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1. Introduction

Abstract

Objective: To show that the characteristic morphological and ultrastructural features
of a Bonghan corpuscle and duct presented here are consistent with the description
given in the early reports of Bonghan Kim.

Materials and Methods: We compared the morphological aspects of Bonghan ducts
with those of blood and lymphatic capillaries on the ultrastructural level to display
the manifestly distinctive nature of the Bonghan system.

Results: The walls of the ductules were observed to be composed of a single layer of
endothelial cells with characteristic rod-shaped nuclei and were not surrounded by
a basal lamina or by accessory cells, such as pericytes or smooth muscle cells. The
abluminal cell membranes of Bonghan ductules were not attached by anchoring fil-
aments to the fibers of extracellular matrices as observed in lymphatic capillaries.
The cytoplasmic processes of ductule endothelial cells appear to form overlapping
and interdigitated interconnections which completely lack junctional elements.
Although the cytoplasm of ductule endothelial cells contained a well-developed rough
endoplasmic reticulum and many free ribosomes and polysomes, there was a rela-
tively small number of pinocytotic vesicles and lacks specific organelles, such as
Weibel-Palade bodies.

Conclusions: The Bonghan corpuscles are specialized structures consisting of dif-
ferent types of immune cells randomly scattered as single cells in the matrix or clus-
tered in follicle-like formations. Moreover, the Bonghan ductules in the corpuscle
contain flowing immune cells and occasionally basophilic bodies.

North Korean scientist, Bonghan Kim [1]. According
to his description, BHDs and BHCs are divided into

Anew circulatory system consisting of Bonghan ducts two main types, depending on their location in the
(BHDs) and Bonghan corpuscles (BHCs) was first body: superficial (in the skin) and profound (deep
found in 1963 in rabbits and other animals by the in the body). Superficial BHCs are at acupuncture
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points, as complex tissue formations with a bulbous
shape surrounded by a dense net of blood capillar-
ies, and interconnected with BHDs, specialized tu-
bular structures comprised of a bundle of several
small tubes or the ductules. Based on histological ob-
servations, Kim concluded that ductules were formed
by a thin layer of endothelial cells with character-
istic rod-shaped nuclei.

Asimilar histological structure was also observed
in profound BHDs, which were found in peritonea, on
the surfaces of various internal organs, in the brain,
and inside blood and lymphatic vessels. They were
semitransparent or milky-colored threadlike struc-
tures that were clearly different from peripheral
nerves and blood and lymphatic vessels. Profound
BHDs were linked with profound BHCs, which present
as tissue formations of an oval- or cucumber-like
shape and contain chromaffin cells and many im-
mune cells. Bonghan Kim claimed that superficial
and profound BHCs and BHDs formed a complex cir-
culatory system responsible for the therapeutic ef-
fects of acupuncture. Based on histological and
physiological results, he suggested that the BH sys-
tem was the anatomical basis for acupuncture points
and meridians in both humans and other mammals
[1,2]. His report drew much attention from both
Western and Eastern countries, but no one could fully
reproduce his results [3—7]. For this reason, his stud-
ies were met with skepticism and have been long
neglected.

Recently, interest in this new circulatory system,
the so-called Bonghan (BH) system, has been in-
creasing worldwide, including in China [8] and the
United States [9]. Independent research teams in
Korea, in addition to the group at the Seoul National
University, are rapidly growing in number [10]. From
the early stages of Bonghan theory in the 1960s,
the most frequent question or criticism was that Kim
may have mistaken lymphatic vessels for BH ducts
[4,5]. This question has been addressed by the
demonstration of anatomical differences between
these structures [11] and by the observation of the
BH system inside large-caliber lymph vessels [12—15].
Nevertheless, the structures of BH corpuscles and
ducts still need further characterization to distin-
guish them from blood or lymph vessels.

The current work is a descriptive article to pro-
vide illustrations of the morphological characteris-
tics of BH corpuscles and ducts, with particular
emphasis on their differences from blood or lym-
phatic vessels. In 2002, an intensive reinvestigation
of the BH system was launched by the Seoul National
University group led by Soh with funding provided
by the National Research Laboratory program of
the Korean Ministry of Science and Technology. As a
result of more than 6 years of intense work, many
aspects of the BH system have been confirmed by

employing modern techniques and introducing new
methods. As Kim’s articles did not describe his meth-
ods, developing original methods and equipment was
essential in this research and some results were
derived using novel methods.

Intravascular BHDs inside blood vessels were the
first target for confirmation [16,17], and we de-
veloped a novel method to distinguish BHDs from
similar-looking fibrin strings [18,19]. The ability to
distinguish between a BHD and a fibrin string was an
essential technique, comprising an original contribu-
tion, and explaining why other researchers and ex-
perts in surgery have not noticed the presence of
intravascular BHDs. Recognition of intravascular
BHCs required further careful processes [20]. BHDs
and BHCs inside large-caliber lymphatic vessels
were visualized using three different staining agents
[12-15] and were observed without staining by
devising novel, contrast-enhancing, optical devices
[21]. BHDs were also confirmed to exist in brain
ventricles and in the central canals in rabbit spinal
cords [22].

BHDs and BHCs on the surfaces of internal organs
were extensively investigated with instruments and
techniques not available to Bonghan Kim. Confocal
laser scanning microscopy [11], high voltage trans-
mission electron microscopy (EM), field ion beam
scanning EM, cryo-scanning EM [23,24], X-ray mi-
crotomography [15], fluorescent nanoparticle tech-
niques [13,14], immunohistochemical techniques
[25], and proteomic analysis [26] were utilized for
these investigations. Measurement of the liquid
flow speed in BHDs was performed by injecting
Alcian blue; the speed of travel was rather slow,
at 0.3+0.1mm/sec [24]. The electrophysiological
properties of BHCs showed a smooth muscle-like
excitability that supported a putative circulatory
function for the BH system [27]. Researchers have
also confirmed that BHCs had contained chromaffin
cells that produced and stored catecholamine, sug-
gesting the medical significance of the BHDs as a
hormonal pathway [28].

DNA-containing bodies flowing in BHDs have
been collected and examined by electron [29] and
atomic force microscopy [30]. These bodies (for-
merly called granules or sanals) displayed active cha-
otic motion whose speed was affected by 360nm
UV light [31]. The viscosity of the flowing liquid in
BHDs has been measured [32].

In spite of significant progress in elucidating the
properties of the BH system, the degree and details
of the differences between the BH and the lym-
phatic systems still remains a controversy to many
not familiar with the details of BH theory. The pur-
poses of this instructive article are to demonstra-
tively display the histological and ultrastructural BHD
and BHC features which were found in agreement
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with Bonghan Kim’s original description [1], and to
clearly show the ways in which BHDs differ from
lymphatic or blood vessels.

2. Materials and Methods
2.1. Animals

Female New Zealand white rabbits (aged 8—10 weeks)
were obtained from the Hanlym Laboratory Animal
Company (Seoul, Korea) and housed in a temperature-
controlled environment (23°C) with 60% relative
humidity. All animals were exposed to a 12 hour
light-dark cycle and provided food and water ad
libitum. Procedures involving animals and their care
conformed to institutional guidelines and in full
compliance with current laws and policies (Guide
for the Care and Use of Laboratory Animals, National
Academy Press, 1996).

2.2. Anatomical observation

Rabbits were deeply anesthetized with urethane
(1.5g/kg) and the abdominal wall opened. The
Bonghan ducts and corpuscles on the surfaces of
internal organs were visualized by staining with 1%
methylene blue dissolved in physiological saline.
The Bonghan ducts and corpuscles were then rinsed
several times in saline and observed under a ste-
reomicroscope (Olympus SZX12, Japan). The images
were captured with a CCD camera (Olympus DP 70,
Japan).

2.3. Light microscopy

Bonghan corpuscles and ducts were fixed in 10%
NBF (Neutral Buffered Formalin) for 12 hours at 4°C,
rinsed in PBS (phosphate buffered saline), dehy-
drated in a graded ethanol series, clarified in xylene,
and embedded in Paraplast (Sigma, USA). Paraplast
sections, 8 um in thickness, were next stained with
hematoxylin-eosin (H&E) for general morphological
observation, mounted with Neomount, and examined
with a light microscope (BX51, Olympus, Japan).
Images were acquired with Image Pro Plus Software.

2.4. Transmission electron microscopy

For TEM examination, tissues were fixed with 2.5%
glutaraldehyde in a 0.1 M sodium-cacodylate buffer
at 4°C for 4 hours, postfixed in 1% OsO4 in a 0.2M
sodium-cacodylate buffer each for 1 hour, dehy-
drated with ethanol and propylene oxide, and em-
bedded in epoxy resin (Epon 812). Ultrathin sections
were collected on large scale copper grids, con-
trasted using 2% uranyl acetate and Reynolds’ lead

citrate, and examined in a transmission electron
microscope (JEM 1010, JEOL, Japan) at an acceler-
ating voltage of 80kV, with images obtained using a
digital camera (ES1000W, Gatan, USA) and software
processing (Gatan, USA).

3. Results

3.1. Anatomical and histological observation
of Bonghan corpuscles and ducts on
internal organ surfaces

Images of the anatomical locations of a BHC and BHDs
in a rabbit body revealed that BHC was located
in the peritoneum of internal organ surfaces, such
as the large and small intestines (Figure 1C). ABHC
was a small elongated tissue of milky color, measur-
ing a few millimeters in length, and linked to thin
semitransparent BHDs, themselves difficult to dis-
cern with the naked eye or without staining with
methylene blue (Figures 1A, 1B). In addition, BHCs
and BHDs were found located in the peritoneum,
but not attached to the internal organ surfaces.

The histological structures of BHCs and BHDs
were examined by stained thin cross-sections with
H&E and light microscopic observation (Figures 2, 3).
Histologically, a BHC tissue contained different cell
types, such as monocytes, granulocytes, and small
and large lymphocytes [23,24], scattered randomly
in the matrix as single cells or gathered in a follicle-
like formation (Figure 2A). The BHC surface was
not surrounded by a distinct connective tissue mem-
brane or capsule (Figure 2F) and, inside or near
follicle-like formations, there were several small
channels or ductules. The ductule walls were formed
by a thin single layer of endothelial cells and duc-
tule diameters ranged from 7-15um, large enough
to transport liquid and/or accommodate a single
immune cell (Figures 2B, 2C). In addition, H&E stain-
ing revealed that some ductules contained small
basophilic bodies (~1um, Figures 2D, 2E) appar-
ently composed of significant amounts of basophilic
structures containing nucleic structures, such as
chromatin [11,29], which were strongly stained by
hematoxylin [30-32]. It should be also noted that,
in the histological sections, no erythrocytes were
observed in the ductules.

In comparison to BHCs, the histological structure
of BHDs appeared simpler, with a BHD formed from
a bundle of several ductules exhibiting characteris-
tic rod-shaped nuclei (10-20 um in length) that were
clearly visible by phase-contrast microscopy (Figure
3A). In cross-section, the BHD presented as a small
tissue formation containing several small lumens,
6—10um in diameter (Figure 3B). The lumen of the
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Figure 1

Stereomicroscopic images of Bonghan ducts and corpuscle on the surface of rabbit internal organs.

(A) Bonghan duct (arrow) on large intestine surface (LI); intact duct, a semitransparent, freely movable tissue struc-
ture. (B) Bonghan duct (arrow) after methylene blue staining. (C) Bonghan corpuscle (arrowhead) on small intestine
(S linked with Bonghan ducts (arrows); corpuscle and ducts contrasted using methylene blue.

ductule comprised a single layer of endothelial cells
surrounded by an extracellular matrix.

3.2. Ultrastructural morphology of the
Bonghan ductules, blood and
lymphatic capillaries in rabbit

A comparative morphological study at the ultrastruc-
tural level was performed to characterize ductules
in detail and to differentiate them from blood and
lymphatic capillaries. Electron microscopy revealed
that the ductules in a BHD shared some common
properties with blood and lymphatic capillaries, but
possessed their own distinct structural features
(Figures 4-6). Similar to lymphatic and most blood
capillaries, a ductule was made up of a single, non-
fenestrated endothelial cell layer (Figure 4) and had
a relatively small, regular lumen, ~6 um in diameter,
similar to a blood capillary. However, a lymphatic
capillary possessed a more irregular and wider lumen
than a ductule or a blood capillary and its endo-
thelium was extremely attenuated (Figure 6A). In
comparison with blood and lymphatic capillaries,
which were surrounded by continuous and discon-
tinuous basement membrane, respectively (Figures
6C, 6E), the abluminal wall of the ductule was not
lined by an enveloping membrane (Figures 4C, 4D).
Another specific morphological feature which dif-
ferentiated ductules from lymphatic capillaries was
that the ductule’s abluminal wall was not connected

to interstitial collagen fibers by anchoring filaments
composed of elastic fibers (Figures 4, 6). Instead, the
ductule was surrounded by fibrin-like fibers, which
were randomly distributed in the stroma of the BHD
(Figures 4, 5). In the cytoplasm of ductule endothe-
lial cells (DECs), a well-developed rough endoplasmic
reticulum (RER) and relatively large vacuoles were
distinctly visible (Figures 4C, 5C). Besides the nu-
merous ribosomes that were distributed as beads on
the membranes of the RER, many were free ribo-
somes and polysomes. However, the amount of pino-
cytotic vesicles or caveolae in DECs was small in
comparison with blood endothelial cells (BECs) and
lymphatic endothelial cells (LECs) (Figure 4D). Like
LECs, the cytoplasm of DECs also lacked cell-specific
organelles, such as Weibel-Palade bodies, usually
present in the endothelium of blood vessels and cap-
illaries [33]. The continuity of the endothelial lining
was provided by interdigitated and overlapping DEC
cytoplasmic processes (Figures 4B, 5B) that did not
form characteristic intercellular adherens junctions,
such as desmosome-Llike structures and tight junc-
tions which usually were found in BECs and LECs
(Figures 6B, 6E).

4. Discussion

In this paper, we provide images that clearly dem-
onstrate the description of BHDs and BHCs on the



Characteristic features of BHDs, blood and lymphatic capillaries 111

4";'-'(

Figure 2 H&E stained cross-sections of a profound Bonghan corpuscle. (A) Light microscopic image of histological
structure of corpuscle; low magnification; dashed line areas indicate gathering of different cell types, similar to fol-
licular formation; scale bar, 50 um. (B) Details of ductules (arrows) in corpuscle; scale bar, 10 um. (C) Ductules (arrows)
between follicle-like clusters of immune cells; scale bar, 10 um. (D) Small basophilic bodies (G) in the ductule (arrow);
scale bar, 10um. (E) Enlargement of area in rectangle of Figure 2D; scale bar, 5um. (F) Photomicrograph of boundaries
(arrowhead) of corpuscle not surrounded by external connective tissue membrane; “E” = endothelial cell; M = monocyte/
macrophage; Gr = granulocyte; L = lymphocyte; scale bar, 10 um.



112 V. Ogay et al

Figure 3 Histological structure of the Bonghan duct. (A) Photomicrograph of merged phase-contrast and fluorescent
images of a duct; duct formed by bundle of several ductules (arrows) with characteristic rod-shaped nuclei stained
with DAPI (blue); immune cells (arrowheads) on duct surface; scale bar, 50um. (B) Photomicrograph of several
ductules in cross section through duct; small insert, general histological view of duct; scale bar, 10 um.

Figure 4 Ultrastructural organization of the ductule. (A) Electron micrograph of ductule (asterisk) cross-section;
scale bar, 2um. (B) Magnified image of rectangular area in Figure 4A showing wall (W) of ductule as single layer of
endothelial cells surrounded by fibrin-like fibers; scale bar, 1um. (C, D) High magnification EM showing ultrastructural
characteristics of ductule endothelial cells; L=lumen; M=mitochondria; RER=rough endoplasmic reticulum; P=cyto-
plasmic protrusion; ICP=interdigitated cytoplasmic processes; Pv=pinocytotic vesicles; V=vacuole; and F=fibrin-like
fibers; scale bar, 0.5 um.
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Figure 5 Microscopic view of the ductule. (A) Low magnification EM of duct cross section; scale bar, 2um. (B-D)
Magnified images of rectangular areas in Figure 5A showing ultrastructural features of ductule endothelial cell;
L=lumen; RER=rough endoplasmic reticulum; OCP=overlapping cytoplasmic processes; P=cytoplasmic protrusion;

V=vacuole; F=fibrin-like fibers; scale bar, 0.5um.

surfaces of rabbit internal organs, as described pre-
viously by Bonghan Kim [1]. A detailed microscopic
analysis with light and electron microscopy was
performed to characterize specific anatomical, his-
tological, and ultrastructural features of BHCs and
BHDs. A BHD consisted of a bundle of several small
tubular structures or Bonghan ductules (Figure 3),
whose walls were formed by a thin single layer
of endothelial cells possessing characteristic rod-
shaped nuclei. Moreover, the same kind of Bonghan
ductules were also found in the BHC, a type of
expanded structure located irregularly along the
Bonghan duct.

Our histological observations revealed that BHCs
contained randomly scattered single cells in the
matrix or gathered in follicle-like formations, sug-
gesting that BHCs somewhat resemble a lymphoid
organ within which immune cells reside and develop.
It is plausible that macrophages, granulocytes, and
lymphocytes in the follicle-like clusters could contact

each other and present antigens, thereby stimulat-
ing an immune response. Immune cells and occa-
sionally basophilic bodies were visible in the lumina
of Bonghan ductules.

Although Bonghan ductules share some proper-
ties with the endothelium of blood and lymphatic
capillaries, they have distinct structural character-
istics at the ultrastructural level (Table, Figure 7).
First, in comparison with the morphology of a lym-
phatic capillary, Bonghan ductules observed here
had a relatively small and regular lumen formed by
a single layer of endothelial cells. Second, in con-
trast to blood and lymphatic capillaries, Bonghan
ductules were not surrounded by a basal lamina or
by accessory cells, and the abluminal cell mem-
brane of a ductule was not attached to extracellu-
lar matrix (ECM) fibers as in lymphatic capillaries
(Figure 7) [34,35], where they preserve the func-
tionality of the lymphatic vessels and capillaries
when interstitial pressure rises by preventing vessel
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Figure 6 Electron micrographs showing ultrastructural characteristics of lymphatic (A) and blood (D) capillaries of
rabbit. Scale bar, 2 and 1um, respectively. (B, C) magnified images of rectangular areas in Figure 6A; scale bar,
0.5um. (E) Magnified image of rectangular areas in Figure 6D showing blood capillary ultrastructural features;
L=lumen; W=wall of lymphatic capillary; C=collagen fibers; Pv=pinocytotic vesicles; Sv=surface vesicles; BL=basal
lamina; N=nucleus; M=mitochondria; RER=rough endoplasmic reticulum; J=junction of the endothelial cell;

Er=erythrocyte; scale bar, 0.5um.

collapse [36]. Thus the absence of such anchoring
filaments in Bonghan ductules presumably means
that their function does not critically depend on their
connections with ECM components. Third, although
the cytoplasmic processes of DECs formed over-
lapping and interdigitated interconnections, the cell
membranes of DECs did not show characteristic
intercellular adherens junctions, which suggested
that DECs had weak or loose overlapping and inter-
digitated cell membranes that may open under the
pressure of circulating liquid and may pass large
macromolecules, such as hyaluronic acid and albu-
min, which were detected in significant amounts in
rabbit BHCs by mass spectroscopy [26]. Indeed,
when a staining solution was injected into a ductule,

its diameter increased [1], which could be attrib-
uted to weak intercellular junctions and the ab-
sence of basal lamina in the ductule. Fourth, the
cytoplasm of ductule endothelial cells contained a
well-developed granular endoplasmic reticulum and
many free ribosomes and polysomes, an ultrastruc-
tural feature indicating that endothelial cells may
actively synthesize and produce different peptides
and glycoproteins, as well as glycosaminoglycans,
abundant in Bonghan liquid [1]. Another distinct
and notable morphological feature of the Bonghan
ductules was the scarcity of pinocytotic vesicles and
specific organelles such as Weibel-Palade bodies.
These organelles are usually present in blood ves-
sels and capillaries and contain different substances
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Table Comparison of the morphological features of endothelial cells in Bonghan ductules and in blood and

lymphatic capillaries

Characteristic

DECs

BECs

LECs

Diameter of lumen
Morphology of lumen
Majority of cells in lumen

Type of endothelium

Thickness range of
endothelial wall

Presence of a basement
membrane

Accessory cells

Junction types

Presence of gap junctions

Presence of Weibel-Palade
bodies

Amount of pinocytotic
vesicles

Amount of ribosomes

Level of development of
granular endoplasmic
reticulum

LYVE-1 receptor

6 um minimum
Small, regular

Immune cells, small
basophilic granules

Single layer,
nonfenestrated

0.2-0.7 um

No

No

Overlapping and
interdigitated

No adherens/gap
junctions

Lacking

Little

Many

Well-developed

No

5um minimum
Small, regular
Erythrocytes, leucocytes

Single layer,
nonfenestrated
0.2-0.7 um

Yes, continuous
Pericytes/smooth
muscle cells
Interdigitated junctions
adherens/tight/
gap junctions
Adherens/gap junctions
Yes

Many

Middle
Poorly developed

No

20 pm minimum

Wide, irregular

Leucocytes

Single layer, nonfenestrated,
extremely attenuated

0.2-0.4pm

Yes, discontinuous

No

Overlapping and interdigitated
junctions adherens/tight/
gap junctions

Adherens/gap junctions

Lacking

Many

Many

Poorly developed

Yes

DEC = ductule endothelial cell; BEC = blood vessel endothelial cell; LEC = lymphatic endothelial cell.

Bonghan duct

O

Bonghan ductule

O p O T
O O

Blood capillary

AC CBL E

Lymphatic capillary

Figure 7 Structural properties of Bonghan ductule and of blood and lymphatic capillary. E=endothelium; L=lumen;
AC=accessory cell; CBL=complete basal lamina; IBL=incomplete basal lamina.
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for blood coagulation and inflammation, such as co-
agulating factor, “von Willebrand factor”, P-selectin,
tissue plasminogen activator, endothelin-1, hista-
mine, and different inflammatory chemokines [37].
The absence of Weibel-Palade bodies in ductule
endothelial cell cytoplasm indicated that ductule
endothelium was not involved in blood coagulation
hemostasis.

Thus, due to distinct structural characteristics of
Bonghan ductule endothelial cells described here,
it may be concluded that these cells may express
specific proteins that could be used as biomarkers
to differentiate them from endothelial cells of blood
and lymphatic vessels and capillaries. For exam-
ple, lymphatic vessel endothelial receptor 1 (LYVE-1)
was developed as a biomarker for lymphatic en-
dothelial cells. In the future, identification of spe-
cific markers for ductule endothelial cells will create
opportunities for new discoveries concerning the
biological and physiological functions of the BH
system.

Acknowledgments

This research was supported by a “Systems Biology
Infrastructure Establishment Grant” from the
Gwangju Institute of Science and Technology. We
also appreciate the generous support by President
B.J. Son of Mobase Co. Ltd.

References

1. Kim BH. On the Kyungrak system. J Acad Med Sci DPR Korea
1964;90:1-41.

2. Kim BH. On the Kyungrak system. J Acad Med Sci DPR Korea
1965;168:1-38. [In Korean]

3 Fujiwara S, Yu SB. Bonghan theory: morphological studies.
Igakuro Ayumi 1967;60:567-77. [In Japanese]

4. Kellner G. Bau und funktion der haut. Deutsh Z Akupunkt
1966;15:1-31. [In German]

5. Kroger WS. Acupuncture analgesia: its explanation by con-
ditioning theory, autogenic training and hypnosis. Am J
Psychiatry 1973;130:855-60.

6. Hu XL. Modern scientific research in acupuncture channels
and collaterals in tradinional Chinese medicine. Beijing:
People’s Hygiene Publish House, 1990.

7. Bensoussan A. The vital meridian. A modern exploration of
acupuncture. Melbourne: Churchill Livingstone, 1991.

8. Zhang W. News report. J Acupunct Meridian Stud 2009;2:90.

9. Vodyanoy V. News report. J Acupunct Meridian Stud 2009;
2:169.

10. Personal Communication: Ryu PD. College of Veterinary
Medicine, Seoul National University; Yoon YS. College of
Veterinary Medicine, Seoul National University; Jhon GJ.
Department of Chemistry, Ewha Women'’s University; Kim MS.
College of Veterinary Medicine, ChonBuk National University;
Ahn SH. College of Oriental Medicine, Won Kwang University.

11. Shin HS, Johng H, Lee BC, Cho S, Baik KY, Yoo JS, Soh KS.
Feulgen reaction study of novel threadlike structures on

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

the surface of rabbit livers. Anat Rec B New Anat 2005;
284:35-40.

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.

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

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

Lee C, Seol SK, Lee BC, Hong YK, Je JH, Soh KS. Alcian blue
staining method to visualize bonghan threads inside large cal-
iber lymphatic vessels and X-ray microtomography to reveal
their microchannels. Lymphat Res Biol 2006;4:181-90.
Jiang X, Kim HK, Shin HS, Lee BC, Choi C, Soh KS, et al.
Method for observing intravascular Bonghan duct. J Kor
Orient Prevent Med Soc 2002;6:162—6.

Lee BC, Baik KY, Cho S, Min C, Johng HM, Hahm J, et al.
Comparison of intravascular Bonghan ducts from rats and
mice. J Kor Orien Preven Med Soc 2003;7:47-53.

. Lee BC, Baik KY, Johng HM, Nam TJ, Lee J, Sung B, et al.

Acridine orange staining method to reveal the characteristic
features of an intravascular threadlike structure. Anat Rec
B New Anat 2004;278:27-30.

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.

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.

Lee BC, Soh KS. Contrast-enhancing optical method to observe
a Bonghan duct floating inside a lymph vessel of a rabbit.
Lymphology 2009;41:178-85.

Lee BC, Kim S, Soh KS. Novel anatomic structure 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.

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

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.

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

Lee SJ, Lee BC, Nam CH, Lee WC, Jhang SU, Park HS,
Soh KS. Proteomic analysis for tissues and liquid from Bonghan
ducts on rabbit intestinal surfaces. J Acup Mer Stud 2008;
1:1-13.

Park SH. 2009. Bioelectrical Study of Bonghan Corpuscles
and Ducts on the Organ Surfaces in Rats. Ph.D. Thesis dis-
sertation, Seoul National University, Seoul, Korea.

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

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.

Kwon JH, Baik KY, Lee BC, Soh KS, Lee NJ, Kang CJ. Scan-
ning probe microscopy study of microcells from the organ



Characteristic features of BHDs, blood and lymphatic capillaries

117

31.

32.

33.

surface Bonghan corpuscle. App Phys Lett 2007;90:173903,
1-3.

Sung B. Effects of UV-A Irradiation on the Motion of
BH-granule. M.S. Thesis, Seoul National University, Seoul,
Korea, 2005.

Sung B, Kim MS, Corrigan A, et al. In situ microextraction
method to determine the viscosity of biofluid in threadlike
structures on the surfaces of mammalian organs. Phys Rev E
79:022901, 1-3.

Wagner DD, Olmsted JB, Marder VJ. Immunolocalization of
von Willebrand protein in Weibel-Palade bodies of human
endothelial cells. J Cell Biol 1982;95:355-60.

34.

35.

36.

37.

Gerli R, Ibba L, Fruschelli C. A fibrillar elastic apparatus
around human lymph capillaries. Anat Embryol 1990;181:
281-6.

Leak L, Burke J. Ultrastructural studies on the lymphatic
anchoring filaments. J Cell Biol 1968;36:129-49.

Pepper MS, Skobe M. Lymphatic endothelium: morphologi-
cal, molecular and functional properties. J Cell Biol 2003;
163:209-13.

Schnyder-Candrian S, Borsing L, Moser R, Berger EG.
Localization of alpha 1,3-fucosyltransferase VI in Weibel-
Palade bodies of human endothelial cells. Proc Natl Acad
Sci USA 2000;97:8369-74.



	Comparison of the Characteristic Features of Bonghan Ducts, Blood and Lymphatic Capillaries
	1. Introduction
	2. Materials and Methods
	2.1. Animals
	2.2. Anatomical observation
	2.3. Light microscopy
	2.4. Transmission electron microscopy

	3. Results
	3.1. Anatomical and histological observation of Bonghan corpuscles and ducts on internal organ surfaces
	3.2. Ultrastructural morphology of the Bonghan ductules, blood and lymphatic capillaries in rabbit

	4. Discussion
	Acknowledgments
	References


