Morphologic Studies on Excretory Glands
Distributing within the Intrahepatic Bile Duct
Walls and Periductal Tissue in Normal Human
Livers and Livers with Hepatolithiasis and
Intrahepatic Bile Duct Dilatation
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Fig.1. Prevailing pattern and nomenclature of the
biliary tree in the normal liver. Transverse
histological sections were prepared at the sites
indicated by dotted lines. CBD, common bile
duct ; LHD, left hepatic duct ; LSD, left segment
duct ; LAD, left area duct; RHD, right hepatic
duct ; RSD, right segment duct ; RAD, right area
duct.
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Table 1. Features of gallstones in 17 cases with hepatolithiasis

Case Gallstones Stone-containing bile ducts (0)
no. age (yr) sex character quantity LHD LSD LAD RHD RSD RAD CBD GB
1 53 F pigment large e] l¢] e} o
2 55 F pigment large o) o) fe) e}
3 56 M pigment large f¢] o) fe) e}
4 64 F pigment large o] o o) o) o) ] o *
5 68 M pigment large e] o o) o) o) e} %
6 85 M mixed large e} o o 0 o o
7 48 M pigment moderate o] o) o] )
8 52 F pigment moderate o) [o)
9 54 F pigment moderate o o) o) *
10 54 M pigment moderate ) ] o) o
11 57 F pigment moderate o o o)
12 65 F pigment moderate o] o o o o
13 74 M pigment moderate o o) o e}
14 91 M pigment moderate o o o o o [e] o} o
15 73 M pigment small o] o] )
16 74 M pigment small o)
17 75 M pigment small o) o)

* i status after cholecystectomy.

GB: gall bladder.

Other abbreviations are the the same as in Fig. 1.
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Fig. 2. Number of the glandular lobule per cross-
section at various portions of the bile duct walls
in the normal liver. The height of each column
and T-shaped line represents the mean (m) and
standard deviation (SD), respectively, of the
number of glandular lobule per cross-section.
The upper (Mx), middle (Mu) and lower (Se) box
of each column indicate mixed, mucous and
serous type lobule, respectively. Sets of capital
letters, whose meanings are shown in Fig. 1, just
below individual columns represent various levels
of bile ducts. Each of figures (n) shown in the
lowermost positions below the columns repre-
sents the number of cases which have glandular
lobule at the corresponding bile duct.

LHD, LSD, LAD, RHD,RSD, RAD & [i < ¥ 12ET 251
VP LERD Eh ol EREFECRTRTORTH
s e n, FHU EOFIT segment duct L~
ETHML TR (1), ¥, —HROFITCIREES
septal duct D VRV ETHHL TV (BEE 7 —12),
1 RO HEBIRE T O BB O T/ #EH03 LHD
T3.8, LSD 3.8, LAD ¢ 2.5, RHD T 3.8, RSD
T2.2, RADTOETH > (E2). #’E->T, FA
JB% EFERIE C BB O BRSNS BV LM s 2,
BB OEE, L L THKRER 75%, RRE
B812%, BEEN 13%TH-7 (H2). 00L&
TRTOVNVOFRBEEICE VT, KE—ETH-
72(E2). #E-T, FFRIEEOBEG S SRREEN
THY, BB BB EIRERUTH D L
WRATH o7,
5. BERB M EES LY
REFBRORBLE 2 ORT. BB, T~
DREET, WEGLFEBECRAIN20LTH-
7o, RMEHBREE iE, AB2.5/PAS ZERATla % L B
BERHEECE~R (FH>HR) © (AF7-FH1),
HID/AB2.S5 “ERETRIH LHMBENPEEICH
B~F #Ba=H © (#5-BEH2) fesh,

ConA/HRP/DAB #:BTiE, MBS EMSEE~y
FEETH-T(AF-FEHE3)., Thib, ks
BEELBELF V2, ERLBOTHLF Y 25
W B EHEENG, £z, HEES V87 IiEey
J—RABEBIVCIAI-RABEES LR
3, JHERE LKL, AB2.5/PAS —ERE TR NS
DL F~Rk (B2 w2, HID/AB2S —EHE Tt
AR BE~F (Bf=%) 2, ConA/HRP/
DABHRBETHNEGSAMBBH c s (&

2), REHRELRELEONBEGOREM IR ¢
surface coat Ic & % L Bbn 3,

II. FFRERE

1. WHEMFAIEE OSSR

ERACEII L 72 1 BT, FFRBS R FER» >z
iR E2E L, iAo EREsa NN (BE
14).

BEAMBETEIEECEEL, BEEBLLRICREA
W EIEE - FLER OB H D, 5 SEHEEs
Aoz, BERNOEESHEBISEEICEEL, 8
BHIRMEEOILE, MEROEAMNALNT, Kb
2RI SRONREEDOEBEL EMR T 5h
722 ETH-1(BEELS). ZDIE#Ew, £%k0
EEENCEET 2D, EEENCEETZLO
ED2BISEEN, FNFNENE, BARELT
Bk -7, BRBROBEREANE L TE—IFs T
HB0, BEOCKRENERL, TREE/NELBRT
b0y Holz, TORIIIEEREDIZIZFEEICEET
2H5D08%L, TOBELEDELA L IIRBEIEE
THR LB WHIIE R b b, MERRTH-7: (BE
16). BEAMROMEME (BE 17) RIEFRFOESEND
BRAERR L ERTH o 7228, INEOEMMKEL, NE
DTN ETHEERIHIICS <ML T2 H0R
o Tz,

ERVIFETA2 &, BNREREERANCHD
TLHEDMEE S OBEIRRCH -2, —F, ESHR
13 BB O/NESIEME B T 2 SRR T H
D, BEZBL THEAM L EEL, FHRE L OHEE
RO ol i, BAMRINERZ LD 3 JHRE
BRI IR BE LR L T e, BESMROES O ERE
VIFFIREBER 18—221ZRT, 77, EFEYIEETH
BN BRREED O TR £ 5 2R T,

2. BSOS, AWBOEE

1 B OFEBERAFAREE OEMIEA £ 0T/
BEVRVET 12 #E~23ETHD, 203581/
SOEEANR, fU2/3 BN TH o (M6)., Zhi
E—V_VOIERFREE (2) L2y, &
ARBRICE VLTI, HBETER2WbWEETHY, &




FFPNRHE (S BR D BE - T 52 603

©
=
>
e
0]
ol
0]
!
©
M

Fig.3. Schematic stereogram for the intrahepatic large bile duct in the normal liver. The bile duct bears

glandular lobuli in two rows which are located on o

pposite sides to each other and arranged parallel to the

limiting plate of the liver parenchyma. The glands are of a tubuloalveolar type with lobuli situated around

the bile duct wall. Each lobule (%) is surrounded b
and has the conduit linking the lobule with a bile

within the bile duct wall.
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Combination of Each No. of lositive Schematic Diagram Showing
Bile Duct Having Cases / No. of the Area to Which the
Glandular Lobula, Total Cases Glands Are Olstributed
Confined to: along the Diliary Tree
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Fig.4. Extent of the distribution of the glandular
lobule along the intra- and extrahepatic large
biliary tree in the normal liver. The presence of
duct-associated glandular lobule is expressed by
dots in right diagrams. LHD, left hepatic duct ;
LSD, left segment duct; LAD, left area duct:
RHD, right hepatic duct; RSD, right segment
duct ; RAD, right area duct.
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Table 2. Reaction patterns of bile duct epithelia and intraductal contents to several staining methods for
carbohydrates in the normal liver and the liver with hepatolithiasis

Staining reactions to :

Materials examined AB 2.5/PAS HID/AB25 AB 1.0 col. ir. d-PAS  ConA/HRP/DAB
Normal liver
mucous cells of Bl #, (S) Br, +, (S) Bl +, (S) Bl +, (9 M, +, (S) Br, +, (S
extrahepatic glands M, +,(8 Bl 4+, )
mucous cells of Bl #, (S) Br, #, (S Bl 4+, (S) Bl +, (S) M, +, (S) Br, £+, (S)
intrahepatic glands M, +, (S) Bl +, (S)
surface epithelia BL &+, (L) Br,+, (L) Bl =+, (L) Bl +, (L) M, +, (L) Br, &, (L)
of the bile duct M, +, (L) B, +, (L)
Hepatolithiasis liver
mucous cells of BL #, (W) Br,#, W) BL #, (W) BL+, (W) M, #, (W) Br, +, (L)
intramural glands M, #, (W) Bl , (W)
mucous cells of Bl +, (S) Br, #,(S) Bl #, (S) Bl #, (S) M, #, (S) Br, +, ()
extramural glands M, #, (S) B, #, (S)
surface epithelia Bl, +, (L) Br, +,(L) Bl +,(L) Bl +, (L) M, +, (L) Br, +, (L)
of the bile duct M, +, () Bl +, (L)
pigment stones & Bl 4+ Br, + Bl, + Bl, + M, + Br, +
mucin gel M, # Bl, #

Abbreviations and codes are as follows: col. ir., colloidal iron ; d-PAS, PAS afterdiastase digestion; fur-
ther details are shown in “Materials and Methods” ; Bl, blue ; M ; magenta ; Br, brown in color ; 4,
strongly positive ; #, moderately positive ; -+, weakly positive; =, little or none; (L), luminal border;

(S), supranuclear cytoplasm ; (W), whole cytoplasm.
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Fig.5. Schematic stereogram for the intrahepatic large bile duct in hepatolithiasis. The bile duct is
irregularly dilated with the lumen anchoring a gallstone. The bile duct wall and periductal connective
tissue show fibrous thickening. Note the proliferating intramural tubular glands (\) and extramural
tubuloalveolar glands (%), compared with those of the normal liver drawn in Fig. 3.
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Fig. 6. Number of the glandular lobule per cross-
section at various portions of the bile duct walls
in hepatolithiasis. The construction of bar-hist-
ogram and abbreviations and symbols used are
the same as in Fig.2. Symbols (*) represent
intramural glands. Sets of capital letters, whose
meanings are shown in Fig.1, just below in-
dividual columns represent various levels of bile
ducts. Each of figures (n) shown in the low-
ermost positions below the columns represents
the number of cases which have gallstones in the
corresponding bile duct.

HBFE I, t MAHEB I ERIRRREET
BErEBEATVB, FREEKE2VLTE, £-<
E A ., AFFAHE O BRI X, diverticula®,
crypt®, parietal sacculi®, gland®, deep gland®,
biliary gland®, periductal gland®, tubuloalveolar
gland"ED S F L BHTHRITNTE D, FLEN
BB, MBS, HEEY, FFFIEE B W TE
ZBAhTWwW35, Burden® i3 BHEESIZ 4 51D mucous
gland * # 2 L, McMinn 573 tubuloalveolar
gland O LRI PAS BYERSHE, BFMIE %289, Elias
5M3/NFER % 2T 5 branched gland 288 L, #h
l& mucoserous TH % & L T3, Chou 5 deep
gland 2, ¥ 7 O AF >, ANKRLF ¥ ELBDORMEL
F v EHEBAERCREEL T 3. Gautier 523
periductal gland ® EF 7 vy v > 7 —Bi,
PASKEMETH % £ L, Spitz oI HIEE O RAEMBER

H
30 —
20 —
§ Mx
D
7]
1]
(2]
1
(]
3 Mu -l
H —
3] — ]
H *
o
- |
o
2 10 Mu
2 1
° *
. ]
© Se
0 Mu —I
Z *
Se _I
Se
group 1 group 2 group 3
mtSD 20.0+7.0 14.119.8 8.2+3.6
n = 6 8 3
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Legends for photographs

Photo.1. Cholangiograph of a slice of a normal
autopsied liver. Major large bile ducts are
identified.

Photo.2. Serous type of glandular lobule in the
periductal tissue of the intrahepatic bile duct in
the normal liver. The epithelia are low-
columnar in shape with dark cytoplasms. Some
acini show branches. The lobule is surrounded
by fibrous tissues. (HE stain, X200).

Photo. 3. Mucous type of glandular lobule in the
periductal tissue of the intrahepatic bile duct in
the normal liver. The epithelia are high-
columnar in shape with clear cytoplasms and
nuclei in basal position. Some acini show
branches. (HE stain, X200).

Photo. 4. Cholangiograph of the right segment and
area ducts in the normal liver. The outline of
the ducts (\ ) is rugged, which possibly represents
the excretory ducts of glandular lobuli containing
contrast medium.

Photo.5. Two glandular lobuli (™) in both sides of
the segment duct in the normal liver. The lumen
contains black contrast medium, and the lobuli
are located parallel to the hepatic parenchymal
edge. (HE stain, X20).

Photo. 6. Higher magnification of the right-side
lobule on Photo. 5. Note that the lobule consists
of several acini. The lobule connects with the
bile duct lumen through a conduit containing
black contrast medium. (HE stain, X40).

Photo. 7. The first serial section of the intrahepa-
tic septal bile duct, showing an absence of
associated glands in the normal liver. (HE
stain, X 200).

Photo.8. The second section obtained at 20um
thickness far from that of Photo.7. Two acini
(left) are seen. (HE stain, X200).

Photo.9. The third section obtained at 40ym
thickness far from that of Photo.8. The lobule
connects with the bile duct lumen through a
conduit. The fibrous tissue around the lobule
links with that of bile duct wall as well. (HE
stain, X200).

Photo. 10. The fourth section obtained at 30um
thickness far from that of Photo.9. Several



612

ot

acini of a mucous type aggregate to form a
lobular appearance surrounded by the dence
connective tissue. (HE stain, X200).

Photo.11. The fifth section obtained at 100um
thickness far from that of Photo.10. The
lobular size reduces to one acinus. (HE stain, X
200).

Photo.12. The sixth section obtained at 60um
thickness far from that of Photo. 11. The lobule
disappears and communication between the
lobule and hepatic parenchyma is not seen. (HE
stain, X200).

Photo. 13. Tubular glands within the intrahepatic
bile duct wall in the normal liver. They never
reveal lobular architecture and are isolated from
each other. (HE stain, X 200).

Photo. 14. Cholangiograph of the liver with
hepatolithiasis. The bile duct lumen is exten-
sively dilated and filled in places with radiolu-
cent calculi.

Photo. 15. Bile duct wall of the stone-anchoring
bile duct. Proliferating intramural glands are
evident within the bile duct wall (right), while
extramural glands are outside the bile duct wall
(left). (HE stain, x40).

Photo. 16. Intramural glands within the bile duct
wall in hepatolithiasis. The acini consist mostly
of mucous cells, showing an absence of lobular
architecture. (HE stain, X200).

Photo.17. Extramural glands revealing lobular
patterns in hepatolithiasis. The lobuli are
composed of both serous and mucous acini which
are surrounded by connective tissue fibres, and
bear a close resembrance to the lobule normally
present. (HE stain, X200).

Photo.18. The first serial section for the extra-
mural glands. Many extramural glands (upper
left) show a lobular pattern in the outside of the
affected bile duct (right). There is a small
conduit (%) on the lower center. (HE stain, X
40).

Photo. 19. The second section obtained at 250xm
thickness far from that of Photo.18. The some-
what dilated duct (%) is the conduit which is
continuous with that shown on Photo.18. The
acini () open into the lumen of this conduit.
(HE stain, X40).

Photo. 20. The third section obtained at 45um
thickness far from that of Photo.19. The
conduit (%) becomes larger than that on Photo,
19. The right edge is an innersurface of the
large bile duct with loss of epithelia. (HE
stain, X40).

Photo.21. The fourth section obtained at 50ym
thickness far from that of Photo.20. The
conduit (%) gets closer to the duct lumen (right)
than in Photo. 20, and other acini are closely
associated with the conduit (\\). (HE stain, X
40).

Photo.22. The last section obtained at 20um
thickness far from that of Photo.21. The com-
munication between the conduit and bile duct
lumen is evident (X). (HE stain, x40).

Photo.23. Cholangiograph of the liver with
intrahepatic bile duct dilatation due to extra-
hepatic obstruction. The intrahepatic biliary
tree is diffusely dilated.

Photo. 24. The left segment duct wall in the liver
with intrahepatic bile duct dilatation due to
extrahepatic obstrution. Glandular lobuli are
mildly hyperplastic and acinar lumen contains
mucinous materials. (HE stain, X100).

Photo. 25. Cholangiograph of the liver with
Caroli’s disease. The biliary tree is moderately
dilated with cystic configurations.

Photo. 26. Cut-surface of the liver with Caroli’s
disease. Intrahepatic bile ducts containing
white contrast medium are moderately dilated
with cystic configurations. The liver is also
studded with several cysts (X ), which are almost
confined to the area just around the bile ducts but
not communicate with the bile duct lumen.

Photo. 27. The liver with Caroli’s disease. Large
portal area shows dilated bile ducts (D), glands
(G), cysts (C) and mild fibrosis. (HE stain, x40).

Photo.28. A smaller portal tract (right) and
adjacent von Meyenburg complex (left) of the
liver with Caroli's disease. The portal tract
bringing septal bile duct and periportal liver
parenchyma are fibrous. The tubuli of von
Meyenburg complex are irregular in shape. (HE
stain, X40).

Photo.29. Cholangiograph of the liver with solita-
ry cystic dilatation of the left lateral segment




AFPIIEE (B BR 0> T2 BE 4 T o 613

duct containing radiolucent calculi.

Photo. 30. Cut-surface of the same liver as shown
on Photo.29. The cystically dilated bile duct
contains pigment stones (X).

Photo. 31. The bile duct wall and periductal tissue
at the site of dilatation in the same liver as shown
on Photo.30. Around the bile duct lumen con-
taining pigment stones and contrast medium,
glandular tissues are present within both bile
duct wall and periductal connective tissue. The
glands are somewhat increased in amount as
compared with those of the normal liver. (HE
stain, X40).

Photo. 32. Cholangiograph of the liver with solita-
ry cystic dilatation of the left lateral superior
area duct,

Photo. 33. Cut-surface of the same liver as
demonstrated on Photo. 32. Note the cystically
dilated bile duct containing white contrast
medium.

Photo. 34. Photomicrograph of the bile duct at the
site of dilatation in the same liver as shown on
Photo. 33. There exist the glands within both
the bile duct wall and periductal tissue to nearly
the same extent as those on Photo.31. (HE
stain, X40).

Legends for color photographs

Color photo.1. Glands of the intrahepatic bile
duct in the normal liver. (AB2.5/PAS stain, X
200).

Color photo.2. Glands of the intrahepatic bile
duct in the normal liver. (HID/AB2.5 stain,X
200).

Color photo.3. Glands of the intrahepatic bile
duct in the normal liver. (ConA/HRP/DAB
stain, X200).

Color photo. 4. Intramural glands and surface
epithelium (upper) of the intrahepatic bile duct in
hepatolithiasis. (AB2.5/PAS stain, X200).

Color photo.5. Intramural glands and surface
epithelium (upper) of the intrahepatic bile duct in
hepatolithiasis. (HID/AB2.5 stain, X200).

Color photo. 6. Intramural glands and surface
epithelium (upper) of the intrahepatic bile duct in
hepatolithiasis. (ConA/HRP/DAB stain, X 200).

Color photo.7. Extramural glands of the
intrahepatic bile duct in hepatolithiasis. (AB2.
5/PAS stain, x100).

Color photo.8. Extramural glands of the
intrahepatic bile duct in hepatolithiasis. (HID/
AB2.5 stain, X100).

Color photo.9. Extramural glands of the
intrahepatic bile duct in hepatolithiasis. (ConA/
HRP/DAB stain, X200).

Color photo. 10. Pigment stones and mucin gel in
the lumen of the intrahepatic bile duct in
hepatolithiasis. (AB2.5/PAS stain, X200).

Color photo. 11.  Pigment stones and mucin gel in
the lumen of the intrahepatic bile duct in
hepatolithiasis. (HID/AB2.5 stain, X200).

Morphologic Studies on Excretory Glands Distributing within the Intrahepatic Bile Duct Walls
and Periductal Tissue in Normal Human Livers and Livers with Hepatolithiasis and Intrahepatic

Bile Duct Dilatation

Tadashi Terada, Department of Pathology (II), (Director: Prof. G. Ohta),

School of Medicine, Kanazawa University, Kanazawa 920 — J. Juzen Med. Soc., 93, 599—-619

(1984)

Key words: Duct gland, Intrahepatic bile duct, Mucin, Hepatolithiasis, Caroli’s disease

Abstract
The present studies are intended to investigate 1) possible existence of the excretory glands
associated with the ih ducts (“‘ih duct” stands for intrahepatic bile ducts) and, if present, their
configurations including distribution, density and morphology; 2) the nature and origin of
proliferating glandular structures seen around the affected bile ducts in hepatolithiasis; 3) the
appearance of the glands in the liver diseases exhibiting the ih duct dilatation. In thirty cases of
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normal controls, 17 cases with hepatolithiasis and 18 cases with ih duct dilatation, livers were
examined by means of the cholangiography and histological observation together with serial
sectioning and mucin histochemistry. In normals the excretory glands were found to distibute in
the connective tissue close to the hepatic, segment and area ducts; the fact had not been hitherto
described. Histology of these glands was the same as that of the extrahepatic bile duct. Their
density was highest in the hepatic duct and lowest in the area ducts. The glands were of a
branched tubuloalveolar and seromucous type and consisted of the lobules which were distri-
buted on both sides of the ducts forming two rows. The individual lobule was surrounded
by a thin fibrous band, and had a conduit linking each lobule with an ih duct lumen. The mu-
cous acini were revealed to contain a small amount of neutral, carboxylated and sulfated mucin,
There were also a few of simple tubular glands within the duct walls which, however, varied in
number from one liver to another. In hepatolithiasis, glandular structures were heavily prolife-
rated within and around the stone -containing duct walls and divided into intra- and extramural
glands. The intramural glands were of a tubular and mucous type, while the extramural glands
were of a branched tubuloalveolar and seromucous type. The intramural glands might originate
from an invagination of the surface epithelium of the ih ducts and a subsequent proliferation in
its site. The extramural glands might result from a conspicuous proliferation of the preexisting
glands that were physiologically present around the ducts. Both glands appeared to excrete a
large amount of mucin, chemically similar to that from the normal liver. There was little or no
glandular abnormality in the liver with the ih duct dilatation without stones, except for the cases
of extrahepatic obstructive jaundice. These data suggest that a large amount of mucin secreted
from the glands into the ductal lumen is responsible, at least in part, for the formation of the
intrahepatic galistone.
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