism of acupuncture is that an electrical 

signal is transferred from the acupoint of the body, such as the hand, foot, or skin, to the disease 

origin. Figure 3.11 shows the fitted Nyquist plots for both CN and PN. The similar shapes 

indicate no surface effects due to the electrolyte, while the substantial decrease of the semicircle 

diameter for PN indicates decreased charge transfer resistance due to increased PN surface area. 

While the exact mechanism between electric signal and alteration of molecular expression has 

not been identified yet, perhaps the enhanced effect of PN is due the elevated strength of 

electric signals from PN. 

In conclusion, the electrophysiological and behavioral data demonstrated the higher 

efficacy of PANs in psychiatric treatment over conventional needles. Further, a comparative 

analysis of pain sensation measurements using PAN and thick acupuncture needles of the same 

interfacial surface area clearly showed reduced pain sensation levels with the PANs. From the 

present study we suggested the possibility of PANs for the advanced in vivo treatment of 

neuropsychiatric disorders. Our important results suggest the motivation for future studies, 

such as whether the increased needle surface area enhances the conductance of neuronal 

impulses or initiates specific biochemical events that result in the improved therapeutic efficacy 

of psychiatric disorders. We believe our present results employing PANs provide researchers 

new insights that should help improve acupuncture efficacy. 

And, we showed that acupuncture performed using a PN improves therapeutic effects 

of CRC treatment in rats. The results provided exciting evidence indicating the utility of 

acupuncture for disease treatment. While cancer treatment using conventional hand 

acupuncture needle (CN) exhibited reverse expressions for the molecular deregulation in CRC 

rats. Treatment using porous hand acupuncture needle (PN) showed significantly enhanced 

performance as confirmed from the ACF numbers which commonly accepted as a predictor of 



 

- 58 - 

 

tumor progression [34,35], for the rats in groups I1 to I4 are abated when CN treatment is 

employed 2 weeks after the first AOM administration, indicating impediment of colonic 

preneoplastic lesions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

- 59 - 

 

3.5. References 

[1] Walling, A. Therapeutic modulation of the psychoimmune system by medical 

acupuncture creates enhanced feelings of well-being. J. Am. Acad. Nurse Pract. 18, 135–

143 (2006). 

[2] Langevin, H. M. & Yandow, J. A. Relationship of acupuncture and meridians to 

connective tissue planes. Anat. Rec. 269(6), 257–265 (2002).  

[3]   Langevin, H. M., Churchill, D. L. & Cipolla, M. J. Mechanical signaling through 

connective tissue: a mechanism for the therapeutic effect of acupuncture. FASEB 15(12), 

2275–2282 (2001). 

[4] Langevin, H. M., Bouffard, N. A., Badger, G. J., Churchill, D. L. & Howe, A. K. 

Subcutaneous tissue fibroblast cytoskeletal remodeling induced by acupuncture: 

Evidence for a mechanotransduction-based mechanism. J. Cell. Physiol. 207, 767–774 

(2006).  

[5]   Kim, S. A. et al. Peripheral afferent mechanism underlying acupuncture inhibition of 

cocaine behavioral effects in rats. PLoS One 8, e81018 (2013).  

[6] Zhang, X., Park, H.-J. & Lee, H. Do acupuncture needle size and needling depth matter? 

A laser Doppler imaging study. Integr. Med. Res. P1.068 (2015).  

[7] Hsu, W. S. et al. Effects of acupuncture applied to sanyinjiao with different stimuli on 

uterine contraction and microcirculation in rats with dysmenorrhea of cold coagulation 

syndrome. Evid.-Based Complement. Altern. Med. Article ID 328657 (2014).  

[8] Ceccheerelli, F., Bordin, M., Gagliardi, G. & Caravello, M. Comparison between 

superficial and deep acupuncture in the treatment of the shoulder’s myofascial pain: a 

randomized and controlled study. Acupunct. Electrother. Res. 26(4), 229–238 (2001).  

[9] Henry, S., McAllister, D. V., Allen, M. G. & Prausnitz, M. R. Microfabricated 

Microneedles: A novel approach to transdermal drug delivery. J. Pharm. Sci. 87(8), 922–



 

- 60 - 

 

925 (1998).  

[10] Shirkhanzadeh, M. Microneedles coated with porous calcium phosphate ceramics: 

Effective vehicles for transdermal delivery of solid trehalose. J. Mater. Sci. Mater. Med. 

16, 37–45 (2005).  

[11] Tang, L. et al. Preparation of graphene-modified acupuncture needle and its application 

in detecting neurotransmitters. Sci. Rep. 5, 11627(1–9) (2015).  

[12] Burridge K, Fath K, Kelly T, Nuckolls G, Turner, C. Focal adhesions: Transmembrane 

junctions between the extracellular matrix and the cytoskeleton. Ann Rev Cell Biol 

1988; 4:487–525.  

[13]  Biazar E., Heidari M., Asefnezhad A., Montazeri N., The relationship between cellular 

adhesion and surface roughness in polystyrene modified by microwave plasma 

radiation Int. J. Nanomedicine 6, 631–639 (2011) 

[14] Bao Hong Zhao , Fu Zhai Cui , Yang Liu , Chun Fu Deng. Histomorphometrical and 

clinical study of connective tissue around titanium dental implants with porous surfaces 

in a canine mode Journal of Biomaterials Applications. Feb 2013, Vol. 27, No. 6: 685-

693  

[15]  Gautieri, A., Vesentini, S., Redaelli, A., and Buehler, M. J. (2011) Hierarchical structure 

and nanomechanics of collagen microfibrils from the atomistic scale 

up. Nano. Lett. 11: 757–766.  

[16] Indira K, Mudali U K, Nishimura T and Rajendran N 2015 A review on TiO2 nanotubes: 

influence of anodization parameters, formation mechanism, 

properties, corrosion behavior, and biomedical applications J. Bio- Tribo- Corros. 1 28  

[17] Sepideh Minagar, Christopher C. Berndt, James Wang, Elena Ivanova, Cuie Wen, "A 

review of the application of anodization for the fabrication of nanotubes on metal 

implant surfaces, "Acta Biomaterialia, Volume 8, Issue 8, August 2012, Pages 2875-



 

- 61 - 

 

2888  

[18] Minoh Lee, Hyo Sang Jeon, Si Young Lee, Haeri Kim, Sang Jun Sim, Yun Jeong Hwang 

and Byoung Koun Min A self-generated and degradation-resistive cratered stainless 

steel electrocatalyst for efficient water oxidation in a neutral 

electrolyte.. J. Mater. Chem. A, 2017,5, 19210-19219 

[19] K. Kure, Y. Konno, E. Tsuji, P. Skeldon, G.E. Thompson, H. Habazaki, Formation of 

self-organized nanoporous anodic films on Type 304 stainless steel, Electrochem. 

Commun. 21 (2012) 1–4 

[20] V. Klimas, V. Pakstas, ˇ I. Vrublevsky, K. Chernyakova, A. Jagminas, Fabrication and 

characterization of anodic films onto the type-304 stainless steel in glycerol electrolyte, 

J. Phys. Chem. C 117 (2013) 20730–20737. 

[21] Paulose, M. et al. Anodic Growth of Highly Ordered TiO2 nanotube Arrays to 134 μ m 

in Length. J. Phys. Chem. B. 110, 16179–16184 (2006).   

[22] Kurejova, M. et al. An improved behavioural assay demonstrates that ultrasound 

vocalizations constitute a reliable indicator of chronic cancer pain and neuropathic pain. 

Mol. Pain 6(18), 1–7 (2010). 

[23]  Lin, D. et al. The neuroprotective role of acupuncture and activation of the BDNF 

signaling pathway. Int. J. Mol. Sci. 15(2), 3234–3252 (2014).  

[24] Son, I. S., Lee, J. S., Lee, J. Y. & Kwon, C. S. Antioxidant and anti-inflammatory effects 

of Yam (Dioscorea batatas Decne.) on azoxymethane-induced colonic aberrant crypt 

foci in F344 rats. Prev. Nutr. Food Sci. 19, 82–88 (2014). 

[25]  Paulsen, J. E. et al. Flat dysplastic aberrant crypt foci are related to tumorigenesis in the 

colon of azoxymethane-treated rat. Cancer Res. 65, 121–129 (2005).  

[26] Jung, W.-M. et al. Cortical activation patterns of bodily attention triggered by 

acupuncture stimulation. Sci. Rep. 5, 12455 (2015).  



 

- 62 - 

 

[27] Lee, B. H. et al. Acupuncture at SI5 attenuates morphine seeking behavior after 

extinction. Neurosci. Lett. 529, 23–27 (2012).  

[28] Marx, V. Next-generation sequencing: The genome jigsaw. Nature 501, 263–268 (2013). 

[29] Williams, K. E. et al. Quantitative proteomic analyses of mammary organoids reveals 

distinct signatures after exposure to environmental chemicals. PNAS 113, E1343–1351 

(2016). 

[30] Livak, K. J. & Schmittgen, T. D. Analysis of relative gene expression data using real-

time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods 25, 402–408 

(2001).  

[31] Paulose, M. et al. Anodic Growth of Highly Ordered TiO2 nanotube Arrays to 134 μ m 

in Length. J. Phys. Chem. B. 110, 16179–16184 (2006).  

[32] Zhao, R. J. et al. Acupuncture normalizes the release of accumbal dopamine during the 

withdrawal period and after the ethanol challenge in chronic ethanol-treated rats. 

Neurosci. Lett. 395, 28–32 (2006). 

[33]  Hao, X., Tomlinson, I., Ilyas, M., Palazzo, J. P. & Talbot, I. C. Reciprocity between 

membranous and nuclear expression of β-catenin in colorectal tumours. Virchows Arch. 

431, 167–172 (1997). 

[34]  Tanaka, T. Colorectal carcinogenesis: Review of human and experimental animal 

studies. J. Carcinog. 8, 5 (2009). 

[35]  Roy, H. K. et al. Inducible nitric oxide synthase (iNOS) mediates the early increase of 

blood supply (EIBS) in colon carcinogenesis. FEBS Lett. 581, 3857–3862 (2007).  

 

 

 



 

- 63 - 

 

Chapter 4. Nanoscale Deposition of Noble Metal Particles                   

on Acupuncture Needle 

4.1. Introduction  

The physiological mechanisms of acupuncture appear to involve the release of 

endogenous opiates and neurotransmitters, with the signals mediating through electrical 

stimulation of the central nervous system (CNS). [1] Earlier we reported a micro/nano-porous 

stainless steel hand acupuncture needle with enhanced therapeutic properties, evaluated by 

electrophysiological and behavioral responses in Sprague-Dawley (SD) rats. 

The commonly accepted operational mechanism of acupuncture is that an electrical 

signal is transfered from the acupoint of the body, such as the hand, foot, or skin, to the disease 

origin. The exact mechanism between electric signal and alteration of molecular expression 

has not been clearly identified yet, perhaps the enhanced effect of PN is due the elevated 

strength of electric signals from PN. 

Noble metal particles such as gold, silver and platinum have elicited numerous 

interesting results for significant biomedical applications due to their inertness and electrical 

properties [2]. Silver and gold nanoparticles were accepted as stimulant of neuronal excitability 

because they induce increased frequency of spontaneous action potentials in neuron [3]. The 

role of neurophysiology in acupuncture is very important to care by activating the brain central 

mechanism of internal homoeostasis such as acute and chronic pain, psychiatric disease [4]. So 

motivated, noble metal nanoparticles on the nano-porous structure may exerts synergistic effect 

of ‘de qi’ performance.  

This work will focus on uniform electrodeposition of noble metal nanoparticles at nano-

porous structure using noble metal-containing ethylene glycol electrolytes [5]. 
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Electrodeposition will be performed with a two-electrode cell system, with carbon paper as the 

counter electrode and acupuncture needle as a working electrode 

The fabrication strategy of noble metal deposited nanoporous acupuncture needle (PN-

Noble) is shown in Fig 4.1. 

 

Figure 4.1 Surface modification strategy of acupuncture needle: (1) Conventional acupuncture 

needle (CN); (2) Micro/Nano-porous morphology, PN, is formed by electrochemical 

anodization of CN in a fluorine-based ethylene glycol electrolyte; (3) Noble metal 

nanoparticles are electrodeposited on surface of PN. 

 

4.2. Experimental section  

4.2.1. Chemicals and materials  

The conventional acupuncture needle (CN) (Dongbang Acupuncture Inc., Republic of Korea), 

with the dimensions of 8 mm length and 0.18 mm diameter as working electrode for 

anodization. and carbon paper (Carbon and Fuel Cell, CNL, Republic of Korea) as the counter 

electrode. NH4F (98.0%, American Chemical Society (ACS) reagent, Alfa Aesar, United States) 

and Ethylene Glycol (extra pure, Daejung, Republic of Korea) were used for preparation of the 

anodization electrolyte.  

 Three kinds of noble metal deposited nanoporous needles (Noble-PN) were fabricated 

with Ag, Au, Pt, respectively. AgNO3 (99.0 %, American Chemical Society (ACS) reagent, 
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Sigma Aldrich), NaAuCl4 · 2H2O (99.0 %, Sigma Aldrich) and H2PtCl6 · 6H2O (≥37.50% Pt 

basis, American Chemical Society (ACS) reagent, Sigma Aldrich) were utilized as noble metal 

source.  

4.2.2. Fabrication of noble metal nanoparticle deposited hand 

acupuncture needles  

The conventional acupuncture needle (CN) used in this investigation were obtained 

from Dongbang Acupuncture Inc., Republic of Korea, with the dimensions of 8 mm length and 

0.18 mm diameter. The PN was prepared by electrochemical anodization as reported 

previously[6,7]. Briefly, the electrochemical anodization of sequentially washed CN in acetone, 

ethanol and deionized (DI) water was carried out in a two-electrode cell, with carbon paper 

(Carbon and Fuel Cell, CNL, Republic of Korea) as the counter electrode and CN as a working 

electrode. The electrolyte consisted of 0.2 wt. % (weight percent) NH4F (98.0%, American 

Chemical Society (ACS) reagent, Alfa Aesar, United States) and 2.0 vol.% (volume percent) 

DI water in ethylene glycol. The anodization was performed at 20 V for 30 min. The anodized 

needle was sequentially rinsed with acetone, ethanol and DI water and then dried in a nitrogen 

gas stream. 

 Porous needle (PN)1,2 , with hierarchical micro/nano-scale conical pores upon the 

surface was used in this investigation. Three kinds of noble metal deposited nanoporous 

needles (Noble-PN) were fabricated with Ag, Au, Pt, respectively. The needles are identified 

as PN-Ag, PN-Au, PN-Pt. The PN-Ag fabrication was carried out for 2V with time as a variable, 

using an electrolyte comprised of 0.02 wt. % (weight percent) AgNO3 (99.0 %, American 

Chemical Society (ACS) reagent, Sigma Aldrich) and 2.0 vol. % (volume percent) DI water in 

ethylene glycol. The same method has been used in Au-PN, Pt-PN with 0.02wt% (weight 

percent) NaAuCl4 · 2H2O (99.0 %, Sigma Aldrich) and H2PtCl6 · 6H2O (≥37.50% Pt basis, 
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American Chemical Society (ACS) reagent, Sigma Aldrich), respectively, in 2.0 vol. % 

(volume percent) DI water in ethylene glycol. The electrodeposition was performed using a 

two-electrode cell. Carbon paper (Carbon and Fuel Cell, CNL, Republic of Korea) was utilized 

as counter electrode. The Noble-PN was rinsed with hot DI water at 70℃ and then dried in a 

nitrogen gas stream.  

4.2.3. Characterization of Noble Metal Nanoparticles Deposited 

Acupuncture Needles 

Morphological analysis of noble metal nanoparticles was operated using a Field 

Emission Scanning Electron Microscope (FE-SEM, Hitachi S-4800) with 3 kV 10µA. 

Elemental analysis of noble metal deposited needle was obtained using Energy Dispersive 

Spectroscopy (EDS, Brucker Co.) built in FE-SEM machine. The absorption spectra for the 

Methylene Blue adsorption of Noble-PN samples were obtained using a Cary series UV-visible 

near IR spectrophotometer (Agilent Technologies) in the range of 550-750 nm wavelength. The 

electrochemical impedance spectroscopy (EIS) tests were performed using Bio Logics SAS 

(Model VSP-1158) three-electrode workstation with platinum (Pt) wire as the counter electrode, 

Ag/AgCl electrode as the reference electrode and Noble-PN as the working electrode. The 

system was operated using EC Lab software in the frequency range of 100 kiloHertz (kHz) to 

20 Hertz (Hz). The electrolyte consists of saline solution (0.9 g NaCl in 100 ml DI water) 

purchased from JW-Pharma, Republic of Korea and used without further modifications. 
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4.3 . Results and discussion  

4.3.1 Characterization of Noble Metal Nanoparticles Deposited 

Acupuncture Needles 

 

Figure 4.2 Surface images of: (a) Conventional needle. (b) Porous needle. (c) Surface image 

of PN-Ag. (d) Surface image of PN-Au. (e) Surface image of PN-Pt sample. Insets of (a,b, c, 

d, and e) show needle tips. (f) Box plot of particle size distribution. 

 

Figure 4.2.a, b show Scanning Electron Microscope images of the conventional and 

porous hand acupuncture needle surfaces. It is obvious that the conventional needle possesses 

relatively smooth surface with minor scratches as shown in Fig. 4.2.a, while that of the 

anodized needle has a distinct micro/nano-scale porous topology, Fig. 4.2.b. Uniform 

micro/nano porous topology is achieved at an anodization voltage of 20 V 30min.  
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Figure 4.3 Surface images of: (a) Cross-sectional image of the porous anodized needle.     

(b) High resolution image of porous structure. 

 

The morphology of pore which is conical in shape and its cross-sectional image with 

high resolution are shown in Figure 4.3. The pore has an average diameter in a range of 0.3 to 

1.2 µm, and has an average depth in a range of 0.3 to 0.8 µm. The tip of conventional needle 

can be described as sharp horn as shown in inset of Fig 4.2.a, while the anodized conventional 

needle, which is for modification of surface as Micro/nano-porous structure, has dull tip as 

shown in insets of Fig 4.2.b, c, d, and e. 

Surface images of PN-Noble, obtained using field emission scanning electron 

microscopy (FE-SEM), are shown in Fig. 4.2.c, d, and e of which the noble metals are Ag, Au, 

Pt, respectively. The PN-Ag, uniformly having nanoparticles inner pore structure surface can 

be seen in Fig. 4.2.c. Most of Ag nanoparticles formed 20~30 nm obtained via Ag 

electrodeposition on PN. Au nanoparticles on PN-Au surface can be seen in Fig 4.2.d.  
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Its particle size distribution on PN is relatively uniform any other noble metal species. 

Figure 4.2.e. shows surface image of PN-Pt. Analysis of particle size reflects size-variability 

graphically, see Figure 4.2.f. The central mark of each box is the median, the edges of the box 

are the 25th and 75th percentiles. The whiskers extend to 1.5 times range of maximum and 

minimum interquartile beyond the box. Noble metal deposited conventional acupuncture 

needle (CN-Noble), is used and the morphology compared to those of PN-Noble. After noble 

metal electrodeposition on CN obtains nanoparticles on smooth surface with minor scratches, 

see Figure 4.4. 

Figure 4.4 (a) Surface image of Ag deposited CN sample. (b) Surface image of Au deposited 

CN sample (c) Surface image of Pt deposited CN sample. (d) Box plot of particle size 

distribution. 
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Table 4. EDS (Energy Dispersive spectroscopy) data PN and after electrodeposition of noble 

metal on nanoporous needles at 2 V for 75 s 

 PN Ag-PN Au-PN Pt-PN 

Elements Atom. C (at. %) Atom. C (at. %) Atom. C (at. %) Atom. C (at. %) 

Noble 

Metal 

- 
0.29±0.05 0.28±0.07 0.23±0.06 

Fe 70.36±6.14 69.52±1.57 63.42±1.97 68.87±2.13 

Cr 18.69±1.71 17.87±0.35 16.8±0.56 16.37±0.45 

Ni 8.01±1.04 7.57±0.22 7.30±0.25 7.38±0.18 

 

Elemental analysis of PN-Noble shows their qualitative and quantitative properties, using 

energy dispersive spectrometer (EDS), is shown in Table 4. Noble metal species are detected 

without losing its own stainless steel proportion and any changes.     

The surface area of PN with noble metal nanoparticles was determined applying Beer-

Lambert law. The Methylene Blue dye adsorption-desorption on surface of Ag deposited 

needles was detected quantitatively via absorption spectra, Fig 4.5.a. The surface area increases 

more as the deposition time becomes longer. The surface area variation of needle as a function 

of deposition time, with the 2V,120s deposited PN-Ag showed a maximum result, as shown in 

Fig 4.5.b-f. but, the increment decreases gradually with increased electrodeposition time 

because nanoparticles get to be agglomeration thus treated as bulk phase. 
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Figure 4.5 (a, b, c) Absorption spectra for dye adsorbed on CN, PN, and Noble metal  
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deposited PN samples. (d, e, f) Surface areas determined for CN, PN, and Noble metal 

deposited PN samples. 

 

Figure 4.6 (a) Electrochemical impedance spectra (EIS) with fitted Nyquist plots 

corresponding to conventional acupuncture needle (CN), nanoporous acupuncture needle (PN) 

and noble metal deposited PN (Ag, Au, Pt). (b) A broken line graph of EIS data which is 

deposition time-dependent noble metal deposited PN. where RCT = Charge transfer resistance. 

The PN-Ag-75 sample shows the lowest RCT which is approximately 50 times lower than CN. 

 

Electrochemical impedance spectroscopy (EIS), a powerful technique for investigating 

the surface characteristics of materials, was performed for PN-Noble. Figure 4.6.a shows the 

fitted Nyquist plots corresponding to EIS results for CN, PN, PN-Noble in saline solution. The 

Nyquist plots for needles are of similar shape indicating that the saline electrolyte does not 

affect the needle surface, while the semicircles of depressed nature can be attributed to the 

combination of charge transfer resistance (Rct) and a constant phase element (CPE) at the 

working electrode (acupuncture needles in this case) and electrolyte interface. A reasonable 

decrease observed in the semicircle diameter for the PNs, indicating a significant decrease of 

charge transfer resistance (Rct). 
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Figure 4.6.a arranges EIS result for the lowest impedance data of each PN-Noble 

comparison to their deposition time-dependent samples. The semicircle means its charge 

transfer resistance (Rct), the resistance with the process of electron transfer from electrolyte to 

working electrode. This fitted Nyquist plots indicates PN-Ag-75 has the lowest charge transfer 

resistance than any other PN-Noble included CN, PN. The reasonable decrement of semicircle 

diameter is due to noble metal nanoparticles enhanced transfer of electron in saline solution. 

Figure 4.6.b shows Rct value of noble metal deposition time-dependent samples as a broken 

line graph. 
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4.3.2 Therapeutic Performance of Noble Metal Nanoparticles 

Deposited on Hand Acupuncture Needles 

 

Figure 4.7 Characterization of spinal dorsal horn neuronal phenotype and their response 

activity 

LT (upper) neuron showed strong response activity at only initial mechanical stimulation 

whereas WDR (lower) neuron showed strong activity during the VFFs stimulation. Arrow: the 

responses to needle insertion. Before, After : before and after the need insertion. The 

comparison of before and after did not show significant difference and suggested that need 

insertion itself did not show changes of neuronal activity. Bar: 10 seconds, Needle stimulation: 

manual stimulation with rotation (1 rotation/1second). 1st and 2nd : needle stimulation (10 

seconds, each). 
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Figure 4.8 Comparison of neuronal response activity following needle stimulation. (a) 

Comparison of LT and WDR neuronal responsiveness induced by needle stimulation 

among groups. (b) Changes of LT and WDR neuronal activity in each group. The 

comparison revealed that LT neurons showed much sensitive to the needle stimulation. 

Horizontal line : 100% of activity induced by VFFs stimulation. 

After normalization by 100% of LT and WDR neuronal activity by VFFs stimulation, 

the needle stimulation in CN group showed predominant increases of spinal dorsal horn 

neurons responsiveness compared to before stimulation. However, LT and WDR neurons 

in all PN needle groups showed significant increases of neuronal responsiveness compared 

to CN group.  

Neuronal responsiveness of LT neurons in CN was 247 ± 20.8 %, however, PN, Ag-

PN, Au-PN and Pt-PN groups was 487.3 ± 46.7 %, 459. 5 ± 52.7 %, 510 ± 44.2 % and 

445.5 ± 28 %, respectively and showed significant increases (Figure 4.8.a, *p<0.05. 

However, there is no significant differences side-by-side comparison.  

Neuronal responsiveness of WDR neurons in CN was 137.9 ± 9.3 %. However, PN, 

PN-Ag, PN-Au and PN-Pt groups was 170.9 ± 14.3 %, 242.2 ± 9.8 %, 199.3 ± 9.7 % and 

221.2 ± 24.2 %, respectively and showed significant increases (Figure 4.8.b, *p<0.05). In 

addition, PN-Ag groups showed significant increase compared to PN groups (#p<0.05). 
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4.4 . Conclusions 

Electrochemical deposition method is utilized for noble metal particles deposition 

on the surface of PN and CN in nanoscale size. The nanoparticles enhance its surface area 

and shows lower impedance data than PN. These properties of needle induce neuron to be 

excited more response activity than CN. 

In comparison between LT and WDR neuronal responsiveness, all experimental 

groups showed significant increase of LT neuronal responsiveness to needle stimulation 

compared to WDR neurons (*p<0.05). This data suggested that LT neurons showed higher 

sensitivity to needle stimulation than WDR neurons.  

All experimental groups showed significant increase of LT neuronal responsiveness 

compared to WDR neurons. This data suggested that LT neurons are much sensitive to 

needle stimulation than WDR neurons.  

The commonly accepted operational mechanism of acupuncture is that an electrical 

signal is transferred from the acupoint of the body, such as the hand, foot, or skin, to the 

disease origin. Figure 4.6 shows the fitted Nyquist plots for noble metal deposited porous 

hand acupuncture needles, CN and PN. The similar shapes indicate no surface effects due 

to the electrolyte, while the substantial decrease of the semicircle diameter for noble metal 

deposited acupuncture needle indicates decreased charge transfer resistance with increased 

PN surface area. In addition, the nanoparticles enhanced 1.45 times surface area of PN. 

Perhaps, this makes effective stimulation by noble metal nanoparticles inducing enhanced 

surface area and high electrical conductivity.   
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Chapter 5. Investigation for Manufacture of Hierarchical Micro/Nano-

porous Acupuncture Needle 

5.1. Introduction  

The developed hierarchical micro/nano-porous acupuncture needle showed 

neurophysiological excellence and possibility for cancer treatment. [1,2] Commercialization of 

this technology is aimed at production of automatic equipment according to study on influential 

factors for lower manufacturing cost and efficient production.  

Some of the factors based on electrochemical anodization are reaction time, volume of 

electrolyte, applied voltage etc. [3, 4, 5, 6]. Considering all of it, this investigation targeted 

enhancement of productivity under the condition of distinct hierarchical micro/nano-porous 

structure surface. 

For successful mass production of hierarchical micro/nano-porous acupuncture needle, 

it has to be designed to be functional and easy to use. Cost effective system approaches also 

has to be considered. First, comparison to optimum condition, if the sample shows hierarchical 

micro/nano-porous structure, studied condition will be selected as manufacturing system. As a 

result, reduced manufacture cost and relative small scale of automated process system will be 

achieved. Second, designing of efficient automated system is one of the most prime work for 

manufacturing.    

   As a result, a large number of samples of PAN by mass production technology, it will 

establish a research framework with different organizations. Moreover, by promoting 

commercialization, it can lead in the oriental medicine market and increase the academic value 

of oriental medical technology. 
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5.2. Study on Influential Factors of Electrochemical Anodization 

5.2.1. Voltage 

Figure 5.1 Surface image of anodized acupuncture needle: (a) 0V 1h. (b) 20V 1h. (c) 25V 1h. 

(d) 30V 1h. (e) 35V 1h. (f) 40V 1h. Insets of (a, b, c, d, e, f) show needle tip. 
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Anodization voltage contributes to power consumption which corresponds to increased 

manufacturing cost. For efficient manufacturing operation, proper voltage for anodization has 

to be needed. In the investigation, 17.7mL of 0.25 wt % of NH4F, 2 vol % of D.I. Water in 

ethylene glycol electrolyte is used. The anodization is performed with 1 hour as a various 

voltage condition. The influences of anodization voltage on the morphology of nano-porous 

structure surface was evaluated by FESEM. (see Fig. 5.1.) Having a smooth surface with minor 

scratches in CAN as shown in Fig. 5.1.a, while Fig. 5.1.d shows the distinct micro-nanoscale 

porous surface topology of high surface area. Other samples shows some rough surface or 

partially fabricated porous structure. So, 30V shows the best result for morphology of 

hierarchical micro/nano-porous surface. 

5.2.2. Electrolyte Volume 

The volume of electrolyte is significant factor for raw materials charge. During 

anodization which modify surface as inwardly concave holes, Oxygen atom from water and 

fluorine are importantly involved in surface oxidation and dissolution, respectively. If they are 

enough to make nanoporous structure, the surplus components will be remained in the 

electrolyte. So motivated, control of electrolyte volume seems to be the most important 

investigation for efficient manufacture. 

17.7mL, 7.7mL of 0.25 wt % of NH4F, 2 vol % of D.I. water in ethylene glycol 

electrolyte are used. The CAN is anodized at 30V for 1 hour in this investigation. 

Morphological analysis of nano-porous structure surface was evaluated by FESEM. (see Fig. 

5.2.) There is no significant difference between Fig. 5.2.a and b. So, reduced volume of 

electrolyte didn’t show any serious change for hierarchical micro/nano-porous structure. 
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Figure 5.2 Surface image of anodized acupuncture needle with control of electrolyte volume; 

(a) 17.7mL (b) 7.7mL. Insets of (a, b) show needle tip. 

5.2.3. Anodization Time 

Anodization time involves the maximum number of product in given time. To investigate 

effect of time 7.7 mL of electrolyte was utilized by manipulating anodization time as, 15 min, 

30 min, 45 min, 60 min, and 75 min.Fig. 5.3 shows anodization time-dependent investigation 

with 30V applied.  

Figure 5.3.b shows tiny holes fabricated on the smooth surface. 30 min anodized CAN 

shows the shallow porous structure occurred as shown in Fig 5.3.c while the distinct porous 

structure is presented firstly in 45min anodized CAN. (see Fig 5.3.d) The optimum porous 

structure is shown in Fig 5.3.e as usual. And, 75 min anodized CAN sample also shows distinct 

porous structure but its pore size is much bigger than optimum one. 
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Figure 5.3 Surface image of anodized acupuncture needle with control of anodization time; 

(a) CAN (b) 15min (c) 30min (d) 45min (e) 60min (f) 75min; anodized with 30V. 
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5.2.4. Reuse of Electrolyte 

As I mentioned above, electrolyte volume is crucial for economical production. So, 

small amounts of components in electrolyte was proved to fabricate nanoporous structure 

without any problem. But, reusing of electrolyte is challenging because of the presence of 

contaminants from consumed components during anodization. These contaminants in re-

used electrolyte may affect to ionic transfer and reaction.  

7.7 mL of 0.25 wt % of NH4F, 2 vol % of D.I. water in ethylene glycol electrolyte are 

used. The CAN is anodized at 30V for 1 hour in this investigation. Morphological analysis 

of nano-porous structure surface was evaluated by FESEM. (see Fig. 5.4.) CAN and PAN 

show reproducibility as shown before. But, anodization with once utilized electrolyte 

induced surface to be incomplete porous structure. Finally, the surface of needle which is 

anodized with twice utilized electrolyte shows damaged morphology that can affect its 

endurance. The inset of Fig. 5.4.c and d are images of needle tip that explain weak 

durability as damaged structure  
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Figure 5.4 Surface image of anodized acupuncture needle with reuse of electrolyte; (a) CAN 

(b) PAN (c) use of once utilized electrolyte (d) use of twice utilized electrolyte; with same 

electrolyte. 
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5.2.5. Reuse of Carbon Paper 

Carbon paper was utilized as counter electrode for anodization, which is evaluated as 

expensive. In fact, carbon paper has lion´s share in raw material cost. Therefore, it is important 

to study recycling of carbon paper. 

7.7 mL of 0.25 wt % of NH4F, 2 vol % of D.I. water in ethylene glycol electrolyte is used. 

The CAN is anodized 30V for 1 hour and same carbon paper as counter electrode using 

different times utilized (from fresh to 10) in this investigation the resulting morphology as 

shown in figure 5.5 respectively. Until anodization with 8 times utilized carbon paper, the 

surface of needle sample shows well-defined porous structure. But, the distinct porous 

structure becomes faded in comparison to 9 times utilized carbon paper as shown in Fig. 5.5.k. 

Finally, incomplete porous structure is obtained as shown in Fig. 5.5.i. 
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Figure 5.5 Surface image of anodized acupuncture needle with reuse of carbon paper as 

counter electrolyte(C.E) ; (a) CAN (b) PAN (c) use of once utilized C.E (d) use of twice utilized 

C.E (e) use of 3 times utilized C.E (f) use of 4 times utilized C.E (g) use of 5 times utilized C.E 

(h) use of 6 times utilized C.E (i) use of 7 times utilized C.E (j) use of 8 times utilized C.E (k) 

use of 9 times utilized C.E (l) use of 10 times utilized C.E. 
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5.3. Automation Process Equipment  

5.3.1. Auto Anodizing Apparatus  

    The auto anodizing apparatus was designed for continuous fabrication. But, one more 

important thing is reproducible and consistent method. Previous method was manual 

fabrication with alligator clip. The consistency of gap distance between electrodes, depth and 

angle of the electrode in electrolyte was not assured. So, mechanical fabrication can handle 

these kind of problems, thus cartridge system based auto anodizing apparatus was developed. 

Anodizing apparatus includes a rotation unit and a plurality of cartridges as shown in 

Figure 5.6. This rotation unit and a large number of cartridges can make quick and facile 

fabrication of hierarchical micro/nano-porous acupuncture needle automatically. This 

assembly can handle a more number of needles per hour, in turn enhanced productivity. 

Figure 5.6 A general 3D drawing of auto anodizing apparatus.  
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Figure 5.7 Photograph image of the components of auto anodizing apparatus; (a) needle and 

carbon paper loaded cartridge (b) brass sheet (red box) (c) contact between cartridge and brass 

sheet. (red box) 

The cartridge is composed of brass for contact point with electric wire connected 

through power supply and rubber for insulator. The contact point for applying voltage also 

composed of brass. Figure 5.7.a shows acupuncture needle and carbon paper as counter 

electrode loaded cartridge. Figure 5.7.b shows brass sheet which is utilized for electric contact 

points. Figure 5.7.c illustrates the view of contact between cartridge and the brass sheet. The 

voltage is applied only with contact point connection as shown in 5.7.c.  

Operational system of auto anodizing apparatus is also introduced with two step motor 

and two locational sensor and four peristaltic pumps.  

First, the role of pump is pumping the electrolyte from supply tank to reactor and from 

reactor to waste tank. The electrolyte is contained within silicon tube fitted inside a circular 

pump. A rotor with a number of roller attached to the external circumference of the rotor 

compresses silicon tube. When the rotor rotates, the part of the tube under compression is 

pinched closed thus forcing electrolyte to be pumped to move through the tube. And, the 

electrolyte contained in the reactor is controlled uniformly by predetermined pump operation 

time.   

https://en.wikipedia.org/wiki/Rotor_(turbine)
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Figure 5.8 Photograph image of the components of auto anodizing apparatus; (a) y-axis 

movement reactor (b) rotation unit (c) rotation angle detecting sensor 

The step motors were utilized for mechanical movement of reactor and rotation unit 

with two locational sensors. Figure 5.8.a shows the y-axis movement of reactor for coupling 

with needle loaded cartridge. The step motor generates the driving power to be moved 

vertically for connection between electrodes loaded cartridge and contacting point of power 

supply electrically. The uniform y-axis location of reactor is controlled by height locational 

sensor.  Figure 5.8.b shows the disk-like rotation unit which includes a reference point at the 

predetermined angle to be formed through contacting location in the vertical direction.  

So, the rotary unit is comprised with a rotation angle detection sensor that detects the 

angle as shown in Figure 5.8.c. The rotation angle detecting sensor is installed adjacent to the 

rotation unit to detect the angle of the rotation unit rotated. A rotation angle detecting sensor 

includes a laser irradiation module and the laser receiving module. Laser irradiation module 

irradiating laser towards the rotation unit in the vertical direction. Laser receiving module 

detects the laser irradiation in the laser irradiation module. When receiving module captures 

maximum intensity of radiations then rotary motor is stopped to locate the unit with specific 

angle. In contrast, when the laser irradiation is blocked, rotary motor drives until laser 

irradiation detected on laser receiving modules. The specific angle is determined by a 
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predetermined intensity that laser receiving module sensor detects 
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5.3.2. Auto Mass Production Anodization System  

The auto mass production anodizing apparatus was designed for continuous 

fabrication and mass production of hierarchical micro/nano-porous acupuncture needle. 

Based on economies of scale, the theory of the relationship between the scale of all productive 

components and the rate of output of the enterprise. [8] The simple meaning of economies of 

scale is more efficient productivity with increasing process scale or speed of operation. [9] It 

is a crucial element for calculation of break-even point. And, each of the components need to 

be evaluated for overcoming break-even point.  

Table 5. Unit price calculation of PAN via auto anodizing apparatus. 

The unit price calculation was estimated for ‘Auto Anodizing Apparatus’. Table 5 

enlists the unit price of PAN based on operation of auto anodizing apparatus. Retail price of 

general acupuncture needle such as CAN is 13.5 won per 1 ea, while the only material cost 

of PAN is 743.1 won per 1 ea. Retail price of PAN has to consider labor cost, promotion cost 

etc. ,so additional price will be added on retail price.  
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So, newly developed anodization method for mass production of hierarchical 

micro/nano-porous acupuncture needle is anodization technique with bundle of 1,000 ea of 

CAN set by specially designed cartridge. The binding cartridge is composed of brass with 

compression spring to tighten the 1,000 ea of CAN as shown in Figure 5.9. When the voltage 

applied to brass based cartridge, the bundle type of 1,000 ea of CAN which are contacted 

each other has potential energy to be anodized.  

Figure 5.9 Photograph image of (a) binding cartridge, (b) 1,000 ea of CAN loaded binding 

cartridge.   
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Figure 5.10 Photograph image of (a) carbon paper, (b) graphite plate.  

        Due to durability issue, carbon paper is replaced by graphite plate. Carbon paper has 

0.42 mm thickness while graphite plate has 2 mm thickness that is more solid than carbon paper 

as shown in Figure 5.10. So, 50 mm x 65 mm x 2 mm of graphite plate was utilized as counter 

electrode in this study. 

Various methods were investigated with designed binding cartridge. First, as reported 

before, PAN fabrication method, anodization with 0.3 wt % NH4F and 2 vol % D.I. water in 

ethylene glycol based electrolyte was employed on 1,000 ea of CAN loaded binding cartridge.   

First, 1 ea of graphite plate is placed at 1 cm distance from the single side of 1,000 ea 

of CAN loaded binding cartridge with 30 V applied for a 1 hour. Figure 5.11 shows 

morphological analysis of this investigation. Anodization method of only single side 

employed counter electrode shows that surface of the needle, near from counter electrode,has 

distinct porous structure while surface of the needle, far from counter electrode has no porous 

structure. And, the needle tips which are close to graphite plate got damaged with hollow 

structure. Via this investigation, the only one graphite plate mounted on single side couldn’t 
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affect all of the needles. 

 

Figure 5.11 Surface image of anodized sample with graphite plate placed in 1 cm distance from 

the single side of cartridge. Based on (j), each samples is located in x - y axis coordinate; (a) 

[ -2, 0 ], (b) [ -1, 0 ], (c) [ 0, 0 ], (d) [ 1, 0 ], (e) [ 2, 0 ], (f) [ 0, 2 ], (g) [ 0, 1 ], (h) [ 0, -1 ], (i) 

[ 0, -2 ].   
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Figure 5.12 Surface image of anodized sample with graphite plate placed in 1 cm distance 

from bilateral side of cartridge. Based on (j), each samples is located in x - y axis coordinate; 

(a) [ -2, 0 ], (b) [ -1, 0 ], (c) [ 0, 0 ], (d) [ 1, 0 ], (e) [ 2, 0 ], (f) [ 0, 2 ], (g) [ 0, 1 ], (h) [ 0, -1 ], 

(i) [ 0, -2 ].   

So, both side employed graphite plate anodization method was investigated. 2 ea of 

graphite plate were placed in 1 cm distance from the bilateral side of 1,000 ea of CAN loaded 

binding cartridge. And 30 V was applied for a 1 hour. Figure 5.12 shows morphologic analysis 

of anodized needles with 0.3 wt % NH4F and 2 vol % D.I. water in ethylene glycol based 



 

- 96 - 

 

electrolyte. Anodization with bilateral side employed graphite plate shows that surface of the 

needles has distinct porous structure but inner located acupuncture needle has shallow and 

broad porous surface. Besides, all of needle tips are shown as damaged with hollow structure. 

Figure 5.13 Surface image of twice anodized sample with graphite plate placed in 1 cm 

distance from bilateral side of cartridge. Based on (j), each samples is located in x - y axis 

coordinate; (a) [ -2, 0 ], (b) [ -1, 0 ], (c) [ 0, 0 ], (d) [ 1, 0 ], (e) [ 2, 0 ], (f) [ 0, 2 ], (g) [ 0, 1 ], 

(h) [ 0, -1 ], (i) [ 0, -2 ].   

The damaged surface of needle was showed in case of reused of electrolyte. In 
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contaminated electrolyte, the surface of anodized needle always shows hollow structure 

which can affect the durability. So motivated, we have invented the new anodization method. 

The anodization process is divided into two halves. As previous reported, the 1,000 ea of 

CAN loaded in binding cartridge is anodized first, then, second anodization is implemented 

after renew the fresh electrolyte.  

In this investigation, First anodization is implemented with 30 Voltage about 30 min, 

then, 30 Voltage is applied for second anodization during 30min. 

The surface morphology of PAN with newly developed anodization technique shows 

relatively small porous structure and sharp tip as same with CAN. In addition, thickness of 

PAN with newly developed anodization method is 292 µm in average while thickness of PAN 

with anodizing apparatus is 251 µm in average. This indicates PAN which is newly fabricated 

in this investigation has porous structure and thick diameter that can be positive effect for 

good merchantable quality.   

 

. .  
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Figure 5.14 Process of mass production anodization system. (a) 2D design of the whole 

process. Topologic photograph of processes; (b) Anodization process, (c) Ultrasonic cleaning 

process, (d) Dry process.  
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According to the method of anodizing twice at once, the basic investigation of mass 

production of porous needle was finished. Here, the process design of mass production 

anodization system will be introduced briefly in Figure 5.14.a. The basic and essential 

processes of mass production system are anodization process, cleaning process, dry process.  

In anodization process, consistence of supply and expel of electrolyte has to be 

considered primarily. It is controlled by time with peristaltic pumps. The anodization reactor 

is composed of 10 ea of PVC reactor cell as shown in Figure 5.14.b.  

  The ultrasonic cleaning process is following anodization process by x-z movement of 

robot arm. In ultrasonic cleaning process, 40 – 60 Hz of ultrasonic wave is applied for 

cleaning method. As same with porous needle cleaning method, acetone, ethanol, D.I. water 

are used consequentially. And the photograph image is shown as Figure 5.14.c. 

Then, dry process is composed of 3 fans for exhausting air with cleaning solvent and 

heat source for evaporation of solvent and water remained onto anodized needles. The 

temperature will be kept as 80 celsius degrees. The photograph image is shown as Figure 

5.14.d. 

And, the auto anodization apparatus for mass production is mainly operated by X - Z 

axis movement robot arm with cartridge carrier as shown in 5.15. The cartridge carrier can 

contain 10 ea of 1,000 ea of CAN loaded binding cartridges which are connected with power 

supply for applying voltage. Carbon brush equipped in cartridge carrier has role of contacting 

with cartridge electrically and bolt has role of graphite plate fixation for hanging on cartridge 

carrier and contacting with cartridge electrically.  
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Figure 5.15 X-Z axis movement of robot arm mainly operates mass production system.  

Table 6 Unit price calculation of PAN via mass production system. 
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Table 6 shows the unit price of PAN operated by mass production system. It is 

approximately 39 won per 1 ea. This indicates cost saving of 94.7 % comparison to material 

cost of anodizing apparatus utilized. 
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5.4. Conclusions 

Based on our developed mass production system, it shows the possibility of 

commercialization of PAN. Comparison to anodizing apparatus, mass production system 

enhanced productivity based on time. From 24 ea per one day to 240,000 ea per one day, mass 

production system lead to decrease the manufactural cost. Based on economies of scale, it is 

cost efficient process which save operational budget from 743.1 won to 38.9 won for unit 

price calculation.  

Despite that fact, the retail price of PAN via mass production system still be high which 

is estimated higher than 39 won per 1ea, while the retail price of CAN is 13.5 won per 1 ea. 

So, additional automatic system need to be introduced for excluding labor cost because mass 

production system is developed with neglecting works that needs labor force. The works 

concerned with 1,000 ea of CAN loading on binding cartridge and packaging anodized needles 

are need to be automated.      
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요 약 문 

 

나노 기술을 기반으로 표면 처리된 한방침의 치료 효능 

화학 치료요법 위주의 현대의학은 즉각적인 치료 효과로 수많은 인기를 끌었지만, 일시적인 효

능과 부작용, 그리고, 약제 내성으로 인한 문제점을 불러일으켰다. 화학적 치료요법은 의약물질로 

승인받은 3,000 여개 이상의 화학종이 의약품으로 사용되고 있으며, 그 중 일부는 ‘제노바이오틱

스’의 형태로 난분해성인데다 먹이 사슬을 통해 체내에 축적되어 생태계를 파괴하며, 배설물을 

통해 배출되어 환경을 오염시킨다. 이러한 문제로 인해 항암제의 부작용을 치료 및 통증을 완화

시켜주는 용도로 활용되던 대체보완의학 한방침이 새롭게 주목받고 있다. 

침술은 기원전6,000년에서부터 뾰족한 모양의 돌, 대나무, 뼈 등의 형태의 침을 이용하여 활용

되기 시작했다. 침술은 피부에 침을 삽입하는 과정에서 물리적 자극 에너지를 생체 에너지로 변

환하여, 치료 효능을 보인다. 하지만, 아직 그 기전이 정확히 밝혀지지 않아 명확히 설명할 수 없

으나, 한방침은 다양한 질병에서 뛰어난 효능을 보여 오랜 시간 활용되어 왔다. 이러한, 한방침이 

주목받는 이유 중 하나는 약물에 의한 치료가 아닌 물리적 자극에 의한 치료로 부작용이 없는 친

환경적이고, 지속가능한 치료 기술이기 때문이다. 이러한 이유로 다양한 한방침 및 이의 기술 개

발이 시급한 상황이다. 이러한 시점에서 나노 기술 기반 한방침 연구는 의학계의 판도를 바꿀 새

로운 한방침 기술 혁신이 될 것이다.  

첫번째, 전기화학적 표면처리방법인 양극산화한 한방침은 표면에 내부로 함몰된 형태의 구멍

(hole)이 다량으로 형성된 한방침이다. 이러한, 마이크로내지 나노 크기의 다공성 표면 구조는 기

존의 침보다 20배 넓은 유효 표면적으로 인해 한방침 자극 세기를 향상시킨다. 이러한 넓은 표면

적으로 인한 다공성 침의 치료 효능은 동물 실험에서 큰 효과를 보였다. 알코올과 코카인 같은 

약물 중독에 경우, 동물 모델의 HT7 경혈 자리에 한방침을 자침함에 따른 전기생리학적 그리고, 

행동학적 분석을 통해 기존의 침보다 다공성 침이 약물 금단 현상을 대폭 감소시켰다. 또한, 분

자생물학적 지표의 변화 분석을 통해 다공성 침이 암세포의 성장 억제 및 제거에도 큰 효과가 있
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음을 증명했다. 다공성 침이 기존의 침보다 신경 생리학적 우수성을 입증했기 때문에 중증 질환

에 대한 치료 가능성을 보였다.  

금, 은, 백금 등 귀금속 나노 입자는 전기화학적 특성으로 인해 중요한 생체 의학분야에서 흥

미로운 결과를 만들어왔다. 기존의 침과 다공성 침의 표면에 귀금속 나노 입자를 도금 시키는데 

전기화학적 도금 방법이 활용되었다. 도금된 나노입자들은 기존의 다공성 침의 높은 표면적을 더 

증가시켰으며 귀금속의 전기화학적 특성으로 인한 임피던스의 감소를 보였다. 이러한 특성들은 

기존의 침보다 신경 세포의 반응 활성도를 증가시켰다.     

최근, 알츠하이머, 중풍, 암, 루게릭병 등 4 대 중증 질환에서 한방침의 효능이 입증되었다. 이

는 약물에 의한 치료가 아닌 물리적 자극 에너지에 의한 치료로 부작용이 없는 지속가능한 치료

법으로 기대되고 있다. 이로 인해, 나노 공법을 이용한 표면의 가공법으로 표면적을 극대화하거

나 자기장, 형광, 표면 플라즈몬 등등 기능성 나노 입자로 인한 다양한 전자기학 및 양자역학적 

자극 방법이 무궁무진하여 발전 가능성이 크며, 현대 의학의 한계점에 대한 새로운 돌파구가 될 

것이다. 
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