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ABSTRACT

Thioacetamide (TAA) induced fibrosis in the rat liver was used as a model for testing
preparations for a prevention of cirrhosis. The homogeneity of collagen distribution between
the lobes allows the morphometry of a single lobe as a measure for the total organ, but it is
always better to estimate about 5 stage sections with equal distances, and these sections should
be measured totally.

A test period of 3 months results in a markable fibrosis,sufficient for testing antifibrotic
preparations.

Zinc ions in drinking water decrease the collagen percentages in comparison to untreated
animals and reduce the TAA-induced fibrosis during simultaneously application over a 3 month
period, since an addition only in the 3rd month diminishes this effect. No differences are seen
after an interruption of the TAA-poisoning after 3 months and a feeding with zinc sulphate
only in the 4th month, compared to clear drinking water.
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INTRODUCTION

Morphometry of the connective tissue in the liver is not an unknown method both for
diagnostic purposes in human pathology (Nakamura et al.,1965; Ludwig and Elveback, 1972;
Volmer and Liiders, 1981; Zhou, 1990; Hall et al., 1991; Sarosi et al.,1991; Moragas et
al.,1992; Navasa et al.,1992; Nohlgard et al., 1993; Zhao et al., 1993) as well as for
experiments (Ryoo and Buschmann, 1983; Gabler, 1984; Low and Gabler, 1988; Gabler and
Gabler, 1989; James et al., 1990, Jiang et al., 1990; Jiang et al., 1992; Low, 1992; Machnik et
al., 1992; Szende et al.,1992). Although biochemical analysis of blood and liver is necessary for
testing drugs to prevent or diminish liver cirrhosis, the morphometry of the structural changes
offers beside its own value additionally the possibility for correlations with other data.

MATERIAL AND METHODS

Female rats (strain Uje-Wist) received TAA (about 25 mg/kg bw/d) and/or zinc sulphate (Zn1
500 mg/l, Zn2 1000 mg/l) in drinking water (daily amount about 17 ml) mostly for 3 months;
TAA3 = zinc only in the 3rd month, TAA4 zinc only in the 4th month after interruption of the
TAA-poisoning.

Decapitation in ether narcosis,fixation 10 % formol, embedding in paraffin, section thickness
about 7 um, staining HE, GOLDNER, Sirius Red or Direct Red in picric acid, magnification
400x, sometimes 100x, for the Quantimet 500 pixel distance 2.6 pm and fields of 1.24 mm?.
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Equipments: Eltinor 3 (ROW Rathenow), Statistic (Carl Zeiss Jena), Quantimet 500
(Leica,Bensheim).

npd = net point distance in mm,sd = slide distance in mm,d = day,bw = body weight

RESULTS

1.METHODOLOGY

The collagen percentages of the different lobes do not cross the range : mean value +/- 10 %.
These mean values are calculated via the percentage data per section without consideration of
the different areas. The divergencies (diff. %) to the mean values based on hits are comparably

small (table 1).

Table 1:Collagen distribution in the lobes of a cirrhotic rat liver

lobe total Lsinister |Lsinister |ldexter |ldexter |l.caundatus |processus
liver access. access. papillaris

vol.cm? 4.35 1.18 1.66 0.25 0.59 0.28 0.39

mean 9.92 10.51 9.13 10.25 9.42 9.23 9.09

+/- 1.00 1.07 0.56 0.42 1.22 0.47 0.76

diff. % -1.00 1.15 -1.40 -1.16 -3.78 -0.86 -3.10

Even in groups under equal conditions the collagen may be distributed less or more
homogeneously, sometimes with higher values in the central regions.In series of stage sections
of the lobus sinister with sd = 1 mm the mean values are calculated on the basis of hits for all
slides and further for each 2nd slide, starting with number 1 or 2; this procedure was continued
for larger distances up to the half of them .In sections with less inhomogeneity there were
calculated no case outside the mean value +/- 10 % ,and with 3-4 slides (corresponding to a
distance of about 9-10 mm) per lobe no mean value cross the +/- 5% borderlines, since there
are a few cases with 2 slides only (distances up to about 15 mm).All mean values of a section
with more heterogeneity for 3 (and more) slides are inside of a range of +/- 10
%,corresponding to a stage section distance of about 10 mm, but only the mean values for
sections with a distance of 4 mm are inside a range of +/- 5 %; if only 2 slides are measured in
such a case, halfe of the mean values are outside the +/- 5 % borderlines and a third are outside
the +/-10 % range (table 2).

Table 2:Collagen values in dependence to stage section distance

dist mm|1 |2 {3 |4 |5 [6 |7 |8 |9 |10 |11 |12 |13 |14 [15 |16
less|5% |0 [0 [0 [0 |O O |0 |0 (22 {0 [9 |O ([8 |14

10 (0 |O JO O |O (O O (O [O |O (O |O [0 {[O
mo [5% (0 [0 |O |0 20 |67 |14 |25 |33 |30 [45 |42 [62 |50 |40 |50
re [10 |0 (O (O [O O |O (O (O |O |O ([18 [25 [15 |7 |20 {38

Probabilities in % for all cases outside the +/- 5 and +/- 10 % ranges

Net point distances up to 0.6 mm have no effect on the collagen data, since the measuring time
decreases from 8 hours to about 10 minutes for an area of about 1 cm? (table 3).

The intraobserver differences can be neglected, although it is necessary to measure sections
with equal staining procedures. In tests with untrained persons the mean values are slightly
higher, if a staining for the nuclei is added to the Sirius Red staining.
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Table 3:Net point distance ,collagen values and measuring time

103

npd (mm) 0.1 0.2 0.3 0.4 0.6
% collagen 20.47 20.25 20.24 22.16 20.11
time (hours) |8 2 0.9 0.5 0.22

Repeated measurements on another slide of such an area show no markable change up to net
point distances of 2.56 mm, but the coefficients of variation may increase, and this is valid for
collagen percentages from about 3 % up to 40 % (table 4). The number of hits for this area

with a npd of 5.16 mm was to small for very accurate data.

Table 4:Net point distance and coefficient of variation

npd (mm) about 3 % about 10 % | about 20 % |about 30 % |about 40 %
0.32 9.9 4.9 2.5 3.3 3.1

0.64 26.9 10.7 5.7 5.2 3.5

1.28 73.9 13.1 14.4 19.0 7.7

2.56 67.4 35.1 20.9 28.4 10.4

5.12 (0) 129.1 54.1 119.9 33.8

The heterogeneity in a single section is shown in fig. 1 for squares of 0.64 mm? each with 100
hits (npd 0.08 mm).In the left part most of the values are much lower than in the right part.
There was a tendency to slightly increased values during a measurement with a magnification
of 100x, compared to 400x,especially for untrained persons (22.41 %, respectively 20.11 %).
A subjective index was founded, which includes several histological changes in roughly
differentiated 6 stages.Up to stage 4 the curve compared to the morphometric data was a steep
straight line,since for the last 2 stages there were observed brider ranges. The total coefficient
of correlation was 0.896 (P<0.1 %).

Automatic measurements of 10 squares per 1.24 mm? per section of shame-operated animals
with low collagen percentages in slides stained only with Sirius Red let to 1.46 +/- 0.11 %,
which is somewhat lower than those after point counting 2.11 +/- 0.43 %.

2. EXPERIMENTS

Although there have been calculated some divergencies for the collagen values in different
tests, a time of 3 months always let to acceptable data for a fibrosis (table 5).

Table 5:Test duration of TAA-feeding and collagen values with their standard deviations

months 0.5 1 2 3 6
untreated 1.61 (0.18) 1.80 (0.19)
TAA 1.55(0.18)  1.77(0.12)  3.60(0.56  10.09(3.19) 19.68 (1.63)

Compared to untreated animals the application of zinc sulphate causes a small but significant
decrease in the collagen data, a distinct dependence to the dosis does not be observed. The
marked increase in the collagen percentages after TAA-poisoning was diminished to about a
third by simultaneously applicated zinc ions, but less on the half; if the zinc was given just in
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Fig. 1 Heterogeneity of cirrhotic rat liver
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the 3rd month.No clear difference was seen after an interruption of the TAA-feeding and a
following administration of clear water or zinc sulphate (table 6).

Table 6: Collagen data after application of zinc sulphate and/or TAA (S.L=Subjective Index)

group |contr. [Znl |Zn2 |TAA |TAA |TAA |TAA3|TAA3|TAA4|TAA4 TAA4
Znl |Zn2 |Znl |Zn2 |H20 |Znl |Zn2

mean |2.77 |1.76 |2.11 [30.52 [7.16 |9.23 |14.03 [17.79 |14.19 |13.06 | 11.88

+/- 043 |0.17 |021 |563 |1.98 |427 |7.70 |6.81 [498 [7.83 [2.61

S.L 0.0 0.0 0.0 586 [2.57 |[2.80 [4.25 |5.08 [4.66 [4.33 |[5.16

The following parameters let to significant correlations with the collagen percentages in the
liver (P<5 %) : weight of the liver,hydroxy proline in the serum as well as in the liver, collagen
peptidase only in the serum.Otherwise the calculations give probability data >5 % for serum
protein, collagen peptidase in the liver and N-acetyl-3-D-glucosaminidase both in liver and
serum.

DISCUSSION

The methodological studies let to the following results. The measuring of a single lobe with 3-5
stage sections seemes to be sufficient, but all of these slides should be measured totally,
because there may be some heterogeneity in the collagen distribution (Gabler,1984;Léw and
Gabler,1988:L6w,1992).Such an inhomogenity may increase the working expense, otherwise
the accuracy was decreased. For small percentages not more than 500 hits are necessary for an
accetable accuracy, and for higher ones approximately 300. For a higher accuracy it is not
necessary to attach more than 1000 points , therefore a net point distance of 2.5 mm may be
sufficient for some stage sections with a sufficient total area. For automatic measuring 10 or
more squares should be selected from all over a section area of .Only in a few cases it should
be tried to use the total area, but this increases the measuring time. Point counting has the
advantage to estimate such an irregular shaped area without complications and to measure
more morphological parameters, since automatic estimations demand good contrasts,e.g. a
staining only with Sirius Red. This procedure should be preferred, because sometimes it is
difficult to attach correctly in sections stained after GOLDNER. It is no question, that
morphometric data for single parameters like the connective tissue do not make reduntant a
common histology.

Zinc sulphate causes a reduction of the collagen percentages compared to untreated animals as
well to TAA-poisoned,especially if the zinc ions are applicated during the total poisoning
period; otherwise the differences become smaller or are blurred. After an interruption of the
TAA-feeding the percentages of collagen decrease,therefore it is better to term the changes a
cirrhosis-like lesion, because such observations are in contrast to the changes in human
cirrhotic livers.A dependence to the concentration of the zinc sulphate could not be
demonstrated. The comparisons with biochemical parameters inaugurate a more complex view
of the changes (Gabler and Gabler,1989). Tests with colchicine show no distinct effect
(Machnik et al.,1992),which is in contrast to the results by Jiang et al. (1992), who observerd
better results with colchicine in comparisons with the efficacy of zinc in CCl4-treated rats.

REFERENCES

Gabler U.Morphometrische Untersuchungen zur Ermittlung des Bindegewebsanteils der
Leber.Med.Diplomarbeit, Jena 1984.
Gabler U,Gabler P.Der EinfluB von Zink auf den Bindegewebsstoffiwechsel von Thioacetamid-



106 LOW O ET AL: CONNECTIVE TISSUE IN RAT LIVERS

geschidigten Rattenlebern. Biochemische und morphologische Untersuchungen.
Med.Diss.Jena (Germany) 1989.

Gundersen HJG,Osterby R.Optimizing sampling efficiency of stereological studies in biology
or:"Do more less well".J Microsc 1981;121:65-73.

Hall PD,Ahern MJ,Jarvis LR, Stoll P,Jenner MA,HARLEY H.Two methods of assessment of
methotrexate hepatotoxicity in patients with rheumatic arthritis. Ann Rheum Dis
1991;50:471-476.

James J Bosch KS,Aronson DC,Houtkooper JM. Sirius red histochemistry and spectroscopy of
sections in the assessment of the collagen content of liver tissue and its application in gro
wing rat liver.Liver 1990;10:1-5. '

Jiang JW,Zhong CS,Yu YF,Wei CC,Xu ZY Ultrastructural studies on effects of colchicine in
treating hepatic fibrosis of schistosomiasis rabbits. Chung Kuo Chi Peng 1990;8:84-87.

Jiang Z,You D-Y,Chen X-C,Wu J,Danielsson A. A comparative study of antifibrotic efficacies
of 16,16-dimethyl prostaglandin E2,colchicine and zinc sulphate on CCl4-induced liver
fibrosis in rats.In:Gressner AM,Ramadori M,eds. Molecular and cell biology of liver
fibrogenesis.

Dordrecht/Boston/London,1992:517-520.

Léw O.Studies on quantitative morphology. XIV.Morphometry of connective tissue in normal
and cirrhotic rats between accuracy and working expense.Exp Toxic Pathol 1992;44:138-
140.

Loéw O,Gabler U.Studies on quantitative morphology. XI. Morphometrical determination of
connective tissue in rat livers. Gegenbaurs morph Jahrb 1988;134:557-563.

Ludwig J Elveback LR. Parenchyma weight changes in hepatic cirthosis:a morphometric study
and discussion of the method.Lab Invest 1972;26:338-343.

Machnik G,Low O,Miiller A,Gabler U,Schubert H.The influence of zinc and colchicine on the
thioacetamide-induced cirrhosis-like lesion in the rat.In: Gressner AM,Ramadori
G.Molecular and cell biology of liver fibrogenesis.Dordrecht/Boston/London, 1992:521-523.

Moragas A,Allende H,Sans M, Vidal MT,Garcia-Bonefe M,Huguet P.Cirrhotic changes in
livers from children undergoing transplantation. Anal Quant Cytol Histol 1992;14:359-366.

Nakamura T,Nakamura S,Aikawa T,Tazawa T,Suzuki O,Suzuki T.Morphological
classification of liver cirrhosis based upon measurement of per cent of interstitial tissue in
liver biopsy specimens. Tohoku J exp Med 1965;87:110-122.

Navasa M,Garcia-Pagan JC,Bosch J et al. Portal hypertension in acute liver failure. Gut
1992;33:965-968.

Nohlgard C,Rubio CA,Kock Y.Liver fibrosis quantified by image analysis in methotrexate-
treated patients with psoriasis.J Am Acad Dermatol 1993;28:40-45.

Ryoo JW,Buschmann RJ.A morphometric analysis of the hypertrophy of experimental liver
cirthosis. Virch Arch Path Anat 1983;173-186.

Sarosi LKiss A,Schaff Z Lapis K. Connective tissue content of fibrolamellar carcinoma and
other human liver tumors.Acta Morph Hung 1991;39:321-331,s.a. Acta Microbiol Hung
1991;39:321-331.

Szende B,Lapis K,Kovalszky I, Timar F.Role of the modified (glycosaminoglycan producing)
perisinusoidal fibroblasts in the CCl4-induced fibrosis of the rat liver.In Vivo 1992;6:355-
361.

Volmer J,Liiders CJ.Morphometric investigations on the portal tract of the liver, the
differentiation of variable progression in chronic persistent hepatitis. Virch Arch Path Anat
1981;392:321-337.

Zhao D,Zimmermann A,Wheatley AM.Morphometry of the liver after liver transpantation in
the rat,significance of an intact arterial supply.Hepatology 1993;17:310-317.

Zhou XJ.Ultrastructural morphometry of liver in hepatic cirthosis.Chung hua Ping Li
1990;19:254-257.




