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Nursing sickness in the mink — a metabolic mystery or a familiar foe?
Kirsti Rouvinen-Watt

A b s t r a c t
Nursing sickness, the largest single cause of mortality in adult female mink (Mustela vison), is an example of a metabolic disorder,
which develops when the demands for lactation require extensive mobilization of body energy reserves. The condition is
characterized by progressive weight loss, emaciation, and dehydration with high concentrations of glucose and insulin in the
blood. Morbidity due to nursing sickness can be as high as 15% with mortality around 8%, but the incidence is known to vary
from year to year. Stress has been shown to trigger the onset of the disease and old females and females with large litters are
most often affected. Increasing demand for gluconeogenesis from amino acids due to heavy milk production may be a
predisposing factor. Glucose metabolism is inextricably linked to that of protein and fats. In obesity (or lipodystrophy), the ability
of adipose tissue to buffer the daily influx of nutrients is overwhelmed (or absent), interfering with insulin-mediated glucose
disposal and leading to insulin resistance. Polyunsaturated fatty acids of the n-3 family play an important role in modulating
insulin signalling and glucose uptake by peripheral tissue. The increasing demand on these fatty acids for milk fat synthesis
towards late lactation may result in deficiency in the lactating female, thus impairing glucose disposal. It is suggested that the
underlying cause of mink nursing sickness is the development of acquired insulin resistance with 3 contributing key elements:
obesity (or lipodystrophy), n-3 fatty acid deficiency, and high protein oxidation rate. It is recommended that mink breeder females
be kept in moderate body condition during fall and winter to avoid fattening or emaciation. A dietary n-3 fatty acid supple-
ment during the lactation period may be beneficial for improved glycemic control. Lowering of dietary protein reduces (oxidative)
stress and improves water balance in the nursing females and may, therefore, prevent the development and help in the
management of nursing sickness. It is also surmised that other, thus far unexplained, metabolic disorders seen in male and female
mink may be related to acquired insulin resistance.

R é s u m é
La maladie de la lactation, cause première de mortalité chez les femelles visons adultes (Mustela vison), est  un exemple de maladie métabolique
qui se développe lorsque les besoins pour la lactation demande une mobilisation marquée des réserves énergétiques corporelles. La
condition est caractérisée par une perte de poids progressive, une émaciation, de la déshydratation avec des concentrations sanguines élevées
de glucose et d’insuline. La morbidité due à cette condition peut atteindre 15% avec une mortalité d’environ 8%, mais l’incidence peut varier
d’une année à l’autre. Le stress est reconnu comme un élément déclencheur de la maladie et les femelles âgées de même que les femelles avec
des portées nombreuses sont les plus souvent affectées. La demande supplémentaire pour la gluconégénèse à partir des acides aminés, due
à la production lactée importante, pourrait être un facteur prédisposant. Le métabolisme du glucose est intimement lié à celui des protéines
et des gras. Lors d’obésité (ou lipodystrophie), la capacité du tissus adipeux à tamponner l’apport quotidien de nutriments est dépassée (ou
absente), ce qui interfère avec la disposition du glucose par médiation de l’insuline et entraîne une résistance à l’insuline. Les acides gras
poly-insaturés de la famille des n-3 jouent un rôle important en modulant la signalisation par l’insuline et l’acquisition du glucose par le
tissu périphérique. La demande croissante envers ces acides gras pour la synthèse de matière grasse dans le lait lors de la fin de la lactation
peut résulter en une déficience chez la femelle en lactation, et ainsi interférer avec la disposition du glucose. Il a été proposé que la cause
sous-jacente à la maladie de la lactation chez le vison est le développement d’une résistance acquise à l’insuline avec 3 éléments contributeurs
clés : l’obésité, une déficience en acides gras n-3, et un taux élevé d’oxydation des protéines. Il est recommandé que les visons femelles de
reproduction soient gardées dans des conditions de chair modérées durant l’automne et l’hiver afin d’éviter un engraissement ou
l’émaciation. Un supplément alimentaire d’acides gras n-3 durant la période de lactation pourrait être bénéfique pour améliorer le contrôle
de la glycémie. Une diminution de l’apport alimentaire en protéines réduit le stress oxydatif et améliore la balance hydrique chez les femelles
en lactation et peut, ainsi, prévenir le développement le maladie et aider dans la régie des femelles souffrant de maladie de la lactation. Il
est aussi proposé que d’autres désordres métaboliques, à ce jour inexpliqués, observés chez les visons mâles et les femelles pourraient être
reliés à une résistance acquise à l’insuline.

(Traduit par Dr Serge Messier)



I n t r o d u c t i o n
Nursing sickness is the largest single cause of mortality in adult

female mink (Mustela vison). It is a classic example of a metabolic
disorder, which develops when the demands for production require
extensive mobilization of body energy reserves. The female enters
a strongly negative energy balance and death usually follows soon
after the first clinical signs. The etiology of this disorder has eluded
scientists for decades (1) and there appears to be several contributing
constituents. Clausen et al (2), for example, characterize nursing
sickness as an unknown complex of nutritional, metabolic, and
environmental factors which influence the ability and capacity of the
lactating female to meet the extreme demands for energy turnover
and milk production. Any additional stress, such as sudden change
in environmental conditions, inanition, and inadequate availability
of feed and water, may be of clinical importance as precipitating
factors initiating clinical signs and further development of nursing
sickness (2). Another previously suggested model (3) for the
pathogenesis of nursing sickness considers the following causal
factors: fluid deficit, energy deficit, genetic susceptibility, and
stress. When these factors coincide during a period of susceptibility
in late lactation, nursing sickness will result (3). Although the
ranch level epidemiology and the clinical pathology of nursing
sickness are well documented, the cause of this metabolic disorder
remains unclear. This review paper will examine the known
contributing factors and will discuss a new hypothesis for the
pathogenesis of nursing sickness in mink.

Ranch level and individual level epidemiology
Studies on ranch level epidemiology in Denmark (2) and Canada

(4) indicate that the incidence of this metabolic disorder fluctuates
from year to year with a morbidity of 2 to 15% and mortality as high
as 8%. In Denmark it is estimated that about 30 000 to 150 000
females are lost annually due to this disease (5). The condition
most often affects older females and females with larger litters,
but is not associated with any particular colour type. Typical onset
of nursing sickness is seen around 42 d post-partum and mortality
around 46 d (4). 

At the individual level, the condition is characterized by
progressive weight loss, lethargy, loss of appetite, emaciation, and
extreme dehydration (2,6). The female is often unwilling to leave the
nest and may exhibit gastric ulcers and melena (2). There is also
evidence of hepatic lipidosis with distinct vacuolization of
hepatocytes and renal tubular epithelial cells, possibly indicating a
progressive catabolic state (2), as well as adrenal cortical
hyperplasia (7). The latter signs are also seen in healthy female
mink during the lactation period and are, therefore, not per se
indicative of nursing sickness (4,7). 

The clinical and biochemical signs related to severe extracellular
volume depletion, tissue catabolism, and emaciation include
extremely low concentrations of sodium and chloride in the plasma
and urine, abnormally high plasma concentrations of glucose,
protein, and creatinine, as well as increased osmolality, blood urea
nitrogen, phosphorus, and potassium (8). It is suggested (8) that the
high glucose and insulin levels are observed in response to stress-
induced release of regulatory hormones, such as epinephrine,

cortisol, and glucagon. There may also be a lowered peripheral
responsiveness to insulin, as well as impaired renal degradation of
insulin due to the concentrating ability of the kidneys being
compromised. However, there are no signs of lactic acidosis or
ketosis in the sick dams (8). Wamberg et al (8) defined nursing
sickness as “severe dehydration and emaciation due to heavy loss
of energy, water, and body mass along with increased milk
production” and characterize the condition by circulatory
insufficiency and distinct metabolic disturbances including hormonal
control mechanisms for protein degradation, glucose utilization,
energy conservation, and water and electrolyte turnover. In the
nursing female, coma and death are often imminent after the
clinical signs have been observed. Early in the disease some
individuals do respond well to oral, subcutaneous, or intraperitoneal
electrolyte therapy (5,9).

Effect of age, litter size, and weight loss
The increasing age of the lactating dam, followed by litter size

and female weight loss, have been indicated to be the major
determinants for the development of nursing sickness (2). Schneider
et al (4) have also singled out litter size as a factor consistently
associated with nursing disease. According to Korhonen and
others (10), mink females with average (4 to 6 kits) and large
(7 to 9 kits) litters lose significantly more weight 3 wk after
parturition compared to females with smaller litters. Moreover, the
number of kits and their total weight were both shown to be
important factors affecting the weight loss of the female (10).
The study by Clausen et al (2) demonstrated that female mink
affected by nursing sickness lose over 30% of their body weight
during lactation, whereas apparently healthy dams lost, on
average, only 14% (2). This was observed in both the standard black
and pastel colour type females. The total number and weight of the
kits raised by standard black females suffering from nursing
sickness was significantly larger 43 d postpartum than that of
healthy controls. However, in the pastel colour phase, the litter size
and the total litter biomass did not differ between the sick and the
healthy dams (2). No significant difference was observed in the
incidence of nursing sickness between the 2 colour phases of
mink (black 14.4%, pastel 14.6%) (2). 

Role of dehydration and salt deficiency
Hansen et al (11) have been able to produce biochemical changes

identical to those found in nursing sickness by using loop diuretics.
Findings, including extracellular volume depletion, dehydration,
aldosteronism, extremely low urinary sodium, and low urinary
osmolality, were consistent with those observed in nursing sickness;
however, no clinical illness was diagnosed in the lactating females
(11). The authors concluded that the volume depletion and salt
deficiency associated with nursing sickness are consequences of,
rather than reasons for, the disease. According to Hansen et al
(11) the real problem is the onset of inanition, which leads to salt
deficiency.

Dietary salt supplement of 1.2 to 1.3% in the dry matter is often
used in mink diets during the nursing period to avoid nursing
sickness (12). It is also suggested that salt acts as an appetite
stimulant (13). A salt level of 1.00 g NaCl MJ�1 in the feed has
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been shown to reduce the incidence of nursing sickness from 22%
down to 7% in the non-supplemented control diet (0.53 g NaCl
MJ�1) (13). Female weight loss was also reduced from 24% to 15%
due to the increase in the dietary NaCl level. It is noteworthy,
however, that the females fed the NaCl supplemented diet weaned
fewer kits (5.6 born, 4.5 weaned), than the females fed the non-
supplemented diet (5.7 born, 5.1 weaned) (13). Thus, it is unclear
whether the reduced nursing sickness incidence is a result of the salt
supplement or an outcome of the reduced nursing demand.

In a recent feed palatability study (14) the use of a 0.5% NaCl
supplement in the diet did not increase dry matter feed consumption
by female or male mink, whereas water intake and urine excretion
were significantly elevated. This may have significant practical
implications to the females’ water balance during lactation resulting
in reduced availability of water for milk synthesis. Furthermore, the
higher salt content may increase the water requirement of the kits
which are starting to consume solid feed around 25 to 26 d of
age (15), further accentuating the nursing demand on the female as
suggested based on practical observations (16). This is supported by
a recent finding by Clausen et al (17), who demonstrated that the kits
have a limited capacity to concentrate urine and excrete sodium, and
recommended that the dietary salt content should not exceed
0.5 g of NaCl per 100 kcal. For the nursing female, a dietary salt
supplement (0.42-0.50 g NaCl 100 kcal�1) may be considered
beneficial (17). This is possibly due to the increased water intake and
urine excretion (14), which keeps the kidneys perfused and
functional, and is thus similar to the effects of rehydration therapy
by oral or intraperitoneal electrolytes (5,9). 

Stress as a contributing factor
It has been demonstrated that plasma cortisol levels are elevated

in the female mink during the latter part of the nursing period
(approximately 80–90 nmol L�1) and peak around the time of
weaning (approximately 170 nmol L�1) (18). This stress response
appears not to be influenced by the actual time of weaning, for
example, whether it occurs at 42 versus 49 d of age (19). During
weaning stress the females stop eating and lose about 6 to 8% of their
body weight in 24 h (18). It is interesting to note that plasma
cortisol levels were significantly lowered about 1 wk after weaning,
implying reduced stress on the dams at this time point (18,19).
These results indicate that weaning is the most vulnerable and
stressful period to the mink dams irrespective of the actual timing
of weaning (19). Handling of females during this time is suggested
to be minimal as this may trigger the development of nursing
sickness post-weaning (18). This is in accordance with Schneider et al
(4,7) who reported postweaning cases of nursing sickness when the
kits were weaned at 6 wk of age. The authors conclude that weaning
may act as a stressor precipitating clinical disease in highly
susceptible females. The ranch incidence rate, however, was not
affected by the time of weaning (4). It appears that the metabolic
syndrome of nursing sickness is perhaps transitory in nature as
clinically ill females may show recovery if their level of stress is
reduced and the demands of lactation no longer exist. It is thus
necessary to emphasize the need for close monitoring of the females
and prudent weaning practices during the latter part of the 
nursing period. 

Glucose homeostasis and the requirements for
lactation
Gluconeogenesis and glycolysis

As an obligate carnivore, the mink has higher enzyme activities
for gluconeogenesis and amino acid catabolism than omnivore
species (20). According to Berestov (21), carnivore fur-bearing
animals have high serum glucose levels already during the first
months of life, the values ranging from 7.38 to 10.55 mmol L�1. In the
standard dark colour phase of mink, serum glucose values of 190 mg
100 mL�1 have been reported for males and 177 mg 100 mL�1 for
females at 6 mo of age (22). The mink can maintain a stable blood
glucose concentration when fed carbohydrate-free diets, except
when there is a shortage of amino acids, which are percursors of glu-
coneogenesis. Petersen et al (23) stated that mink are able to
maintain glucose homeostasis when glycogen stores are almost
exhausted and have shown that glycolytic and gluconeogenetic
enzymes are only of minor importance in regulating carbohydrate
metabolism in the liver. The activities of glucose-6-phosphatase
(G6Pase) and phosphoenolpyruvate carboxykinase (PEPCK)
activities have been shown to be very high in the mink (24),
indicating high capacity for gluconeogenesis. Moreover, the activities
of G6Pase and pyruvate kinase (PK) were significantly higher in
females in comparison to males (24). The female mink can, therefore,
be expected to exhibit more pronounced gluconeogenesis and
glycolysis than the male. As a result, her metabolism may be more
responsive to dietary protein and amino acid levels, as well as
capable of more rapid mobilization of glucose reserves. Fink and
Børsting (25) have recently demonstrated that the lactating mink has
indeed a high ability to adapt to variations in the supply of dietary
protein as well as carbohydrates. 

The mink is able to regulate the intestinal brush-border sugar
transporter activity in response to changing levels of carbohydrates
in the diet (26). This is unlike another strict carnivore, the cat,
which cannot increase sugar uptake from the gut lumen and
develops diarrhea when fed large amounts of carbohydrates (27). The
mink also has the ability to store excess glucose as glycogen when
fed substantial amounts of carbohydrates (20). 

Milk production
The mink produces milk with a high dry matter and energy content

(28). The dry matter content increases from 19.5% day 3 post-partum
to 25.3% at day 25 and up to 37.6% at day 39, whereas the fat content
increases from 38.5% to 40.7% and 49.7%, respectively. During the
same time frame the milk protein levels are 37.9%, 30.0%, and 25.8%,
and lactose levels 11.3%, 4.0%, and 0.3% (28). During the 3rd to 4th wk
of lactation the mink dam produces up to 190 g of milk per day
(29), which equals nearly 20% of her own body weight, placing very
heavy demands on energy metabolism during this time. The daily
output of lactose and other sugars in the milk of the female mink
nursing a litter of 8 kits is at least 9 g per day (20), which is within the
same range as the total absorption of glucose (30). According to
Børsting and Gade (20), gluconeogenesis from amino acids accounts
for over 70% of the glucose requirements in lactating mink. Litter size
has been shown to influence the rate of glucose synthesis. Børsting and
Damgaard (30) observed higher glucose production in females
nursing 8 kits in comparison to those nursing only 4, placing greater
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demands for gluconeogenesis by females with large litters. This
increased demand for glucose may be considered a significant
predisposing factor for the development of nursing sickness. Thus,
the etiology appears to be closely tied with a disruption in glucose
homeostasis, as suggested by Børsting and Gade (20). 

It is interesting to note, however, that in a glucose tolerance test (31)
the tolerance curves did not differ between female mink nursing
small or large litters. On the other hand, the blood insulin concentration
was found to be higher 2 h postprandially in the nursing female
mink (30) than what was observed after an intravenous infusion of
glucose in the tolerance test (31). This suggests a more pronounced
regulation of insulin (and perhaps also glucagon) by plasma amino acid
levels rather than by glucose, a mechanism similar to that observed in
the cat (32). The lack of a directly glucose-dependent regulation of
insulin may contribute to the disruption in glucose homeostasis
during the nursing period, where gluconeogenesis from amino acids
(high protein diets traditionally fed during nursing) and dietary
carbohydrate both elevate blood glucose.

Energy nutrition during lactation
Fink and others (25,33) have recently shown that the lactating

mink dam is capable of utilizing high dietary carbohydrate levels
without critical elevation in blood glucose when fed diets with
varying metabolizable energy (ME) ratios from protein (CP), fat (CF),
and carbohydrates (CHO). Feeding of the lowest protein diet, with
an ME ratio of 31:37:32 (CP:CF:CHO), resulted in the lowest heat
production in the nursing females and the least amount of protein
being oxidized for energy purposes (33). The females also produced
the most milk and raised heavier kits (33). These results are in
agreement with a study by Pölönen and coworkers (34) who
demonstrated that a dietary corn syrup supplement, a readily
available carbohydrate source, helped maintain female body
condition during lactation. Lowering the dietary protein level and
elevating the carbohydrate content during lactation may also have
significant practical implications. There appears to be a possibility,
by dietary manipulation, to reduce heat stress on the female by
lowering heat production and consequently reducing the need for
heat dissipation particularly during hot weather. Also, the amount
of water voided in the urine on a low protein, high carbohydrate diet
is less, due to a reduced requirement for the excretion of nitrogen
from protein catabolism (33). This can be expected to result in
lower stress levels in the dam as well as improve water balance and
thus help prevent or manage nursing sickness.

Seasonal changes in mink body condition
Dietary fat is the main source of energy for mink, contributing

about 35 to 55% of the animals’ ME requirement. During the fall,
from September to November, the mink lays down substantial
subcutaneous, mesenteric, and inguinal fat depots to serve as
energy reserves during winter (35,36). These labile stores are
extensively mobilized and used for energy during fasting or food
deprivation, and for the production of milk fat by the female. In the
mink de novo synthesis of fatty acids in the mammary gland accounts
for only 5% of milk fat production (37), the rest being derived
from external sources, such as the diet and body fat deposits. The
profiles of dietary marine, animal, and plant fat sources differ

greatly, and result in respective changes in mink body (15,35) and
milk fatty acid profiles (37). Calculations based on estimated milk
production volumes (29) and the reported milk fat content (28)
show that the female mink transfers about 20 g of milk fat a day
during the 3rd to 4th wk of lactation. This demand is estimated to
nearly double in late lactation as the fat content in the milk continues
to increase (28).  Strong dietary linkage to nursing sickness may be
surmised as there is evidence that a diet based on poultry offal has
resulted in extremely high incidence, with over 40% morbidity
and over 30% mortality (38).

Body weight of the mink fluctuates markedly according to season
being, the heaviest during the winter and the lowest during the
summer months (39). Short-term variations in body weight can
be observed particularly during winter due to weather conditions,
cold weather inducing both reduced feed intake and significantly
diminished locomotor activity (40). The total daily rate of activity
from January to February (average ambient temperature between
�8 and 0°C) is about 198 min, with no relationship between
locomotor activity and feed consumption or locomotor activity
and body weight. The smaller mink were, however, shown to eat
more frequently (40). These data are for male mink only, but may be
expected to be similar for the females, as well as indicating a
relatively sedentary lifestyle. The winter months preceding the
breeding season (in March) are the time when the mink possess the
largest deposits of adipose tissue (35,36). 

Tauson (41), as well as Korhonen and Niemelä (36), suggested
that breeder mink should be put on a restricted feeding regime during
the fall to keep them in moderate condition and to avoid excessive
fattening. They also argue that the breeding success of obese mink is
poor as a result of larger number of barren females and increased kit
losses. Nutritional flushing, where the female mink is slimmed down
by restricting feed intake and then brought up in body condition by
ad libitum feeding prior to breeding, is a common management
practice particularly regarding young females in order to increase
reproductive success (41). Older females are often not slimmed down
prior to breeding, as no reproductive advantage has been demon-
strated. According to Tauson and Aldén (42) female mink aged 1 to 3 y
tend to perform better on a high feeding intensity, whereas older mink
give best results at a low feeding level. This close relationship between
the plane of nutrition and reproductive longevity has also been
demonstrated in the males (43). Restrictive feeding of the female
mink during pregnancy, on the other hand, has been shown to reduce
litter size, increase preweaning mortality, and result in reduced
weight gain of the kits (44). It is evident that the mink is subject to
fluctuations in body condition due to seasonal changes in plane of
nutrition as well as hormonal status and that these changes influence
body condition impacting both health and reproductive success. 

A  m e t a b o l i c  m y s t e r y  o r
a  f a m i l i a r  f o e ?

Rearranging the puzzle
The puzzle of nursing sickness still remains to be solved. The

previously suggested model (3) for the pathogenesis considers 4 main
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factors: 1) fluid deficit, 2) energy deficit, 3) genetic susceptibility,
and 4) stress. These all influence a period of susceptibility resulting
in nursing sickness. The fluid deficit is affected by kits, temperature,
and water source, and the energy deficit by feed composition,
whereas the genetic susceptibility has been linked to colour type. The
dam’s stress level, on the other hand is, influenced by weaning, cage
design, and environmental factors (3). This model is complex and
detailed, yet very general, and it does not adequately explain the
causative relationships between the contributing factors and nursing
sickness. Many of the key components have been investigated to date
as potential primary causes, but they appear to be consequences or
symptoms rather than actual precipitating factors. Therefore, a
thorough re-examination of the proposed model is warranted. 

Glucose, lipid, and protein metabolism connected 
As previously outlined, glucose homeostasis in the mink is

directly dependent on protein and amino acid nutrition. However,
the metabolism of both carbohydrates and protein is inextricably
linked to that of lipids, which have received very little attention
regarding the etiology of nursing sickness. The role of the adipose
tissue is to buffer the daily influx of dietary nutrients and to
maintain energy homeostasis in the body through multiple
mechanisms (45). Increasing fat storage in adipose tissue, as seen in
obesity, can lead to widespread changes in glucose and lipid
metabolism, and other physiological systems (such as the
cardiovascular system) (45). It is noteworthy that the normal
buffering capacity of adipose tissue is also lost in lipodystrophy, the
absence of adipose tissue (45). When the buffering capacity of
adipose tissue is overwhelmed (or adipose tissue is not present), fat
is accumulated in other tissues interfering with insulin-mediated
glucose disposal. This leads to the development of acquired insulin
resistance, also commonly known as type 2 diabetes or 
syndrome X (45). It appears that adipose tissue, as a major endocrine
and secretory organ (46), is able to regulate lipid metabolism
locally, as well as in the liver, muscle, and brain (47). From the
standpoint of the female mink, the development of hyperglycemia
and hyperinsulinemia and, potentially, insulin resistance is a
possible result of being either obese or emaciated. 

Recently, it has been shown in rats that dietary fish oil reduces blood
glucose levels, improves glucose tolerance, and increases insulin-
stimulated glucose transport and metabolism in fat cells (48). Compared
to saturated fats and fats high in the n-6 fatty acids, fish oils high in
polyunsaturated n-3 fatty acids also reduce the amount of white
adipose tissue (48). It is plausible that the n-3 fatty acids may play a role
in regulating glucose homeostasis in the nursing female mink. The
increasing demand for milk fat synthesis towards late lactation (28),
and the prominent levels of the n-3 fatty acids in mink milk (37),
can be expected to result in increasing amounts of the n-3 fatty acids
being secreted in the milk. Since the mink mammary gland does not
possess chain elongation and desaturation enzyme systems (37), the
n-3 fatty acids must originate either from the diet or from the labile
stores of body fat. Based on the estimated milk volumes (29), milk fat
percentages (28), and the dietary and milk fatty acid profiles (37) it can
be extrapolated that a deficiency in n-3 fatty acids may develop in the
nursing female mink during peak to late lactation. This in turn may
result in reduced insulin signalling and the development of

hyperglycemia. The implication of the role of n-3 fatty acids in the
development of hyperglycemia, and subsequently nursing sickness,
is consistent with the higher nursing (milk fat) demand posed by a large
litter (2,4). Weaning and the cessation of lactation also eliminates
the augmented demand for n-3 fatty acids. Interestingly, the lower lev-
els of n-3 fatty acids present in poultry fat (15) may offer an explanation
to the dramatically higher incidence of nursing sickness reported
when fed a poultry-based diet (38). 

It is conceivable that the metabolic syndrome known as nursing
sickness in the mink is closely linked to fatty acid metabolism and
the degree of obesity or lipodystrophy. Rearranging the suggested
relationships between the previously identified contributing factors
(3) and considering 2 additional parameters, namely hyperglycemia
and insulin resistance, to be pre-existing conditions rather than
just clinical symptoms of nursing sickness dramatically alters the
proposed pathogenesis cascade for this metabolic disorder. I suggest
the possibility that the underlying cause of nursing sickness in
the mink may be acquired insulin resistance. The history of obesity
(or lipodystrophy) and the development of n-3 fatty acid deficiency
during lactation are suggested as the main causal factors.

In addition to obesity (or lipodystrophy) or n-3 deficiency, there
may be yet another contributing element. Oxidative stress is
suggested to play a key role in the etiology of degenerative diseases,
such as cataractous lenses, atherosclerosis, rheumatoid arthritis,
Alzheimer’s disease, and diabetes (49). In diabetic patients, blood
plasma protein fluorescence is increased and vitamin C concentration
reduced, indicating increased protein oxidation (49). The high
protein diet traditionally fed to mink during the breeding and
lactation periods is likely to subject the breeder females to high
oxidative stress. Increased protein oxidation rates with increasing
levels of dietary protein has been documented in lactating mink
(25,33). In poultry production, high dietary protein levels have
been demonstrated to directly regulate lipid metabolism (50). A rapid
decrease in the expression of genes implicated in lipogenesis was
observed, such as fatty acid synthase, acetyl CoA carboxylase, and
malic enzyme (50). In the same study (50), plasma thyroxine, uric
acid, and non-esterified fatty acids (NEFA) were shown to be
elevated by high protein feeding. 

Evidence shows that feeding diets of high protein, subjects the
lactating female mink to significant increases in metabolic rates (33),
predisposing them to high oxidative stress (49). High protein diets
may also directly alter lipid metabolism (50). This hypothesis may
further explain the extremely high nursing sickness morbidity and
mortality reported in the mink when they are fed poultry based diets
(38). In a pathological study (38), the level of dietary protein was over
60% in dietary dry matter contributing around 60% of ME. It is
possible that the level of dietary protein plays a role in the
development of nursing sickness in mink. The mechanism by
which this may happen is 2-fold, namely by causing increased
oxidative stress resulting in depletion of protective antioxidants (49)
and by elevating the levels of circulating NEFA (50), both leading
to insulin resistance.

Acquired insulin resistance
The most typical clinical signs of acquired insulin resistance

(type 2 diabetes) in other (carnivore) species include hyperglycemia
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(extracellular glucose excess), reduced uptake of glucose by cells
(intracellular glucose deficit), insulin resistance by peripheral tissue,
renal failure if uncontrolled, and significant muscle and adipose
tissue breakdown. The condition is also aggravated by stress and is
often associated with obesity and a sedentary lifestyle (51–53). 

There are currently no reports in the literature that describe
insulin resistance or diabetes mellitus in the mink. The condition is
also poorly understood in a closely related member of the weasel
family, the ferret (Mustela putorius) (54). A case report on a wild-
caught, male, black-footed ferret (Mustela nigripes) describes weight
loss, polyphagia, polydipsia, and polyuria. Pathological findings
included hyperglycemia, elevated concentrations of aspartate
amino transferase and lactate dehydrogenase, as well as glucosuria
and ketonuria (54). Inadequate insulin release or peripheral
resistance were suggested to be the causal factors. According to Fox
and Marini (54) additional clinical experience and more detailed case
reports are required to more fully characterize diabetes mellitus in
the ferret. The similarities between the clinical symptoms of the
metabolic syndrome associated with acquired insulin resistance and
the nursing sickness observed in the mink are striking and ought to
be further investigated. 

New hypothesis for the pathogenesis of nursing
sickness in the mink

The proposed new hypothesis for the pathogenesis of nursing
sickness is presented in Figure 1. There are 3 key components in this
model: 1) history of obesity or lipodystrophy; 2) development of n-3
fatty acid deficiency; and 3) high protein oxidation rate, which
may together or independently lead into the development of
acquired insulin resistance. The animal’s body condition and com-
position are affected by genetic susceptibility and by management
(diet), whereas the high protein oxidation rate is induced by a
high protein diet. The acquired insulin resistance has 2 significant
associated factors, namely fluid and energy deficit. The precipitating
factor in the development of nursing sickness is stress, the level of
which is influenced by the number of kits; the process of weaning;

and the environment of the mink, such as cage design, temperature,
and water source. According to this model, the clinical manifesta-
tion of nursing sickness equals the terminal stage in type 2 diabetes,
where the animal is “starving in the midst of plenty” (51) with
increased tissue catabolism, has developed glucose-induced diure-
sis with very low urinary sodium and chloride concentrations,
and is severely dehydrated. At this stage coma and death are often
imminent. 

Until a more complete understanding of the causative components
of nursing sickness and an effective (preventive) treatment are
available, it is recommended that female breeder mink be maintained
in moderate body condition to avoid obesity and emaciation and the
potential development of acquired insulin resistance. This is very
important for the proper conditioning of females during the fall and
winter in preparation for breeding, as well as during pregnancy and
lactation. In order to alleviate nursing burden on the females, large
litters may be fostered. Stress should be reduced during late
lactation and around the time of weaning by providing a cool and
quiet environment, palatable feed, ample water, and avoiding
unnecessary handling. Early weaning may also be helpful in
preventing the onset of the catabolic state. A dietary n-3 fatty acid
supplement, especially during the lactation period, may be beneficial
for improved glycemic control in the nursing female mink. Lowering
of the dietary protein and elevating the level of carbohydrates
may alleviate both oxidative stress and heat stress on the nursing
females. This dietary change also reduces the amount of water
voided in the urine due to reduced protein catabolism aiding in the
prevention and management of this complex metabolic syndrome.

C o n c l u s i o n s
In summary, it is postulated that the underlying cause of mink

nursing sickness is the development of acquired insulin resistance.
There are 3 possible key elements leading to this development in the
female mink: 1) obesity or lipodystrophy, 2) n-3 fatty acid deficiency,
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Figure 1. Proposed hypothesis for the etiology of nursing sickness in mink.



and 3) high protein oxidation rate. Given the widespread incidence
of type 2 diabetes in carnivore companion animals it may be
surmised that other, thus far unexplained, metabolic disorders
seen in both female and male mink during other times of the
production cycle may have their origins in the acquired insulin
resistance syndrome. The mink may offer a new animal model for
the study of diabetes in carnivores and may also provide a useful
new research tool for human medicine.
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