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Fig. 1. 1, Histological findings of liver tissue fragments before transplantation.

Liver tissue fragments are composed of several hepatocytes (H-E stain).

tetrachlorocarbon ; DAB, 3,3’-diaminobenzidine ; HE, hematoxylin and eosine; L. I,
labeling index ; SHi, DNA SRR YEEE EE B



PR R HRR A B O 5t 61

FIEERIE I TR, MEETREL D23 Y%
FEAEZETRIA, ®-o< 0 EHREL %25 TR
FEdE 0.2ml (U1.0X107{@) 2EAL.

3. Feulgen BEMELHIYEE

KEA L 36 BFfE Pease WM AL <) VR
TEZE%E, /857 4 YA L. Feulgen @13
Koike 5D AWK TITo7. Thbbl2u O
S74VHIFEFV VY =T a— LRI TS
74 L, KEKRPTAELR. 37°C1 NEBPTI
43R, 60°C 1 NIEEsthT 7 7/, 37°C1 NSRBI T 1
SRRIGS ¥, DNA OIKSREITo /. BEKT
¥, Cold Schiff % (fIxx, KIK) 30ml+
Sorensen M 7"V ¥ VB (pH2.28) 870ml+15% £
SEFEFRES MY v ABK 100ml 2REL CRER
FIERT4RHREE Y. £D%, Sorensen O
7V v B (pH2.28) £16% A ¥ EERIE - Y
T LABHEE O | 1OFATES S BRI TL050
D4 EPEEL, AKEE, Bk, ALK, B, X574
F7IABLUHAMICRREEXRO D BFEAL .
0%, BHOFE Y, FERREX LRI 2
WIREEESRDILD, BRTOARKEETICHN3
HREEEL 7. BOEEEMARE I, B eEMU S
Standard 18 &l (Zeiss, Oberkochen, Fa48) &, BEMHE
KERE Nikon Pl (HENFEER) 2020 THZ
Bol:. KB TRELS, BIE7 4 VS -G
(IF500~550) (H&RNE) B L UVERXT7 4 L —2BL
TRHREBPHEXZEIRL, Y4170 v 235 —
(DM575) (HA& %) %2 T Feulgen Hetaifiziz id 4t
Uiz, BOLEMETCR2 &, Bz 2R e
=L (F2). ftdhsREELE, RIT 40
§— (E—27 {8 620nm) (HANF) 2@ CTHEL 7.
28, BEMEDEER Nikon P1 T, 1 HOBZOEDE
CELUBEMCI0EIOBEE® < DR L, 0Ok
ERRFEINLIEBICL->TwE. fIRehiz>T
&, v — N RFETERMEL, FHEREE XA
100~200fEEE L , M EEEL @RAKFEER
B BRBO a5 60T, A=V IFNarEa—
7—PC—9801VM2 (HEES) 2 AW THEITL /.
Wi, AN, BEICEo MY, YIE Beio i
Lir A TuRn EEZ s 3 #ifdid, HXoxtsgs
SHBERRY RS L. Bk, HOCEMET CHEE,
SRMIERAT 20 xEE RS, HEERE¢ T
B—E%7 ) R EHEL . FlEr, #hld
SOV SRR, RISERMRE O K B B
FHTTCIBESETHo7:.

HEEED > bu—n b LT, &6 L iCHEgkE

DY v SEROKE30~50@RNEL, FORFAME 215
{& DNA & (diploid chromosomal complement,
2C) & LTHw/-. Feulgen $fa 0 Rk RFLNE
DEBEWL->T, BRI LCESFHT 2 HETHBHFH
Hb7z9, 1% DNA BORE 7 — & OE I FENETL
bDERB. ZD/H DNA BOHIEE S, £ER
DV REREDRDL2COBETHRL, BOBOERK
DILFHAI R (A, U, B{7 =arbitrary unit) TEL,
e, BOMEBERECE >TDNA A b
77 LEERL .

4 . 5-bromo-2’-deoxyuridine (BrdU) & & 3
DNA &E(H (SHA) MHfEsE#E @ERIRE)

BrdU i, £ENAEAICERL , B3 1 RRah
50mg/kg %7 v b OEERIERE L 2. FH L 2
B EEE R L ) R TR REER VT T 4
VML, HBEEICELT.

Pl 3P 07 7 4 vk, 37°C 4 NIERE R T3040
L, DNA 2ZH s ¥ "5 DNA 2B DNA & L
7o WERRE S TR, 0.3% BB AN A S
J = WAZ30RIGE CNEERN & F v 5 — EEEE
BEIEL . RiCy < EEMBC0SRIGS ¥, R
RGO EE -7, £0H, 1LkHE H 5-bro-
mo-2’-deoxyuridine €./ 7 o —+ Lk, 2045FHH)
(DAKO, Glostrup, ¥><—2) 2 4°CT—8t, 2 &
& (Vector, Burlingame, ¥ E) 2 €® T305,
avidin-biotin-peroxidase complex (ABC) & ¥
(VECTASTAIN® ABC Kit) (Vector) EIB T304
Ris&®d:. WCABEAZEMY 7 2/ RoFov
(3, 3-diaminobenzidine, DAB) ¥ IZ AdL, YEFEFAM
8 OLE) TREBELZVWORIGEB I ok, KEK

Fig. 2. Feulgen stain of intrasplenic hepatocyt-
es six months after transplantation. Nuclei
shed fluorescence.
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Fig. 3. Histological findings of liver one day
after 30% hepatectomy (group H-1). Nuclei
of S-phase hepatocytes (BrdU positive) are
stained dark brown with enzyme labeled
antibody method (arrows).
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Fig. 4. Histological findings of intrasplenic hepatocytes one day after liver
tissue transplantation (group A). Liver tissue fragments were prepared by
combination of mincing and collagenase digestion. The hepatocytes show
almost normal shape (H-E stain).

Fig. 5. Histological findings of intrasplenic hepatocytes one day after liver
tissue transplantation (group B). Liver tissue fragments were prepared by
mincing only. Hyaline degeneration are observed in most of hepatocytes.
However, some hepatocytes located border area of liver tissue fragments
(arrows) show almost normal shape (H-E stain).
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Table 1. Viability and yield of liver tissue fragments

Eroup Numbér of rafs Viability(%) -Yield(%T
A N 5 85.3i7r76].7t5.9 )
B 5 94.2+9.8 88.9+4.3
C 5 90.6£6.9 86.7+8.9
D 5 58.3+7.9 23.1%7.8
E 5 52.8+9.8 9.3+3.6
F 5 75.5+7.6 72.5+6.9

Values are means+SD. Group of rats: A, combina-
tion of mincing and collagenase digestion ; B, minc-
ing only ; C, press and pass through wire screen filter
(pore size 1.0mm) ; D, press and pass through wire
screen filter (pore size 0.Imm) ; E, crush with homo-
genizer ; F, perfusion with 0.05% collagenase.

index

Label ing

7 (days)

Days after partial hepatectomy

Fig.6. Changes of labeling index (mean and
standard deviation) of liver after partial
hepatectomy.
®—-®, group G with 30% hepatectomy.
O-+O, group H with 70% hepatectomy.
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Fig.7. Nuclear DNA content histograms of
liver after 70% hepatectomy. The abscissa is
DNA content expressed in arbitrary units.
The ordinate is the number of nuclei measu-
red. Group G-0, before hepatectomy ; G-0.5,
12hr after hepatectomy ; G-1, one day after
hepatectomy : G-2, two days after hepatecto-
my; G-3, three days after hepatectomy ; G-7,
seven days after hepatectomy.
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Fig.8. Nuclear DNA content histograms of
liver after 30% hepatectomy. Group H-0.5,
12hr after hepatectomy ; H-1, one day after
hepatectomy ; H-2, two days after hepatecto-
my ; G-3, three days after hepatectomy; H-7,
seven days after hepatectomy.



IR PIRFAEL A A R D 7 67

i, J—1D $#£0.27+0.38%, J—2D#E0.16+0.27% ,
J—3DFE0.34+0.46%, J—6M#E0.72+0.29%,
J—12M#£0.80£0. 19% S EMED & £ B L, &L
CHEZERRD N, o7, BEFO L. L i3~
TOIBLITFTH -7z (#2). IRAFMIED DNA t

Fig.9. Histological findings of liver one day after C
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Fig.10. Changes of labeling index (mean and
standard deviation) of liver after CCl, admin-
istration (group ).

Table 2. Labeling index of intrasplenic hepatocytes
and host liver after liver tissue transplantation

Labeling index (%)

Group Number Intrasplenic :

of rats hepa tcl))cytes Host liver
J-1D 6 0.27+0.38 0.05+0.01
J-2D 6 0.16%0.27 0.05+0.02
J-3D 6 0.34+0.46 0.04£0.02
J-6M 6 0.72%0.29 0.06£0.03
J-12M 6 0.80%0.19 0.04+0.03

Values are means+SD. Group of rats: J-1D, one day
after transplantaion ; J-2D, twodays after transplanta-
tion!; J-3D, three days after transplantain; J-6M, six
months after transplantation; J-12M, twelve months
after transplantation
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Fig.11. Nuclear DNA content histograms after
CCl, administration. Group 1-1, one day after
CCl, administration ; I-2, two days after CCls
administration; 1.3, three days after CCl.
administration; 1.7, seven days after CCl
administration.
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Table 3. Labeling index of intraslenic hepatocytes
and host liver after liver tissue transplantation
with mixture of hormone or extract of viscera
into liver tissue fragments

Labeling index (%)

Group Number Intrasplenic .
of rats hepatocytes Host liver
- 6 0.33£0.40 0.04%0.01
- 6 0.32+0.36 0.04+0.01
M-1 6 0.35+0.31 0.05+0.02
N- 6 0.33+0.27 0.05+0.01
O- 6 0.27+0.38 0.04+0.01
P-1 6 0.30£0.38 0.06+£0.02
K-2 6 0.44%0.51 0.05+0.02
L-2 6 0.24x0.38 0.05+0.01
M-2 6 0.52+0.83 0.06%0.02
N-2 6 0.38%+0.32 0.04%0.02
0-2 6 0.24+0.27 0.03+0.02
P-2 6

0.30+0.36 0.05+0.03

e Vet
Values are means+SD. Group of rats: K-1, one day
after transplantation with mixture of glucagon ; M-1,
one day after transplantation with mixture of hydro-
cortisone ; N-1, one day after transplatation with mix-
ture of extract from the ileum (without hepatectomy);
0-1, one day after transplatation with mixture of ex-
tract from the ileum (with 70% hepatectomy); P-1, one
day aftertranspla tation with mixture of extract from
the spleen (without hepatectomy); K-2, two days after
transplantation with mixture of insulin; L-2, two days

after transplantation with mixture of glucagon; M-2,

two days after transplantation with mixture of hydro-
cortisone; N-2, two days after transplatation with
mixture of extract from the ileum (without hepatecto-

my) ; 0-2, two days after transplantation with mixture
of extract from the ileum (with 70% hepatectomy) ;

P-2, two days after transplantation with mixture of
extract from the spleen (without hepatectomy).
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Table 4. Proliferation of hepatocytes in the spleen
six months after liver tissue transplantation

The rate of replacement

Group  Number of rats in the spleen (%)

W-i 3 38.0+5.29"
W-g 4 31.0%5.29
W-h 5 20.6+£7.44
W-e 3 19.5+6.21
W-s 3 18.3£2.52
W-70 5 49.4+10.4™
W-30 3 24.0%5.26
W-c 3 19.348.33

Values are means+SD. Group of rats: W-i, mix-
ture of 0.5 unit regular insulin into the liver tissue
fragments ; W-g, mixture of 0.2 international unit
glucagon ; W-h, mixture of 5 mg hydrocortisone ; W-
e, mixture of extract from the ileum ; W-s, mixture
of extract from the spleen; W-70, 70% hepatectomy;
W-30, 30% hepatectomy ; W-c, liver tissue transplan-
tation (control).

*p<0.05 vs W-c group; **p<0.05 vs W-c & W-30
group

¢ B G aait 2 i 4
Fig. 12. Histlogical finidings of intrasplenic hep
transplantation (H-E stain). Red pulp of spleen is occupied by hepatocytes.
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Fig. 13. Nuclear DNA content histograms of intrasplenic hepatocytes and host liver after
intrasplenic liver tissue transplantation. Group J-1D, one day after transplantation; J-2D, two
days after transplantaion; J-3D, three days after transplantaion ; 6M, six months after
transplantation ; J-12M, twelve months after transplantation.



HEPRTAELAR A A D B 5%

~

BAEFFEMSA Tl a > b o— LB (J-1D, J—2DEE) V—1880.75+0.34%, V—28£0.84+0.21%TH 1 |
&, EENTIIERMME LR BE S 1-1, 1-2 I bo—niE (J-12MB) KN LEEZERED SR

) L RERLLT. Tirofz, BEMO LLL W, V-181.72+0.27%,
X. EB10 V—28£1.88+0.24% TH Y, FBENELRERE
RELE, WEFIRERI LEBOELER LS, (-1, 1-28) 2 13IZRA% TH -7 (K20). DNA t

PR BRSSPI SR R i B B 2338 & AN T ok, BER, BRIFHEER TR 2

Niewo7: (19). MAFMEERD L L i3, bo— LB IRIZRETH - 2 (921).

Host liver Intrasplenic hepatocytes
40t M 40t
I
Q"‘1 [‘ 0—1
20" 20. H—L
h Mo 0 r{”\
2C 4C 8C 2C 4C 8C
401 FF 401
— Q-2 Q-2
2 204 20}
9]
J
C 0 O] m 0
2C 4C 8C 2C 4C 8C

Y
0
L 4OL 401

2 I R-1 R-1
% 20} 20}

4

0 oo 1 0
2C 4C 8C 2C 4cC 8C
40 M 407
R-2 R-2
20t 20t
0 Jﬂ\H’ [ B [o]
2C 4C 8C 2C 4C 8C

DNA content (A.U.)

Fig.15. Nuclear DNA content histograms of intrasplenic hepatocytes and host liver after
partial hepatectomy in acute phase of transplantation. The names of group are the same
with fig. 14.
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Fig. 16. Histolo

gical findings of intrasplenic hepatocytes two days after 70%

hepatectomy. BrdU positive nuclei are stained by enzyme-labeled antibody

method (arrows).
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Fig. 14. Labeling index of intrasplenic hepatoc-
ytes and host liver after partial hepatectomy
in acute phase of transplantation. Group Q-1,
one day after 70% hepatectomy ; Q-2, two
days after 70% hepatectomy; R-1, one day
after 30% hepatectomy; R-2, two days after
30% hepatectomy. Each bar represents the
mean and standard deviation in six rats.
Open bars, host liver; solid bars, intrasplenic
hepatocytes.
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Fig. 17. Labeling index of intrasplenic hepatoc-

ytes and host liver after partial hepatectomy
in chronic phase of transplantation. Group
S-1, one day after 70% hepatectomy; S-2, two
days after 70% hepatectomy; T-1, one day
after 309% hepatectomy; T-2, two days after
30% hepatectomy. Each bar represents the
mean and standard deviation in three rats.
Open bars, host liver ; solid bars, intrasplenic
hepatocytes.
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Fig.18. Nuclear DNA content histograms of intrasplenic hepatocytes and host liver after

partial hepatectomy in chronic phase of transplantation. The names of group are the same
with fig. 17.
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Fig. 19. Histological findings of intrasplenic hepatocytes one day after CCls

administration in chronic phase of transplantation. The hepatocytes keep
almost normal shape (group V-1, H-E stain).
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Fig. 20. Labeling index of intrasplenic hepatoc-
ytes and host liver after CCl, administration.
Group U-1, one day after CCl, administration
in acute phase of transplantation; U-2, two
days after CCl, administration in acute phase
of transplantation; V-1, one day after CCl,
administration in chronic phase of transplan-
tation; V-2, two days after CCl, administrat-
ion in chronic phase of transplantation. Each
bar represents the mean and standard deviati-
on in three or six rats. Open bars, host
liver ; solid bars, intrasplenic hepatocytes.
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administrat‘ionl The names of group are the same with fig. 20.
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Abstract

The author studied the transplantation of liver tissue into rat spleen with special
reference to the trasplant preparation method, cytokinetics and hepatotrophic factors. The
DNA contents were displayed as a histogram by Feulgen-DNA cytofluorometry. The
labeling rate of the DNA synthesis phase (S-phase) nuclei of hepatocytes was investigated
immunohistochemically, with anti-5-bromo-2’-deoxyuridine monoclonal antibody. As a
result of combining mincing with scissors and enzyme digestion with collagenase, liver
tissue fragments with good viability and yield were obtained. Prior to the transplantation,
most of the liver tissue was composed of hepatocytes of the tetraploid chromosomal
complement (4C). The DNA content of the hepatocytes contained in the intrasplenic liver
tissue was less than 4C in the acute phase of transplantation.  Six months after
transplantation and subsequently, intrasplenic hepatocytes formed a cell nest. The DNA
content of the hepatocytes was mainly 4C, but hepatocytes of the octaploid chromosomal
complement (8C) accounted for approximately 10%. The labeling rate of S-phase
hepatocytes (labeling index, L. I.) in the spleen constantly remained low for 12 months
after transplantation. Partjal hepatectomy produced a marked increase in L. I. of the host
hepatocytes and promoted poliploidization. The cytokinetics of the intrasplenic liver tissue
in the early stage of transplantation was not affected by hepatectomy. However, the
intrasplenic hepatocytes in the chronic phase of transplantation showed the same
cytokinetics as that of the host liver. When acute liver failure was induced by
tetrachlordcarbon, an increase of L. I. and poliploidization of the host liver were observed.
However, the cytokinetics of the intrasplenic hepatocytes showed no changes. A mixture
of insulin, glucagon, hydrocortisone, extract from the ileum or extract from the spleen
instilled into the liver tissue fragments did not affect the hepatocytes cytokinetically.
However, comparison of the areas occupied by the hepatocytes in the spleen, revealed that
the insulin mixture into the liver tissue fragments, or 70% hepatectomy of the host liver,
promoted the long-time survival and growth of transplanted hepatocytes. In summary, the
cell nest of the transplanted hepatocytes rebuilt in the spleen, poliploidated gradually just
like the host liver. The insulin mixture instilled into the liver tissue fragments or massive
hepatectomy of the host liver promoted the rebuilding of the hepatocytes in the spleen. In
the acute phase, transplanted liver tissue had no ability to react cytokinetically to
hepatotrophic factors. However, in the chronic phase, hepatocytes in the spleen acquired
the ability to react to hepatotrophic factors.



