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The studies were carried out on 108 individuals of Microtus oeconomus
(Pallas, 1776) deriving from the stock reared in laboratory conditions
for a few years. The age of animals ranged from 1 to 61 days. The
control group consisted of 32 adult individuals of the same species
captured in the natural habitat and acclimatized for 3—4 months in the
laboratory, The level of haemoglobin, number and diameter of erythro-
cytes, and haematocrit value were determined. In comparison with other
Microtidae the root vole is characterized by a slightly lower level of
haemoglobin and lower number of erythrocytes, but a higher haemoglo-
bin content per cell. The postnatal anaemia appears as a decrease of
haemoglobin concentration in the first days of life and a less conspi-
cuous reduction of the haematocrit, whereas the number of erythrocytes
does not change, Stabilization of such indices which are subjected to
changes with age, as haemoglobin level, number of erythrocytes, haema-
tocrit, volume of red cells, occurs around 20th day of life, while the
diameter of erythrocytes — around 30th day of life.

I. INTRODUCTION

The course of formation of morphological features of peripheral blood
cells in the postnatal development is known in three rodent species from
the family of Microtidae: Lagurus lagurus (Miller, 1963), Pitymys
subterraneus (Kostelecka- Myrcha, 1966b) and Clethrionomys
glareolus (Kostelecka-Myrcha, 1967). Investigation of this pro-
cess in the fourth species of this family — Microtus oeconomus — might
provide interesting data. This species is similar to the other three both
in the respect of systematics and physiology (Gebczynska, 1970),
but differs in geographic distribution and environmental conditions of
life.
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1I. MATERIAL AND METHOD

Altogether 140 individuals of the root vole, Microtus oeconomus (Pallas, 1776)
were examined, From this number 108 animals aged 1 to 61 days derived from the
stock reared during a few years in the Mammals Research Institute, at Bialowieia.
A group of 32 individuals was captured in the Augustow Primeval Forest by the
end of October 1967 and was treated as a control group after 3—4 months of aceli-
matization in the laboratory. The age of captured voles was -estimated in approxi-
mation from the body weight and time of catch. Two third of these individuals
were classified as 8 months old and one third as approximately 17 months old.

Blood samples were taken from the jugular vein under ether anaesthesia always
between 9 and 11 am, The content of haemoglobin was determined in a Zeiss
haemoglobin colorimeter, erythrocytes were counted in a Thoma chamber, and the
volume of blood cells was determined by the microhaematocrit method. The dia-
meter of red cells was estimated by means of filar micrometer eye piece in smears
stained by the Pappenheim method. Measurements of 50 erythrocytes from one
individual were assumed as sufficient to determine the mean value (Kostelec-
ka-Myrcha, 1966a, 1966b, 1967). In selected age groups the curves of anisocytosis
were drawn, The mean corpuscular haemoglobin (MCH), the volume and thickness
of red cells and the mean corpuscular haemoglobin concentration (MCHC) were
calculated.

Selected age groups of animals were characterized by mean values and the inter-
val of confidence of morphological indices of the blood. The significance of differ-
ences between these mean values was examined by the t-test applied for the dif-
ference of means for two independent groups. The relationship between individual
indices and the age of animals was characterized by regression lines running across
the series of individual observations. The significance of deviation of these lines
from the axis of voles age was determined by the t-test.

III. RESULTS

The data obtained for the group of over one-year-old animals acclima-
tized for 3—4 months in laboratory conditions were assumed as normal
and haematological indices of other animals were compared with them.
It was found that the number of 32 individuals in this group is sufficient
to calculate mean values and that there are no significant differences be-
tween males and females in the studied blood properties. Also changes in
morphological features of blood in the postnatal period are identical in
males and females. Thus all further results were analysed without pay-
ing respect to sex of animals.

The content of haemoglobin in 100 ml of blood decreases during the
first few days of life of voles reaching a minimum in the fifth day. A sub-
sequent increase of haemoglobin contents leads to the establishment of
this index around 23rd day of life on the level similar to the initial one
(Fig. 1A, Table 1). This level does not change vifitl"n age as indicated by
the parallel course of the regression line in relation to the age axis, as
well as by lack of significant differences (0.4 > P > 0.3) between the



Table 1.

Morphological indices of blood in selected age groups of M. oeconomus.
Mean values and confidence intervals.

RBC RBC
Hb Conc. RBC MCH Hematocrit RBC vol. .
Age N (2/100 ml) (min) () () diameter ) thickness
() (z0)

1 1 day 9 | 15.1%06 418 0.6 353147 400+41 6821035 9946+195 2.77+0.99
11 5 days 6| 123130 4,37+ 0.7 2821+ 4.7 339+57 6223023 7659+f134 246*0.35
111 20—31 days 8| 150+t1.2 889+ 1.0 18.1+31 441+24 535+0.10 48761469 218X 0.28
v 8—17 months 32| 149*05 10.711£096 143*1.0 45.7+19 508+0.07 4396+297 216%0.14
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level of haemoglobin in 29—31-day-old and over one-years-old animals
(Table 2).

Changes in the haematocrit show a similar course but the difference
between the value in the first and fifth day is on the borderline of signi-
ficance (0.1 > P > 0.05) (Fig. 1B, Table 1). It seems that this relatively
slight decrease of haematocrit accompanied by a stronger drop of haemo-
globin level may be explained by lack of parallel alterations in the
erythrocyte number (Table 1). The establishment of a constant level of
haemotocrit occurs around 18th day of live, and deviation of regression
line from the age axis, as well as the difference between the group of
29—31-day-old and over one-year-old animals are not significant (0.2 >
P > 0.1) (Table 2).

During the first 10 days of life the number of erythrocytes remains on
a constant level (deviation of the regression line is statistically not signi-
ficant), while in the next 8 days a sharp increase is observed which

Table 2.

Comparison of values of blood indices in selected age groups of M. oeconomus.
+ statistically significant differences (at the level of P = 0.05 or P =0.01 — the

latest marked with an asterisk), — differences not significant.
Age |Hb Conc. RBC MCH Hemato- jRoC  rec  JRBC  mcHC
groups |(g/100ml) (min) () crit (%) ter (u) vol (u?) ness (u) (%)
I—II 4 - 4 — - — - -
1I—IIT - - +* :t + - —
1—III — i =+ = -+ — +
II—IV — + + — -+ - — -

reaches a fairly constant level of 9.5 million in 1 cu. mm of blood. The
course of the regression line indicates the lack of relationship between
the number of erythrocytes and age of animals between 19th and 61st
day of life (Fig. 1C). This value, however, is significantly different (0.05
> P > 0.02) from the number of red cells in the group of voles of over
one-year-old (Tables 1 & 2).

Fig. 1. Changes of average morphological indices of blood in M. ceconomus during
postnatal development. For adult animals (Ad.) averages and confidence intervals
are given. GF
A, Haemoglobin, g/100 ml: (1) ¥, = 15.7—0.702x; (2) ¥, = 11.6 + 0.187x;
(3) vy = 16.1 — 0.00686x. :
B. Haematocrit value: (1) ¥; = 42.07 — 1.424x; (2) ¥, = 26.90 + 1.075x;
X (3) y; = 45.26 + 0.0303x.
C. Number of erythrocytes in 1 cumm: (1) ¥, = 4.28 + 0.0223x;
y (2) ¥, =—146 + 0.613x; (3) Y, = 9.44 + 0.00297x.
D. Diameter of erythrocytes: (1) v, = 6.77 — 0.0464x; (2) y, = 5.58 — 0.00684x.
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The diameter of erythrocytes is a parameter which in the root vole
reaches a constant value relatively late — after 30 days of life (Fig. 1D).
This fact is probably responsible for a significant difference (0.01 > P >
0.001) between the diameter of erythrocytes in 29—31-day-old animals
and the group representing normal values (Table 2).

The anisocytosis is quite marked in one-day-old voles. The course of
this line indicates the existence of a group of embryonal red cells show-
ing a larger diameter (Fig. 2). As the diameter of erythrocytes approaches
constant values the anisocytosis decreases. The curves of age groups
from the 1st to 11th day have a common peak, similarly as the curves

60
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Fig. 2. Anisocytosis curves in selected age groups of M. oeconomus.
(1) One day old animals, (2) 15 days, (3) 29 days, (4) 7—17 months old.

from 15 days onwards. The anisocytosis curve in 13-day-old animals
shows intermediate features and hence its maximum is lower and less
marked (Fig. 2).

The volume of erythrocytes changes in an analogous manner as the
diameter and decreases up to over 20 days but later is independent of
age (Fig. 3A, Table 1). _

In the thickness of red cells in particular age groups no statistically
significant differences are detectable, but a trend of decreas‘e of this
parameter with age is visible (Fxg 3B,-Table 1).
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Fig. 3. Changes of morphological indices of blood in M. oeconomus during postnatal
development.
A. Average erythrocyte volume: (1) ¥, = 96.26 — 1.830x; (2) ¥, = 60.10 + 0.1997x.
B. Average erythrocyte thickness: ¥y = 251 — 0.00727x.
C. Mean corpuscular hemoglobin value (MCH): (1) y, = 34.92 — 1.024x;
(2) ¥: = 2046 — 0.052x,
D. Mean corpuscular hemoglobin concentration (MCHC): y = 36.07 — 0.061x,
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The mean corpuscular haemoglobin (MCH) decreases until approxima-
tely 15 days of life (Fig. 3C). Subsequent deviation of the regression line
representing the relationship between MCH and age is statistically not
significant (0.5 > P > 0.4) but the differences between particular age
groups are significant (Table 2).

A statistically significant difference (0.05 > P > 0.02) in MCHC in
one-day-old and 29—31-day-old voles is associated with a bigger drop
of haemoglobin content than the accompanying decrease of haematocrit
value (Table 2). Hence the regression line depicting the relationship
between MCHC and age deviates in a significant manner (0.05 > P > 0.01)
(Fig. 3D).

IV. DISCUSSION

In comparison with other Microtidae reared in the laboratory (Koste-
lecka-Myrcha, 1966a) (Table 3) Microtus oeconomus is characte-
rized by relatively low level of haemoglobin and slightly lower number

Table 3.
Comparison of values of blood indices in M. oceconomus with other Microtidae.
= 5 3
o % e B
Indices E % % E :‘é-; E
(5]
3 8 E 3% 5 3
S = = (Y g 4] =
Hb Conc.
(g/100 ml) 148405 16.8+0.3 16.0%09 16.0+04 17.2t0.3 14.9105
RBC (mln) 11.62£0.34 11.34+0.43 11.9410.70 13.0510.40 12.55%0.47 10.71 £0.96
MCH (yy) 12.8+0.5 14.9+0.6 13.710.8 12.3+0.3 13.8+0.5 14.3£1.0
Hematocrit (°) | 41.711.2 46.3+15 44.2+20 439+16 46.8+14 457%+190
RBC diameter (u)| 5.0810.07 5.04£0.05 5.10£0.06 4.87£0.08 5.1020.11 5.08+0.07
RBC vol. (u%) 36.010.85 41.1+150 37.74250 33.7+1.40 376%15 44.0+297
RBC thickness (1) 1.79%0.06 2.07+0.09 1.50%0.23 1.81+0.07 1.8510.07 2.16:10.14
MCHC (%) 358105 36.3%11 366%1.1 36.6+11 367109 327407
N 42 30 27 30 32 32

1) Acc, to Kostelecka-Myrcha, 1966a; ?) Acc. to Kostelecka-Myr-
cha, 1967,

of erythrocytes. The red cells of the root vole have the diameter similar
to other Microtidae but are thicker and of larger volume. Hence the
value of mean corpuscular haemoglobin is a little higher. Perhaps these
slightly less favourable conditions of gaseous exchange are related to
a rather uniform type of habitats of this species and to its lower expan-
siveness.

Changes in morphological indices of blood in the postnatal period of
the root vole life are similar to those observed in the bank vole (Koste-
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lecka-Myrcha, 1967). Anaemia appearing after birth in many
mammals (Enzmann, 1934; Kalabukhov & Rodionov, 1934
Kunde, Green, Changnon & Clark, 1932), and particularly
visible in Clethrionomys glareolus (Kostelecka-Myrcha, 1967),
is manifested in Microtus oeconomus as a drop of haemoglobin contents
during the first 5 days of life, and a slight decrease of haematocrit, but
with no change in-the erythrocyte number. A similar phenomenon of
reduced amount of haemoglobin with simultaneous increase of the red
cells number, observed in the early period of life of Citellus pygmaeus,
was explained by Kalabukhov & Rodionov (1934) by disappea-
rance of large embryonal blood cells.

Further intensive rise of haemoglobin content, erythrocyte number
and haematocrit value ends in Microtus oeconomus already between
18th—23rd day of life, hence earlier than in Clethrionomys glareolus
(Kostelecka-Myrcha, 1967). The haemoglobin level in adult
voles is almost the same as in one-day-old animals, whereas in Lagurus
lagurus (Mialler, 1963) and Mus musculus (Kalabukhov & Ro-
dionov, 1934) is proportionally higher, and in Citellus pygmaeus (K a-
labukhov & Rodionov, 1934) and Clethrionomys glareolus (K o-
stelecka-Myrcha, 1967) is lower.

The decreased values of most haematological indices in animals over
the age of one year is the phenomenon observed also in white mice
(Ewing & Tauber, 1964) and pine voles (Kostelecka-Myrcha,
1966b).

The course of the anisocytosis curve in one-day-old voles differs
slightly from analogous curves drawn for the pine vole (Kostelecka-
Myrcha, 1966b) and for the bank vole (Kostelecka-Myrcha,
1967), but is very similar to the curve found for new-born calves
(Irzak, 1964).

In conclusion it should be stated that Microtus oeconomus, in compa-
rison with other Microtidae kept in laboratory conditions, is characte-
rized by less favourable conditions for gaseous exchange due to slightly
lower level of haemoglobin and lower number of erythrocytes. The red
cells in this species are thicker and this fact is responsible for the higher
MCH. The postnatal anaemia appears in Microtus oeconomus as a drop
of haemoglobin content while the number of erythrocytes remains
constant during the first days of life. Simultaneous decrease in the dia-
meter and thickness of erythrocytes results in the reduction of the
haematocrit value. Further intense increase in the number of erythro-
cytes, haemoglobin level and haematocrit leads to stabilization of these
basic haematological indices around 20th day of life. The decrease of
erythrocyte diameter ceases later, around 32nd day of life.
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ERYTROCYTY, HEMOGLOBINA 1 HEMATOKRYT W ROZWOJU
POSTNATALNYM NORNIKA POENOCNEGO

Streszczenie

Przebadano 108 osobnikéw Microtus oeconomus, pochodzgcych z kilkuletniej ho-
dowli, w wieku od 1 do 61 dni oraz 32 osobniki zlowione w terenie, traktowane po
3-miesiecznej aklimatyzacji w laboratorium jako grupa kontrolna. Oznaczono po-
ziom hemoglobiny, liczbe i $rednice erytrocytéw, hematokryt. Obliczono grubosé
i objetoé¢é krwinek, wewnagtrzkomdrkows koncentracje hemoglobiny (MCHC) i iloé
'hemoglobiny w jednym erytrocycie (MCH). WykreSlono proste regresji i krzywe
anizocytozy.



Wskazniki krwi nornika pélnochego 293

Stwierdzono, ze Microtus oeconomus w poréwnaniu z innymi Microtidae odzna-
cza sie nieco nizszym poziomem hemoblobiny i mniejszg liczbg erytrocytow. Krwin-
ki s natomiast grubsze i odznaczajg sie wickszg objetoscia, dzieki czemu wieksza
jest zawartoé¢ hemoglobiny w krwince, Wykazano, Ze u nornika pélnocnego wyste-
puje anemia pourcdzeniowa, polegajgca na obniZeniu si¢ poziomu hemoglobiny w
pierwszych dniach zycia i mniej wyraZinym spadku hematokrytu, spowodowanym
amniejszaniem sig¢ Srednicy erytroeytow. Liczba erytrocytéw utrzymuje sie nato-
miast w pierwszych dniach zycia na niezmienionym poziomie. Ustalenie sie wskazni-
kéw podlegajacych zmianom wiekowym nastepuje okolo dwudziestego (poziom he-
moglobiny, liczba i objgto§é erytroeytéw, hematokryt) lub trzydziestego (Srednica
erytrocytow) dnia Zycia. Zmiany wskaznikéw morfologicznych krwi w rozwoju
postnatalnym samcow i samic przebiegaja jednakowo.



