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1. Introduction

The therapeutic effects of acupuncture are being 
increasingly accepted worldwide [1−3], and it is 
increasingly imperative to elucidate the mecha-
nism of acupuncture’s effects in terms of modern sci-
entific concepts and terminologies. It must therefore 
be asked what is special about the acupuncture 
points (AP) and meridians (AM) and what distin-
guishes them from other neighboring areas of the 
skin. If there are special features, how does nee-
dling or other stimulation applied at APs function? 
To answer these questions, one must investigate 
the anatomical structure of APs and AMs.

Heine observed that at AP sites a composite 
of blood vessels and nerves existed within a sheet 
of loose connective mesenchyme perforating the 

superficial fascia that separates the subcutaneous 
from muscle tissue [4−6]. He demonstrated an AM-
like structure for the fascia-myo-tendon chain of the 
lung AM [7,8], which were supported by other reports 
[9−12]. Structurally, APs are neurovascular bundles 
[13−16], neuromuscular attachments [17−20], and 
various types of sensory nerve endings [21−23]. 
Langevin observed that more than 80% of the APs 
and 50% of the meridian intersections of the arm 
appeared to coincide with inter- or intramuscular 
connective tissue planes [24−26]. Jones applied 
ultrasonic imaging to AP research [27], and Ifrim 
attempted to stain APs and AMs using Alcian blue 
[28]. A comprehensive review of the anatomic char-
acterization of the acupuncture system may be 
found in the review by Van Wijk [29]. To the author’s 
knowledge, no research has revealed any discrete 
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anatomical structures corresponding to APs or AMs 
that are not known to Western biology or medicine. 
In this respect, Bonghan (BH) Kim’s claim is unique 
in that it proposes the existence of a new circula-
tory system distributed throughout the body of not 
only humans, but of all vertebrae.

The National Acupuncture Meridians Research 
Institute, led by BH Kim, published a series of five 
reports on the anatomical structure and physiolog-
ical study of APs and AMs [30−34] and one English 
review paper available in most university libraries 
[35]. A Bonghan corpuscle (BHC) and a Bonghan 
duct (BHD) correspond to an AP and an AM, respec-
tively. BHDs are linked either to one end of a BHC 
or to both ends and collectively these structures 
form a novel circulatory system throughout an ani-
mal’s body.

The Bonghan circulatory system is composed of 
several sub-networks located at various sites inside 
the body. These sub-networks can be categorized 
as: (1) a superficial BHC/D located in the skin, (2) an 
intravascular BHC/D that runs along the interior of 
the large veins, arteries, and lymphatic vessels and 
is afloat in the blood/lymph stream, not adhering 
to the vessel wall, (3) an extra-vascular BHC/D that 
runs along the exterior of large blood vessels, (4) an 
organ-surface BHC/D that spreads on various inter-
nal organ surfaces, (5) an intra-organ BHC/D located 
inside various internal organs, and (6) a neural 
BHC/D that exists inside the brain and spinal cord 
and runs along the exterior of peripheral nerves.

To examine the related physiological functions, 
first one needs to consider the liquid flowing in the 
BHD network. Analysis of BH liquid was performed 
by BH Kim [32], and important components include 
hyaluronic acid, neurotransmitter hormones such as 
adrenalin and noradrenalin, amino acids, and free 
nucleotides. The BH microcell or ‘sanal’ (formerly 
called granule) is a spherical or oval-shaped body 
with a diameter of 1−2 μm and containing one or 
two chromosomes enclosed by a thin membrane. 
BH Kim claimed that the ‘sanal’ played an impor-
tant role in the regeneration of damaged tissues 
[33,34]. Another important function is the trans-
mission of electrical signals through the BHD net-
work, which can supply a structure-based mechanism 
for the well-known phenomenon of low electrical 
impedances at acupoints [36−38]. A hypothetical 
function of the BHD is light propagation, which 
may explain the almost instantaneous effects felt 
throughout the whole body with some needling at 
acupoints [39].

Until recently, BH Kim’s claims could not be re-
produced or confirmed mainly because the formula 
of the staining dye essential for tracing and identi-
fying BHDs was undisclosed. Thus his work has been 
long neglected, and there has been no follow-up 

research except for the case of the Japanese anato-
mist Fujiwara [40] who was, in fact, able to partially 
reproduce BH Kim’s results; however, his work also 
did not attract much attention.

To our knowledge, there has been only one seri-
ous histological investigation of APs that denied BH 
Kim’s claims. Kellner thoroughly examined skin APs 
and concluded that no BHC-like structure existed 
[41]. However, one must be careful in drawing con-
clusions from a non-observation based on a histo-
logical method because a single histological method 
cannot fully reveal all structures in a tissue. In this 
case, it is essential to use a proper dye to visualize 
a novel structure like a BHC.

Since 2002, an intensive investigation of the BH 
system has been performed by the Biomedical Physics 
Laboratory, Seoul National University, and supported 
by the Korean Ministry of Science and Tech nology 
through the National Research Laboratory program. 
The first target for detection was the intravascular 
BHD in large blood vessels and lymphatic vessels 
of rabbits, rats, and mice. We then searched for the 
BHD on internal organ surfaces organs and inside 
brain ventricles and the central canal of the spinal 
cord. At present, a method to identify superficial 
BHDs and BHCs in the skin is still in development.

A series of investigations have been performed 
to establish the novelty of BHDs and BHCs and to 
elucidate their details. Besides conventional stain-
ing procedures and light microscopy, modern in-
struments and techniques unavailable in the time 
of BH Kim have been utilized. Confocal laser scan-
ning microscopy [42], various types of electron mi-
croscopy, such as scanning electron microscopy 
(SEM), cryo-SEM, focused-ion-beam SEM, and high-
voltage transmission electron microscopy (TEM) 
[43−45], X-ray microtomography [46], and atomic 
force microscopy [47] have been used to study ul-
trastructure. In addition, up-to-date technologies, 
such as fluorescent nanoparticles [48−50], immuno-
histochemistry [51,52], proteomic analysis [53], the 
ELISA technique for hormone analysis [54,55], and 
electrophysiological methods [56,57], have been 
employed.

2.  Recent Studies on the Bonghan 
System

2.1. Intravascular BHD and BHC

BHDs inside the caudal vena cava of rabbits and 
rats were chosen as the first site for observing a 
transparent threadlike structure afloat in the blood 
stream. Intravenous injection of a 10% dextrose 
solution at the left femoral vein was the key tech-
nique developed by our team to replace blood with 
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a transparent liquid while retaining the BHD in the 
blood vessel for observation in situ with a stereo-
microscope [58−60]. This technique had a very 
low success rate, even for a highly skilled micro-
surgeon, and was further confounded by a fibrin 
coagulation phenomenon, in which fibrin coagula-
tion formed strings that could not be distinguished 
from a BHD by either a stereomicroscope or a phase-
contrast microscope. Our original contribution here, 
which was not described in BH Kim’s work, was 
that of finding a method to distinguish a BHD from 
the very similar fibrin strings. This technique used 
fluorescent staining with Acridine orange to reveal 
the rod-shaped nuclei that are hallmarks of the BHD, 
but are absent in fibrin [61,62]. Figure 1 shows a 
micrograph of the longest sample of an intravascu-
lar BHD from a rat artery ever obtained using a 
surgical method [63].

A surgical method involving the cutting of a piece 
of blood vessel and searching for a BHD in the speci-
men was not successful because the BHD apparently 

shrank and effectively disappeared. A liquid nitrogen 
quenching technique of a whole blood vessel was 
also not successful because it was not possible to 
identify a BHD in the cross section of a frozen blood 
vessel. In 2006, we devised a new method to reveal 
a BHD in vivo in the caudal vena cava of a mouse 
by injecting a staining dye, Alcian blue, into the 
femoral vein [64]. Another in vivo method developed 
to observe a BHD involved fluorescent microscopy 
and a fluorescent dye, Acridine orange, injected 
intravenously [65]. BHCs were also observed but 
required careful analysis for identification [66].

At present, these methods for observing intra-
vascular BHDs are still not fully developed; skill and 
luck are needed to obtain the desired result. There 
is a need to develop a new variety of intravascular 
endoscope for observation of an intravascular BHD 
without staining.

2.2. Lymphatic BHD and BHC

As it is not possible to observe an intravascular 
BHD in situ in blood vessels because of the blood, 
it would be beneficial to examine transparent ves-
sels, namely, lymphatic vessels. We attempted to 
detect BHDs in large lymph vessels using a stere-
omicroscope, but were only able to see lymphatic 
valves. We then injected several kinds of staining 
chemicals into a lymph vessel or node and were able 
to visualize BHDs in situ and in vivo. We found three 
different effective stains preferential for BHD over 
the surrounding lymph vessel: Janus Green B [67], 
fluorescent magnetic nanoparticles [48,49], and 
Alcian blue [46]. Figure 2 shows a lymphatic BHD, 
stained by Janus Green B, floating inside a rabbit 
lymphatic vessel.

The drawback to these three methods was the 
injection of chemical agents into the lymphatic 
vessels, potentially damaging the BHD or generating 
artifacts. A contrast-enhancing optical method was 

Figure 1 Phase-contrast microscopic image of a BHD 
from an artery of a rat. Total length ∼4 cm [42].

Lymph vessel

Lymph
vessel

BH duct

BH duct

BHD inside lymph vessel Cross-section H&E staining

Valve 200 μm

Figure 2 BHD inside a rabbit lymphatic vessel stained with Janus Green B [43].
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developed for in vivo observation of BHDs floating 
inside large-caliber lymph vessels [68] and we have 
successfully captured films showing the movement 
of a BHD as the animal respired.

2.3.  BHD and BHC on internal-organ 
surfaces

A BHC/D network on the surfaces of various inter-
nal organs should be an easily confirmable struc-
ture, but several obstacles prevent easy observation. 
First, BHDs are thin and transparent and, thus hardly 
visible to the naked eye or under a low-magnification 
surgical microscope. Second, coagulated fibrin from 
blood present during surgery cannot be distinguished 
from BHDs. Third, similar-looking tissues from torn-
off peritonea or capsules of internal organs are not 
easily discernable without histological examination. 
And lastly, there are difficulties in distinguishing 
BHDs from lymphatic vessels [42].

A distinguishing feature of BHDs is that they do 
not adhere to the surfaces or capsules of internal 
organs but move freely. In addition, a BHC may be 

doubly or multiply connected to BHDs. Important 
histological features include the presence of a bun-
dle structure formed of several ductules and the 
distribution of rod-shaped nuclei aligned as broken 
lines. Extensive investigations on the morphological 
and functional nature of BHDs and BHCs on organ 
surfaces have been performed to elucidate their 
structural details and definitively establish their 
novelty [43−46].

2.4.  BHD and BHC in the brain and 
spinal cord of rabbit

BHDs of 20−40 μm in diameter were observed float-
ing in the cerebrospinal fluid of the brain ventri-
cles and the central spinal canal of a rabbit. An 
effective in situ staining technique using hematox-
ylin was developed to visualize the BHD, and the 
presence of rod-shaped nuclei was confirmed by 
using various nucleus specific staining dyes [69]. 
Figure 3 shows the location of BHDs against the 
ependymal walls of a third brain ventricle and of 
the cerebral aqueduct in a rabbit.

2 mm2 mm

40 μm1 mm

A B

DC

Figure 3 BHD in brain ventricles of rabbits. Stereomicroscopic images at bottom of the fourth ventricle beneath the 
cerebellum of same rabbit before, (A), and after, (B), hematoxylin application. No BHD visible in panel A but, after 
hematoxylin staining and washing, BHD (arrows) emerged near sulcus, panel B. (C) Stereomicroscopic image of BHD 
(arrow) in an aqueduct and third ventricle of rabbit brain after hematoxylin and washing, lifted using a needle to 
show it was a floating tissue in cerebrospinal fluid. Inset: wound state of threadlike structure specimen, showing its 
elastic nature; overlapped regions show its optical transparency; two nodes present (arrowheads); scale bar, 60 μm. 
(D) Stereomicroscopic image of BHD (arrow) with corpuscle (thick arrow) and node (arrowhead); one end of BHD cut 
at front part of third ventricle [50].



Bonghan circulatory system 97

3.  Trypan Blue as a BHD-specific 
Staining Dye

Finding the proper staining dye was the most criti-
cal factor in the rediscovery of the BH system. With-
out a proper dye, a target tissue will probably not 
be noticed, even under high magnification. The se-
cret blue dye that BH Kim used when discovering 
the BHD network has not been identified [31,32]. 
We have found a variety of materials, such as meth-
ylene blue, methyl green, Janus green B, Alcian blue, 
hematoxylin, chrome hematoxylin, and fluorescent 
nanoparticles, to be only partially useful. Only very 
recently, we found an efficient staining dye, trypan 
blue, which preferentially stained BHDs rather than 
blood vessels, lymph vessels, nerves, muscles, or adi-
pose tissues. Trypan blue is useful for vivistaining 
of vitreoretinal membranes in ophthalmic surgery 
[70] and is most commonly used to discriminate be-
tween live and dead cells. Strangely, it stained BHDs, 
but not other kinds of tissues, in vivo and in situ; 
thus it was extremely useful as a BHD-specific dye 
in detecting BHDs in various settings.

Using trypan blue, we were able to make signifi-
cant new contributions, including finding for the 
first time weblike networks of BHDs on the omen-
tum of a rat [71]. It is remarkable that the BHD-web 
overlaid the surface of the omentum and the peri-
toneum near the spleen (Figure 4).

As BHDs were often observed to enter adipose 
tissue around internal organs, we were not able to 
trace them into these tissues because the BHDs 
were not visible. BHDs and BHCs in adipose tissue can 
now be visualized with trypan blue [72], and the 
elucidation of their possible involvement with or 

relationship to obesity should be interesting. Most 
remarkably, we were able to detect BHDs on fascia 
surrounding tumor tissue using an in situ trypan blue-
staining method. This will be discussed below.

4. Biological and Medical Significance

4.1. Circulatory function

The morphological requirement for the BH system 
to have circulatory function is the presence of chan-
nels in the BHD. This condition was confirmed using 
an H&E staining method [73] and various types of 
electron microscopy such as transmission electron 
microscopy (TEM), high-voltage TEM, Cryo-scanning 
electron microscopy (Cryo-SEM), and focused-ion-
beam scanning electron microscopy (FIB-SEM) [43−
45]. Cellular level evidence was the location of 
endothelial cells comprising the inner boundary of 
the ductules in the BHD, also confirmed by TEM [73], 
and an immunohistochemical study which supported 
the existence of endothelial cells [52].

A direct test to demonstrate liquid flow, per-
formed by injecting fluorescent nanoparticles into 
an organ-surface BHC (Figure 5), revealed a one-
way flow, as expected for a circulation system [74]. 
The average flow speed, recently measured by in-
jecting Alcian blue into a BHC on the surface of a 
rabbit liver [44], was 0.3 ± 0.1 mm/s, in agreement 
with Bonghan Kim’s data [32]. Liquid flow through 
a BHD from the skin toward the internal organs 
was observed by injecting chrome-hematoxylin 
and fluorescent nanoparticles in the skin near a rat 
testis.

Omentum

1.0 mm
1.0 mm 500 μm

A B

C

Figure 4 Weblike network of BHDs revealed by using trypan blue. (A) Web of BHDs on visceral peritoneum around 
stomach near rat spleen; several small BHCs at crossing points (arrows); blood capillaries not stained. (B) Network of 
BHDs on omentum below stomach and over small intestine; three small corpuscles at crossing points of BHDs (arrows). 
(C) Inset: another part of same omentum as (A); floating BHD (open arrow) connected to BHDs (arrows) in omentum, 
showing BHDs on omentum as part of larger network of freely movable BHDs on internal organ surfaces [43].
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4.2. Electrophysiology: excitability

The circulatory function of the BH system also re-
quires the existence of excitable cells, which can 
be tested using electrophysiological experiments. 
A BHC obtained from rat intestinal surfaces was 
placed in a Locke’s solution bath and a microcapil-
lary electrode inserted into the BHC cell mem-
brane, which showed an abrupt electrical potential 
drop of 40 mV relative to the reference potential 
followed by irregular bursts of spontaneously evoked 
spikes in the resting potential at an average duration 
of 16 seconds (Figure 6). The resting potential and 
pattern of irregular bursts showed smooth muscle-
like excitability of the cells in the BHC [56]. In addi-
tion, the irregular bursts showed some resemblance 
to certain firing patterns of neurons [75], which sug-
gested a nerve-like electrical signal transmission in 
the BH system.

The nature of the excitable cells was determined 
by studying the effects of stimulation by acetyl-
choline and pilocarpine and the results showed hy-
perdepolarization, as has been observed in vascular 

smooth muscles. A critical factor at the molecular 
level of such a system is the Ca-ion channels that 
are necessary for cell movements in a contractible 
BHC. Testing with the Ca-ion-blocker nifedipine 
confirmed that the excitable cells in a BHC have 
Ca-ion channels [57].

In conclusion, electrophysiological results have 
supported the circulatory function of the BH system. 
The electrophysiology of the BH system could provide 
a scientific basis for widely used electroacupunc-
ture therapy [76] and for the electrical properties of 
acupuncture points, which have been studied for 
many years worldwide [37,38].

4.3.  Hormone path, immune function, and 
hematopoiesis

We measured noradrenalin (NA) and adrenalin (A) 
in the organ-surface BHC of a rabbit using the 
CatCombi ELISA kit and identified chromaffin cells 
that secrete NA and A [54,77]. The presence of 
chromaffin cells at the acupoint CV12 was also 
explored using a immunohistochemical technique, 

2 mm

Figure 5 Left figure shows BHD (arrow) on rat small intestine. Right three panels show nanoparticle flow after injec-
tion at point indicated by top broken line. For first 4 minutes, nanoparticles in first region, then moved to middle after 
12 minutes, and finally moved to third region in 18 minutes; speed 0.6 mm/min in only one direction [74]. Extremely 
slow speed due to conditions, such as temperature and humidity, and to time lapse from opening abdomen to injec-
tion of nanoparticles, about 60 minutes; peristaltic motion of BHD nearly stopped. With improved methods, including 
better viability conditions and shorter time lapse, we were better able to measure flow speed (0.3 mm/s) [44].
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yielding results consistent with BH Kim’s claim 
[32,55]. These results provided a new view of acu-
points as an endocrine catecholamine organ besides 
the currently-known adrenal medulla, post gangli-
onic fibers, and Merkel cells [78].

Improved immune function and beneficial ef-
fects on inflammation are often described after ac-
upuncture treatment [2] and an abundance of mast 
cells is reported at acupuncture points [79]. We 
observed that the organ-surface BHC and BHD 
contained a significant number of monocytes, eosi-
nophils, mast cells, and macrophages [43,45,73]. The 
abundance of such immune cells in the BHD sup-
ported evidence for the related therapeutic effects 
of acupuncture treatment and for BH Kim’s claim 
that the organ-surface BHD is an extension of the 
classical acupuncture meridian system.

Blood cells are known to be generated in the bone 
marrow but BH Kim claimed that the intravascular 
BHD is another hematopoietic organ [34]. Indeed, 
we observed here that the BHD became thicker and 
thus easier to detect when anemia was induced by 
the injection of phenylhydrazine. Many red blood 
cells in early stages of maturation were observed 
in organ-surface BHCs when anemia was induced.

4.4. Regeneration and sanal (microcell)

Regeneration of damaged liver cells was reported 
in BH Kim’s fourth article [33]. Considering this 
claim, we hypothesized that there might be adult 
stem cells in BHCs and to verify this hypothesis, 
we stained sliced BHCs and BHDs with stem cell 
marker antibodies. We observed that mesenchymal 
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Figure 6 (A) Resting potential and spontaneous electrical activity of a cell in a BHC. (B) At the moment of microcap-
illary insertion into cell membrane of BHC, potential decreased abruptly by about 38 ± 15.5 mV (n = 11) from reference 
potential of bath; Vd is potential drop; potential increased slowly to resting potential of 10.5 ± 8.4 mV (n = 11); Ve is 
small increase (dotted line); and Te is time of increase (18.1 ± 14.0 sec (n = 11)). Resting potential remained stable 
with fine background fluctuations; irregular activity of spontaneous spikes in resting potential arose for durations (Ds) 
of about 16.6 ± 14.9 sec (n = 11). (C) Spontaneous activity recorded in a period expanded in time and in voltage; 
average amplitude (Vs) was 1.2 ± 0.6 mV (n = 11) and average period (Ts) 0.8 ± 0.6 sec (n = 11); spikes had an average 
half-width (Fs) of 0.27 ± 0.19 sec (n = 11) [57].
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stem cell (MSC) markers were strongly expressed 
in a manner similar to bone marrow. Extracellular 
matrices were also consistent with stem cell 
expression [52].

Proteomic analyses of the tissues and liquid from 
the BHD on rabbit intestinal surfaces indicated the 
existence of proteins related to the recruitment of 
MSCs [80], the cell processes in MSCs (ezrin, actinin, 
and myosin) [81], and the differentiation of MSC/
myofibroblasts (alpha-smooth muscle actin and 
CD147) [82]. These protein profiles suggested that 
BHDs located on organ surfaces have roles as tem-
porary depots and points of differentiation of stem 
cells for tissue regeneration.

Damaged liver tissues are regenerated by the 
gathering of sanals that had migrated through the 
BHDs [33]. This process has not been specifically in-
vestigated here, but some basic studies have been 
performed on BH microcells, revealing that their 
motion appeared to be Brownian, but that they also 
showed some peculiar light interactions. Their av-
erage speed was not affected by visible light, but 
was significantly increased by UV-A (360 nm) [83,84]. 
The presence of DNA inside a sanal was identified 
using various types of DNA-specific staining, such as 
Feulgen reaction [42], DAPI, and PI, and the state 
of the DNA shown to be fragmented by a TUNEL 
assay [85].

The detailed surface morphology of sanals was 
studied by topographic imaging and error-signal im-
aging from atomic force microscopy, their mechan-
ical properties investigated by force modulation 
microscopy, and their electrical characterization de-
termined by electrostatic force microscopy [47]. Fur-
ther investigations of the morphology of the budding 
sanals have been performed by SEM and atomic force 

microscopy [86]. Measurement of the membrane’s 
elastic Young’s modulus indicates that sanals have 
much harder membranes than similar-sized apop-
totic bodies [87].

4.5. Obesity and cancer

Obesity is one of the major health problems in mod-
ern societies. Incidentally, BHDs and BHCs are well 
developed in adipose tissues and have been visual-
ized using trypan blue, (Figure 7) [72]. Apparently, 
stored fats and the BH system have various rela-
tionships which require more detailed future 
investigation.

Buikis et al observed that microcells in certain 
tumor tissues grew rapidly and transformed into 
young undifferentiated cells and called this cyto-
logical mechanism for the immortality of tumor cell 
populations “sporosis” [88]. We conjecture that their 
microcell-sporosis is actually nothing less than one 
of the ‘sanal’ proliferation processes that normally 
oc cur in the BH system [33,89]. Such conjecture was 
strengthened by proteomics data [53], showing an 
abundance of carbohydrate-based processes asso-
ciated with stem cells [90,91], cancer cells [92], 
and differentiated myeloid cells [93].

A direct relation of the BH system to tumor tis-
sues has indeed been found. Cancer cells were sub-
cutaneously injected into a nude mouse and BHDs 
and BHCs observed in the fascia wrapping tumor 
tissue that grew in the skin [94], visualized by using 
the trypan blue method (Figure 8). We hypothesize 
that, besides the well-known blood and lymphatic 
routes, BHD connected to cancer tissue is a novel 
metastatic route. In such case, the BH system may 
potentially play a double role: a path of metastasis 
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Figure 7 Trypan blue staining of BHD and BHC inside adipose tissues. (A) BHC and connected BHD inside adipose tis-
sue around rat small intestine. (B) BHC and two BHDs near same rat small intestine; blood vessels and adipose tissues 
not stained [71].
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Figure 8 Visualization of a Bonghan system on fascia surrounding tumor tissue in mouse skin. (A) Images of tumor 
tissue (arrows); left, image of mouse with two tumor tissues grown for 2 weeks after subcutaneous inoculation 
with human lung cancer cells; right, part of tumor tissue surface after skin resection; presence of Bonghan system 
hardly noticeable. (B) In-situ trypan blue staining revealed Bonghan ducts (dotted arrows) and corpuscles (arrow 
heads) on tumor tissue fascia; right panel, magnified view of left panel; trypan blue did not stain blood vessels. 
(C) Sample showing multiple Bonghan ducts (dotted arrows) on tumor tissue fascia surface; right panel, magnified view 
of left panel, showing branching of Bonghan duct which notably, enters nearby fat layer (double arrow). (D) Trypan 
blue technique revealed Bonghan ducts (dotted arrows) along bundle of blood vessels and nerves; right panel, magni-
fied view clearly showing duct along blood vessel; bundle of blood vessels and nerves connect tumor tissue (arrow) at 
lower left corner to outside skin. Samples A, B, C, and D from different mice [94].
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as well as a means to control tumor tissue by acu-
puncture treatment, because the BH system is an 
extension of the acupuncture meridian system.

5. Discussion

Some frequently raised questions are discussed 
here with brief answers. Any further questions are 
welcome. The email address is kssoh1@gmail.com. 
The homepage is http://kmc.snu.ac.kr.

5.1. Intravascular Bonghan duct

(1) Why was the intravascular BHD (IBHD) not ob-
served or noticed by surgeons or by researchers 
of blood or blood vessels?

As a matter of fact, threadlike structures are 
commonly observed in blood-vessel-opening events, 
but may have been mistaken for fibrin strings. In a 
surgical situation with open blood vessels, fibrin 
strings form with coagulated blood and look similar 
to and are hard to discern from an IBHD, even with 
ordinary or phase-contrast microscopy. To make mat-
ters worse, fibrin has a strong affinity for IBHD and 
enshrouds it upon severe blood vessel damage. Our 
group’s original contribution here was the devel-
opment of Acridine orange fluorescence imaging 
to reveal the nuclei distribution and clearly distin-
guish the IBHD from fibrin strings (Figure 9).

(2) Why is the IBHD difficult to observe in situ and 
in vivo?

The IBHD is hard to observe because it is a thin 
(∼20 μm diameter), transparent, threadlike structure 

floating inside an opaque blood stream, thus requir-
ing a staining technique for visualization. Here, we 
devised an in vivo, in situ observation method em-
ploying Alcian blue injection [64], but the success 
rate was quite low and depended upon experimenter 
skills.

(3) How did BH Kim discover the IBHD?
According to his report, he injected a certain 

blue dye at an acupoint and later observed the 
IBHD in vivo and in situ in large vessels, suggesting 
that he not only found the IBHD but also estab-
lished the circulatory function of the acupuncture 
meridians and the IBHD. However, he did not pres-
ent other salient details on the method or materials 
and, since then, no one has reproduced his method. 
Here, our team has only been able to stain IBHD by 
injecting Alcian blue into a blood vessel, not the 
acupoints.

(4) What are the functions of the IBHD?
According to BH Kim’s claim, the principal role 

of IBHDs is hematopoiesis, but there may be other 
circulatory functions for important biochemicals 
such as hormones and tissue-regeneration materials. 
Kim also claimed that, in the early stage of chicken 
egg development, the IBHD was formed first; later, 
blood vessels formed around the IBHD.

(5) In which blood vessels are IBHDs observed?
IBHDs are observed in large arteries and veins, 

inside the heart, and in large lymph vessels. In this 
laboratory, IBHDs were detected in an abdominal ar-
tery and vein, femoral veins, hepatic veins, veins to 
kidneys, and large lymph vessels near the caudal 

A B

RBC

Fibrin Fibrin
Rod-shape

neuclei

WBC

BHD BHD

Figure 9 (A) Threadlike structure with enshrouding fibrin observed on a slide by differential interference contrast 
microscopy. The fibrin and the BHD were hardly distinguishable and red blood cells scattered around; scale bar, 50 μm. 
(B) Threadlike structure with enshrouding fibrin observed using Acridine orange fluorescence method; scattered 
dotted points, white blood cells; long rod-shaped nuclei from threadlike structure; clearly distinguishes fibrin from 
BHD; scale bar, 50 μm [65].
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vena cava. IBHDs are supposed to be connected to 
other extra-vascular BH ducts and to go out from 
the vessels through vessel walls, a rare observation 
[68]. IBHDs did not appear to exist in capillaries or 
small lymph vessels. The subject animals were 
rabbits, rats, and mice.

(6) What would happen to the IBHD in surgery?
The IBHD is an elastic tissue and, once broken, 

it can coil and shrink. During any surgery, the IBHD 
would perforce be broken and could grow rapidly 
to restore the network. If the IBHD is not restored 
for some reason, the recovery from surgery may be 
hampered or some side effects might persist. Neither 
BH Kim nor anyone else, however, addressed the 
recovery process.

5.2.  Acupuncture and the superficial 
Bonghan system

(1) Why is it difficult to observe BHDs correspond-
ing to acupuncture meridians?

The size of a BHD is not very small (∼30 μm di-
ameter), but staining is required for detection in 
either in situ or a histological specimen. For exam-
ple, in skin a host of lymph capillaries exists, yet it 
was not possible to visualize these until relatively 
recently. Without visualizing agents, histological ex-
aminations show no lymph capillaries in the skin. 
Likewise, without a visualizing agent, BHDs are hard 
to detect and, until now, a staining dye specific for 
the BHD was not known.

(2) What about BH corpuscles? Since the diameter 
of a BH corpuscle is ∼1.0 mm, would it not be missed 
if a suitable microscope were used?

We examined a skin specimen including an acu-
puncture area and a histological study using the 
usual 10 μm thickness H&E (hematoxylin and eosin) 
staining did not reveal any noticeable structure. This 
technique required skill and an enormous amount 
of time and labor because a 1 mm thick specimen 
yields 100 sections to examine. At least 5−10 mm 
thick (width) skin would be required not to miss the 
acupoints. Furthermore, artifacts were easily intro-
duced such that only trained observers with knowl-
edge of the sought-after structure were able to 
discern the desired structure from the artifacts 
or other known structures. Therefore, we could not 
pursue this semi-thin section technique and, with-
out semi-thin light-microscopic images, it was vir-
tually impossible to apply ultra-thin (10 nm thick) 
TEM. Instead, we needed to develop a new method 
using thick sections (100−150 μm) with immunohis-
tochemistry and multi-photon confocal laser scan-
ning microscopy (MPCLSM). Using this method, we 
could visualize a plexus of blood vessels and nerve 

endings at the acupuncture points, but BHDs were 
not visualized because antibodies for BHDs are not 
yet known or available.

(3) What is the critical feature in identifying the 
BHCs?

One critical and characteristic feature is the 
presence of chromaffin cells near the center of the 
BHC. These cells secrete adrenalin (A) and noradren-
alin (NA), whose principal endocrine tissues are the 
adrenal medulla and the postganglia of a nerve. The 
presence of chromaffin cells was reported by BH 
Kim and we were able to confirm the presence of 
chromaffin cells in a BHC on the surface of an in-
ternal organ and in the acupoint CV (conceptual 
vessel) 12 of rabbits [55].

Another feature of BHCs is a surrounding smooth 
muscle outer layer. We are currently performing 
experiments to visualize this layer, which would 
define the BHC as a separate skin structure.

A third feature is a bundle of a BHD and blood 
vessels attached at the bottom of a BHC and con-
nected to neighboring BHCs. Detailed identifica-
tion of such BHDs requires TEM imaging, which, in 
turn, will be realizable with accumulation of suffi-
cient experience with BHCs.

5.3.  What is a simple criterion to distinguish 
a BHD from other similar looking 
transparent threadlike structures?

A simple, but effective, criterion is to observe the 
distribution of nuclei in threadlike structures. The 
nuclei were rod-shaped and distributed in aligned 
broken-lines (Figure 10).

5.4.  What are the histological features 
that distinguish a BHD from a lymph 
or blood vessel or a nerve?

The histological characteristics and ultrastructural 
features are compared in detail elsewhere [73]. 
In short, a BHD is a bundle of many tubules with 
interspersed fibrin fibers while a blood or lymph 
vessel is a single tube whether it is large or small 
in size.

5.5.  What is an easy technique to detect 
a BHD in situ on fascia surrounding 
various tissues such as liver, stomach, 
intestine, heart, brain, or tumor 
tissues?

An easy technique for detecting a BHD is to spread 
and wash trypan blue on the surface of the fascia, 
allowing BHDs to emerge as blue-colored threads 
[71]. 



104 K.S. Soh

Acknowledgments

This research was supported by a NRL (No.R0A-
2003-000-10371-0) from the Korean Ministry of Edu-
cation, Science and Technology and by a “Systems 
Biology Infrastructure Establishment Grant” from 
the Gwangju Institute of Science and Technology.

References

1. Foster JMG, Sweeney BP. The mechanisms of acupuncture 
analgesia. Br J Hosp Med 1987;38:308−12.

2. Son Y, Park H, Kwon O, Jung S, Shin H, Lim S. Antipyretic 
efforts of acupuncture on the lipopolysaccharide-induced 
fever and expression of interleukin-6 and interleukin-1 beta 
mRNAs in the hypothalamus of rats. Neurosci Lett 2002;
19:45−8.

3. Libert C. A nervous connection. Nature 2003;421:328−9.
4. Heine H. Anatomical structure of acupoints. J Tradit Chin 

Med 1988;8:207−12.
5. Heine H. Morphologie der ohrakupunkturpunkte. Dtsch Zschr 

Akup 1993;36:99−103. [In German]
6. Heine H. Der akupunkturpunkt—ein meridianorgan. Dtsch 

Zschr Akup 1996;39:75−80. [In German]
7. Heine H. Zur morphologie der akupunkturpunkte. Dtsch 

Zschr Akup 1987;30:75−9. [In German]
8. Heine H. Functional anatomy of traditional Chinese acu-

puncture points. Acta Anat 1995;152:293−7.

A B

C D

Rod-shape
nucleus

50 μm 50 μm

20 μm 10 μm

Figure 10 Confocal laser scanning microscopic images of BHDs showing rod-shaped nuclei (arrows) distributed in 
broken-lined striped fashion. (A) BHD stained by YoYo-1, a DNA-specific dye, after removal from Alcian-blue-injected 
rabbit lymphatic vessel [46]. (B) BHD stained by Acridine orange, a DNA-specific dye, after removal from a Janus-
Green-B-injected rabbit lymphatic vessel [67]. (C) BHD stained using a Feulgen reaction, a DNA-specific dye, after 
removal from the rabbit organ surfaces [42]. (D) BHD was stained by Acridine orange after removal from rabbit caudal 
vena cava [61]. Shapes, lengths, and distributions of rod-shaped nuclei similar to each other in all four cases, suggest-
ing that BHDs in lymph vessels, in blood vessels, and on organ surfaces belong to same system.



Bonghan circulatory system 105

9. Zerlauth B, Böheim C, Moriggl B. Histologie der akupunk-
turpunkte. Dtsch Ztschr Akup 1992;35:34−8. [In German]

10. Egerbacher M. Veterinaeakupunktur. Anatomische und his-
tologische Struktur ausgewaehlter Akupunkturpunkte bei 
Rind und Hund. Dtsch Ztschr Akup 1993;36:75−80. 

11. Draempehl D, Ottensmeier A, Kleinpeter A, Kiupel M. 
Morphologische Untersuchungen an den Akupunkturpunkten 
und Meridianen bei Katzen und Hunden. Dtsch Ztschr Akup 
1993;36:104−9. [In German]

12. Zhang B. Studies on the morphology and function of merid-
ian lines with reference to neurogenic inflammation by ICR 
mouse. Dtsch Zschr Akup 1996;39:29−38. [In German]

13. Stecco L. La Manipalazione Neuroconnettivale. Disfunzioni 
segmentarie dell’apparato locomotore. Roma: Marrapese, 
1996. [In Italian]

14. Rabischong P, Niboyet JEH, Terral C, Senelar R, Casez R. 
Bases experimentales de l’analgesie acupuncturale. Nouv 
Presse Med 1975;4:2021−6. [In French]

15. Senelar R. Les characteristiques morphologiques des points 
chinois. In: Nouveau traite d’acupuncture. Paris: 
Maisonneuve, 1979. [In French]

16. Bossy J. Morphological data concerning the acupuncture 
points and channel network. Acup Electrother Res 1984;9:
79−106.

17. Liu KY, Varela M, Oswald R. The correspondence between 
some motor points and acupuncture loci. Am J Chin Med 
1975;3:347−58.

18. Gunn CC, Ditchburn FG, King MH, Renwick GJ. Acupuncture 
loci: a proposal for their classification according to their 
relationship to known neural structures. Am J Chin Med 
1976;4:183−95.

19. Dung HC. Anatomical features contributing to the formation 
of acupuncture points. Am J Acupunct 1984;12:139−43.

20. Pan C, Zhao A. Moxibustion and Acupuncture Anesthesia. 
In: Research on Acupuncture. New York: Springer-Verlag, 1988.

21. Ciczek LSW, Szopinski J, Skrzypulec V. Investigations of mor-
phological structures of acupuncture points and meridians. 
J Trad Chin Med 1985;5:289−92.

22. Wang K, Liu J. Needling sensation receptor of an acupoint 
supplied by the median nerve-studies of their electro-
physiological characteristics. Am J Chin Med 1989;17:
145−55.

23. Li A, Zhang J, Xie Y. Human acupuncture points mapped in 
rats are associated with excitable muscle/skin-nerve com-
plexes with enriched nerve endings. Brain Res 2004;1012:
154−9.

24. Langevin HM, Yandow JA. Relationship of acupuncture points 
and meridians to connective tissue planes. Anat Rec B New 
Anatomist 2002;269:257−65.

25. Langevin HM, Churchill DL, Cipolla MJ. Mechanical signaling 
through connective tissue: a mechanism for the therapeutic 
effect of acupuncture. FASEB J 2001;15:2275−82.

26. Langevin HM, Churchill DL, Wu J, Badger GJ, Yandow JA, Fox 
JR, et al. Evidence of connective tissue involvement in 
acupuncture. FASEB J 2002;16:872−4.

27. Jones JP. Ultrasonic acupuncture and the correlation 
between acupuncture stimulation and the activation of 
associated brain cortices using functional magnetic reso-
nance imaging. Bulletin Sci Tech Soc 2002;22:362−70.

28. Ifrim-Chen F, Ifrim M. Acupuncture and meridians: a histo-
chemical study. Ital J Anat Embryol 2005;110:51−7.

29. Van Wijk R, Soh KS, Van Wijk EPA. Anatomic characterization 
of acupuncture system and ultra-weak photon emission. 
Asian J Phys 2007;16:443−74. 

30. Kim BH. Study on the reality of acupuncture meridians. 
J Jo Sun Med 1962;9:5−13. [In Korean]

31. Kim BH. On the acupuncture meridian system. J Jo Sun Med 
1963;90:6−35. [In Korean]

32. Kim BH. The Kyungrak system. J Jo Sun Med 1965;108:1−38. 
[In Korean]

33. Kim BH. Sanal theory. J Jo Sun Med 1965;108:39−62. [In 
Korean]

34. Kim BH. Sanal and hematopoiesis. J Jo Sun Med 1965;108:
1−6. [In Korean]

35. Kim BH. On the Kyungrak system. J Acad Med Sci DPR Korea 
1963;90:1−41.

36. Reichmanis M, Marino AA, Becker RO. Electrical correlates 
of acupuncture points. IEEE Trans Biomed Eng 1975;22:
533−5. 

37. Johng HM, Cho JH, Shin HS, Soh KS, Koo TH, Choi SY, et al. 
Frequency dependance of impedances at the acupuncture 
point quze (PC3). IEEE Eng Med Biol 2002;21:33−6. 

38. Ahn A, Colber AP, Anderson BJ, Martinsen OG, Hammerschlag 
R, Cina S, et al. Electrical properties of acupuncture points 
and meridians: asystematic review. Bioelectromagnetics 
2008;29:245−56.

39. Soh KS. Bonghan duct and acupuncture meridian as optical 
channel of biophoton. J Kor Phys Soc 2004;45:1196−8. 

40. Fujiwara S, Yu SB. ‘Bonghan theory’ morphological studies. 
Igaku no Ayumi 1967;60:567−77. [In Japanese]

41. Kellner G. Bau und Funktion der Haut. Dtsch Zschr Akup 
1966;15:1−31. [In German]

42. Shin HS, Johng H, Lee BC, Cho S, Baik KY, Yoo JS, et al. 
Feulgen reaction study of novel threadlike structures on the 
surface of rabbit livers. Anat Rec B New Anatomist 2005;
284:35−40.

43. Lee BC, Yoo JS, Ogay V, Kim KW, Dobberstein H, Soh KS, et al. 
Electron microscopic study of novel threadlike structures 
on the surfaces of mammalian organs. Microsc Res Tech 
2007;70:34−43.

44. Sung B, Kim MS, Lee BC, Yoo JS, Lee SH, Kim YJ, et al. 
Measurement of flow speed in the channels of novel thread-
like structures on the surfaces of mammalian organs. 
Naturwissenschaften 2008;95:117−24.

45. Yoo JS, Kim MS, Sung B, Lee BC, Soh KS, Lee SH, et al. Cribri-
form structure with channels in the acupuncture meridian-
like system on the organ surfaces of rabbits. Acup Electrother 
Res 2007;32:130−2.

46. Lee C, Seol SK, Lee BC, Hong YK, Je JH, Soh KS. Alcian blue 
staining method to visualize Bonghan threads inside large 
caliber lymphatic vessels and X-ray microtomography to 
re veal their microchannels. Lymphat Res Biol 2006;4:
181−90.

47. Kwon JH, Baik KY, Lee BC, Soh KS, Lee NJ, Kang CJ. Scan-
ning probe microscopy study of microcells from the organ 
surface Bonghan corpuscle. Appl Phys Lett 2007;90:
173903,1−3.

48. Johng HM, Yoo JS, Yoon TJ, Shin HS, Lee BC, Lee C, et al. Use 
of magnetic nanoparticles to visualize threadlike structures 
inside lymphatic vessels of rats. Evid Based Complement 
Alternat Med 2007;4:77−82.

49. Yoo JS, Johng HM, Yoon TJ, Shin HS, Lee BC, Lee C, et al. 
In vivo fluoresence imaging of threadlike tissues (Bonghan 
ducts) inside lymphatic vessels with nanoparticles. Curr 
Appl Phys 2007;4:342−8.

50. Lee BC, Ogay V, Kim KW, Lee Y, Lee JK, Soh KS. Acupuncture 
muscle channel in the subcutaneous layer of rat skin. 
J Acupunct Meridian Stud 2008;1:13−9.

51. Soh KS, Hong S, Hong JY, Lee BC, Yoo JS. Immunohistochem-
ical characterization of intravascular Bonghan duct. 
Microcirculation 2006;13:166.

52. Kim MS, Hong JY, Hong S, Lee BC, Nam CH, Woo HJ, et al. 
Bong-Han corpuscles as possible stem cell niches on the 
organ-surfaces. J Kor Pharmacopunct Inst 2008;11:5−12.

53. Lee SJ, Lee BC, Nam CH, Lee WC, Jhang SU, Park HS, et al. 
Proteomic analysis for tissues and liquid from Bonghan 



106 K.S. Soh

 ducts on rabbit intestinal surfaces. J Acupunct Meridian 
Stud 2008;1:97−109.

54. Kim JD, Ogay V, Lee BC, Kim MS, Lim I, Woo HJ, et al. 
Catecholamine producing novel endocrine organ: Bonghan 
system. Med Acupunct 2008;20:97−102.

55. Ogay V, Kim MS, Seok HJ, Choi CJ, Soh KS. Catecholamine-
storing cells at acupuncture points of rabbits. J Acupunct 
Meridian Stud 2008;1:83−90.

56. Park SH, Lee BC, Choi CJ, Soh KS, Choi JH, Lee SY, et al. 
Bioelectrical study of Bonghan corpuscles on organ surfaces 
in rat. J Kor Phys Soc 2009; submitted.

57. Park SH. Bioelectrical Study of Bonghan System. Ph.D. Thesis, 
Seoul National University. 2009.

58. Jiang X, Kim HK, Shin HS, Lee BC, Choi C, Soh KS, et al. 
Method for observing intravascular Bonghan duct. Korean 
J Orient Prevent Med 2002;6:162−6.

59. Shin HS, Soh KS. Electrical method to detect a Bonghan duct 
inside blood vessels. New Phys 2002;45:376−8.

60. Lee BC, Baik KY, Cho S, Min C, Johng HM, Hahm J, et al. Com-
parison of intravascular Bonghan ducts from rats and mice. 
Korean J Orient Prevent Med 2003;7:47−53.

61. Lee BC, Baik KY, Johng HM, Nam TJ, Lee J, Sung B, et al. 
Acridine orange staining method to reveal the characteris-
tic features of an intravascular threadlike structure. Anat 
Rec B New Anat 2004;278:27−30.

62. Baik KY, Lee J, Lee BC, Johng HM, Nam TJ, Sung B, et al. 
Acupuncture meridian and intravascular Bonghan duct. 
Key Eng Mater 2005;277:125−9.

63. Baik KY, Lee BC, Johng HM, Nam TJ, Sung B, Soh KS. Long 
threadlike structure inside the blood vessels of rats. The 
Newest Med 2004;47:18−22.

64. Yoo JS, Kim MS, Ogay V, Soh KS. In vivo visualization of 
Bonghan ducts inside blood vessels of mice by using an 
Alcian blue staining method. Indian J Exp Biol 2008;46:
336−9.

65. Lee BC, Baik KY, Johng HM, Sung B, Soh K, Kang DI, et al. 
Fluorescent method for observing intravascular Bonghan 
duct. J Kor Inst Herb Acupunc 2005;8:5−9.

66. Lee BC, Yoo JS, Baik KY, Sung B, Lee J, Soh KS. Development 
of a fluorescence stereomicroscope and observation of 
Bong-Han corpuscles inside blood vessels. Indian J Exp Biol 
2008;46:330−5.

67. Lee BC, Yoo JS, Baik KY, Kim KW, Soh KS. Novel Threadlike 
structures (Bonghan ducts) inside lymphatic vessels of rab-
bits visualized with a Janus Green B staining method. Anat 
Rec B New Anat 2005;286:1−7.

68. Lee BC, Soh KS. Contrast-enhancing optical method to 
observe a Bonghan duct floating inside a lymph vessel of 
a rabbit. Lympholgy 2008;41:178−85.

69. Lee BC, Kim SK, Soh KS. Novel anatomic structures in the 
brain and spinal cord of rabbit that may belong to the Bonghan 
system of potential acupuncture meridians. J Acupunct 
Meridian Stud 2008;1:29−35.

70. Farah ME, Maia M, Furlani B, Bottós J, Meyer CH, Lima V, 
et al. Current concepts of trypan blue in chromovitrectomy. 
Dev Ophthalmol 2008;42:91−100.

71. Lee BC, Kim KW, Soh KS. Visualizing the network of Bonghan 
ducts in the omentum and peritoneum by using Trypan blue. 
J Acupunct Meridian Stud 2009;2:66−70.

72. Lee BC, Bae KH, Jhon GJ, Soh KS. Bonghan system as mes-
enchymal stem cell niches and pathways of macrophages in 
adipose tissues. J Acupunct Meridian Stud 2009;2:79−82.

73. Ogay V, Bae KH, Kim KW, Soh KS. Comparison of the charac-
teristic features of Bonghan ducts, blood and lymphatic 
capillaries. J Acupunct Meridian Stud 2009;2:107−17.

74. Lee CH, Yoo JS, Kim HH, Kwon J, Soh KS. Flow of nanoparti-
cles inside organs-surface Bonghan ducts. Proc 23rd Sym 
Kor Soc Jungshin Sci 2005;23:129−34.

75. Kandel E. Small systems of neurons. Sci Am 1979;241:
61−70.

76. Voll R. The phenomenon of medicine testing in electroacu-
puncture according to Voll. Amer J Acup 1980;8:97−104.

77. Yoo JS, Choi K, Baik KY, Chung DS, Soh KS. Liquid-phase micro-
extraction method in capillary electrophoresis to detect 
adrenaline in Bonghan lipid. J Int Soc Life Inf Sci 2005;
23:292−5. 

78. Kierszenbaum AL. Histology and cell biology: an introduc-
tion to pathology. St. Louis: Mosby, 2002:516.

79. Hwang YC. Anatomy and classification of acupoints. In: 
Problems in Veterinary Medicine: Veterinary Acupuncture. 
Philadelphia: JB Lippincott, 1992:12−5.

80. Forte G, Minieri M, Cossa P, Antenucci D, Sala M, Gnocchi V, 
et al. Hepatocyte growth factor effects on mesenchymal 
stem cells: proliferation, migration and differentiation. 
Stem Cells 2006;24:23−33.

81. Wuchter P, Boda-Heggemann J, Straub BK, Grund C, Kuhn C, 
Krause U, et al. Processus and recessus adhaerentes: giant 
adherens cell junction systems connect and attract human 
mesenchymal stem cells. Cell Tissue Res 2007;328:
499−514.

82. Huet E, Vallée B, Szul D, Verrecchia F, Mourah S, Jester JV, 
et al. Extracellular matrix metalloproteinase inducer/
CD147 promotes myofibroblast differentiation by inducing 
alpha-smooth muscle actin expression and collagen gel con-
traction: implications in tissue remodeling. FASEB J 2008;
22:1144−54.

83. Sung B, Ogay V, Yoo JS, Yu HR, Lee BC, Chung C, et al. UV-A-
induced activation of Bonghan granules in motion. J Int Soc 
Life Inf Sci 2005;23:297−301.

84. Sung B, Kim MS, Corrigan A, Donald A, Soh KS. In situ micro-
extraction method to determine the viscosity of biofluid in 
threadlike structures on the surfaces of mammalian organs. 
Phys Rev E 2009;79:022901, 1−3.

85. Ogay V, Baik KY, Lee BC, Soh KS. Characterization of DNA-
containing granules flowing through the meridian-like sys-
tem on the internal organs of rabbits. Acupunct Electrother 
Res 2006;31:13−31. 

86. Baik KY, Ogay V, Jeoung SC, Soh KS. Visualization of Bonghan 
microcells by electron and atomic force microscopy. 
J Acupunct Meridian Stud 2009;2:124−9.

87. Baik KY. Fluorescence imaging of Bonghan duct with nano-
particles and study of sanal membrane with atomic force 
microscope. Ph.D. thesis, Seoul National University, 2008.

88. Buikis I, Harju L, Freivalds T. Origin of microcells in the human 
sarcoma cell line HT-1080. Anal Cell Pathol 1999;18:
73−85.

89. Ogay V, Baik KY, Sung B, Soh KS. Naturally generated micro-
cells as one possible origin of adult stem cells. J Int Soc 
Life Inf Sci 2005;23:286−90. 

90. Elliott ST, Crider DG, Garham CP, Boheler KR, Van Eyk JE. 
Two-dimensional gel electrophoresis database of murine 
R1 embryonic stem cells. Proteomics 2004;4:3813−32.

91. Baharvand H, Hajheidari M, Kazemi-Ashtiani S, Hosseini 
Salekdeh Gh. Proteomic signature of human embryonic stem 
cells. Proteomics 2006;6:3544−9.

92. Chen EI, Hewel J, Kreuger JS, Tiraby C, Weber MR, Kralli A, 
et al. Adaptation of energy metabolism in breast cancer 
brain metastases. Cancer Res 2007;67:1472−86.

93. Lian Z, Kluger Y, Greenbaum DS, Tuck D, Gerstein M, Berliner 
N, et al. Genomic and proteomic analysis of the myeloid 
differentiation program: global analysis of gene expression 
during induced differentiation in the MPRO cell line. Blood 
2002;100:3209−20.

94. Yoo JS, Kim HB, Ogay V, Lee BC, Ahn S, Soh KS. Bonghan 
ducts as possible pathways for cancer metastasis. J Acupunct 
Meridian Stud 2009;2:118−23.


	Bonghan Circulatory System as an Extension of Acupuncture Meridians
	1. Introduction
	2. Recent Studies on the Bonghan System
	2.1. Intravascular BHD and BHC
	2.2. Lymphatic BHD and BHC
	2.3. BHD and BHC on internal-organ surfaces
	2.4. BHD and BHC in the brain and spinal cord of rabbit

	3. Trypan Blue as a BHD-specific Staining Dye
	4. Biological and Medical Significance
	4.1. Circulatory function
	4.2. Electrophysiology: excitability
	4.3. Hormone path, immune function, and hematopoiesis
	4.4. Regeneration and sanal (microcell)
	4.5. Obesity and cancer

	5. Discussion
	5.1. Intravascular Bonghan duct
	5.2. Acupuncture and the superficial Bonghan system
	5.3. What is a simple criterion to distinguish a BHD from other similar looking transparent threadlike structures?
	5.4. What are the histological features that distinguish a BHD from a lymph or blood vessel or a nerve?
	5.5. What is an easy technique to detect a BHD in situ on fascia surrounding various tissues such as liver, stomach, intestine, heart, brain, or tumor tissues?

	Acknowledgments
	References


