POLSKA AKADEMIA NAUK — ZAKLAD BADANIA SSAKOW

ACTA THERIOLOGICA

VOL. IX, 14: 193—215. BIALOWIEZA 30.X1.1964

Anna BUCHALCZYK & Zofia KORYBSKA

Variation in the Weight oi the Brown Adipose Tissue
of Sorex araneus Linnaeus, 1758

Zmienno$¢ wagowa tkanki tluszczowej brunatnej
Sorex araneus Linnaeus, 1758

[With 4 Tables & C Figs.]

I. Introduction 193
Tl. Material and methods 195
I1l. Seasonal variation in the weight of the brown adipose tissue of the Com-

mon shrew 196
1. Females 199
2. Males . . . . 200
3. Differences in the course taken by curve of variation in different years
a. young animals 202
b. old adults 203
IV. Ratio of the weight of brown adipose tissue to body weight . . . . 204

V. Discussion o 207

VI. Conclusions . . . . .o 211
References 212
Streszczenie 214

I. INTRODUCTION

Research on the seasonal changes taking place in the organism of shrews (Sorex
araneus Linnaeus, 1758) was initiated by the discovery of the seasonal variation
in the height of the skull (Dehnel 1949). Investigation was made (P ucek, 1956;
1957) of the mechanism of this phenomenon, today known as the Dehnel phenome-
non, and this in turn drew attention to the seasonal variation in the volume and
weight of the brain (Cabon, 1956; Bielak & Pucek, 1960). Seasonal variation
in the skull were confirmed by examination of material from other parts of the liv-
ing area of different species of the genus Sorex (Schubarth, 1958; Crowcroft
& Ingles, 1959; Pucek, 1963).

Seasonal variation were also observed in the weight and length of the shrew's

body (Dehnel, ]949).
[1931
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Investigations were also made of the variation in certain of the internal organs
oi" S. araneus, for instance the morphohistological changes in the thymus gland dur-
ing the life cycle of these animals (Bazan, 1952), the histomorphological variatior.
in the thyroid gland, also examined over the life cycle (Dzierzykraj - Rogal-
ska, 1952), variation in the parathyroid glands (Dzierzykraj - Rogalska.
1956) and variation in the weight of the salivary glands (Buchalczyk, 1961).

The present study is intended to give a picture of the variation in the browr.
adipose tissue depending on the season and also on the age of the animals. It is
a well-known fact that the shrew does not go into hibernation for the winter. Browr.
adipose tissue attains considerable dimensions in this species and occurs both ir.
young and in old adult animals, in the winter and at different times of the year.

Brown adipose tissue differs distinctly, both macroscopically and in its micro-
scopical structure, from ordinary adipose tissue (Werthefmer & Shapiro
1948; Fawcett, 1952; Menschik, 1953; Johansson, 1959; Kayser, 1961).

It was at first assumed that it occurs only in animals which go into hibernation
for the winter, in which it was initially found Gressner, 1551, cited acc. to
Johansson (1959); Velsch, 1670 — cited acc. to Coninx - Girardet (1927)
Barkov, who termed the BAT which he found in a sleeping hedgehog the hiber-
nating gland — cited after Kalabukhov (1956). In later investigations it was
found that this tissue may not even occur at all in hibernating animals (Coninx-
-Girardet, 1927), whereas, for instance, it exists in its embryonic form in mice
and rats throughout their entire life (Wertheimer & Shapiro, 1948) and in
the rabbit in embryos (Karolewicz 1953).

Certain research workers, e.g. Boerner - Patzelt (1957), have, however,
found by means of histological examination that the "hibernating glands” of mam-
mals which sleep through the winter are not identical with apparently similar
formations occurring in mammals which do not sleep during the winter — which
would throw a certain light on any differences becoming evident during the course
of their variations.

A detailed description of the more important stages of research on BAT is given
by Rasmussen, 1923 (cited after Johansson, 1959).

The function of BAT in the organism is, properly speaking, unknown up to the
present. Kay ser (1961) emphasises that it is an unquestionable fact that the
function of "brown fat" is that of a fat reserve, referring to the research carried
out by Valentin (1887) on losses in body weight, weight of ordinary and brown
adipose tissue in Arctomys marmota (Linnaeus, 1768) during its winter sleep.
Kalabukhov (1956) is of the same opinion. The reserves contained in BAT may
be utilised not during winter sleep but after the animal awakens, during the period
of the oestrus which ensues, as has been estabished by Karolewicz (1953) in the
case of the hedgehog.

Taking as a basis the fact that BAT is often well developed in animals which do
not go into hibernation for the winter, and may not occur at all in animals which
do hibernate, Kayser (1961) denies that it should be attributed a specific role in
the genesis of winter sleep and states that this special reserve tissue is subject to
cyclical seasonal variations dependent in turn on the cycle of hypophysis.

* Numerous synonyms have been used for this tissue, such as: primitive fat
organ, fat gland, hibernating gland, interscapular gland, lipcid gland, cholesterol
gland, glandula bnsularis cervicalis, multilocular adipose tissue (Selye & Timi-
ras, 1949), amongst which the most generally used is the term, after Karole-
wicz (1953), brown adipose tissue (BAT).
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Certain authors consider that this tissue stores not only fat but also glycogen
and in particular vitamin C. Ptak (1963) took into consideration the possibility of
this lissue fulfilling both a storage function and that of synthesis of corticoids. He
also states that at times the morphological picture of the tissue would seem to
suggest that it is capable of taking over the function of the adrenal glands in the
event of the hypofunction of the latter. These phenomena were examined by
Ratsimamanga et al. (1958) who demonstrated, inter alia, that a factor occurs
in BAT which has a certain analogy with a similar factor in the adrenal glands,
which enables rats from which the adrenal glands have been excised to prolong
their life while they are kept in a low temperature.

Smalley & Dryer (1963), referring to numerous authors, suggest that BAT,
owing to the production of heat, may play an important part during the time that
bats wake from their winter sleep. According to Smith (cited after Smalley
& Dryer, 1963) BAT fulfills these functions in rodents (rats), in which it forms
a source of warmth during the animals' adaptation to cold. Smith & Hock (1963)
found that BAT plays a thermogenetic part in sleeping Marmota flaviventris
(Aud. & Bach., 1841). It is clear from the research carried out by Selye & Ti-
miras (1949) and Suomalainen & Herlevi (1951) that BAT plays an active
part in conditions of stress (e.g. the stress of cold) of the organism.

Investigations of BAT as an organ producing a substance with a specific action
was made by Zirm (1956a, b; 1957), but the results he gives were criticised by
Langer -Schierer & Langer (1957) who maintained the view that the
effects obtained can be perfectly well explained by the storage function of BAT.

Il. MATERIAL AND METHODS

The material on which work for this study was carried out was taken from the
collections in the Mammals Research Institute of the Polish Academy of Sciences
at Biatowieza. The animals were caught during the period from 1953—1956 by means
of metal cylinders. A description of the biotopes and structure of the trapping areas
are given by Borowski & Dehnel (1952). A total number of 3322 individuals
of Sorex araneus Linnaeus, 1758, were used in the investigations.

The material from the different years (Table 1) is not uniform from the aspect of
numbers. 1955 is represented most numerously, as are the young in 1953 and 1954.
The small number of specimens in 1956 is due to the difficulties in catching
a suitable number of animals. The very small numbers of old adults in the autumn —
the period when shrews die naturally — are self-explanatory and data from this
period can be treated as given for information only.

BAT was prepared from material previously fixed in methyl alcohol (about 85%).
The situation of BAT in S. araneus is given by Grasse (1955) after Arnback-
Christie - Linde (1907). In the specimens which we dissected it was also
found in a similar situation, in the scapular region, distributed symmetrically on
both sides of the spine. The main mass of the tissue more or less covers the
thoracic section (from the cervical vertebrates in a caudal direction). Flatter lobes
of BAT extend from it on to the sides, reaching to the armpits.

BAT was removed after incising the skin on the back, removing the connective
tissue, and cutting through two narrow bands of muscle. The prepared tissue was
kept in 85% methyl alcohol. Before weighing it was transferred for 24 hours to
distilled water, changed twice (in order to avoid too rapid evaporation during
weighing). The material was dried on cellulose sheets immediately before weigh-
ing, which was made with accuracy up to 0.1 mg.
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The estimated losses in weight of the tissue caused by washing out the lipids
were more or less constant in the material owing to the use of uniform methods of
fixing and preserving the animals. The weights obtained for BAT may therefore be
considered as reflecting the actual changes taking place during the seasons of the
year.

In cases in which the body weight of single individuals or the weight of the
brown adipose tissue, or the value of the calculated ratio of the weight of this tis-
sue to the body weight differed from the remainder by more than one class divis-
ion, then these data v/ere not included in the calculations of the mean, but were
marked in the respective place on the figure or table.

The t Student test was used in the statistical calculations.

Table 1.
Material examined.

Y e a r
Age \onths 1951 1954 1955 1956 foul
group . .
n ol is éé U 57 ié T U
v 9 3 9 3
VI 65 107 59 58 103 94 3 5 250 264
s Vil 69 58 133 01 103 94 9 11 314 254
¢ VIl 38 49 105 80 66 72 24 24 233 225
W IX 47 51 51 61 115 125 18 10 231 247
. X 7 6 1 17 20 10 8 6 46 39
© X1 2 2 2 12 60 44 2 1 66 59
g X1l 6 12 3 2 6 5 15 19
I 9 7 20 26 29 33
11 9 7 10 7
i 2 1 3 1 13 15 8 31 22
. v 2 1 29 52 9 17 17 24 57 104
E} v 2 8 3 13 2 4 1 8 25
VI 3 56 7 62 14 57 3 13 27 188
11 i 6 17 14 35 19 29 1 8 40 89
# o vin 21 34 19 43 2 12 1 1 63 90
Q 1X 28 16 29 31 51 19 2 108 68
0 X 2 18 7 4 5 1 2 25 14
0 XI 1 1 1 2 2 2 < 5
X1 1 1
Total 324 420 491 574 622 613 130 48 1567 1755 |

I11. SEASONAL VARIATION IN THE WEIGHT OF BROWN ADIPOSE TISSUE

The range of variation in the weight of fixed brown adipose tissue is
considerable and fluctuates in principle between limits of 10 to 200 mg
(Table 2, Fig. 1). Weights for BAT higher than 200 mg occur in about
0.5% of the specimens (in seven young females and nine old adults —
3 females and 6 males). A very small number of specimens exceeded the
limits of 250 mg — these were: two young females from April 1954
(314.3 mg and 357.4 mg), one young male from June 1955 (343.8 mg), one
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Table 2.
Variation in the weight of brown adipose tissue in females and
during the period 1953—1956.
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males of S. araneus
. Total
* oo
§K\I ?ﬁ ?ﬁ N Avg.
9 98. e4
3 63.28
1* 1» 248 74.95
263 72.61
1" 313 53.46
254 53.e9
233 52. 09
225 49. 59
231 52.81
247 51.49
45 43.28
38 50.48
66 50.56
59 50. 63
15 63.28
19 60. 48
29 54. 09
32 56.82
10 53.95
7 49.95
1" 29 61.67
22 51.77
2 1 55  103. 40
104 89.76
8 92.45
25 91.55
1 27  106.98
2 3 188  104.63
40 77.95
89 74.67
1" 62 87.37
20 74.39
1 108 82.91
1% 67 75.02
25 93.15
13 73.03
3 56.62
85.95
1 1 2023

* Not included in calculation of the mean value for the whole material.

old adult female from November 1955 (317.4 mg). These individuals were
not included in the tables or figures.

The majority of weights of BAT come within limits of 20—60 mg. Dur-
ing the period from June to December from 85—86% of the young indiv-
iduals come within these limits, and in January and February as many
as about 94%. During the period of the spring jump in growth (when the
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weight of BAT increases) the figure falls to 53% of the shrews, and fir-
ally 50% of the adult shrews (which have lived through winter) hav?
weights of BAT within these limits.

The course taken by variations in the weight of BAT during the lif?
cycle of the shrew exhibits differences in different years. In general out-
line, however, the appearance of its curves is similar, and certaii
characteristic moments are repeated in consecutive years (Fig. 2). There-
fore before we pass to a discussion of successive years we shall conside-
the variations in BAT jointly for the whole of the material (Table 2
Fig. 1).

mg

Fig. 1. Variation in the weight of brown adipose tissue in females and males
of S. araneus during the period 1953—1956.

Differences in the curves of variations in old adult females and males
are undisputed ones. In the case of young shrews, although the majority
of the sexually immature individuals (P u cek, 1960) should form fairly
uniform material, these differences are apparent. During the period
from June to September the differences between curves of variations in
the weight of BAT in young females and males are on the borderline of
significance (when Pyo=; they are significant, when Po.oi, non-significant).
The longer sections of these curves considered (from June to February)
exhibit statistically significant differences when Pu.oi. It is therefore
desirable to discuss variations in the weight of BAT separately for
females and males.
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1. Females

The highest weights of BAT in young females are observed in June,
to be exact, during the first ten days of June. This is BAT in animals
which have not spent more than two weeks of independent life outside
the nest, while the females from the end of May (1953) which have only
just left the nest have even greater mean weights of BAT (Table 2). This
would form evidence of the relatively considerable weight of BAT in the
youngest shrews.

Fig. 2. Variation in the weight of brown adipose tissue in females and males
of S. araneus during the period 1953—1956. Distribution in years.

As from the second ten-day period in June the weight of BAT decre-
ases and its lowest values are to be found in the first (1953, 1954) or sec-
ond (1955, 1956) ten days of July. The decrease in the weight of BAT
from June to July for the monthly means is about 29% and is statistic-
ally significant.

The weight of BAT, after a period of some stabilisation (July—Sept-
ember) decreases significantly in October, then increases up to December
inclusive. BAT increases in weight in the monthly means from October
to December by 46% (statistically significant)

From December another decrease in the weight of BAT is observed,
whuch reaches its lowest point in February. This decrease (in monthly
means) of 14.7% is not, however, statistically significant.
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The increase in the weight of BAT begins as from the last ten days of
March and attains, in the great majority of individuals, considerable
proportions in April. In extreme absolute values it reaches, e.g. in females
from 1954, as much as 357.4 mg: in females from 1955 up to 206.0 mg.
BAT weighing as much as this (in particular this applies to data from
1954) is only sporadically encountered in material from later months. The
increase in the weight of BAT from February to Ap/il, in monthly means,
is about 92% in relation to the mean value for February, this being
statistically significant.

After the period of intensive increase in March—April the weight of
BAT in old adult females begins to decrease in May, particularly in the
last ten days of May, the value is again a low one.

A repeated increase in the weight of BAT is observed in old adult
females in the first days of June. The fluctuations in the weight of BAT
during the periods April—May and May—June are statistically non-
-signifleant. It is possible that this is to some extent due to the smali
number of specimens (n = 8), but in any case the May decrease in the
weight of BAT (Fig. 1) should be interpreted with great care.

In July, as in the case of young animals, a considerable decrease takes
place in the weight of BAT. The weight of the tissue decreases as from
the second half of June (1953, 1954). The decrease, calculated in monthly
means in relation to the mean for June, is 27% and is statistically signifi-
cant.

Fluctuations in the weight of BAT during the periods July—August
and August—September (Fig. 1) are statistically non-significant. Com-
parison of the mean weights of BAT for August and September with the
weight for June will reveal the reality of the variations taking place.
The difference in the weights for June—August is on the borderline of
significance (significant when Pg.5, non-significant when Po.oi), the June—
September difference is statistically significant.

The mean weight of BAT increases in October. In the material from
the late autumn, i.e. November, there are only three females about which
no conclusions can be drawn.

2. Males .

The course taken by variations in BAT in young males is fairly similar
to that described above for females. The highest mean weight of BAT
(Fig. 1) is observed in June — during the first (1953) or not until the
second period of ten days (1954, 1955).

The decrease in the weight of BAT in July is about 26% in monthly
means and, as in the case of the females, is statistically significant.
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From July to November, contrary to that in the females, the weight of
BAT in males does not exhibit any significant variations. It was found
that the difference of 7.20 mg (about 14%) occurring between mean
values of the weight of BAT in males and females in October is not
statistically significant.

During the period from November—December the weight of BAT
increases. An increase in weight with mean values of about 16% is on the
borderline of significance (difference significant when P005 non-signifi-
cant when Po.oi). It must be added here that the respective numbers of
specimens were: in November — 59, in December — 19 specimens. The
mean weight of BAT in December is lower and its decrease in January
is not as considerable as that in females. It is not until February that the
value for the weight of BAT, with a difference in monthly means of 17%
in relation to the mean from December (statistically non-significant), is
lower than the value for females.

In old adults a slight increase in the weight of BAT takes place as from
the last ten days of March, but even so it is constantly lower than that in
females. In April the weight of BAT rises sharply, the increase in relat-
ion to the mean value for February being 79%. The weight of BAT in
males continues to rise up to June, with a very slight inhibition in this
process in May. the increase in weight, in mean figures, from February
to June (with n in February —7 and in June = 188) being about 109%.

The July decrease in the weight of BAT is marked in males also. As in
the case of females, the difference in monthly means between the weight
of BAT in June and July is statistically significant.

From July to October the weight of BAT is maintained at an almost
unvarying level. In the case of the very few old adults (n = 5) from
November, the amount of material is too scanty to permit of interpreting
variation. Thus the course taken by variation in the weight of BAT in
old adult males is characterised by, properly speaking, one peak only in
June, coinciding with attainment of complete sexual maturity, followed
by maintenance of a fairly even weight from July until the end of the
animals' life.

In the whole of the material the weight of BAT in males from Febru-
ary to November remains constantly at a lower level than that in females.

During the spring jump in growth the females react more rapidly and
strongly than males. In mean values, the differences in the weight of
BAT between them are: in March 19%, in April 15% and in May only
about 1%, in favour of the females, while the increase itself in the weight
of BAT begins later in males than in females.
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3. Differences in the Course Taken by Curves of the Weight of BAT in Shrews
from Different Years

a. Young animals

The differences between curves of variations in the weight of BAT in
different years in young males and females are illustrated by Fig. 3.

Statistical treatment of the differences is given in table 3.

The results obtained point to the fact that despite the general approx-
imate similarity of the picture of variation in the weight of BAT in
young shrews — differences occur between different years which may
be statistically significant. Material is divided into two groups: one —
years 1953, 1954, the other — 1955, 1956, within the weight of BAT is
similar. These differences refer to successive years and would seem to
depend on variations in the general condition of animals.

mg mg.

Fig. 3. Variation in the weight of brown adipose tissue in young adult females
and males of S. araneus during the period 1953—1956.

Differences in the course taken by variations in the weight of BAT
also occur, as was mentioned earlier, between males and females from
the same year. In the case of young shrews this is distributed as follows:
in 1953 (June—October) the difference is significant; in 1954 (June—
December) non-significant or on the borderline of significance (signifi-
cant when ro.os, non-significant when ro.oiy, when sections of the curves
with larger numbers of individuals (June—October) were analysed. In
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1955 also this difference is on the borderline of significance. Analysis
was not made of material from 1956 on account of the very small
numbers of animals obtained.

b. Old adults

Since the number of old adult females in different months was not
infrequently too small for the purpose, calculation was not made of the
significance of differences in the curves of weight of BAT in consecutive
years. We should, however, like to emphasise certain differences here.
Presumably differences in the degree of increase or decrease in the
weight of BAT at certain times in the shrews' life are connected with the
general condition of the animals. For instance, during the period of the
spring .jump in growth the increase in the weight of BAT from February
to April is — for 1955 — about 97%, for 1954 (from March to April)
about 60% and in 1956 (also from March to April) only 7.8%. Similarly,
the July decrease in the weight of BAT varies in consecutive years with-
in limits from 6.0% (1954) to 38.9% (1955) (Fig. 2).

Table 3.
Differences between curves of variation in the weight of brown adipose tissue in
young females and males during the period 1953—1956.

e ma 1 e s M al e s

Period Years Difference Period Years Difference
VI - Xl 1953 - 1954 non-significant VI - X 1953 - 1954 non-significant
VI - | 1955 - 1956 non-significant Vi - | 1955 - 1956 non-significant
VI - Xl 1954 - 1955 significant when VI - Xl 1954 - 1955 significant

PO, Q5" nori_sign:

when Pgso1
VI - Xl 1953 - 1955 significant VI - X 1953 - 1955 significant

The August increase in the weight of BAT in old adult females in rel-
ation to the mean value for July is — in 1953: 36%, 1954: 10%, 1955 —
only 6.6%. When taking into consideration the values for the weight of
BAT from the first ten days of August (where these values are the high-
est) its increase rises accordingly and in 1953 is 46,6%, 1954: 25.0% and
1955 (July — last ten days of August) — 18.8%. Apart from 1954 (in
June n —7) the weight of BAT does not attain in June level in either of
the two remaining years.

In 1953 we observe in females a sort of shift of the August increase in
the weight of BAT to September, and not only does it not decrease in
September but actually rises by about 12% in relation to the mean value
for August. The increase in weight continued to be maintained even after
three individuals with extremely great weights of BAT had been exclud-
ed from the September mean value.
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In aid adult males certain differences take place between different
years, even while the distribution described above is maintained (Section
IIl — 2). These variations were not analysed statistically and they consist
mainly in the shift in time of increases and decreases in the weight of
BAT (Fig. 2).

The value for the weight of BAT in males in relation to the value for
the weight of BAT in females is different in different years also. In 1953,
the weight of BAT in males is higher in all months except August, in
1954, except for May and July, and in 1955 — except for June and July —
it is lower, than in females. The greatest differences between the mean
weights of BAT in old adult males and females are those in 1955, and are
somewhat similar to those observed in 1954 (Fig. 2).

IV. RATIO OF THE WEIGHT OF BROWN ADIPOSE TISSUE TO BODY WEIGHT

The body weight used for calculating this relation was taken from
animals which had not been fixed, while the weight of BAT refers to
fixed tissue. We have assumed that the losses in the weight of BAT when

9

months
Fig. 4. Variation in the body weight of females and males of S. araneus during

the period 1953—1956.

the animals are fixed and preserved took place in a more or less constant
way, which permits of the calculation and consideration of the relation
of body weight and weight of BAT.
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Variation in the body weight of the shrew during the seasonal cycle
have frequently been described (Dehnel 1949; Borowski & Deh-
ne 1, 1952). Fig. 4 illustrates this point in our material.

Only slight differences in body weight in young shrews, and negligible
ones in old adults, occur between consecutive years in the material we
examined.

When comparing curves of variations in the body weight of young
shrews (for the whole of the material) it was found that the difference
between them is on the borderline of significance (significant when
Po.05, Non-significant when ro.oi).

A considerable degree of dependence of the ratio of the weight of BAT
to body weight on the value for BAT is evident in young shrews. In July
the body weight of young shrews does not decrease, but increases. The

Fig. 5. Ratio of weight of brown adipose tissue (in mg) to body weight (in g)
in females and males of S. araneus during the period 1953—1956.

reduction in the weight of BAT is considerable — the curve of the ratio
of weight of tissue to body weight records this decrease. The case is
similar in, for instance, October when the body weight and BAT-
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weight in males is maintained on the same level as that preceding this
month — in the case of females it decreases (Figs. 1, 4, 5).

An interesting phenomenon takes place in the winter months. The
ratio of the weight of BAT to body weight increases markedly from Nov-
ember to December and is maintained at a relatively high level until
February, far higher than during the summer and autumn (in December,
for instance, it is only very slightly lower than in June). This is evidence
of the considerable percentage of BAT weight in the total body weight
during the winter.

In March and April body weight increases in females more slowly and
the weight of BAT — faster. The ratio of both values to each other in
females is higher than in males, this ratio having the highest value in the
whole of the material, since in April a large number of females were
noted as possessing the greatest weight encountered.

Table 4.

Value of the coefficient of correlation of the weight of brown adipose tissue and
body weight in S. araneus during the period 1953—1956.
(underlined values are statistically significant).

F e ma 1 e s M al e S

Age group Months n r Age group Months n r
VI 100 0.40 VI 100 0.27
Vil 100 0.33 Vi 100 0.41
VI - IX 100 0.27 VI - X 100 0.34
Young adult Xl - Xl ei 0.38 Young adult X1 19 -0.39
- 38 0.10 T 38 0.55
- v 85 0. 68 T 125 0.48
Vil 61 0.34 V- oV 100 0.42
Old adult IX 108 0.38 Old adult VIl - IX 100 0.30
X 25 0.05 X 13 -0.40

Fluctuations in the value of the relation corresponding to variations
in the weight of BAT are observed in old adults during this period.

Calculation was made of the correlation of the weight of BAT and
body weight of shrews and also of the significance of the coefficient of
correlation obtained. Results are given in table 4. The highest value for
the coefficient of correlation was observed in females from the period of
the jump in growth (March—April) in the spring. The highest value for
the coefficient in males occurs during the period January—February,
while females do not, practically speaking exhibit any correlation at this
time.

In young females the coefficient of correlations decreases from June to
September, again reaching higher values in November—December. In
young males at this time the coefficient of correlation in principle rises,
being highest in July.
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No correlation between the weight of BAT and body weight is observed
in old adult females during the period from May to August, and in
October.

In males in two cases, in young shrews — in December and in old
adults — in October the coefficient of correlation, despite its fairly high
value, is non-significant. This may be due to the number of individuals
being too small.

In the study by Borowski & Dehnel (1952) these authors refer
to the occurrence in the old adult material of "light" and "heavy" anim-
als. This phenomenon may occur in both sexes, being more distinct in
females. The authors connect it with reproduction (this concept was later
criticised by Tarkowski, 1955).

The connection between "heavy"” and "light" body weights and the
weight of BAT was traced in the material formed by old adult females
from 1953—56. The females from different months were therefore split
up into two weight groups: up to 10 g and exceeding 10 g (females weigh-
ing 10 g or very slightly over were allocated to the group of "heavy"
females). The mean values for body weight and weight of BAT were
calculated.

It is not possible to state, however, on the basis of the calculated mean
values, that the "light" females have light BAT, and conversely, that
"heavy" females have heavy BAT. In both groups of females there is
a gradual constant decrease in body weight as from June to the end of
the season.

It can only by stated here that the weight of BAT would seem to dep-
end to a certain extent on whether the shrew is fully sexually active or
nearing the end of the breeding season. This is borne out by the gradual
increase in the weight of BAT from July to October, with a simultaneous
decrease in the percentage of females taking an active part in reproduct-
ion (pregnant, nursing). For instance, in June, in our material, the perc-
entage of such females is 85.7%, 69.5% in September and only 37.5% in
October.

v. DISCUSSION

As shown by the short review of literature given in the introduction,
research on brown adipose tissue has been made from more or less all
aspects, yet the question still remains open as to whether BAT in anim-
als which go into hibernation is the same as the BAT in animals which
do not hibernate. This tissue in S. araneus varies in a specific way unlike
the variation in BAT in the hedgehog (Karolewicz, 1953).

In the case of young shrews the highest values of this weight are
attained in the animals which have most probably only just left the
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nest — that is, the youngest. The great range of weight of BAT in June
and also its gradual decrease indicates, in our opinion, that during the
first days of their independent life shrews are obliged to utilise this res-
erve to supplement their insufficient food supply. Possibly the reason for
this insufficiency is their lack of experience in obtaining their own food.
Laboratory observations of young shrews indicate that animals born in
captivity had difficulty in obtaining food when they were supplied with
larger insects (Deh nel 1952).

Kisielewska (1963), on the basis of the studies made by Tar-
kowski (1957) reached conclusions as to the reproduction of shrews by
means of her own investigations of the infestation of shrews by parasites.
The young shrews appearing in consecutive litters not as yet infected, in
entering an existing population "dilute" it, as it were, causing a general

mg.
%

Fig. 6. Comparison of variation in the weight of brown adipose tissue and extensiv-
eness of infestation of a population of young adult shrews in the summer months
of 1953
1 — Extensiveness of infestation of a population of young adult shrews (after K i-
sielewska, 1963), 2 — BAT- weight in young adult cfd\ 3 — BAT-weight in
young adult ? $.
decrease in the degree of infestation. This phenomenon is complicated
by the possibility that the shrews might be infected while still in the
nest, but in the material presented by Kisielewska (1963); it exhibits
agreement with the previously calculated times of appearance of succes-
sive litters. If the young shrews do in fact have the highest weights of
BAT this should be regularly visible in the material. Two starting points
necessary here: 1. that the number of these individuals is sufficiently
great for them to affect the mean value for a given period of ten days in
a month and 2. that the females, despite continuation of reproduction,
are able to supply the young from the subsequent litter material with
suitably heavy BAT. This was traced on material formed by young
shrews from 1953, 1954 and 1955. In 1953 (Fig. 6), with the exception of
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second litter, after which the weight of BAT is already low, it decreases
even more (but which may be connected with the short interval between
first litter and second litter and the large number of oilder shrews from
first litter), in all the remaining cases the weight of BAT increases after
the time at which a new litter was due to appear. The matter is slightly
complicated in the case of females with their sixth litter, but we assumes
that this is connected with the condition of the reproducing females. In
1954 and 1955, in principle after the appearance of the theoretical litter,
the weight of BAT either increases or is maintained on the same level as
therefore.

Simultaneously, as time passes, the weight of BAT in young shrews
decreases. Shrews from later months generally have lighter BAT than
the June shrews. It is possible that the females, being in poorer condition
as the result of exhaustion due to simultaneous nursing of their young
and a new consecutive pregnancy, are not in a condition to ensure that
their young have as great a store of BAT on leaving the nest as they had
done in June. The percentage of pregnant females simultaneously nurs-
ing their previous litter is considerable and as, for instance, is shown by
the study by Tarkowski (1957) based on shrew material from 1954,
the figure for these females is 100% in May, 78% in June, 35% in July,
19% in August and 4% in September.

A very distinct phenomenon is the July depression in the weight of
BAT, evident both in young and in old adult shrews. In all cases the
decrease in the weight of BAT is statistically significant. In the case of
young shrews it is absolutely out of the question to explain this by the
condition of the animals, since the body weight of these animals not only
does not decrease in July, but even rises slightly (Fig. 4). It cannot be
assumed that the decrease in BAT-weight precedes these changes since
in the following month (August) the body weight in both sexes continues
to increase. In old adult females in 1955 the body weight did in fact
gradually but regularly decrease as from June, but in 1953 and 1954 it is
in July (and in 1954 even in August) that it rises slightly. In eld adult
males, after the decrease in June, weight is maintained at an almost
uniform level until September. This phenomenon should perhaps be ex-
plained in two ways. Brown adipose tissue exhibits a certain connection
with the course taken by reproductive processes in shrews and with sex.
First and foremost an increase in the weight of BAT is observed in both
sexes during the period of the lump in growth. In the case of females the
weight of BAT obtained is higher and proportionately greater than the
increase in body weight. Possibly the July depression in the weight of
the tissue in adult shrews is connected with reproduction. The weight of
BAT decreases after the main wave of reproduction is over. This would
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be the more probable since in old adult females the weight of BAT ex-
hibits fluctuations of a periodical character in the later months of the
season, and its mean value increases constantly with the passage of time.
This might form evidence of the possible influence of the appearance of
successive litters on the condition of the animals and the weight of BAT,
more plastic in this case, and possible more functionally connected
(reserves of fat, glycogen etc.) than the weight of the whole body. An
increase of this sort in the weight of BAT after a successive birth (calcul-
ated theoretically) and successive emergence of the young shrews from
the nest was observed in the material composed of females from 1953. In
the late autumn this tendency to an increase in the weight of BAT in
non-reproducing individuals would clash with the tendency to decrease
in the weight of BAT, which apparently occurs in old adults in a more
exhausted condition towards the end of their life. In the case of old adult
males — the sexually mature individuals, after a period of intensive re-
production and distinct decrease in the weight of BAT during this per-
iod, exhibit almost no further variations. In the late autumn, at the end
of the period of sexual activity, the weight of BAT exhibits a tendency
to increase in these animals also.

Under these circumstances the July depression in weight in young
shrews would be directly connected with the exhaustion of this reserve
for its living requirements and maintenance of condition and body weight
on an appropriate level.

That the weight of BAT may be connected with sex is indicated by-
further facts. In young, sexually immature animals, the weight of BAT
behaves almost identically in the winter. In males during the period from
July to December it exhibits almost no variation, that is, the course of
variation is similar to that in old adult males during the period from
July to October. In young females, amongst which a certain percentage
of individuals may mature sexually during the first calendar year of life
(Pucek, 1960), the course taken by variation is different. First of all
the weight of BAT in June, July and September is greater than that in
males, and this is followed by a decrease in October, which is somewhat
similar to the tendencies occuring in the material composed by old adult
females. Possibly this weight, greater than that in males, and the autumn
variation, should in fact be attributed to the possibility of sexual mat-
uration.

There is one further aspect of the July variation. It may be assumed
that the depressive variation in shrews beginning at the end of July
could constitute in this case a factor acting in some way on the weight
of BAT. In November and December the weight of BAT increases, and
does not decrease until January and February, which would form evid-
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ence that the reserves of this tissue are used during the winter, but to an
extent disproportionately low in comparison with its utilisation by anim-
als which sleep through the winter. The whole course of the variation
in BAT in shrews demonstrates the fact that this tissue has a totally
different character from that in hibernating animals. It must be emphas-
ised here that these is specific variation, not exhibiting close connect-
ions with the living conditions of shrews (e.g. the participation in the
jump in growth in the early spring). Neither the late autumn increase
nor the winter decrease are as intensive as those observed in hibernating
animals. It would seem that brown adipose tissue in shrews should be
regarded as a certain reserve (of fat, and possibly also of hormones and
vitamins) which enables the animals to survive periods in their life cycle
of particularly intensive metabolism (reproduction period) or unfavour-
able conditions (emergence from the nest etc.). It would also seem that
the material available formed by old adult females is too small to make
it possible to draw conclusions as to the behaviour of BAT during the
breeding season in animals only pregnant or only nursing, apart from
finding connections of a general nature.

Coninx - Girardet (1927) in investigating BAT in  Arctomys
marviota L. connects the intensive period of development of this tissue
with involution of the thymus gland. Baza n (1952) studied the thymus
gland in S. araneus during the life cycle of these animals. She stated
that "...the thymus gland has finished reduction or is in the final phases
of this process, during the period of formation of the hibernating gland.
In material formed by anima'ls kept in captivity, on the other hand,
| found that formation of the hibernating glands did not in any way
affect the reduction of the thymus gland”. It would of course be difficult
to establish a close connection between the variations taking place in the
thymus gland and in BAT during the life cycle, but it is also impossible
to speak of the formation of BAT, since this tissue exists in shrews
throughout their whole lives and all through this time is distinctly
developed.

VI. CONCLUSIONS

1. The weight of brown adipose tissue is subject to seasonal variations comple-
tely different from those observed in this tissue in animals which do hibernate.

The greatest weights of BAT in young shrews are encountered in May and June
immediately after the animals have left the nest. In July there is a decrease in the
weight of BAT in young and old adult shrews. The weight of BAT in young male3
remains at an almost unvarying level from July to December and is lower (except
for October) than that in females. In young females the weight of BAT exhibits
fluctuations in the late autumn.

No connection was established between the BAT-weight and pregnancy or nurs-
ing of young in old adult females. In old adult males the weight of BAT dpes not
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exhibit any considerable fluctuations from July to October. In the autumn, as in
the case of old adult females, tendencies to increase are observed.

2. Statistically significant sex differences were found in the variations in the
weight of BAT in young and in old adult shrews.

3. BAT participates in the spring jump in growth and the correlation of its
weight with body weight is considerable during this period.

4. Curves of variations in the weight of BAT in different years exhibit certain
differences, which, in some cases are statistically significant.

5. The ratio of BAT-weight:  body weight in young shrews and in old adults dep-
ends chiefly on the variations in the weight of BAT. The highest values of the
coefficient of correlation of the weight of brown adipose tissue and body weight
are observed in females during' the period of the jump in growth and in young
males in January and February (r = 0.55). There is a total absence of correlation in
old adult females in May, June, July and October, and in young females in January
and February.

6. Variation in the weight of BAT are to a certain degree parallel with the
processes of sexual maturation and reproduction of shrews.
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STRESZCZENIE

Przebadano zmienno$¢ sezonowa i wiekowa ciezaru tkanki ttuszczowej brunatnej
(TTB) u 3322 osobnikéw Sorex araneus Linnaeus, 1758. Material (Tabela 1) po-
chodzit z odtowéw w Biatowieskim Parku Narodowym, w latach 1953—1956. Anali-
zowano ciezar TTB utrwalonej uprzednio w alkoholu metylowym (okoto 8570),
przyjmujac, ze strata na ciezarze w wyniku wyptukiwania lipidow z tkanki przy
utrwalaniu i konserwowaniu ma charakter mniej wiecej staty.

W wyniku badan stwierdzono, ze:

W zmiennosci ciezaru TTB u ryiéwek miodych i przezimkéw wystepujg roznice
ptciowe statystycznie istotne.

Najwyzsze ciezary TTB u ryjéwek mitodych spotyka sie w maju i poczatkach
czerwca, zaraz po opuszczeniu przez nie gniazda.

W lipcu, w catym materiale, nastepuje spadek ciezaru TTB (.istotny statystycz-
nie), zwigzany wg przypuszczen autorek — u miodych z utrzymaniem kondycji,
u dorostych przezimkéw z nasileniem rozrodu i wykorzystywaniem w obu przypad-
kach posiadanych rezerw (Tabela 2, rycina 1, 2).

Ciezar TTB u mitodych samcow pozostaje od lipca do grudnia na prawie niezmie-
nionym poziomie i jest nizszy (za wyjatkiem pazdziernika) niz u samic. U mitodych
samic, og6lnie wyzszy ciezar TTB i jego zmiany jesieniag — przypuszczalnie moga
wigza¢ sie z mozliwosciag dojrzewania pewnej ilosci samic w pierwszym roku zycia
(Tab. 2, ryc. 1).

Ciezar TTB mitodych wzrasta na zime (XI, XIl) a nastepnie w styczniu i lutym
spada (Tab. 2, ryc. 1). Zmiany te sg nieporéwnywalne w TTB, w tymze okresie,
u zwierzat zasypiajacych na zime (np. chomik).

Ciezar TTZ? wzrasta gwattownie w czasie wiosennego skoku wzrostowego i jego
korelacja z ciezarem ciata jest w tym okresie znaczna (Tabela 4). TTB samic rea-
guje znacznie silniej i szybiej niz samcdw, odwrotnie niz to obserwuje sie w przy-
padku zmian ciezaru ciata (Ryc. 1, 4).

U samic przezimkéw ciezar TTB wykazuje wahania zwigzane przypuszczalnie
> rozrodem, przy czym nie stwierdzono zaleznosci miedzy wartos$cig ciezaru TTB
a cigza lub tylko karmieniem mtodych. Srednie miesieczne ciezaru TTB rosna
W miare postepu sezonu i zmniejszania sie procentu sarnie aktywnych ptciowo
(Tab. 2, ryc. I, 2).
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U samcow przezimkéw od lipca do pazdziernika ciezar TTB nie wykazuje wiek-
szych wahan. Jesienig, podobnie jak u samic przezimkéw, obserwuje sie u niego
tendencje do wzrastania (Tabela 2, ryc. 1, 2).

Na catym przebiegu zmiennos$ci ciezar TTB zachowuje sie zupetnie swoiscie i nie
wykazuje bezposredniej zaleznosci od aktualnej kondycji zwierzecia, mimo, ze wy-
daje sie podlega¢ ogélnym zmianom kondycyjnym (udziat w skoku wzrostowym,
spadek po6znag jesienig u czesSci przezimkdéw). Najwyzsze wartosci wspotczynnika ko-
relacji ciezaru TTB i ciezaru ciata obserwuje sie u samic w okresie skoku wzrosto-
wego i u samcow miodych w styczniu i lutym. Zupeiny brak korelacji zaznacza sig
u samic przezimkéw w maju, czerwcu, lipcu i pazdzierniku i u mtodych samic
w styczniu i lutym (Tabela 4).

Krzywe zmienno$ci ciezaru TTB w poszczeg6lnych latach wykazujg pewne réz-
nice, ktére mimo zachowania w zasadzie jednakowego ogdlnego schematu — moga
by¢ istotne statystycznie (Tabela 3, ryc. 2, 3).

Stosunek ciezaru TTB do ciezaru ciata u mtodych ryjowek i u przezimkéw ksztat-
tuje sie gtéwnie w zalewnosci od zmiennos$ci ciezaru TTB. Zimg ciezar TTB stano-
wi do$¢ znaczny procent ciezaru ciata (Ryc. 5).

Na podstawie dokonywanych badan stwierdza sie, ze zmienno$¢ tkanki ttuszczo-
wej brunatnej u ryjowki aksamitnej rézni sie od zmiennosci tej tkanki u zwierzat
zapadajacych w sen zimowy co wydaje sie Swiadczy¢ o jej odmiennym charakterze
i funkcji u ryjéwek.



