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AMORPHOLOGICAL STUDY OF THE LYMPHATIC SYSTEM WITH
RELATIONS TO THE ARTERIAL BUFFER RESPONSE IN THE
PERIPHERAL PART OF THE HUMAN LIVER

Satoshi Takasaki, Hiroshi Hano, and Kazumasa Komine

Department of Pathology, The Jikei University School of Medicine

Lymph fluid is excreted from the liver routinely but in various volumes, and its content in protein is
nearly 80% of that in serum. The present study was performed to examine the reason and origin of which
lymphatic fluid is yielded in the liver. Four autopsy cases were examined. In 1 case light microscopic serial
sections were made and immunohistochemical staining of lymphatic endothelial cells was performed and
observed in 3 dimensions. In the other 3 cases 80ml of India ink was injected as a tracer from the hepatic
artery. Examination of these cases revealed a close relationship between the lymphatic duct and the hepatic
artery but showed no channel between the lymphatic duct and the space of Disse. The injected India ink had
mainly leaked through arterial walls before anastomosis with portal vein and entered the peripheral and
capsular lymphatic ducts with only a small amount of deposition in the sinusoid. Thus, we concluded that the
hepatic artery must have a buffer response before anastomosis with the portal vein to eliminate the difference
in pressure between the hepatic artery and the portal vein. We also conclude that the main origin of the hepatic
lymph fluid is blood plasma that has leaked through the arterial walls before anastomosis with the portal vein.

(Tokyo Jikeikai Medical Journal 2015;130:87-97)
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Table 1. 4 autopsy cases.

Case Clinical diagnosis

Age/sex Postmortem time (hours)

1 Myocardial infarction
Esophageal cancer

Malignant lymphoma

oW N

Acute myeloid leukemia

35/M 1:25

52/M 22:00
69/M 19:00

57/M 2:00




b MU 2 INROIBRELIFSE 85

BCTHDH., FTIUEH 11T KDY O HRES
IZEoTHELNEY INE EEIIREE D AR D
56, FRICET 2 2MKEGEHFTORE % LT
Do RWTIFENRD S BRI 2EALZE] GER 2
~4) ZEl T B, ZTDIEFEEAETER4TH O,
AL DIRNER| 2, 31ZBHREL CTHAL .
1. PIARERAI Y 2 /NE & BhARER DAEER

JH @& K B RZE XSG THEE T 5
&, U VB X N ER L TEIIRE I S B
EIOWCEMLTWS (Fig.1, JEX280 um, K%
Bl RKE#ITER) . WX T2 Do ffeE % g
T LHERMOAHNESFEEL TS, Bk
W HEL AR R (AA) &2 6 I3 % 65 0 kL
(PBB) D2AMNKHIIND. U )NEIZIEIWE
MELEMTH DD, MXHEE@ECTAARND
U NE @ EPBBHWD U > NNE (D) ITENE
NXBPITES., Thabb, U /NEZIRE &0
FizRICKLTWBZENHATH S, U NNE
(b) & AR ENCIL > TP < &, KWHE & FERF
IR DRI NEDY S — MRITIAMN o 721 2N
WBITLTWS (Fig. 1, 2 34%). ZUIAE
Bt ST — LR ITH Y T 5 2,

Fig. 1. Reconstruction under a magnification adjusted from the

final conducting portion to the parenchymal portion of the
portal vein and artery (case 1, Depth 280..m).
The large arrow indicates the transitional zone between
the two portions. The lymphatic duct is well-developed
to the conducting portion covering the arterial branch
surface. Two kinds of arterial branches are observed;
axial artery (AA) and peribiliay branch (PBB). These
arteries are running reciprocally and are covered with the
lymphatic ducts (a) and (b). The latter (b) is linked to the
seat like lymphatic duct, which is the space of Mall (3
arrows) situated between the liver parenchyma and bile
duct (BD). I, II and Il indicate the 3 step ramification
of the parenchymal portal and arterial branch, although
the latter lacks the third step.
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Fig. 2. The space of Mall situated between the liver parenchyma
and bile duct (case 1, D2-40).
The space belongs to the lymphatic duct (b) seen in
Figure 1. Note a continuity of the endothelial cell layer
stained with D2-40. No opening of the space can be
found towards the liver parenchyma. PBB: peribiliary
branch; BD: bile duct; FS: fibrous sheath around the bile

duct.
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Fig. 3. Reconstruction at a first-step arterial branch ramifying
the second-step branches (case 1, Depth 240 m).
The axial artery (AA) is widely covered with the
lymphatic duct (Ly), which then makes a loose network at
the arterial fork and extends along with the second-step
arterial branch.

Fig. 4. Light microscopy at a lymphatic duct around the first-
step arterial branch (case 1, D2-40).
The arrow indicates a valve like structure in the lymphatic
duct which may prevent backflow of the lymph fluid.
Such a structure is not found in the further peripheral
areas.

Fig. 5. Reconstruction at the area encircled in Figure 3 (case 1,
Depth 240/t m).
An H-shaped lymphatic duct attaches (arrowheads) to
the first-step axial artery (AA), branches off a few ducts
and makes a loose network around the interstitial spaces
(arrows). Asterisks indicate pores of the lymphatic duct.

1, D2-40).
The lymphatic duct (Ly) widely attaches to the axial
artery (arrowheads). Arrows indicate the interstitial
space (IS) arisen at the tip of the axial artery (AA). The
lymphatic duct (Ly) is linking to the spaces at the pores
(asterisks).
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Fig. 7. Reconstruction adjusted to a second-step arterial
branches (II) (case 1, Depth 240 1 m).
The axial (AA) and peribiliary branch (PBB) respectively
accompany the lymphatic ducts (Ly), which terminate as
a gentle loop here. Pores of the lymphatic duct are rarely
found in this area. Openings of the space of Disse to the
interlobular space (Glisson) are restricted to the points
arrowed on the limiting plate, to which the short branches
are given off from the portal vein.

Fig. 8. Light microscopy of a lymphatic duct along with the
second-step arterial branch (case 1, D2-40).

The lymphatic duct (Ly) is linearly running in the space
of Glisson. Fragmental ducts (arrows) are also linking to
the lymphatic duct under reconstruction. PV: portal vein.
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Fig. 9. Close relationship between peribiliary branch and

lymphatic duct (case 1, D2-40). The lymphatic duct
(Ly) has a wide defect in its center (arrowheads).
Reconstruction, however, revealed that the duct was
continuous with a large hole toward the side of the
peribiliary branch (PBB), the wall of which contains
several vacuoles (arrows).
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Fig. 10. Reconstruction at the capsular area (case 1, Depth 120
7m).
The second-step axial artery (AA) runs obliquely to the
liver capsule (CAP). The lymphatic duct (Ly) is running
along the axial artery with wide contact to each other
just under the capsule (arrowheads) and divides into
right and left sides of the capsule with a pore (arrow).
Asterisk indicates the pore of the lymph duct.
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Fig. 11. Distribution of the injected India ink for the arterial
branches (case 4, Masson’s trichrome).
Injected India ink deposited continuously to the
peripheral arterial branches. Each step of the arterial
branches is displayed with 4 photographs. A: Axial
artery (AA) of the conducting portion. B: Axial artery
of the first-step. C: Axial artery of the second-step. D:
Peribiliary branch (PBB) of the second-step. The degree
of India ink deposition seems to increase as the arterial
branch tapers.

Fig. 12. Relationship between arterial size and India ink
deposition (case 3, postmortem time: 19 hours).
The India ink fully deposits on the small artery with an
outer caliber less than 70 .#m (arrow b). However, the
large artery, which has an outer caliber of more than 200
o m, is free of India ink deposition (arrow a).
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Fig. 13. Intercellular deposition of the India ink in the arterial
wall (case 4, Elastica van Gieson).
The arterial wall looks like a mesh with deposited India
ink in case of injection from the hepatic artery 2 hours
after death. These deposits are mainly the intercellular
space (arrow), which seems to be an actual pass way for
blood plasma.

L i Ly Rt
Fig. 14. India ink leakage from the arterial
space (case 4, D2-40).
Injected India ink is leaking into the arterial wall (AA)
and continuously to the periarterial space (PS). Leaked
ink (arrow) will pour into the lymphatic lumen (Ly).
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Fig. 15. Contact between lymphatic duct and peribiliary branch
(case 4, D2-40).
The lymphatic duct (Ly) attaches on the peribiliary
branch (PBB) with a partial defect of the lymphatic
endothelial cell layer (arrowheads). Injected India ink is
observed in the wall of the peribiliary branch (In-1) and
in the lymphatic duct (In—2). The asterisk indicates a
small opening of the lymphatic duct. BD: bile duct.

Fig. 16. Reconstruction adjusted under the same area to Figure
15 (case 4, Depth 60,2 m). The lymphatic duct (Ly) puts
the peribiliary branch (PBB) on like a cap. It is certain
that the deposited India ink (In-2) is in the lymphatic
duct. Injected ink must pour into the lymphatic duct via
the peribiliary branch wall. PCP: peribiliary capillary
plexus. BD: bile duct.
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Fig. 17. Unstable contact between lymphatic duct and axial
artery near the fork (case 4, D2-40).
Note the contact between lymphatic duct (Ly) and axial
artery AA) is rather loose. That is, the inner cell layer of
the lymphatic duct is widely lacking (arrowheads), and
the periarterial space (PS) is linking to the lymphatic
duct (Ly). In—1: deposited India ink in the wall of the
axial artery. In-2: deposited ink outside of the axial
artery.

Deposited India ink (In—2) is seen out of the axial artery
(AA) with a partial defect of the lymphatic endothelial
cell layer (arrowheads), partly in the periarterial space
(PS) and also leaked into the interstitial space (IS). Ly:
lymphatic duct.
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Fig. 19. Light microscopy of the capsular lymphatic duct (case 4,
Masson’s trichrome).
A number of lymphatic ducts containing India ink are
observed in the capsular area. These findings are more

conspicuous than that of the interlobular lymphatic duct.
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