Monitoring blood glucose levels in female mink
during the reproductive cycle:
2. Effects of short-term fish oil, chromium picolinate,
and acetylsalicylic acid supplementation during late lactation
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Abstract

Mink nursing sickness is a metabolic disorder characterized by hyperglycemia that is similar to the metabolic syndrome associated
with type 2, or non-insulin-dependent, diabetes mellitus. This research studied the effects of short-term administration of
antidiabetic supplements on the blood glucose concentration in female mink during late lactation. Female mink that had blood
glucose levels < 5.5 mmol/L (normoglycemic [NG]) or = 5.5 mmol/L (hyperglycemic [HG]) early in lactation were given daily
supplements of various combinations of herring oil (HerO, 3% in diet), chromium picolinate (CrPic, 200 p.g), and acetylsalicylic
acid (ASA, 100 mg) for 1 wk starting at day 21 post partum. In the NG mink, most of the treatments did not significantly change
the blood glucose concentration from day 28 to 42 post partum. However, treatment with ASA alone and treatment with the
combination HerO-CrPic-ASA elevated the blood glucose levels when compared with those of the control group, which had
received just the basal diet. In the HG mink, all treatment combinations except CrPic alone and ASA alone, reduced the blood
glucose concentration. Thus, in lactating mink with hyperglycemia, the blood glucose concentration may be effectively lowered
by dietary antidiabetic supplementation; however, because hyperglycemia also occurs before nursing, preventive measures are
recommended throughout the year.

Résumé

Chez le vison la maladie de I'allaitement est un désordre métabolique caractérisé par une hyperglycémie et est similaire au syndrome
métabolique associé avec le diabéte mellitus de type 2, dit non insulino-dépendant. Au cours du présent projet on a étudié les effets d'une
administration de courte durée d'un supplément anti-diabéte sur la glycémie de visons femelles tard dans la période de lactation. Les visons
femelles qui avaient des niveaux de glucose sanguin < 5,5 mmol/L (normoglycémique [NGI) ou = 5,5 mmol/L (hyperglycémique [HG])
tot dans la période de lactation ont regu un supplément quotidien de différentes combinaisons d’huile de hareng (HerO; 3 % dans la diéte),
de picolinate de chrome (CrPic; 200 ug) et d’acide acétylsalicylique (ASA; 100 mg) durant 1 semaine débutant au jour 21 de la lactation.
Chez les visons NG, la plupart des traitements n’ont pas modifié de maniére significative la glycémie entre les jours 28 a 42 de la lactation.
Toutefois, un traitement avec de I’ ASA seule et un traitement avec la combinaison HerO-CrPic-ASA ont fait augmenter les niveaux de glucose
sanguin comparativement a ceux du groupe témoin, qui n’avaient recu qu'une diete de base. Chez les visons HG, toutes les combinaisons de
traitement excepté celui de CrPic seul et celui d’ASA seule ont réduit la glycémie. Ainsi, chez les visons en lactation avec hyperglycémie, la
concentration de glucose sanguin peut étre réduite efficacement par une supplémentation alimentaire anti-diabétique; toutefois, étant donné
que I'hyperglycémie se produit également avant 'allaitement, des mesures préventives sont recommandées durant toute I'année.

(Traduit par Docteur Serge Messier)
Introduction

to nursing sickness (1,3), which is characterized by progressive
weight loss, lethargy, loss of appetite, extreme dehydration (4), and

The nursing period is a time of critical importance during the
reproductive cycle of the mink dam. As lactation progresses, the
ability of the mink female to meet increasing energy demands is
influenced by various metabolic, nutritional, and environmental
factors (1,2). Body reserves are frequently mobilized in order to
cover production requirements. Excessive mobilization often leads

high blood glucose and insulin levels (3). Acquired insulin resistance
has been proposed as the underlying cause of nursing sickness in
the mink female (2).

Within normal pregnancy, insulin resistance develops, favoring
glucose supply to the developing fetus and milk production; glucose
homeostasis is restored at the cessation of lactation (5). However,
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obesity or lipodystrophy (deficiency of body fat), deficiency of n-3
polyunsaturated fatty acids (PUFA), oxidative stress, or a combina-
tion of these factors may aggravate this metabolic response, resulting
in hyperglycemia and possibly acquired insulin resistance in the
mink dam (2). Closer examination of glycemic control in the mink
dam during lactation may provide further insight into the events
leading to high blood glucose levels. The purpose of this research
was to develop a more complete understanding of the immediate
causative components of hyperglycemia and to evaluate short-term
administration of potential antidiabetic treatments for the prevention
or reversal of hyperglycemia during late lactation. Oxidative stress
was also evaluated in relation to glycemic control and the studied
dietary supplements.

Materials and methods

Animals

Forty-eight yearling female mink were randomly selected from
the herd at the Canadian Centre for Fur Animal Research, Truro,
Nova Scotia. The animals were housed in individual cages, with
water provided ad libitum. The experimental procedures and
husbandry conditions were approved by the Animal Care and Use
Committee of the Nova Scotia Agricultural College and in accordance
with the guidelines of the Canadian Council on Animal Care (6).

Sample collection and analysis

On days 10, 21, 28, 35, and 42 post partum, a sample of capillary
blood was collected from each dam approximately 90 min post-
prandially for measurement of the glucose concentration, and the
dam body weight and body condition score (BCS) and the litter
size and weight were measured, as previously described (7). At late
lactation (on day 42 post partum), an additional capillary blood
sample was taken for comet assay, a measure of oxidative stress, as
previously described (8).

Experiment

The experiment had a randomized complete block design with a
2% factorial (3 replicates) arrangement of treatments, the main effects
of day and treatment being used to evaluate factors associated with
blood glucose concentration and oxidative stress. The mink dams
were classified by the blood glucose concentrations on days 10 and
21 post partum as normoglycemic (NG; concentration < 5.5 mmol/L
on both days) or hyperglycemic (HG; concentration = 5.5 mmol/L
on either day) and randomly assigned to 1 of 8 dietary treatments,
with 3 NG and 3 HG females per treatment. The treatments were
based on combinations of established antidiabetic, antioxidative, or
anti-inflammatory agents. Starting on day 21 post partum, 1 of the
following 8 treatments was administered daily for 1 wk.

1. Nonsupplemented wet mink-lactation ration, which also served
as the basal diet (control diet).

2. Addition of dietary herring oil (HerO) at a 3% inclusion level.

3. Supplementation with chromium picolinate (CrPic), 200 wg/d.

4. Supplementation with HerO and CrPic (HerO-CrPic).

5. Supplementation with acetylsalicylic acid (ASA), 100 mg/d.

6. Supplementation with HerO and ASA (HerO-ASA).

Table I. Mean (least-squares) blood glucose concentration,
averaged over days 28 to 42 of lactation, for mink dams fed
an experimental diet for 7 d from day 21

Dams;? glucose

concentration,

mmol/L, mean
(and standard error)

Diet” NG HG pe

Basal (control) 3.8(0.8) 9.9 (0.8) < 0.001
HerO 4.6 (0.7) 4.6 (1.0) 0.734
CrPic 5.0 (1.0) 6.4 (0.7) 0.277
HerO-CrPic 5.0 (0.8) 5.4 (0.8) 0.679
ASA 7.9 (0.8) 6.5 (0.8) 0.713
HerO-ASA 4.2 (0.8) 5.3(0.8) 0.402
CrPic-ASA 4.8 (0.8) 5.3(0.8) 0.391
HerO-CrPic-ASA 5.7 (0.8) 4.8 (0.8) 0.224

@ Classified by the blood glucose concentrations on days 10 and
21 post partum as normoglycemic (NG; concentration < 5.5 mmol/L
on both days) or hyperglycemic (HG; concentration = 5.5 mmol/L
on either day).

b Basal diet alone or with supplementary herring oil (HerO, 3% inclu-
sion per day), chromium picolinate (CrPic, 200 ng/d), acetylsalicylic
acid (ASA, 100 mg/d), or a combination of supplements.

¢ As determined with transformed data.

7. Supplementation with CrPic and ASA (CrPic-ASA).
8. Supplementation with HerO, CrPic, and ASA
(HerO-CrPic-ASA).

Statistical analysis

Blood glucose data were analyzed by means of the MIXED proce-
dure for repeated measures with SAS, version 8 (SAS Institute, Cary,
North Carolina, USA). Blood glucose levels, dam weights, and litter
weights at days 10 and 21 and dam color phase were used as covari-
ates. An inverse transformation was applied to the blood glucose
data to achieve normality. Results are reported for nontransformed
blood glucose data with the use of significance as determined for
transformed data. The comet assay score was evaluated with the
MIXED procedure, with blood glucose levels, dam weights, and
litter weights on days 10 through day 42 being used as covariates.
Covariates not found to influence the variables (P > 0.15) were not
included in the model. Results are reported as least-squares means
(with standard error in parenthesis). A statistical significance level
of P < 0.05 was used unless otherwise stated.

Blood glucose concentration

A significant interaction effect of HerO-CrPic-ASA supplemen-
tation and glycemic status on blood glucose concentration was
observed. As shown in Table I, within the control group, NG females
had significantly lower mean blood glucose values (P < 0.001) than
HG females during weeks 4 to 6 of lactation, at 3.8 (0.8) versus
9.9 (0.8) mmol/L. No other significant differences were observed
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Figure 1. Mean (least-squares) blood glucose levels, with standard errors,
averaged over days 28 to 42 of lactation, for normoglycemic mink females
fed the basal, control diet (CTRL) or the basal diet plus various combina-
tions of herring oil (Her0), chromium picolinate (CrPic), and acetylsalicylic
acid (ASA) for 1 wk from day 21. Means with the same letter(s) are not
significantly different, as determined with transformed data (P < 0.05).
Broken line indicates the cutoff point for normoglycemia (5.5 mmol/L).

in blood glucose values from day 28 to 42 post partum between the
NG and HG females receiving the same treatment. Dam weights,
litter weights, and color type did not affect the blood glucose levels
observed at late lactation.

Among the NG females (Figure 1), blood glucose levels were
significantly increased from day 28 to 42 post partum in those
treated with ASA as compared with the control group (P = 0.001),
at 7.9 (0.8) versus 3.8 (0.8) mmol/L. Although HerO and CrPic
alone did not significantly alter blood glucose levels, the combina-
tion HerO-CrPic-ASA increased the blood glucose concentration to
5.7 (0.8) mmol/L, significantly greater (P = 0.01) than the control
mean. No other statistically significant effects on blood glucose
levels of NG dams during late lactation were observed among the
treatments when compared with the control diet.

In contrast, HG females (Figure 2 and Table II) in the control group
showed significantly higher blood glucose levels from day 28 to
42 post partum than those fed HerO (P = 0.01), HerO-CrPic (P = 0.03),
HerO-ASA (P = 0.03), CrPic-ASA (P = 0.003), or HerO-CrPic-ASA
(P = 0.003), for whom the mean blood glucose levels were below
the initial hyperglycemia criterion of a value of = 5.5 mmol/L on
day 10 or 21 post partum.

Oxidative stress

The comet score, a measure of oxidative damage, was not signifi-
cantly affected by the glycemic status of the mink dam as assessed
at day 10 or 21 post partum, nor did the mean score associated with
each treatment differ significantly from that for the control group
(Figure 3). However, evidence of increased oxidative damage was
observed in mink dams administered supplemental HerO alone,
whose mean score was 54 (6), significantly more than that of the
females treated with HerO-CrPic (33 [5]; P = 0.01), ASA (31 [5];
P =0.005), CrPic-ASA (32 [5]; P = 0.01), or HerO-CrPic-ASA (37 [5];
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Figure 2. Mean blood glucose levels for hyperglycemic mink females receiv-
ing the same experimental dietary treatments. Details as for Figure 1.

P =0.04). Females given supplementary CrPic alone had a higher
mean comet assay score (48 [6]) than those given ASA alone (P = 0.04)
or the combination CrPic-ASA (P = 0.05).

Dam death

At day 42 post partum, 2 HG females displayed typical signs of
nursing sickness: sunken eyes, emaciation, and lethargy. Dam A had
received the CrPic-ASA treatment, whereas dam B was in the control
group. Dam A was unresponsive and appeared to have deteriorated
further than dam B. Severe hyperglycemia was observed in dam B
but not dam A (Table II). At autopsy, low body fat stores were found
in both animals, and their stomachs were contracted and without
content.

Our data indicate that, within the control group, late-lactation
blood glucose levels were significantly higher among mink dams
that early in the nursing period had shown elevated blood glucose
levels in comparison with females that had normal levels at that
time. During gestation and lactation, healthy individuals maintain
glucose homeostasis in spite of the adaptive increase in insulin
resistance because of a compensatory increase in insulin secretion by
pancreatic 3-cells (5). Deterioration to postprandial hyperglycemia
occurs when insulin resistance increases further, the compensatory
insulin-secretion response decreases, or both (9,10). Research sug-
gests that humans experiencing gestational and postpartum insulin
resistance have a degree of insulin resistance before their pregnancy,
a condition that is partially inherited and partially acquired (5,11).
Previous studies have identified genetic transmission of glucose
intolerance (12-14) and pregestational obesity (15,16) as determi-
nants for the development of hyperglycemia during gestation. The
implication is that hyperglycemia is not a transient condition in
nursing female mink and that those experiencing problems with
glucose regulation early in lactation may be susceptible to similar
problems as lactation progresses.
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Table Il. Details for 2 dams exhibiting typical signs of nursing
sickness at day 42 post partum

Variable Dam A Dam B
Dietary group CrPic-ASA Control
Blood glucose level, mmol/L
Day 42 5.8 171
Day 43 3.4 27.9
Day 44
am 3.4 6.1
pm 4.6 2.0
Diagnosis Valvular None

endocarditis

Although dam body weight and condition and litter weight and
size were not found to immediately affect the blood glucose levels
observed in the mink dams during late lactation, it is possible that
the initial defects in glucose homeostasis occurred earlier in the
reproductive cycle. Previous research has shown that autumnal
fattening in mink, fed at 120% of the recommended dietary allow-
ance (RDA) of metabolizable energy over a 4-mo period, resulted in
higher blood glucose values in males and females and higher insulin
levels in males in comparison with those fed the RDA or less (17).
In a study by Bersting and Damgaard (18), the increased demand
for milk production placed on females nursing 8 kits resulted in
higher glucose production than in those nursing only 4 kits. With the
development of insulin resistance during pregnancy, a mechanism
favoring glucose supply to the growing fetus (5), a similar increase
in glucose demand associated with carrying larger litters is to be
expected. This increased demand may aggravate underlying insulin
resistance in mink females. We suggest that previous nonideal body
condition and increased gestational glucose demands may compro-
mise the mink dam'’s ability to regulate glucose levels throughout
the nursing period. This disruption in glucose homeostasis, when
prolonged, may then lead to the development of nursing sickness.

The elevated blood glucose levels observed in NG females treated
with ASA were unexpected. Hundal et al (19) reported decreased
basal hepatic glucose production, enhanced peripheral insulin sensi-
tivity, and decreased insulin clearance in patients with type 2, or non-
insulin-dependent, diabetes mellitus treated for 2 wk with high-dose
ASA. Recent data evaluating the effect of ASA on glycemic control in
apparently healthy subjects are sparse. However, although numer-
ous studies have identified ASA as an effective agent for improving
insulin sensitivity in insulin-resistant patients, in overdosage it
has triggered transient hyperglycemia in healthy subjects (20). In
healthy men, high-dose ASA treatment impaired glucose metabolism
in insulin-sensitive tissues (21-23). Thus, in our study, the selected
dose, 100 mg/d, may have interfered with glucose metabolism in
the apparently healthy dams and prompted the development of
hyperglycemia. The mechanism for this effect is not clear; however,
in a case study involving salicylate toxicity in a 5-y-old girl, in whom
hypoglycemia was followed by hyperglycemia, it was suggested that
metabolic acidosis led to aberrations in oxidative phosphorylation,
resulting in hyperglycemia due to increased gluconeogenesis (24).

The HerO-CrPic-ASA-treated females in our study showed
increased blood glucose levels when compared with those in the
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Figure 3. Mean comet assay score on day 42 of lactation in the entire study
group of mink females.

control and HerO-ASA treatment groups. The differences observed
between the HerO-ASA and HerO-CrPic-ASA treatment groups indi-
cate an additive effect of CrPic on the combined effects of HerO and
ASA on blood glucose, effectively increasing the blood glucose levels
in apparently healthy mink dams during lactation. Most scientific
evidence indicates that chromium supplementation has no significant
effect in healthy individuals with good glucose tolerance (25-27). To
the best of our knowledge, no data describe interactions between
chromium and fish oil on blood glucose regulation; however, ASA
has been found to enhance chromium absorption (28). The influence
of chromium on the control of blood glucose is through increased
insulin receptor number and increased insulin phosphorylation
(26,29,30). However, with multiple mechanisms of action of anti-
diabetic agents on glucose metabolism through pancreatic, hepatic,
and peripheral effects (31), it is possible that in combination the
studied treatments acted at multiple sites to induce abnormalities
in glucose metabolism. In light of potential disruptions in glucose
homeostasis associated with ASA and HerO-CrPic-ASA, we recom-
mend against their use in apparently healthy mink dams. Overall,
our results indicate no beneficial effects of the applied treatments
on blood glucose levels during late lactation in female mink that are
NG early in the nursing period.

In contrast to the increases in blood glucose concentration
observed in NG dams treated with ASA alone and HerO-CrPic-ASA,
several of the experimental treatments reduced blood glucose levels
during late lactation in the dams that had exhibited elevated blood
glucose levels early in the nursing period. Furthermore, blood
glucose levels in these treatment groups were lowered to below the
initial hyperglycemia criterion. Supplemental HerO, fed alone or
in any combination with CrPic and ASA, decreased blood glucose
levels in HG dams during lactation in comparison with the con-
trol diet. Fish oils high in n-3 PUFA have had beneficial effects on
insulin-stimulated glucose transport and metabolism in peripheral
tissues (32-35). If supplemental n-3 PUFA can improve blood glucose
levels in female mink during late lactation, then we should consider
how the dietary fatty acid profile could be changed throughout the
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production year. A small increase in dietary n-3 PUFA could have a
beneficial effect on glycemic regulation in the mink female through-
out the reproductive cycle.

When administered individually, CrPic and ASA did not signifi-
cantly alter blood glucose levels in HG females in comparison with
the control diet. However, the 2 agents in combination significantly
reduced blood glucose levels during late lactation. In diabetic indi-
viduals, vulnerability to oxidative damage might be partly attributed
to a lower status of antioxidative micronutrients, including trace ele-
ments (36). Conditions that increase circulating insulin and glucose
concentrations, including pregnancy (37) and obesity, also increase
urinary chromium output (29,38,39), and chromium deficiency may
be an aggravating factor in the progression of diabetes (36,40). Davis
et al (28) showed that ASA increased absorption, tissue retention, and
urinary excretion of chromium in adult female rats. Although the
mechanism has not been clarified, it was proposed that chromium
absorption was increased through ASA’s inhibitory effect on pros-
taglandin synthesis (28). The cumulative effect observed may have
resulted from interactions among the insulin-sensitizing effects of
chromium (25,26,29,30) and the anti-inflammatory (19,41-43) and
antioxidant (44,45) properties of ASA.

Hyperglycemia induces the overproduction of reactive oxygen
species, particularly superoxide anion, by the mitochondrial electron-
transport chain (9), which in turn damages cellular DNA. However,
in the current study, females that were NG early in the nursing
period did not have significantly different comet assay scores than
females that were HG at that time. It is suggested that oxidative
damage is a late event, occurring as an endpoint of hyperglycemia-
dependent cellular changes (46,47).

When evaluating the effect of short-term supplementation in
nursing mink females, we found that none of the dietary groups
differed significantly from the control group in the degree of oxida-
tive damage observed. Elevated comet assay scores were observed
in the blood of the HerO-treated females in comparison with those
in the HerO-CrPic, CrPic-ASA, ASA, and HerO-CrPic-ASA treatment
groups. When exposed to oxidative stress, PUFA can be attacked by
free radicals and oxidized into lipid peroxides (48). High doses of
fish oil fed over a short period have increased susceptibility to oxida-
tive stress, expressed as lipid peroxidation, in rat erythrocytes (49).
Cho et al (50) suggested that lipid peroxidation may lead to DNA
damage, as they detected higher levels of 8-hydroxydeoxyguanosine,
a marker of DNA oxidation, in the liver of fish-oil-fed rats receiving
low levels of the antioxidant vitamin E compared with those receiv-
ing moderate or high levels. Although the dietary requirement of
antioxidants for a PUFA-rich diet has not been defined, data indicate
that in order to prevent increased susceptibility of fish oil to lipid
peroxidation, greater amounts of antioxidants than those needed to
stabilize the oil may be required.

Female mink treated with CrPic had a higher mean comet assay
score than those treated with ASA and CrPic-ASA. Long-term treat-
ment with ASA is associated with a reduction of superoxide produc-
tion in normotensive and hypertensive rats (51). The reduction in
oxidative damage associated with CrPic when combined with ASA
may involve the antioxidant properties of the latter (44,45). Dietary
supplementation with CrPic-ASA had neither positive nor negative
effects on the total comet assay score, as a measure of oxidative

stress, in mink dams at late lactation. In light of our results, evaluat-
ing the degree of oxidative damage among nursing and non-nursing
mink females would be of interest.

Valvular endocarditis was diagnosed at autopsy in dam A, in
the HG CrPic-ASA treatment group. Culture showed growth of
Staphylococcus intermedius, an organism that may originate from
disrupted oral, gastrointestinal, or urogenital mucosal surfaces
or from any other localized source of infection (52); this was a
significant finding, as death was unrelated to other observations.
Although HG was demonstrated early in lactation, no blatant
abnormalities in glycemic control were observed after the treat-
ment period. On the other hand, dam B, in the HG control group,
experienced severe HG on days 42 and 43 of lactation. Metabolic
diseases are almost impossible to diagnose at autopsy, and although
there was no diagnosis in this case, it was clear that this female was
unable to regulate blood glucose throughout the nursing period
and had an acute failure in late lactation. The observed rapid
drop in the blood glucose concentration when the animal was
terminally ill (on day 44) may suggest poor diagnostic value for
glucose levels at the time of necropsy. Dam B gave birth to 13 kits
and was nursing a litter of 7. An increased gestational demand
for glucose may have exacerbated underlying insulin resistance,
resulting in further disruptions in glucose homeostasis throughout
lactation.

We conclude that in apparently healthy, NG female mink, there
are no advantageous effects on the blood glucose concentration at
late lactation of short-term dietary supplementation with HerO,
CrPic, and ASA, alone or in any combination, at the levels given
in this study. In addition, these agents had neither positive nor
negative effects on the degree of oxidative damage measured at
late lactation. However, in dams demonstrating problems with gly-
cemic control early in the nursing period, several of the treatments
reduced blood glucose levels during late lactation, suggesting that
a combined approach of blood glucose monitoring and dietary
supplementation may help improve glucose regulation in mink
females. With evidence of poor glucose regulation in mink females
before lactation, it appears that preventive measures need to be
taken throughout the year. Further research should target long-term
dietary strategies that aid mink females in blood glucose regulation
during the fall and help maintain normoglycemia through pregnancy
and lactation.
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