Morphologic Examination of Copper Granules in
Hepatocytes of Various Hepatobiliary Diseases
with Emphasis on their Pathologic and Diagnostic
Significance
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Fig. 1. Copper granules (arrows) are seen in the hepatocytes of the periportal area.
These granules are gathered around the nucleus. Primary biliary cirrhosis (fibrotic
stage). Rhodanine stain, X160,

s . a% aY W
Fig.2. Copper granules (arrows) are seen in the cytoplasm, especially around the

nucleus, of the hepatocytes in the periportal area. Liver cirrhosis (alcoholic).
Rhodanine stain, x325.
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Fig. 3.

density are seen in the cytoplasm of hepatocytes.
hepatocytes, B: bile canalicules.

Primary biliary cirrhosis.
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Fig. 4. Display of characteristic X-ray images in electron dense granules (lysosomes) in the
hepatocyte of a patient with primary biliary cirrhosis. AL-KA : Ka ray of alminium, OS-M: M
ray of osmium, S-KA: Ke ray of sulphur, CL-KA: Ka ray of chlorine, CA-KA : Ka ray of
calcium, CU-KA: Ka ray of copper, OS-LA: La ray of osmium, Au: gold. Fig. 4-A shows a
considerable level of CU-KA, but Fig. 4-B discloses a negligible peak of CU-KA.
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Fig.6. Copper granules are gathered around bile canaliculi. Wilson disease.

Rhodanine stain, % 325.



T PR SR

B, BHEREBAERETH, &3 oMo
Co o HHEIB T IR O B D, FDTRY
AP LA L O 2R Ui, 200, EETEITY,
O PBOREG| THIRER O LS A 0 AL, TIRE
BT -z, < F, NERBEICHEIE T, SR
AL HHE TGO MR < DBz Ao A, IFBBRE SR
BECi,  BWRL LA L SEAE T 10.2%, MEA T
17.4%Th D, HEEEAh -7 R, WEEOL
2R L Wilson 6 THE, BTN S hu -7z,

Sl A & PR o ?I-M‘f [25¢ & oo PP & 3%
4T, MR R T, IR T
FACL P EE L o SR o) m Phia AL, HT RS
PEREC 8 T340 40 4] (54.8%) (2R % O FERE 0D R
RO Hta o duz, SRR IESREETIE, IR
Btk oo RO 00 PSR & Gl 72, 5, IFRE
ISR T - TR & SRR P4 AT L oo Tl s e
.,mm.,umwt.

. BAHmARR o> SRFERILE & FFHRE PSR &

S AT 6 GO EHLER NS L), 40,1, 40.8,
3&9,H)m:m&,ﬂl4#wﬁdn'wm‘m1+§D 1,
37.507.28) Tdh ol & 2T, IERIFO mo£2S.D.
(22.9~52.1 pg/g dry liver) % ERHiBHE L7z, W
AR Wt & R SR 0O P 3T FRIEE & oo [ st &
(82 av L Fo, HTFHIBINER SR B B (19 Tz
91.5+45.5 ug/g dry liver. $RIERSTER] (9 #1)

L 21

141.7+80.1 ug/g dry liver, fPEEBEES (13 #))
259+88.0 ug/g dry liver, @ /& PES ( 6457) 1033+
635 ug/g dry liver TH -7z, Spearman D JIE{LHHR
TREE p =0.9964 T HRPER vE 3 TR & AR AR PN 8R4
EDRNZIEDBE#EM s Stz (p<0.01) (M8), %
1, Wilson&D 1 #1113 134 ug/g dry liver TH -7z,

. FFHRAPRSRERNL & 7 Lt o - BBIETRAT & O BEE

i3

A T, SRERL & [ o) R RERE &R

BYERTREAY, BRI S & OYE AR RS 0 R R o) SR
OB RSOk (T8 (®9, 10). &7, Wilson
WO LEITIE, 2o 1Mot sy —v oz, g
RO T RG4S 3 25 EARIRE RO + v 2 1 B
Wb A ooy (1), Fodetatiid IRz
AR, BRUILRHTHD, RO L O
Mrote, FSEMANRTAIL, SRR RC BV
T, SRR OTLETE = A L b A o BP0 TSR
JE L3R & ORERIT B L 7o, BB,
R R o Uy R P R TR M L U2 v 3 i G
A SRR BB B A A, E e, SR
WSR2 A4 o BB O WS O % WiE
Bn D ReH Sk, -7, SEREETER B U T,
362 thf 5 FICHR S ERIE D A4 L 1 > B TERE A3 A
St (5, 4. r/‘)%@E%‘i:{}w)|55}"‘£4%'E5'0>'LH: b,
FIAREED A v 1 2B (HBs PR RF/NER
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Table 1-A. Biliary disorders associated with copper granules in liver cells

Quantity of Copper Granules

. : No. of No. of
Liver Disorder Biopsies  Positive(%)  Light Moderate Heavy
Primary biliary cirrhosis 78 47(60.3) 19 15 13
Non-fibrotic stage 26 6(23.1) 8 0 0
Fibrotic stage 49 38(77.6) 12 15 11
Cirrhatic stage 3 3(100) 1 0 2
Primary sclerosing cholangitis 8 6(75) 2 1
Non-fibrotic stage 1 o 0 0
Fibrotic stage 7 6(85.7) 2
Cirrhotic stage 0
Extrahepatic cholestasis 25 3(12) 2 0
<1 month(duration of jaundice) 17 165.9) 1 0 0
>1 month( " ) 8 2(25) 1 1 0
Alagille syndrome 2 2100 0 0 2
Biliary fibrosis of unknown 4 2(50) 1 0 1

etiology

Table 1-B. Non-biliary disorders associated with copper granules in liver cells

Quantity of Copper Granules

. . No. of No. of
Liver disorders Biopsies Positive(%)  Light Moderate Heavy
Liver cirrhosis (non-biliary) 31 6(19.4 5 1 0
Alcoholic 6 2(33.3) 1 1 0
viral 21 4(19.0) 4 0 0
others 4 00 0 0 0
Chronic active hepatitis 111 13(11.7 13 0 0
Mild 25 00 0 0 0
Moderate to severe 86 13(15.1) 13 0 0
Alcoholic fibrosis 86 6(7.0) 5 1 0
Mild 50 000) 0 0 0
Moderate to severe 36 6(16.7) 5 1 0
Drug-induced cholestasis 11 2(18.2) 1 1 0
Wilson disease 1 11000 0 1 0
Hepatic fibrosis of 2 1(50) 1 0 0

unknown etiology
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Table 2. Conditions not associated with copper granules in liver cells

Liver Disorder

No. of Biopsies

Acute hepatitis

Alcoholic hepatitis

Chronic persistent hepatitis
Granulomatous hepatitis
Infectious mononucleosis
Fatty liver

Anoxic change

Chronic venous congestion
Idiopathic portal hypertension

Constitutional hyperbilirubinemia

Hemochromatosis and hemosiderosis

Thorotrast deposition

Extramedullary hematopoiesis

Bone marrow transplantation

Mild hepatic fibrosis related to

cholecystolithiasis
Intrahepatic calculi
No remarkable changes

116
8
35
3

1

oo
co

B0 D = L) W 00 DN

13
128

Table 3.

Correlation between clinical jaundice and degree of copper granules in the

conditions with copper granules in liver cells

High incidence

Low incidence

Low incidence

group(biliary)* group(biliary)** group(nonbiliary)***
3 # 2 14 # 0 0 H 0 0
Eo#l 9 9 o0 1 # o2 0
) 1 H o0 2 + 19 1
INEE 0 - o 22 - 18 19
(=) (+ (- + (=) (+
jaundice jaundice jaundice

*, primary biliary cirrhosis, primary sclerosing cholangitis and Alagille syndrome.

**, extrahepatic cholestasis.

*#** liver cirrhosis, chronic active hepatitis and alcoholic fibrosis.

—, absent; +, light; +, moderate;
number, number of biopsies.

#, heavy.
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Table 4. Correlation between bile plug formation and degree of copper granules
in the conditions with copper granules in liver cells

High incidence

Low incidence

Low incidence

group(biliary)* group(biliary)*** group(nonbiliary)***
o 4 12 # 0 0 e 0 0
= ;
s H 15 3 H* 0 1 1t 2 0
&
5 + 21 0 + 0 2 + 21 2
a,
§ - 33 0 - 0 22 - 177 26
(- (+) (= -+ (- +)
bile plugs bile plugs bile plugs
Abbreviations, see Table 3.
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Fig.8. Correlation between hepatic copper con-
tent and degree of copper granules in liver cells.
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Fig.9. Orcein poqmve granules are seen in the permuclear area of the perlportal

hepatocytes.

Fig. 10. Perinuclear accumulation of orcein positive granules is evident.

biliary cirrhosis. Orcein stain, X 325.

Primary biliary cirrhosis.

Orcein stain, x160.
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Table 5. Correlation between copper granules and orcein positive granules

in liver cells

Conditions associated
with copper granules

Conditions not associated
with copper granules

o #| 0 0 o | 17 w0 ] o 0 0

E% 0 0o | 20 3 # o] o 0 0

S 0| w 2 0 + o] o 0 0

g

| 16 3 0 — | s 0 0
-+ #H# -+ H#

orcein positive granules

orcein positive granules

—, absent; -+, light; -+, moderate;

4, heavy.
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Abstract

Seven hundred and twenty one liver biopsy specimens showing variable hepatobiliary diseases
were stained with rhodanine method for hepatocytic copper granules, which were well correlated
with hepatic copper content. Wilson disease showed pericanalicular and perinuclear copper
granules in the hepatocytes, while other hepatobiliary diseases revealed perinuclear copper
granules in the periportal or periseptal hepatocytes. The copper-positive hepatic diseases were
subdivided into 4 groups ; 1. Primary biliary cirrhosis, primary sclerosing cholangitis and Alagille
syndrome showed copper granules to much frequency (high incidence group), especially in the
fibrotic and cirrhotic stages. 2. Extrahepatic biliary obstruction, being composed mainly of acute
phase, showed them to less frequency, and their degree was, when present, mild (low incidence
biliary group). 3. Liver cirrhosis, chronic active hepatitis and alcoholic fibrosis showed them to
low frequency and to mild degree (low incidence nonbiliary hepatic group). These positive livers
had usually an extensive fibrosis and lobular disarray. 4. Wilson disease disclosed moderate
deposition of copper granules. Moderate to heavy deposition of copper granules were seen in the
high incidence biliary group patients with jaundice, and even about half of the patients without
Jaundice revealed the hepatocytic copper. Copper granules were found in a minority of the low
incidence biliary group patients with jaundice. In the low incidence non-biliary hepatic group,
however, there was no correlation between jaundice and copper granules. These findings suggest
that cholestasis and its duration, level and degree of intrahepatic biliary injuries, hepatic fibrosis,
and hepatocytic damages in variable combinations lead to deposition of copper granules in the
hepatocytes. Examination of hepatic copper granules seems valuable for a diagnosis of liver
biopsies.



