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Abstract: Objective: The objective of this study was to assess the protective role of vitamin K supplementation for
9 weeks on impaired glucose homeostasis, among ovariectomized exercised and nonexercised rats. Methods: Forty
ovariectomized rats with an average weight of 150 gm were used in this study. They were equally divided into four
groups. Group I: ovariectomized nonexercised group served as control. Group II: ovariectomized exercised group,
the animals were exercised on treadmill 7days/week for 9 weeks. Group III: ovariectomized nonexercised &
supplemented with vitamin K. The animals were given daily dose of vitamin K by gavage. Group IV:
ovariectomized exercised, & supplemented with vitamin K. The rats were given vitamin K daily by gavage in the
same previous doses during the same period of performing treadmill exercise. Blood samples were taken from all
groups. We investigated the circulating concentrations of lipocalin-2, adiponectin, and their relationships to vitamin
K supplementation with and without exercise. Results: Exercise alone, Vitamin K Supplementation alone or
combined with exercise produce significant increase in insulin, adiponectin and lipocalin-2 with significant decrease
of glucose blood level. Conclusions: Vitamin K supplementation for 9 weeks at doses attainable in the diet may
reduce progression of insulin resistance in ovariectomized nonexercised and exercised rats.
Keywords: Vitamin K, lipocalin-2, adiponectin, insulin resistance.
1. Introduction
Regular exercise improved insulin sensitivity, glucose metabolism and -cell function in both Sham and OVX
rats. Exercise also overcame reduced pancreatic -cell mass in OVX rats via increased proliferation and decreased
apoptosis of -cells (Choi et al., 2005).
Also Mason et al. (2011) found that exercise significantly improved insulin sensitivity and restored normal
fasting glucose in mid-aged and older women. Therefore, menopausal women, to improve insulin sensitivity and cell function and mass, should be recommended to do regular, moderate exercise.
Vitamin K as menaquinone-7 has a dramatic prevention on typical bone-loss biochemistry that is associated
with the aging process. It also normalized the function of parathyroid hormone, an important regulator of vitamin D
and calcium balance. It offsets inflammation that provokes bone loss. It improved glucose metabolism in bone tissue
– indicating better bone tissue energetic metabolism. Vitamin K works in harmony with the bone-building carpenter
cells called osteoblasts. These cells produce a protein called osteocalcin. To become biologically active osteocalcin
must be carboxylated by vitamin K. Biologically active osteocalcin not only acts to build bone it also acts as a
hormone that travels to fat and boosts the production of the blood sugar regulating hormone known as adiponectin.
Human and animal studies suggest that vitamin K may be inversely associated with insulin resistance
(Sakamoto et al., 1999). In an observational study, higher dietary and supplemental vitamin K intakes were
associated with greater insulin sensitivity and better glycemic status in a community-based cohort of men and
women (Yoshida et al., 2008). In a small metabolic study of young men (n = 12), short-term (one week) vitamin K
supplementation improved the insulin response after an oral glucose challenge (Sakamoto et al., 2000). Although
these studies support a potential novel role for vitamin K in insulin resistance, the available human data are limited.
Furthermore, biological mechanisms behind the association between vitamin K, insulin and glucose metabolism are
uncertain. Vitamin K and vitamin K–dependent proteins (prothrombin and protein S) have been identified in organs
important for glucose and insulin metabolism, such as liver and pancreas (Thijssen and Drittij-Reijnders, 1996 and
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Stenberg et al., 2001). However, the function of vitamin K is not well understood beyond its role as an enzyme
cofactor for -carboxylation of certain glutamic acid residues in vitamin K–dependent proteins (Furie et al., 1999).
Lipocalin:Lipocalin family proteins, including adipocyte fatty acid-binding protein (A-FABP), lipocalin-2 and retinolbinding protein 4 (RBP4), have recently been identified as novel adipokines associated with obesity, type 2 diabetes
and the metabolic syndrome. (Jun et al., 2011).
Lipocalin 2 (LCN2), a protein derived from neutrophils, macrophages, adipocytes, and other cells, has been
proposed to be a link between obesity and insulin resistance (IR). (Jun et al., 2011).It is a small secreted protein that
binds a variety of hydrophobic ligands including retinoids, fatty acids, prostaglandins, various steroids, and bacterial
siderophores. It is expressed in many tissues and has a number of roles, including apoptosis, cancer, inflammation,
iron homeostasis, and innate immunity. (Li and Chan, 2011). Lcn2 was fairly recently recognized as an adipokine
that is secreted from adipose tissue to display anti-inflammatory effects, so that increased LCN2 levels in obesity
and insulin resistance may constitute a protective mechanism against inflammation (Jin et al., 2011). Moreover,
LCN2 upregulated peroxisome proliferator–activated receptor (PPAR)- and its target genes, adiponectin, leptin,
fatty acid synthase, and lipoprotein lipase in adipocytes. Concurrently, LCN2 antagonized TNF- effects on
adipocytes and macrophages: LCN2 protected adipocytes from TNF- –induced production of IL-6 and monocyte
chemoattractant protein-1 (MCP-1), attenuated TNF- effect on glucose uptake, and completely reversed TNFinhibition of leptin and adiponectin secretion from adipocytes. The stimulatory effect of lipopolysaccharide on
cytokine gene expression in macrophages was also significantly attenuated by LCN2 (Jin et al., 2011).
Adiponectin:Adiponectin, is produced almost exclusively by mature adipocytes, is the prototype of anti-inflammatory
adipocytokines.
Adiponectin production is well known to be regulated by different cyto-kines. Adiponectin gene expression is
known to be reduced by TNF- and IL-6, whereas insulin sensitizers and PPAR- agonists have been shown to
increase adiponectin levels in mice and humans (Kadowaki and Yamauchi, 2005). The negative relationship
between adiponectin and adipose tissue is stronger with visceral fat rather than subcutaneous fat. For instance, obese
adolescents with a high proportion of visceral fat and relatively low abdominal subcutaneous fat have decreased
adiponectin and leptin levels independent of body weight (Taksali et al., 2008). Adiponectin and insulin sensitivity
Circulating adiponectin levels are positively correlated with insulin sensitivity evaluated by using different insulin
sensitivity techniques (Kadowaki et al., 2006).
Adiponectin gene expression and circulating adiponectin levels are lower in patients with type 2 diabetes than
in nondiabetic individuals (Kadowaki et al., 2006). It decreased in obesity, and inversely correlated with insulin
resistance, glucose intolerance, dyslipidemia, and atherosclerosis.
Adiponectin deficient mice develop insulin resistance, glucose intolerance, increased lipid deposition in
muscle, hyperlipidemia, and increased susceptibility to atherosclerosis (Kadowaki et al., 2006). Adiponectin plays a
special role in insulin sensitivity in the liver. Adiponectin lowers hepatic gluconeogenesis in mice (Kadowaki and
Yamauchi, 2005), enhances the effects of insulin to decrease glucose production by isolated hepatocytes, and
decreases hepatic triglyceride deposition (Kadowaki and Yamauchi 2005).
Adiponectin receptors (Adi-poR)1 and 2 are expressed in peripheral tissues and in the brain, where adiponectin
mediates fatty acid metabolism and modulates energy homeostasis (Kadowaki and Yamauchi 2005) adiponectin
exerts its effects on energy homeostasis, and glucose and lipid metabolism through phosphorylation and activation
of adenosine monophosphate-activated protein kinase (AMPK) (Kadowaki and Yamauchi 2005).
The AMPK activation stimulates phosphorylation of acetyl CoA carboxylase, fatty acid oxidation and glucose
uptake in myocytes, and reduces enzymes involved in gluconeogenesis in liver, leading to re-duction of glucose
levels (Kadowaki and Yamauchi 2005).
Female rats, like premenopausal women, are generally protected from the insulin resistance and inflammation
associated with obesity. With aging and menopause, levels of estrogens fall and women tend to gain body fat and
become as susceptible as men to obesity-related metabolic diseases like diabetes mellitus (Kadowaki et al., 2006).
2. Methods:
Forty ovariectomized rats with an average weight of 150 gm were used in this study. They were equally
divided into four groups.
Group I: Ovariectomized nonexercised group served as control. Ovariectomy was done for all rats under complete
sanitary conditions using a single dorsal midline incision (Olson et al., 1986).
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Group II: Ovariectomized exercised group, the animals were exercised on treadmill 7days/week for 9 weeks( for 63
successive days), running on treadmill began for 5 min/day and increased gradually by 5 min every 2 days till it
reached 30 min /day after 2 weeks and continued for this duration for the following 7weeks (Kim et al., 2002).
Group III: Ovariectomized nonexercised with vitamin K supplementation group, the animals were given 0.0009
mg/gm body weight of vitamin K daily by gavage (El-Morsy et al., 2011).
Group IV: Ovariectomized exercised with vitamin K supplementation group: the rats were given vitamin K daily by
gavage in the same previous doses during the same period of performing treadmill exercise.
Blood samples were taken from all groups and sera were separated. The serum levels of lipocalin-2,
adiponectin, fasting glucose and insulin concentrations were measured.
1. Serum Lipocalin-2 use CircuLex Rat NGAL/Lipocalin-2 ELISA Kit according to (Mishra et al., 2005).
2. Serum Adiponectin according to Human Adiponectin ELISA Development Kit ( Xu et al., 2004)
3. Immunoassay Kit for determination of Insulin hormone according to (Wayne, 1998).
Statistical Analysis:
All statistical analysis was computed by SPSS version 14. The values obtained were revealed as mean ± S.E.
Data were analyzed using student's‘t’-test and results were considered significant at P < 0.05.
3. Results:
The blood glucose level, decreased significantly in ovariectomized Exercise rats (group II), ovariectomized rats
supplemented with vitamin K (group III) and ovariectomized exercised rats supplemented with vitamin K (group
IV) in comparison to ovariectomized rats (Control group) as shown in table (1) & figure (1).
There was a significant increase in serum level of insulin hormone was significant increase in groups II, III and
IV versus ovariectomized rats (control group) as shown in table (1) & Figure (2).
Regarding to lipocalin, there was significant increase in its serum level in groups II, III and IV versus
ovariectomized rats (control group) as shown in table (1) & figure (3).
However, serum level of adiponectin was increased significantly only in groups III and IV, while it shows
insignificant change in group II in comparison with ovariectomized rats (control group) as shown in table (1) &
figure (4).
Table (1): Mean ± SE of measured parameters in studied groups compared to control.
Group I
Group II
Group III
Group IV (ovariectomized
(ovariecto-mized;
(ovariectomized
(ovariectomized +
Group
+ exercised + vitamin K)
Control)
+exercised)
vitamin K)
Mean
Mean
Mean
Mean
Parameter
±S.E
±S.E
P value
±S.E
P value
±S.E
P value
Glucose
121.00
104.86
100.00
87.83
P <0.05*
P <0.05*
P <0.05*
(mg/dl)
±7.30
±4.0
±6.40
±4.92
38.29
45.43
49.29
54.33
Insulin
P <0.05*
P <0.05*
P <0.05*
±2.87
±1.96
±2.07
±2.28
91.00
96.00
102.00
P <0.05*
106.50
P <0.05*
P <0.05*
Lipocalin
±4.32
±4.06
±4.39
±3.06
Adiponectin
38.13
41.21
43.11
45.78
P >0.05†
P <0.05*
P <0.05*
±2.22
±1. 90
±1.73
±1.23
* Significant
Insignificant

Figure (1): Blood glucose level in all studied groups.
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Figure (2): Serum insulin hormone level in all studied groups.

Figure (3): serum lipocalin level in all studied groups.

Figure (4): serum adiponectin level in all studied groups.
4. Discussion:
The present study demonstrated the protective effects of vitamin K and/or exercise, against the risks of diabetes
in adult female rats under estrogen-deprivation conditions.
This study indicates that these favorable effects observed following vitamin K treatment and/or can be
attributed to multiple actions including their potentiating effects on some anti-inflammatory adipocytokines.
It is well documented that estrogen removal causes a marked impairment of glucose homeostasis in
ovariectomized (OVX) rats (Carr, 2003 and Sternfeld et al., 2005).
In consistence with our results Saengsirisuwan et al. (2009) found that prolonged ovariectomy leads to the
development of systemic metabolic conditions displaying key features of insulin resistance syndrome, such as
increased visceral fat content, dyslipidemia, impaired glucose tolerance and decreased insulin-mediated glucose
uptake in skeletal muscle. Others indicated that, hepatic insulin resistance and impaired skeletal muscle glucose
transporter (GLUT)-4 expression are accounted for the impaired glucose tolerance and reduced insulin sensitivity in
estrogen receptor alpha (ERa) knockout mice (Bryzgalova et al.,2006 and Barros et al.,2006).
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On the other hand, Hansen et al. (1996) found that moderate duration of ovariectomy does not alter insulin
action on muscle glucose transport but instead leads to a decline in contraction stimulated glucose transport activity.
Others reported reduction of glucose disposal rates, insulin secretion capacity, and -cell mass in these animals
(Jhala et al.,2003).
According to some human studies, postmenopausal women are at risk for increased incidence of obesity, type 2
diabetes, cardiovascular disease, and insulin resistance syndrome, whereas estrogen therapy reduces the incidence of
insulin resistance and type 2 diabetes risks (Park et al.,2003). Alterations in lipid metabolism and body fat
distribution with estrogen deficiency are thought to be substantial causal factors, which are believed to contribute to
an increased prevalence of insulin resistance syndrome in postmenopausal women compared with premenopausal
population (Zegura et al.,2006).
Moreover Racho et al. (2007), OVX rat becomes hyperphagic and gains weight with an increase in visceral
fat accumulation due to ovarian hormone depletion. Increasing evidence suggests that abdominal obesity and
concomitant development of inflammation are major components of insulin resistance (Luca et al., 2008).
In this study, the OVX exercised rats show improvement in glucose homeostasis as manifested by significant
decrease in serum glucose and lipocalin levels together with significant increase in serum levels of insulin, and
adiponectin.
In agreement with our result Shen et al. (2001) who reported that exercise enhances the expression and
phosphorylation of cAMP response element binding protein (CREB) in rats. Activation of CREB increases insulin
receptor substrate (IRS) 2 expression (Hennige et al., 2003), leading to potentiation of the Insulin-like growth factor
1 (IGF-1) /insulin signaling cascade and subsequently enhanced -cell function and mass.
Choi et al. (2005), indicated that in estrogen-deficient states, weight loss or estrogen replacement is beneficial
treatments for diabetes prevention, but regular moderate exercise is the most effective treatment to restore metabolic
homeostasis. Regular exercise improved insulin sensitivity, glucose metabolism and -cell function in both Sham
and OVX rats. Exercise also overcame reduced pancreatic -cell mass in OVX rats via increased proliferation and
decreased apoptosis of -cells. In their study, the effects of estrogen deficiency on IRS2 expression was investigated
and found to be reduced in OVX rat islets. Exercise reversed this effect to normal levels of IRS2 expression through
the activation of CREB that improves -cell function and subsequently reverses insulin resistance leading to
preventing the prevalence of DM and delaying its progression.
Moreover, previous studies clearly demonstrated that endurance exercise training enhances whole-body insulin
sensitivity and insulin action on muscle glucose disposal in healthy individuals (Zegura et al., 2006) and in normal
rodent models (Saengsirisuwan et al., 2002). For example, improved insulin action on the glucose transport process
after exercise training in the obese Zucker rat, an animal model of severe skeletal muscle insulin resistance, occurs
primarily through an up-regulation of GLUT–4 protein expression, enhanced GLUT-4 translocation to the
sarcolemma and increased expression of some of the insulin signaling molecules, such as insulin receptor substrate–
1 (Saengsirisuwan et al.,2004).
Also Mason et al. (2011) found that exercise significantly improved insulin sensitivity and restored normal
fasting glucose in mid-aged and older women. Therefore, menopausal women, to improve insulin sensitivity and cell function and mass, should be recommended to do regular, moderate exercise.
In general, exercise with moderate weight loss has been found to improve insulin sensitivity (Albright et
al.,2000, Ryan, 2000, and Wareham et al. 2005) and prevent type 2 diabetes (Gill and Cooper 2008, Physical
Activity Guidelines Advisory Committee 2008). Exercise may improve insulin sensitivity by promoting fat loss and
preserving lean body mass and independently of fat loss by increasing the number and activity of glucose
transporters in muscle and adipose tissue (Ryan, 2000).
Only a few studies have addressed the effects of exercise on lipocalin and adiponectin.
It is well known that, adiponectin levels have an inverse association with adiposity and insulin resistance. It has
been reported that Exercise lowers the levels of the obesity-related inflammatory markers, tumor necrosis factor-a,
and interleukin 6, thereby increasing adiponectin gene expression and secretion (Bruun et al.,2003). Although
randomized controlled trials (RCT) evidence relating chronic exercise to circulating adiponectin has been
inconclusive (Simpson & Singh 2008), it is hypothesized that its levels increase with sufficient weight loss (Kraemer
and Castracane 2007, Christiansen et al., 2010). Others observed significantly greater increases in the
adiponectin/leptin (A/L) ratio, and insulin in exercisers than in controls. This finding indicates improved insulin
sensitivity (Friedenreich et al.,2011).
In this study, the ovx rats with vitamin K supplimintation show improvement in glucose homeostasis as
manifested by significant decrease in serum glucose and lipocaline levels together with significant increase in serum
level of insulin and adiponectin.
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Sakamoto et al.(2000) first demonstrated that low vitamin K intake induced impaired glucose tolerance in the
intravenous glucose tolerance test in rats, which consisted of delayed glucose clearance and late hyperinsulinemia
(Christ-Roberts et al.,2004). Results of this study were confirmed later in humans [Christakis et al.,2007]. It was
reported that healthy young males with low dietary vitamin K intake had poorer acute insulin response in the
glucose tolerance test (Christ-Roberts et al., 2003), whereas supplementation of 90 mg/d menaquinone for 1 week
significantly improved glucose intolerance (Christakis et al.,2007). Recent findings reported by Lee et al. (2007) and
Ferron et al. (2008) have further expanded our knowledge of vitamin K in glucose metabolism at the molecular level
and have highlighted the potential roles of vitamin K in glucose and energy regulation mediated through osteocalcin.
Together, these data point to another potential avenue for the prevention of the metabolic syndrome (MetS). and
type 2 diabetes; however, the exact functions and molecular mechanisms by which osteocalcin influences the
metabolic syndrome (MetS) remain unknown. From a human nutrition perspective, it will be interesting to learn
whether and how vitamin K nutrition influences metabolic communication between osteocalcin and the metabolic
syndrome (MetS). Future research is needed to address these questions.
Balducci et al. ( 2006) showed that dietary vitamin K phylloquinone intake is associated with an improvement of
cytokines and other markers related to insulin resistance and diabetes, thus extending the potential protection by
dietary phylloquinone on chronic inflammatory diseases. Accordingly, it has been proposed that vitamin K may
have a potential biological role in glucose homeostasis. Vitamin K may affect glucose and energy metabolism
beneficially through osteocalcin.
A recent study proposed that osteocalcin, one of the vitamin K–dependent proteins in the bone, may improve
insulin sensitivity and increase -cell functions, partially through the enhancement of adiponectin expression (Lee et
al.,2007). Alternatively, it has been suggested that vitamin K has potential physiologic functions in addition to its
classic role as a cofactor for -carboxylation (Kaneki et al.,2006). In vivo, in vitro, and observational studies showed
that vitamin K decreases inflammation-induced cytokines (Shea et al.,2008), so it is plausible that phylloquinone
may improve insulin sensitivity and glycemic status by the suppression of inflammation.
Law et al. (2010),he found that LCNs has been claimed to display anti-inflammatory effects,so that increased LCN2
levels in obesity and insulin resistance may constitute aprotective mechanism against inflammation.
More over,LCN2 unregulated peroxisome proliferation –activated receptor ( PPAR) – and its target genes,
Adiponectin,leptin,fatty acid synthase, and lipoprotein lipase in adipocytes. Concurrently, LCNS antagonized TNFaffects on adipocytes and macrophages,LCNs protected adipocytes from TNF- induced production of IL-6 and
monocyte chemoattactant protein -1( MCP-1) attenuated TNF- effect on glucose uptake,and completely reversed
TNF- inhilution of leptin and Adiponectin sectretion from adipocytes. The stimulatory effect of lipopolysaccharide
on cytokine gene expression in macrophages was also significantly attenuated by LCN2.
Wang et al. (2007) they suggested that increased levels of lipocalin-2 are found to be associated with both aging and
obesity In human obese subjects, like other insulin resistance–inducing adipokines and cytokines, circulating
lipocalin-2 levels are markedly elevated (Guo et al.,2012).
Guo et al. ( 2010) they suggested that lipocalin-2 deficiency attenuates the development of aging- and obesityassociated insulin resistance, hyperglycemia, and hyperinsulinemia. Lipocalin-2 elicits its adverse effects at least
partly by activating the arachidonate 12-lipoxygenase metabolic pathway and stimulating adipose expression of
TNF- , which may in turn magnify the local inflammation and cause impaired energy homeostasis and systemic
insulin resistance. Although lipocalin-2 belongs to a family of proteins that can bind to lipids, its endogenous ligands
have not been identified. Acute lipocalin-2 treatment causes a rapid but transient reduction of the circulating FFA
levels. It can also enhance fatty acid uptake into fat tissue, suggesting that the inducing effect of this adipokine on
12-lipoxygenase may also involve transportation of lipid species into the adipocytes.
In obese mice, increased serum levels of lipocalin-2 are mainly due to the selective augmentation of its
expression in adipose tissue and liver (Wang et al., 2007). Both stimulatory and inhibitory effects of lipocalin-2 on
insulin sensitivities in 3T3-L1 adipocytes have been reported (Zhang et al.,2008). lipocalin-2 plays critical roles in
regulating TNF- expressions in fat tissues, at least partly through upregulating 12-lipoxygenase expression and
activity. TNF- induces a state of insulin resistance in several systems, including adipocytes and myocytes (.
Lorenzo et al.,2008) Obese mice lacking either TNF- or TNF- receptors are protected against insulin resistance
(Uysal et al.,1997). Infusion of TNF- to adult rats reduces systemic insulin sensitivity, which is associated with
major changes of gene expression in adipose tissue (Ruan et al., 2002). A decline in fat-free mass and a relative
increase in fat mass are common findings in aged subjects and are associated with a rise in TNF- concentration and
a deterioration of insulin action (. Paolisso et al.,1999). Neutralization of TNF- reverses age-induced impairment of
insulin responsiveness (Borst et al., 2004).
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Kadowaki et al. ( 2006) they found that circulating adiponectin levels are positively correlated with insulin
sensitivity evaluated by using different insulin sensitivity techniques. Adiponectin gene expression and circulating
adiponectin levels are lower in patients with type 2 diabetes than in nondiabetic individuals.
Several single-nucleotide polymorphisms and mutations in the adiponectin gene have been reported to be
linked to type 2 diabetes and hypoadiponectinemia in different ethnic groups .
Adiponectin plays a special role in insulin sensitivity in the liver. Adiponectin lowers hepatic gluconeogenesis
in mice, enhances the effects of insulin to decrease glucose production by isolated hepatocytes, and decreases
hepatic triglyceride deposition (Kadowaki and Yamauchi 2005). Moreover, adiponectin can also reduce ectopic fat
deposition in muscle via increases of fat oxidation (Kadowaki et al.,2006), improving insulin signal transduction.
Accordingly, low adiponectin concentrations in obese adolescent subjects are associated with increased
intramyocellular lipid deposition and impaired insulin action (Weiss et al.,2003).
Adiponectin exerts its effects on energy homeostasis, and glucose and lipid metabolism through
phosphorylation and activation of adenosine monophosphate-activated protein kinase (AMPK). The AMPK
activation stimulates phosphorylation of acetyl CoA carboxylase, fatty acid oxidation and glucose uptake in
myocytes, and reduces enzymes involved in gluconeogenesis in liver, leading to reduction of glucose levels
Kadowaki and Yamauchi 2005).
Adiponectin also increased the expression levels of PPAR- in vivo, increasing fatty acid combustion and
energy consumption, which led to decreased triglyceride content in the liver and skeletal muscle, and thus increased
insulin sensitivity. Moreover, PPAR- activation prevented inflammation in adipose tissue and enhanced the action
of adiponectin by increasing both adiponectin and adiponectin receptors, which can result in the amelioration of
obesity-induced insulin resistance (Kadowaki et al.,2006)and ( Kim et al., 2007).
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