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Zmiany stosunk6w objeto$ciowych jadrowo-plazmatycznych i jaderkowo-jgdrowych
komoérek migzszu watroby chomika zlocistego w rozwoju pozazarodkowym

MimeHeHne OBBLEMHbBIX HYKNEO-LLMTONNA3IMATHHYECKHX WM HYKNeone-HyKneycoBbiXx OTHOLUEHMH
KNETOK NapeHXMMbl NEYEHW y 30NOTMCTOrO XOMSAYKA nocne 3MBPUOHANBHOrO Pa3BMTMA

INTRODUCTION

Morphometric studies of the cell and its components, performed along with
the histological or histochemical methods, create an opportunity of closer de-
termination of the mutual relationships or quantitative changes within the
cell, without interference of the subjective element. The liver cells present
a convenient material for such studies, and for this reason the liver has be-
come an almost classic object of the research of this type.

Because of the variety of problems resulting from the structure and
function of the components of the liver cell, the morphometric investigations
undertaken by different authors are limited, as a rule, to a definite stage of
the individual development, or to a narrow range of problems. Thus, for
instance, Zotter, Kemmer and Sauer (19) studied the changes in the
size of the morphotic elements of the liver cells during the first 10 days of the
life of the mouse, and Wiistenfeld and Rausch-Oertgen (13)
compared the size of the nuclei of the liver cells of the guinea pig before and
after birth. Some studies concern the action of chemical compounds: Bader,
Stiller, Holland-Letz and Bergleiter (2) analysed the changes in
the nucleus and nucleolus volume produced by thioacetamide, and Adhami
and Bosse (1), those affected by ether. The material used for the investiga-
tions of this type is usually uniform with regard to the age and other charac-
teristics. In the interesting methodical paper by Jerusalem, Eling
and Jap (9), attention is paid to the changes which occur in the liver cell
during the daily cycle.

The rat liver cells have been the most frequent objecs of morphometric
studies; those of the hamster have been investigated much less in this respect,
although two items of the list of references can be quoted here: David (4)
studied the influence of fasting on the number and size of nucleoli, and T o n-
giani (17) analysed the changes in the dry mass content of the nucleus and
cytoplasm in the liver cells of adult hamsters, as well as changes in the number
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cf binucleate cells during fasting. These papers, however, do not take into
consideration the age of the animals. It seemed therefore advisable to under-
take an attempt at investigating the changes in the nucleus-cytoplasm and

nucleolus-nucleus volume ratios in the liver cells of the golden hamster during
post-embryonic development.

MATERIAL AND METHODS

The livers of golden hamsters (Mesocricetus auratus Waterh. 1839) of
local breeding served as material for the investigations. Each time 3 indivi-
duals from the following age groups were studied: 0, 1, 3, 7, 14, 21, 28, 42 days,
2, 3, 4, and 30 months; in addition, one animal aged 6 months was used. In all,
37 hamsters were examined. The animals were always dissected at about 11
a.m. Fresh liver fragments, 3 mm thick, were fixed in Carnoy’s fluid for 22
hours, embedded in paraffin and sectioned at 8 u. After soaking the sections
with water by the accepted methods, the preparations selected for cell measure-
ments were stained with a solution of safranine, water blue, orcein and eosin.
In order to visualize and measure the nucleoli, the preparations were stained
according to Brachet, using pyronin B and methyl green at pH 4.8—5.0.

For determination of the frequency of occurrence of binucleate cells in the
individual age groups, 350 cells from each animal were scanned in randomly
chosen fields of view.

A 15x micrometric eyepiece was used for biometric measurements. The
diameters of the cells and of their nuclei were measured using a 40x objective,
and the measurements of the nuclei and of their nucleoli were carried out with
a HI90x objective.

The diameters of 50 randomly chosen cells and of their nuclei were meas-
ured in the liver of each animal. Similarly, the diametres of 50 nuclei and of
all nucleoli contained therein were measured in the preparations stained
according to Brachet. There were also carried out measurements of 150
binucleate cells and of their nuclei. The diameters thus obtained made it
possible to compute the volumes of the cells, nuclei and nucleoli. These data
were then subject to statistical analysis.

RESULTS

1. BINUCLEATE CELLS AND AGE

The frequency of the occurrence of binucleate cells in the liver parenchyma
of the golden hamster was computed from sections 8 u thick. During the first
days of post-embryonic life, binucleate cells occurred in about 1%. During the
first weeks of life, a rapid increase of the percentage of binucleate cells in the
liver was observed (Fig. 1); after 3 weeks it reached above 10%, and towards
the end of the 4th month of life the percentage of binucleate cells rose to 20%.
No further increase of the frequency of the occurrence of these cells was
observed at a later age.

2. LIVER CELL VOLUME

The smallest mean volume of the parenchymal liver cell was observed in
newborn individuals, where it amounted to 1355%46.2 #°. With the advancing
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Flg. 1. Frequency of occurrence of binucleate cells in the liver of the golden hamster,
correlated with age

age of the hamster, the liver cells increased their dimensions; this increase
was especially rapid during the first month of life and, towards the end of
that period, reached the mean volume of 2709 * 90.9x4° which is twice the vol-
ume of the liver cell in newborn hamsters (Table 1, Fig. 2). The increase of
the cell volume with probability P<0.001 is confirmed by statistical analysis
performed by means of the t-Student test. It appears from the studied material
that further increase of the liver cell volume had a slower rate, reaching
the mean volume of 3009 £115.3 u? at the age of 3 months.

Because of the small number of binucleate cells studied (150 cells) it was
not possible to carry out full analysis of the volume changes correlated with
age. It was only found that binucleate cells in individuals aged from 21 days
to 30 months did not show any distinct changes of the volume which might be
dependent on the age (Fig. 2). The average volume of these cells was larger

by 45% than that of uninucleate cells of adult individuals and amounted to
4375 t124 pd.
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Fig. 2. Changes in the volume of the liver parenchymal cells, correlated with age; 1 —
uninucleate cells, 2 — binucleate cells

3. NUCLEUS VOLUME

The volume of the liver cell nucleus, contrary to the volume of the cell,
undergoes only slight changes during the life of the animal (Table 2). The
smallest volumes of the nucleus were observed in hamsters aged from 14 days
to 2 months, their mean value being 124.8 *3.27 1°. Slightly larger nucleus vol-
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Table 1. Increase of the volume of the liver parenchymal cell, expressed in u?

Age of animals N X tm S.D. BCS
0 days 150 1355 +46.2 564.9
1 day 150 1431 1589 720.5 P<04
3 days 150 1718 160.1 735.3 P < 0.001
7 days 150 1448 +38.5 471.5 P <02
14 days 150 1523 1515 629.8 P < 0.02
21 days 150 2067 £75.6 925.6 P < 0.001
1 month 150 2709 +90.9 1112.6 P < 0.001
1.5 month 150 2680 +119.8 1466.0 P < 0.001
2 months 150 2338 193.0 1137.7 P < 0.001
3 months 150 3009 +115.3 1411.0 P < 0.001
4 months 150 2840 +99.0 1211.6 P < 0.001
6 months 50 3978 +252.8 1787.4 P < 0.001
30 months 150 3013 +121.0 1418.1 P < 0.001

Explanaticn: N — number of cells studied, X tm — mean and standard error
of the mean, S.D. — standard deviation, P — probability of occurrence of accidental

differences between the size of the cells of newborn hamsters and that of the other
age groups.

Table 2. Changes in the volume of the liver cell nucleus, expressed in u?

s 14 days
Age of animals 0—7 days D0 e e 3—30 months h
N 600 750 500
X tm 141.5 +8.03 124.8 +3.27 134.2 +3.66
S.D. 27.81 12.66 11.58
ooy, 1.997 2.617
toies 2.060 2.069

Explanation: N — number of cells studied, X +m — mean and standard error
of the mean, S.D. — standard deviation, t.y,, — value of the t-Student test, tyo; —
value of the test obtained from tables.

umes were seen during the first week of life. At the same time, this age group
was characterized by great variability of the volume of the liver cell nuclei
(S.D. = 27.8). The differences between the mean values for these age groups
were located near the significance border, on the assumption of a 5% error level.
In hamsters aged more than 2 months, there was an increase of the volume of
the liver cell nucleus up to the mean value of 134.2 £3.66 u’, which proved
statistically significant (P<0.05) in relation to individuals aged 2—8 weeks.

4. NUCLEUS-CELL VOLUME RATIO

The comparatively high stability of the nucleus volume, and the age-con-
ditioned increase of the cell volume produce a ratio which distinctly depends on
the age of the animal (Table 3, Fig. 3). During the first 3 days of life of the
hamster, the nucleus volume is more than 10% of the volume of the whole liver
cell. Later on, because of the increasing cell volume, there is observed during
the first month of life a decrease of the nucleus-cytoplasm volume ratio down
to the mean value of 5.3 £0.18%. In older animals, the changes of this ratio do
not show a distinct correlation with age.
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In binucleate cells of animals aged up to 3 months, the ratio of the volume
of both nuclei to the cell volume is similar to that found in uninucleate cells
(Fig. 3). In older individuals, the volume of both nuclei is 6.2 to 7.0% of the cell
velume, which distinctly exceeds the corresponding index for uninucleate cells.
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Fig. 3. Nucleus-cell volume ratio, correlated with age; for explanation ses Fig. 2

Table 3. Changes in the nucleus — cell volume ratio, expressed in %

Age of animals N X tm S.D. P<
0 days 150 10.4 10.30 3.7
1 day 150 10.7 +0.34 4.2 P<0.6
3 days 150 11.2 £0.39 4.8 P<02 .
7 days 150 9.7 +0.32 3.9 P <02
14 days 150 8.5 +0.33 4.0 P < 0.001
21 days 150 6.9 +0.24 3.0 P < 0.001
1 month 150 5.3 +0.18 2.2 P < 0.001
1.5 month 150 5.6 10.23 2.8 P < 0.001
2 months 150 59 10.18 2.3 P < 0.001
3 monts 150 5.4 +0.20 2.4 P < 0.00d
4 months 150 5.3 £0.19 2:3 P < 0.001
6 months 50 3.7 +0.17 1.5 P < 0.001
30 months 150 5.6 1£0.21 2.6 P < 0.001

Explanations are given in Table 1.

5. NUMBER OF NUCLEOLI IN THE NUCLEUS

The nucleoli seen in the preparations had either central or lateral location
and were mostly of a round shape. In addition, there were observed structures
which stained by Brachet’s method in a similar way as the nucleoli, but were
strongly flattened and adhered to the cell membrane. Such formations were
termed "peripheral nucleoli’”.

The mean number of central and lateral nucleoli in one nucleus of the liver

Parenchymal cell is 1.29 and does not change during the hamster’s life. It was
also found that:

71.83% of the nuclei had one nucleolus,
24.44% of the nuclei had 2 nucleol,
3.73% of the nuclei had 3 nucleoli.

During the first day of the hamster’s life, the mean number of "peripheral
hucleoli” in 1 nucleus was 0.46, and, beginning with the third day of life, this
index fell to 0.26 and remained on a similar level during the whole life.
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6. THE VOLUME OF NUCLEOLI

The sum of the volumes of the nucleoli found in one nucleus distinctly
decreases during the first 6 weeks of life of the hamster (Fig. 4), changing from
the mean value of 2.9 £0.17 «* in one-day-old individuals down to 1.3 = 0.06 u*
in 6-week-old animals, which coincides with the beginning of sexual matura-
tion and with a period when the rate of the body weight increase is markedly
slowed down. Between the 6th week and 3rd month of life, there was found an
increase of the nucleolus volume up to 1.7 £0.11 u’. This increase proved to be
statistically significant (P<0.01). A renewed slow shrinking of the nucleoli was
observed during the later stage of life.
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Tig. 4. Changes in the volume of central and lateral nucleoli, correlated with age; vertical
lines denote standard error of the mean

Table 4. Correlation between the volume of nucleoli and their number in the nucleus

Volume of sum

oier,  Mlune . otie
- in nucleus
in nucleus u? W

1 1.76 1.76

2 1.12 2.24

3 0.92 2.71

The study of the correlation between the sum of the nucleolus volumes
in the nucleus and the number of nucleoli (Table 4) disclosed that the increase
of the number of nucleoli in the nucleus from 1 to 3 produces a decrease of the
mean nucleolus volume by 47%; on the other hand, when the number of
nucleoli increases from 1 to 3, the sum of the nucleolus volumes increases
by 54%.

The volume of the so-called "peripheral nucleoli”, similarly as their number,
shows no perceptible correlation with age, except during the first day of life.
The mean volume of these nucleoli in one liver cell nucleus is 0.15 p3.

7. NUCLEOLUS-NUCLEUS VOLUME RATIO

The considerable stability of the size of the nucleus, together with the
age-conditioned decrease of the size of the nucleoli, accounts for the fact that
the mean nucleolus-nucleus volume ratio falls during the first three weeks of
life of the golden hamster from 2.3 *0.13% in the newborn to 1.4 $0.05% in
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3-week-old animals (Fig. 5) and remains on this level for sevéral months.
A tendency to further decrease of the nucleous-nucleus ratio was observed in
hamsters aged 6 and 30 months.
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Fig. 5. Changes in the percentage ratios of the volumes of central and lateral nucleoli to the
nucleus volume; vertical lines denote standard error of the mean

DISCUSSION

The fact that the number of binucleate cells increases with the age of
the hamster, which could be observed in the present study, has an analogue
in Geller’s (7) observations concerning the rat. The 20% participation of
binucleate cells found in the 8 p sections of the liver of adult hamsters is, in
the light of Pf uhl’s (13) mathematical analysis, lower than the actual value
because part of the cells are split in histological sections. In fact, a higher
incidence of binucleate cells in the liver of the golden hamster can be expect-

ed; this is also supported by the results of Tongiani (17) obtained from
Smears of the liver cells. ]

The strongly increased variability of the dimensions of the liver cell nucleus,
Which is observed during the first week of the hamster’s life, can be explained
by the cell divisions which are frequent at that time, and, in this connection,
by the occurrence of the small post-division nuclei besides large nuclei from
the final stage of interphase or from the initial stage of prophase. This
conclusion finds support in the observations of Gauthier (6), who found
that the volume of the fibroblast nuclei can be doubled during the inter-divi-
_Sion period. A slight increase of the nucleus volume observed in adult and old
Individuals can be linked to polyploidy of a number of nuclei, described by
Mironescu and Dragomir (12) and by Meinders-Groeneveld
and James (11).

The increase of the volume of the liver cells during the hamster’s life,
which is in harmony with the behaviour of these cells in other mammals (5)
and of the epithelial cells of the small intestine in the rat (15), results, given
the slight variations of the nucleus volume, in the nucleus-cytoplasm ratio
being changed in favour of the latter, and seems to be mainly the effect of the
accumulation of reserve substances in the cell cytoplasm.

The mean number of 1.29 nucleoli in the nucleus of the liver cell of the
hamster found in the present investigations exceeds by 12.5% only that given
for the same species by David (4), which is less than a half of the mean
Nucleolus number found in the liver cells of the rat (4, 12), or 4 or 5 times less
than the number of nucleoli reported for some mouse breeds (8).

The large volumes of the nucleoli observed during the first days of life of
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the hamster and finding their reflection in a high nucleolus-nucleus ratio
usually decreased with the decreasing rate of the growth of the body weight.
The presence of large nucleoli in the nuclei of the liver cells of the mouse
during the first days of life was noted by Kemmer and Zotter (10). By c z-
kowska-Smyk (3) described the occurrence of large nucleoli in the liver
cells of the early developmental stages of the trout, and Reissenweber
and Cardoso (14) made similar observations during the regeneration of the
neuron axons in the rat. Taljedal and Wahlin (16) observed increased
nucleoli in the nuclei of the secretory cells of the pancreas in obese mice. In
all these cases the presence of large nucleoli coincides with increased processes
of synthesis in the cells linked with the growth of the organism or of its
tissues, or with the secretory function.

It seems that the changes in the volume ratios between the cell, nucleus
and nucleoli determined in the hamster by the morphometric methods are
linked with the slowing down and then with the inhibition of the growth
processes in the liver, as well as with the accumulation of reserve materials
in the cell cytoplasm.

The authcrs wish to thank Mrs. E. Czarneck a, assistant of the Depart-
ment of Numerical Methods, for performing the statistical calculations, and
Dr. S. Zagbek, Head of the Department of Numerical Methods, Institute of
Mathematics of the Maria Curie-Sklodowska University, for the kind permis-
sion to use the computers.
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STRESZCZENIE

Przeprowadzono morfometryczne badania komoérek migzszu watroby 37 chomi-
k6w zlocistych (Mesocricetus auratus) w réznym wieku.

W wyniku badan stwierdzono, ze czesto§¢ wystepowania komérek dwujadrzas-
tych wzrasta od 1% u chomik6w nowo narodzonych do 20% u chomikéw dorostych
(ryc. 1) Objeto$é jednojadrzastych komoérek migzszu watroby jest najmniejsza u
osobnik6w nowo narodzonych i wynosi 1355 +46,2 p’, w okresie pierwszego miesigca
zycia ulega podwojeniu, a u osobnikéw kilkomiesiecznych obserwowano dalszy nie-
Wielki wzrost objetosci komérek (tab. 1). Srednia objetoéé komoérek dwujadrzastych
U osobnikéw dorostych wynosi 4375 £124 u’ i jest o 45% wieksza od objetoSci komoérek
Jednojadrzastych watroby chomikéw w tej grupie wieku. Jadro komérki watroby w
Ciagu calego zycia chomika wykazuje tylko niewielkie zmiany $redniej objeto$ci
(tab. 2), w rezultacie czego stosunek objeto$ci jadra do objetosci komoérki ulega
Zmianje od warto$ci wynoszacej ponad 10% w pierwszych dniach zycia zwierzat do
Wartosci nieco powyzej 5% u osobnik6w dorostych (tab. 3).

Stwierdzono tez, ze jadra komérek migzszu watroby chomika zlocistego zawie-
Tajg najczesciej 1 jaderko (71,83%), stosunkowo czesto 2 jaderka (24.44%), a niekiedy
tez 3 jaderka (3,73%). Srednia liczba jaderek przypadajaca na jedno jadro nie ulega
Zmianie w okresie zycia chomika, natomiast objeto§¢ jaderek w jadrze posiada
Najwyzsze warto$ci w pierwszych dniach po urodzeniu (2,9 0,17 u? u osobnikéw jed-
nodniowych). W okresie kilku tygodni zycia objeto$¢ jaderek zmniejsza sie do polowy
(ryc. 4). Powoduje to zmiane wskaznika jaderkowo-jadrowego od warto$ci 2,3%
W pierwszym dniu zycia pozazarodkowego do 1,2% u chomik6w starych (Byc=i5)!

PE3IOME

ABTOpEI NPOBENH MOPGOMETPHUECKHE MCCNEAOBAHMA KNETOK NapeHXuMbl neuenw 37 30-
fioThereix xomaukos (Mesocricetus auratus) pasHoro so3pacra.

B peaynbrare uccnegoBsaHmit yCTAHOBNEHO, YTO HACTOTA BLICTYNNEHMA ABYAAEPHBIX Kne-
TOK yBenuuusaercs or 1% y HOBOpOMXAEHHbix xomAukos A0 20% y B3POCALIX XOMAMKOB
(Puc. 1). Membwmii obvem OAHORAEPHbIX KNETOK NAPEHXMMbI NEYEHM BLICTYNAeT y HOBO-
PCXpeHHbix xomaukos u cocraenser 1355 + 46,2 U3 B nepebii MeCAL MXM3IHM yABAMBAETCS,
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a y crapwmx ocoben (Heckonbko mecsues) Habnionaercs ganbHelrwee He3HauuTenbHoe yBe-
nuueHne obvema knerok (tabn. 1). Cpeanni obbem ABySAEPHbIX KNETOK Yy B3POCHLIX OCO-
6ein cocrasnser 4375 1+ 124 pd, 1. e. Ha 45% Bonbwe obbvema ofHORAEPHLIX KNETOK Neue-
HM XOMSAYKOB 3TOrO BO3PAcTa. AAPO KNETKM NEeYeHn B TeYEeHWe BCEH XKM3HM XOMsAuka obHa-
pyXunBaetr Tonbko Hebonbwmwe mameHenms cpeaHero obrvema (rabn. 2). B pesynsrate or-
HoweHne obvema spapa k obbemy knetku nameHserca ot 10% B nepBblie AHM MU3HM XO-
Mauka npumepHo Ao 5% y Bapocneix ocobesi (rabn. 3).

KoHcTatupoBaHO TakiKe, HTO SAPA KNETOK NAPEHXMMbI MEYEHW 3IONOTHUCTOrO XOMAUKA
yauie BCero coaepar oAHo aapeiwko (71 83%), otHocuTensHo uacto asa sapbiwka (24,44%),
a uHorpa tpu sapbiwka (3,73%). CpeaHee konuuecTBO SAPbLILIEK B OQHOM sSApe B NepHoA
MM3HM XOMAUKA He M3ImeHseTcs, 3ato Bonebwol obnvem sapbiwek B sape obHapymuBaerca
B nepssle AHW nocne poxaeHusa (2,9 £ 0,17 13 y xomaukos, musywux 1 aeHs). Yepes we-
CKONbKO Heaens obvem sApsiweK ymeHbwaercs B 2 pa3a (puc. 4). 1o Bbi3biBaeT M3me
HeHME HyKneone-HykneycoBoro nokasarens ot 2,3% B nepBbid4 QeHb Nocne POXMAEHMA 0O
1,2% y s3pocnsix xomaukos (puc. 5).



