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Abstract

The obesity epidemic in the US has continued for over two decades as the proportion of overweight and obese
adults in the population continues to rise. Also, obesity has been linked with the risk of development of various
diseases such as diabetes, cardiovascular disease and certain types of cancers. There are conflicting reports about
the effects of obesity on serum vitamin D levels in human and animal models. We hypothesize that obesity will affect
the serum levels of vitamin D metabolites. Therefore, the objective of this study was to investigate the influence of
obesity on the serum concentrations of two metabolites of vitamin D [25-(OH)-D and 1,25-(OH)2-D] in rats. Sixteen
5-week-old female Zucker rats (8 obese fa/fa and 8 lean) were acclimated for one week, and at the age of 42 days,
the rats were housed 2 per cage with ad libitum access to water and AIN-93G diet. Rats were weighed twice weekly.
At the end of the experiment (8 weeks), all rats were sacrificed and serum was collected and stored at −20°C.
Serum concentrations of 25-OH-D and 1,25-(OH)2-D were measured using HPLC-UV. Data were analyzed using
Excel software and presented as mean ± SD. Obese rats had significant weight gain (P<0.001). Serum
concentration of 25-(OH)-D metabolite in obese rats was significantly (P<0.05) lower compared to lean rats. At the
same time, serum concentration of 1,25-(OH)2-D metabolite in obese rats was only 8% lower and did not
significantly (P<0.3) change compared to the lean group. The serum ratio of 1,25-(OH)2-D:25-(OH)-D was
approximately 10% higher (P<0.3) in obese rats compared to the lean group. In summary, lower serum
concentration of 25-OH-D (hormonally inactive form of vitamin D) metabolite is consistent with higher body mass in
rats, but obesity did not affect the serum concentration of 1,25-(OH)2-D. Our results show that the obese Zucker rat
can be a good model for assessing vitamin D status.
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Introduction
The obesity epidemic in the US has continued to rise over two

decades. The proportion of overweight and obese adults to normal
weight adults in the population is continuing to increase. It has been
reported that approximately 70% of Americans over 60 years of age are
obese or overweight [1,2]. Obesity has been linked with the risk of
development of various diseases such as diabetes, cardiovascular
disease and certain types of cancers [3-5].

The research community is focusing much attention studying the
pathogenesis of obesity. One of the multivectoral approaches is to
determine the relationship between obesity and vitamin D status.
Results from some studies indicate that obese humans have lower
serum vitamin D concentration in blood [6,7]. It has also been
reported that obesity in humans is accompanied with a change in the
levels two vitamin D metabolites in plasma: lower concentrations of
25-OH-D and higher concentrations of 1,25-(OH)2-D [8-11]. It has
also been reported that young adults taking vitamin D supplements
have a higher incidence of overweight and obesity [12] compared to
young adults of normal weight. Lately, it has been reported that

vitamin D concentration was lower in obese and overweight
adolescents than in overweight children [13,14].

On the other hand, there are discrepancies between vitamin D
status collected from human and animal/rodent models [15]. A
vitamin D study in obese Zucker fa/fa rats with hyperinsulinemia
showed an increase of plasma insulin and calcium and no significant
changes in vitamin D concentrations or ratios of 1,25-(OH)2-D to 25-
OH-D compared to lean littermates [16]. However, other studies
found that obese animals had lower levels of serum and plasma 1,25-
(OH)2-D compared to lean animals [17,18]. Also, age, gender and sex
hormones can change the status of vitamin D in humans [19,20]. This
confusing data needs to be clarified. Therefore, the objective of this
study was to investigate the influence of obesity on the direction of
changes in vitamin D metabolites in an animal model and to
determine if obese Zucker rat model can be used to extrapolate data to
humans and study one aspect of pathogenic relation of obesity and
vitamin D status.

Methods
The animal protocol for this study was approved by the

Institutional Animal Care and Use Committee of the University of
Arkansas for Medical Sciences. Sixteen 5-week-old female Zucker rats
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(8 obese fa/fa and 8 lean) were acclimated for one week. At the age of
42 days, rats were housed 2 per cage with ad libitum access to water
and AIN-93G diet as previously reported [21,22]. Rats were weighed
twice weekly. At the end of the experiment (8 weeks), all rats were
sacrificed and serum was collected and stored at -20ºC for later
analysis.

Serum concentrations of 25(OH)-D and 1,25-(OH)2-D were
measured using an HPLC-UV method [23] as a basic with analytical
equipment from Thermo Scientific (Waltham, MA).

Briefly, the vitamin D metabolites 25(OH)-D and 1,25-(OH)2 were
purchased from Sigma-Aldrich (St. Louis, MO). All reagents were
HPLC grade. Acetonitrile, ethyl acetate and methanol were obtained
from Fluka (St. Louis, MO). Ultrapure water (18.2 MΩ/cm) was
obtained from a MilliQ water purification system (Millipore, Billerica,
MA). The HPLC unit was an integrated system with a UV3000 Ultra
detector set at 275 nm, a pump set at 1.2 mL/min, and an auto-sampler
for injection (10 µL), all from Thermo Separation Products (Waltham,
MA). A column (C18, 3 µm, 4.6 mm×150 mm) type UG 120 from
Phenomenex (Torrance, CA) was kept at 30°C. The methanol–water
(67:33 by volume) used as the mobile phase was filtered and degassed.
After extraction of metabolites of vitamin D from 200 µL of serum in
isopropanol-toluene (25:75 vol/vol), the dried extract was
reconstituted in hexane. We used a SEP-PAK column for final
cleaning and preparation for HPLC analysis.

Statistical analysis
The Student’s t test was used for comparisons of serum

concentration of metabolites. Data were analyzed using Excel software
and presented as mean ± SD. The contribution of each variable in
explaining the measured level of 25-(OH)-D and 1,25-(OH)2-D was
determined using multiple regression analysis.

Results
All rats (lean and obese) gained weight during the course of this

experiment, and as expected, the obese rats gained significantly
(P<0.001) more weight than lean rats (Table 1). The mean ± SD of
body weight at 5 and 8 weeks and of serum 25-OH-D and 1,25-(OH)2-
D is summarized in Table 1.

Body weight (g) 25-(OH)-D
(pmol/ml)

1,25-(OH)2-D
(pmol/ml)

5 weeks 8 weeks

Lean 188 ± 10 238 ± 15 41 ± 8 105 ± 37

Obese 349 ± 30 467 ± 45 33 ± 3 97 ± 25

P value P<0.001 P<0.001 0.013 0.30

Table 1: Mean ± SD of body weights at 5 and 8 weeks and of serum 25-
(OH)-D and 1,25-(OH)2-D *P<0.05; ***P<0.0001

Figure 1 presents data for the serum concentration of 25-OH-D
vitamin D metabolite in the obese rats which was significantly
(P<0.05) lower compared to the lean group (ranged as 33.08 ± 3.31
pmol/ml and 41.20 ± 8.60 pmol/ml, respectively). Figure 2 shows the

serum concentration of the 1,25-(OH)2-D vitamin D metabolite in the
obese rats, and it was approximately 8% lower and did not reach a
significant (P<0.5) decrease compared to the lean rats. The average
was 96.56 ± 25.39 pmol/ml in the obese rats and 104.81 ± 37.47
pmol/ml in lean rats. We also calculated the ratio of two metabolites of
vitamin D in both groups. The ratio of 1,25-(OH)2-D/25-OH-D, in
obese animals (Figure 3) was approximately 10% even higher but not
significantly (P<0.3) compared to the lean group, and the ranges were
2.96 ± 0.876 and 2.65 ± 1.139, respectively.

Figure 1: Serum concentration of vitamin D (25-(OH)-D) in lean
and obese rats. *P<0.05

Figure 2: Serum concentration of vitamin D (1,25-(OH)2-D) in lean
and obese rats.

Figure 3: Serum ratios of 1,25-(OH)2-D/25-(OH)-D in lean and
obese rats.

Figure 4 presents the correlation coefficient analysis between two
metabolites. A slight negative correlation (correlation coefficient -0.23)
was observed in both groups.
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Figure 4: Serum correlation between vitamin D metabolites in lean and obese rats.

Discussion
It has been reported that both in human and animals, vitamin D

produces a group of fat-soluble metabolites with differing degrees of
biological activities responsible for enhancing intestinal absorption of
calcium, iron, magnesium, phosphate and zinc [24]. Conversion of 25-
(OH)-D (hormonally non-active metabolite) into 1,25-(OH)2-D
(hormonally active metabolite) takes place in the kidney. This
activation of vitamin D affects the metabolic pathways of cells. The
active metabolite of vitamin D, also called calcitriol, mediates its
biological effects by binding to the Vitamin D Receptor (VDR), which
is located in the nuclei of target cells and acts as a transcriptional factor
that modulates gene expression of certain proteins [25]. This receptor
is established in practically all organs and tissues. One very interesting
effect of the active form vitamin D is its involvement in cell
proliferation and differentiation of blood immune cells including
monocytes and T and B lymphocytes [26]. The role of macrophages
accumulating in the White Adipose Tissue (WAT) during obesity,
promoting WAT inflammation and insulin resistance is well
established [27,28].

In the present study, we found that obesity caused a significant
decrease of serum concentration of the hormonally non-active
metabolite of vitamin D (25-OH-D) in rats. This fact can be
interpreted as deficiency in biosynthesis of this metabolite or a higher
rate of conversion to the active form and as a precursor for converting
it to active form resulting from much higher demand of fat tissue for
the active form of vitamin D. Our results are also consistent with other
studies in humans. There are several reports that low plasma/serum
concentrations of vitamin D are accompanied with obesity in pediatric
patients [29,30], in adult women [31], different ethnicities [32] and
older populations [33]. In analyzing serum concentrations for the

hormonally active metabolite of vitamin D in obese and lean rats, we
found no significant differences between the two groups. However, it
was a tendency to see a decreased concentration of this metabolite in
obese animals. The slightly lower plasma concentration of the
hormonally active form can be a consequence of a more rapid rate of
formation to keep up with a much higher demand from the cells for
this metabolite in obese rats. When we compared vitamin-D ratio
1,25-(OH)2-D:25-OH-D, we did not find any significant changes. The
ratio has the same direction between two groups as the active form
has, which surprised us despite a significant decrease in obese animal
concentration of 25-OH-D.

After performing a correlation analysis (Figure 4) between these
two metabolites in lean and obese groups of rats, we found a slight
negative correlation (correlation coefficient -0.23) between them: a
decrease in the concentration of the non-active metabolite in serum
leads to an increased concentration of the active metabolite. This
correlation would probably be more significant if the number of
experimental animals per group had been increased.

In summary, based on our results we can conclude that lower
concentrations of 25-OH-D (vitamin D hormonally non-active form)
metabolite are consistent with higher body weight in rats and resonate
with human studies. It also can be a predictable enough indicator for
assessment of vitamin D status in rats in future experiments.
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