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Abstract For many mammalian species short-term fast-
ing is associated with intestinal atrophy and decreased
digestive capacity. Under natural conditions, strictly
carnivorous animals often experience prey scarcity dur-
ing winter, and they may therefore be particularly well
adapted to short-term food deprivation. To examine
how the carnivorous gastrointestinal tract is affected by
fasting, small-intestinal structure, brush-border enzyme
activities and hepatic structure and function were
examined in fed mink (controls) and mink that had been
fasted for 1–10 days. During the first 1–2 days of fast-
ing, intestinal mass decreased more rapidly than total
body mass and villus heights were reduced 25–40%. In
contrast, tissue-specific activity of the brush-border en-
zymes sucrase, maltase, lactase, aminopeptidase A and
dipeptidylpeptidase IV increased 0.5- to1.5-fold at this
time, but returned to prefasting levels after 6 days of
fasting. After 6–10 days of fasting there was a marked
increase in the activity of hepatic enzymes and accu-
mulation of intra-hepatic lipid vacuoles. Thus, mink
may be a useful model for studying fasting-induced
intestinal atrophy and adaptation as well as mechanisms
involved in accumulation of intra-hepatic lipids follow-
ing food deprivation in strictly carnivorous domestic
mammals, such as cats and ferrets.
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Abbreviations ALT: alanine aminotransferase Æ ApA:
aminopeptidase A Æ ApN: aminopeptidase N Æ AST:
aspartate aminotransferase Æ BUN: blood urea
nitrogen Æ BM: body mass Æ DPPIV: dipeptidyl
peptidase IV Æ GIT: gastrointestinal tract Æ FHL: feline
hepatic lipidosis Æ NEFA: non-esterified fatty
acids Æ TBIL: total bilirubin Æ TPN: total parenteral
nutrition

Introduction

For strictly carnivorous mammals such as the cat and
mink, little is known regarding the structural and func-
tional adaptation of the gastrointestinal tract (GIT) to
fasting. However, profound alterations of the GIT have
been recorded for omnivorous mammals (rodents and
pigs) deprived of enteral feeding for several days. Such
studies have found that fasting causes a reduction in
mucosal mass, changes in brush-border enzyme activity
(Ferraris and Carey 2000), impaired intestinal mucosal
barrier (Altmann 1972; Alverdy et al. 1985; Johnson and
Kudsk 1999), and increased bacterial translocation
(Deitch et al. 1995; Spaeth et al. 1990). For hibernating
ground squirrels, there is a marked reduction in intesti-
nal mucosal mass and villus height, compared with
summer-active ground squirrels. The overall architecture
of the epithelium is well preserved, and though intestinal
absorptive capacity is decreased at low environmental
temperatures (7 �C), the ability of the intestine to
transport ions and nutrients at normal body tempera-
tures (37 �C) remains intact in the hibernating GIT
(Carey 1990; Carey and Sills 1996). An example of
carnivores that have been studied with regard to the
effects of fasting on the GIT are snakes that consume
huge meals at infrequent intervals (Secor et al. 1994;
Secor and Diamond 2000). For these reptiles, there is a
dramatic up-regulation of intestinal mass and brush-
border transporter activity 1–3 days after feeding, fol-
lowed by a subsequent rapid decrease in intestinal mass
and function once digestion is completed.
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For rats, mucosal mass reduction in response to
fasting has been found to be accompanied by an increase
in intestinal lactase activity coupled with decreases in
sucrase, maltase, and aminopeptidase N (ApN) activities
(McNeill and Hamilton 1971; Altmann 1972; Levine
et al. 1974; Miura et al. 1992). Deprivation of the GIT of
luminal nutrients by total parenteral nutrition (TPN) is
characterised by atrophy of the small intestinal mucosa
that appears similar to changes brought on by fasting
(Levine et al. 1974; Ihara et al. 2000). For piglets
maintained on TPN for 7 days, intestinal mucosal mass
is reduced by 50% compared with enterally fed piglets,
concurrent with significant reductions in villus height
and crypt depth (Park et al. 1998). Lactase activity in-
creases markedly and sucrase activity remains unaltered,
whereas aminopeptidase A (ApA) and dipeptidylpepti-
dase IV (DPPIV) activities decrease in response to TPN
in piglets (Park et al. 1998; Remillard et al. 1998; Sangild
et al. 2002).

In their natural habitat, strictly carnivorous mam-
mals may experience longer periods of fasting than
herbivorous or omnivorous mammals (Dunstone 2004).
This raises the possibility that their GIT is better
adapted to short-term fasting and thereby less severely
affected during periods of food scarcity. The first
objective of this study was to investigate the intestinal
structural and functional response to short-term fasting
using the mink as a model for a strictly carnivorous
mammal. The second objective was to explore whether
the mink would be a useful model for studying fasting-
induced metabolic syndromes of domestic carnivores.
Fasting and metabolic stress can cause life-threatening
intra-hepatic lipid accumulation and hepatic malfunc-
tion in cats and pregnant ferrets (Pazak et al. 1998;
Batchelder et al. 1999), and a similar syndrome has been
described in lactating mink (Wamberg et al. 1992).
Hence, we determined the impact of fasting on different
markers of hepatic function, lipid metabolism and
hepatocyte morphology.

Materials and methods

Animals and experimental protocol

Twenty-eight female mink (7 months of age, average
body mass 1,339±73 g) were randomly selected and
divided into five groups. Mink were housed in individual
cages (Research Station Rørrendegård, Copenhagen,
Denmark) with free access to water. Prior to the start of
the study all animals were fed commercial mink food
with the following distribution of metabolisable energy
(ME): 31% protein, 50% fat, 19% carbohydrate
(Sjaellands Pelsdyrfoder, Højby, Denmark). Mink were
fasted for 0 (control), 1, 2, 4, 6 (all n=5) or 10 days
(n=3). After the experimental protocol was completed
the mink were anaesthetised with a mixture of tiletamin,
zolazepam, xylasin and butorphanol (Pharmacy Ser-
vices, KVL, Copenhagen, Denmark, 0.1 mg/kg i.m.).

Animals were weighed, a cardial blood sample (8 ml)
was collected and a lethal dose of sodium pentobarbital
(Pharmacy Services, KVL, Copenhagen, Denmark,
200 mg/ml) was injected intracardially. Blood collected
was stabilised in EDTA-containing tubes kept on ice and
centrifuged (15 min, 4,000 rpm, 4 �C), and the plasma
was stored at �20 �C. All experiments were carried out
according to the National Guidelines for Animal
Experimentation (National Committee on Animal
Experimentation, Denmark).

Following sacrifice, the small intestine from the
pyloric sphincter to the colon was rapidly excised by
cutting along the mesenteric border, emptied of its
contents and rinsed in ice-cold physiological saline. The
small intestine was measured and divided into three
segments of equal length designated as proximal, mid-
dle, and distal small intestine. Because the small intestine
of mink is very short it was decided to analyse only the
proximal and distal segments for regional responses. The
proximal and distal segments were weighed, and from
the middle of each segment, a 2-cm tissue sample was
snap-frozen in liquid nitrogen and stored at �80 �C for
later determination of enzyme activity. A second 2-cm
tissue sample was fixed in 4% paraformaldehyde at 4 �C
for later histological preparation. Finally the liver was
inspected for macroscopic signs of lipid accumulation,
weighed, and a sample collected from the right lateral
lobe was fixed in 4% paraformaldehyde for later histo-
logical preparation.

Morphometry

Paraformaldehyde-fixed samples were embedded in
paraffin, sectioned (3 lm), mounted on slides (Menzel-
Gläser), and stained with haematoxylin and eosin. From
each intestinal sample, we measured villus height (lm),
villus width (lm) and crypt depth (lm) from 15 repre-
sentative villus-crypt columns using a light microscope
(Orthoplane, Leitz, Germany) and NIH Image J soft-
ware (version 1.22c, National Institutes of Health,
Bethesda, MD). Liver sections were evaluated for int-
rahepatic lipid accumulation by light microscopy and
graded from 0–5 in accordance with Biourge et al.
(1994). In this scaling system, specimens graded 0–2 are
considered to have normal liver histological features, but
with gradual increases in the number of lipid vacuoles.
Grades 3–5 indicate a further progressive increase in the
number and distribution of cytoplasmic lipid vacuoles
within the hepatocytes and the hepatic acini.

Enzyme assays

Each frozen sample from the proximal and distal
region of the small intestine was extracted in 1%
Triton X-100 (10 ml g�1 tissue) and homogenised
(0 �C, 4·20 s). Homogenates were assayed for dissa-
charidase (lactase, maltase and sucrase) and peptidase
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(aminopeptidase N, dipeptidylpeptidase IV and ami-
nopeptidase A) activities, as previously described
(Sangild and Elnif 1996). Briefly, sucrose (0.01 M; no.
194018, ICN, Aurora, OH, USA) and lactose (0.12 M;
L-3625, Sigma Chemical) dissolved in sodium maleate
buffer (50 mM, pH 6.0) were used as substrates for
sucrase-isomaltase (SI, EC 3.2.1.48-10) and lactase-
phloridzin hydrolase (EC 3.2.1.23-62) respectively.
Maltose (0.0112 M; L-5885, Sigma Chemical) was used
to measure maltase activity, which represents the
combined activity of sucrase-isomaltase and maltase-
glucoamylase (EC 3.2.1.20). Aminopeptidase N (ApN,
EC 3.4.11.2), dipeptidyl peptidase IV (DPP IV, EC
3.4.14.5) and aminopeptidase A (ApA, EC 3.4.11.7)
activities were measured using three peptidase-specific
substrate solutions: 10 mM L-alanin-4-nitroanilide
(Merck, Darmstadt, Germany) in 50 mM Tris-HCl,
pH 7.3; 15 mM glycyl-L-proline-4-nitro-anilide (Ba-
chem, Bubendorf, Switzerland) in 50 mM Tris-HCl,
pH 8.0; and 10 mM a-L- glutamic acid 4-nitroanilide
(Institute of Protein Chemistry, Hørsholm, Denmark)
in 50 mM Tris-HCl, pH 8.0 respectively. For all en-
zymes, activity is expressed per gram intestine and one
unit (U) of activity represents 1 lmol of substrate
hydrolysed per minute at 37 �C.

Haematology

Alanine aminotransferase (ALT), aspartate amino-
transferase (AST) and serum urea nitrogen (BUN) in
plasma were measured spectrophotometrically at
340 nm, cholesterol and triglyceride at 505 nm, and total
bilirubin (TBIL) at 545 nm using the ADVIA 1650
Chemistry System (Bayer, Munich, Germany). Plasma
concentrations of nonesterified fatty acids (NEFA) were
quantified enzymatically using a Wako Nefa C test kit
(Wako Chemichals GmbH, Neuss, Germany) and then
evaluated colorimetrically at 550 nm.

Statistical analysis

Body, small-intestinal and liver mass data were analysed
by analysis of co-variance (ANCOVA, SAS/STAT ver-
sion 8.1, SAS Institute, Cary, NC), with initial body
mass as the covariate, fasting as the fixed variable and
animal as the random variable. Remaining data were
analysed by a two-way ANOVA using the MIXED
procedure of SAS. Fasting and intestinal region were
considered as fixed variables, while animal and year were
included as random variables. The results are expressed
as the adjusted least-squares means (LSmeans) ±SEM,
except where noted. When a significant treatment effect
was found, differences between means were tested by the
least significant difference test or Student’s t-test.
P=0.05 was used as the critical level of significance for
all statistical evaluations.

Results

Clinical observations

The mink remained physically active after fasting, with
the exception of one mink that was less active but still
remained alert after 10 days of fasting. Initial body mass
tended to be higher for the mink fasted for 1 and 10 days
(1,483±147 g) compared with the other groups
(1,276±79 g). With fasting, mink experienced a signifi-
cant biphasic pattern of mass loss, with a rapid loss
during the first 4 days of fasting (16% reduction), no
reduction from day 4 to 6, followed by a second phase of
mass loss between day 6 and 10 (additional 16%
reduction) (Fig. 1).

Small intestinal mass and morphometry

Small intestinal mass decreased (P<0.05) after 1–2 days
of fasting (22%), remained stable the following days of
fasting and further decreased (by 13%) at 10 days of
fasting (Fig. 1). This decrease in mass was observed in
both the proximal and distal small intestinal regions
(data not shown). For fed control mink, villi of the
proximal small intestine were twice as high as those of
the distal small intestine (1,179±29 vs. 579±38 lm,
P<0.01) (Fig. 2). For the proximal small intestine villus
height decreased by 30% (P<0.001) after 1 day of
fasting and by 36% after 2 days with no further decrease
during the subsequent 8 days of fasting (Fig. 2). Fasting
had no consistent effects on either villus width (average
101±5 lm, data not shown) or crypt depth
(495±30 lm) for the proximal small intestine (Fig. 2).
Similarly for the distal small intestine, villus heights
decreased by 21% after 2 days of fasting with no further
reduction thereafter (Fig. 2). Villus width (125±9 lm,

Fig. 1 Body mass and small intestinal and liver masses in mink
fasted for 0 (control), 1, 2, 4, 6 and 10 days (LSmeans±SEM,
n=5). Means marked with the same letter do not differ significantly
(P<0.05)
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data not shown) of the distal small intestine did not
change with fasting, but crypt depth decreased by 40%
after 10 days (557±30 vs. 332±38 lm, P<0.0001)
(Fig. 2).

Enzyme activities

The data were statistically analysed across the values
obtained from both the proximal and distal small
intestine. Intestinal lactase activity increased by 35%
after 2 days of fasting (0.23±0.04 to 0.31±0.04 U g�1,
P<0.05) and then subsequently decreased to control
levels (Fig. 3A). Maltase activity increased by 100%
during the first 4 days of fasting (from 12.0±2.7 to
24.2±2.7 U g�1, P<0.0001), then decreased to control
levels during the subsequent days (13.1±3.2 U g�1 at
day 10) (Fig. 3A). Sucrase activity increased by 50%
during the first two days of fasting (1.1±0.2 to
1.7±0.2 U g�1 on day 2 of fasting, P<0.01), then si-
milarly decreased to control levels during the following
days (Fig. 3A). After 1 day of fasting, the activity of
ApA increased by 53% (2.0±0.2 to 3.1±0.2 U g�1,
P<0.01) and then decreased to control levels
(1.61±0.31 U g�1 on day 10) (Fig. 3B). DPPIV activity
increased by 46% after 4 days of fasting (3.6±0.6 to
5.2±0.6 U g�1, P<0.05) and then returned to fed
control levels by day 6 (Fig. 3B). There was no signifi-
cant effect of fasting on ApN activity analysed across
proximal and distal small intestine (average
6.0±0.6 U g�1). Although an increase of 38% was

observed after 1–2 days of fasting in the proximal small
intestine (6.3±0.8 to 8.6±0.8 U g�1, P<0.05), it was
followed by a subsequent decrease to control levels (data
not shown).

Liver mass and morphology

Liver mass decreased more rapidly than body mass
during the first day of fasting (18% reduction). From 1
to 6 days of fasting, liver mass remained stable, then
increased from 6 to 10 days of fasting, reaching a mass
similar to that of fed control mink (Fig. 1). Based on the
scaling system of Biourge et al. (1994), liver specimens
from mink either fed or fasted for 1, 2 or 4 days were
considered normal (grades 0–2), whereas the specimens
from animals fasted for 6–10 days clearly had accumu-
lated more lipid vacuoles (grades 3–5) (Table 1, Fig. 4).

Haematology

After 10 days of fasting, plasma concentration of he-
patic-associated enzymes increased compared to fed
animals (Table 1), ALT increased 15-fold (P<0.0001)
and AST increased 7-fold (P<0.0001). Fasting had no
effect on BUN, total bilirubin or triglyceride levels.
Cholesterol levels decreased after 1–2 days of fasting
(P<0.05) and thereafter increased to prefasting levels,
whereas NEFA increased after 1 day of fasting
(P<0.05), remained elevated for the next 6 days, fol-
lowed by a decrease to prefasting levels (Table 1).

Discussion

This study in mink demonstrates that small-intestinal
mass and villus height are significantly reduced after
only 1 day of fasting. Nevertheless, the reduction in
digestive capacity may be temporarily compensated for
by an initial up-regulation of enterocyte function as re-
flected in an increased intestinal brush-border enzyme
activity. This may allow the mink intestine to preserve
brush-border function, thereby providing full capacity
for substrate hydrolysis if feeding is resumed after a
short period of fasting.

The pattern of mass loss in response to fasting in
mink was similar to that described for other mammalian
species (Hoffer 1994). An initial rapid mass reduction is
observed from days 1 to 4 of fasting due to the mobili-
sation of glycogen deposits and labile proteins (glu-
coneogenic phase). Subsequently, there is a switch to
ketone-body utilisation and fat catabolism, resulting in a
slower mass reduction from days 4 to 6 of fasting
(protein conservation phase). By day 10 of fasting, most
lipid reserves are depleted and protein mobilisation in-
creases, causing a return to a more rapid mass reduction
(Hoffer 1994).

Fig. 2 Villus height and crypt depth in proximal and distal small
intestine in mink fasted for 0 (control), 1, 2, 4, 6 or 10 days
(LSmeans±SEM, n=5). Means marked with the same letter do not
differ significantly (P<0.05)
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The intestinal tract is a metabolically expensive organ
to maintain and an initial rapid decrease in intestinal
mass is an effective way to minimise energy expenditure
during food scarcity (Ferraris and Carey 2000; Secor
2001). In the present study, during the first 2 days of
fasting, the reductions in intestinal mass (22%) and
villus height (33%) were more pronounced than the loss
in total body mass (8%). There were no further de-
creases in villus height for the rest of the period and

intestinal mass remained stable for the following 4 days.
From days 6 to 10 of fasting, the intestinal mass
reduction (14%) was similar to the reduction in body
mass (16%). This strikingly rapid decrease in intestinal
mass has also been observed in rats, where 1–3 days of
fasting resulted in significant reductions in intestinal
mass and villus height (Steiner et al. 1968; McManus
and Isselbacher 1970). In addition, for rats maintained
on TPN for 15 days, a rapid and significant reduction in

Table 1 Haematology valuesa and liver biopsy scoresb of mink fasted for 0 (control), 1, 2, 4, 6 or 10 days (means±SEc, n=5)

Days of fasting 0 1 2 4 6 10

ALT (U l�1) 165±45a 244±132a 312±48a 380±220a 739±232a 2565±1042b
AST (U l�1) 94±17a 136±28a 127±8a 135±37a 241±45a 654±235b
BUN (mmol l�1) 5.6±0.5 2.8±0.5 4.2±0.6 4.0±1.3 4.4±0.7 4.1±0.1
TBIL (lmol l�1) 4.5±0.2 4.1±0.3 4.3±0.3 5.4±0.6 4.3±0.2 4.7±0.2
Cholesterol (mmol l�1) 6.1±0.4a 4.6±0.2b 4.7±0.1b 5.4±0.3a 5.5±0.3a 6.1±0.6a
Triglyceride (mmol l�1) 1.1±0.2 0.9±0.1 1.1±0.1 1.2±0.2 1.2±0.2 1.0±0.2
NEFA (mmol l�1) 0.96±0.07a 1.58±0.16b 1.31±0.14ab 1.60±0.11b 1.47±0.16b 1.24±0.13ab
Liver score 0.4±0.2a 0.2±0.2a 0.8±0.4ab 1.4±0.5b 3.6±0.2c 4.3±0.3c

Fig. 3 A Disaccharidase-
specific and B peptidase-specific
activities across the small
intestine in mink fasted for 0
(control), 1, 2, 4, 6 or 10 days
(LSmeans±SEM, n=5). ApA
Aminopeptidase A, ApN
aminopeptidase N, DPPIV
dipeptidyl peptidase IV. Means
marked with the same letter do
not differ significantly (P<0.05)

aALT Alanine aminotransferase, AST aspartate aminotransferase,
BUN blood urea nitrogen, TBIL total bilirubin,NEFA non-esteri-
fied fatty acids

bLiver score refers to degree of intrahepatic lipid accumulation as
evaluated according to Biourge et al. (1994)
cMeans with the same letter do not differ significantly (P<0.05)
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mucosal mass occurs after 3 days of TPN, with no fur-
ther reduction thereafter (Hughes and Dowling 1980).
TPN administration avoids the effects of a catabolic
body condition, but it is generally accepted that the
deprivation of enteral nutrients during administration of
TPN induces intestinal atrophy similar to fasting (Le-
vine et al. 1974; Miura et al. 1992; Ihara et al. 2000). The
reduction in intestinal mass observed in the present
study from 6–10 days of fasting was probably a result of
the catabolic effects of fasting, while in rats maintained
on TPN for 15 days no further reduction was observed
after the initial reduction (Hughes and Dowling 1980).

For mink, villus height was twice as high in the
proximal as in the distal small intestine. Nevertheless,
fasting resulted in significant villus atrophy in both re-
gions. This observation differs from studies in rats,
where 3 days of fasting caused significant villus atrophy
in the jejunum only, with no atrophy in the ileum
(Hughes and Dowling 1980; Holt et al. 1986). Villus
atrophy in response to fasting may be related to de-
creased enterocyte proliferation, increased apoptosis,
and changes in enterocyte dimensions (Ferraris and
Carey 2000; Dahly et al. 2002). These parameters may,
however, differ among species. Hence, for hibernating
ground squirrels, the intestinal epithelium turnover time
is 3 weeks compared with 3–5 days for non-hibernating
squirrels (Carey 1990). For rats fasted for 3 days, the
number of mitoses per crypt and the cell migration ratio
decreases significantly in the jejunum (Brown et al.
1963), whereas for the ileum, no change occurs (Holt
et al. 1986). Furthermore, increased apoptosis for apical
enterocytes is observed in both jejunal and ileal segments
after 24 h of fasting in rats (Iwakiri et al. 2001; Martins
et al. 2001), and a reduced enterocyte height after 3 days
of fasting has been noted in mice and rats (Brown et al.
1963).

In studies on digestive enzyme activities along the
small intestine in blue fox, mink, ferret, and rat, Oleinik
(1995) found that most brush-border enzyme activities
were highest in rats. In addition, rats exhibited a sig-
nificant gradient in brush-border enzyme activity,
decreasing from the proximal to the distal small-intes-
tinal regions, whereas the carnivores had a smaller
proximal to distal gradient. In rats, the most distal part

of the small intestine may serve to provide reserve
intestinal digestive capacity when digestive demands are
particularly high. In carnivores, such a ‘‘reserve zone’’
may not exist, possibly because they have a shorter
intestine (Oleinik 1995). The length of the mink small
intestine is only four times its body length, whereas for
rats the intestine is 10 times its body length (Stevens and
Hume 1995). Our findings, that fasting affected mor-
phometric parameters and brush-border enzyme activi-
ties in both the proximal and distal regions of the small
intestine in mink, support the view that carnivore species
may have less intestinal reserve capacity.

In this study, 2–4 days of fasting caused a significant
increase in the specific activity of lactase, maltase, su-
crase, ApA and DPPIV across regions, and an increase
of ApN activity specifically in the proximal region. After
10 days of fasting, the specific activity of all enzymes
had returned to prefasting levels. In a study on intestinal
adaptation in rats fasted 1–5 days, the activity of lactase
in the jejunum and of lactase and ApA in the ileum
increased initially and then decreased. However, jejunal
ApA and sucrase activity only decreased, and sucrase
activity in the ileum remained unchanged (Raul et al.
1982). In rats fasted or maintained on TPN for 5 days,
ApN and DPPIV activities initially increased for the
fasted rats, whereas both groups experienced significant
decreases in jejunal mucosal mass, cell proliferation and
sucrase and maltase activities (Ihara et al. 2000).

The increase in brush-border specific activity in fasted
mink may result from decreased enterocyte turnover or
changes in enterocyte size (Ferraris and Carey 2000;
Dahly et al. 2002). Brush-border enzyme activities are
highest in mature enterocytes; with decreasing entero-
cyte migration, the ratio of mature to immature cells
increases (Ferraris and Carey 2000). It appears that the
carnivorous mink is well adapted to preserve its digestive
capacity, despite loss of mucosal mass following short-
term fasting. The compensatory increase in brush-bor-
der enzyme-specific activities lasted 4–6 days, whereafter
the activities decreased to basal levels, resulting in a net
reduction in hydrolytic capacity at 10 days of fasting.
Although similar effects of fasting on selected enzymes
have been reported for omnivorous mammals (Altmann
1972; Levine et al. 1974; Park et al. 1998), it is note-
worthy that the tissue-specific activities of all six en-
zymes measured in this study remained at or above the
fed control levels for the whole length of the small
intestine even after 10 days of fasting.

During the initial fasting period, liver mass decreased
rapidly, possibly due to utilisation of intrahepatic

Fig. 4A–D Representative light micrographs of hematoxylin- and
eosin-stained tissue sections of the livers from fasted mink. Hepatic
structure was normal in A fed mink (biopsy score 0); B at 2 days of
fasting, small intracellular lipid vacuoles were visible (biopsy score
2) and at C 6 (biopsy score 4) to D 10 (biopsy score 5) days of
fasting lipid vacuoles increased in size and distribution. All images
were obtained at 100· magnification
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glycogen stores. However, by 10 days of fasting, liver
mass had increased to prefasting levels, despite the
concurrent loss in body mass. We found increased
accumulation of lipid vacuoles within the liver by 6–10
days of fasting and at the same time plasma levels of
hepatic-associated enzymes (ALT, AST) increased,
indicative of hepatic malfunction (Center 1998; Brown
et al. 2000). Nevertheless, after 10 days of fasting, the
mink showed minimal behavioural change and there
were no changes in plasma triglyceride, TBIL or BUN
levels. Concurrent with the increased hepatic lipid
accumulation there was an increase in circulating NEFA
from 1–6 days of fasting followed by a slight decrease at
10 days. Feline hepatic lipidosis (FHL) is a relatively
common disease of domestic cats, and it is initiated by a
prolonged period of anorexia and metabolic stress
(Brown et al. 2000). FHL is biochemically associated
with elevated serum levels of ALT, AST, triglycerides,
TBIL and NEFA because liver function is compromised
as a result of profound intra-hepatic lipid accumulation
and sometimes there is a decrease in BUN (Center 1998;
Pazak et al. 1998). For ferrets, pregnancy toxaemia is
characterised by an extreme catabolic state and accu-
mulation of intra-hepatic lipid vacuoles that appears
similar in aetiology to FHL (Batchelder et al. 1999).
Pregnancy toxaemia and FHL are both potentially fatal
conditions if not treated. Hepatic lipidosis is not com-
monly diagnosed in mink, although the syndrome
‘‘nursing sickness’’ seems to have a similar metabolic
aetiology (Wamberg et al. 1992). Our results suggest that
hepatic malfunction and mucosal atrophy with only
moderate enterocyte dysfunction may be associated with
conditions of anorexia and metabolic stress in strict
carnivorous mammals. Thus mink could serve as a
useful model for studying fasting-induced intestinal
atrophy as well as mechanisms causing accumulation of
intra-hepatic lipid vacuoles in other strictly carnivorous
mammals.
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