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Abstract

Objective: Conflicting data are available in literature 
regarding the effects of vitamin D (VitD) supplementation 
diet on lipid panel. Therefore, we had the purpose to eval-
uate the effects of VitD supplementation on lipid panel by 
a controlled experimental study, and those of VitD sup-
plementation on oxidative stress index (OSI) and paraoxo-
nase-1 (PON1) values in healthy and hypercholesterolemic 
male rabbits.
Methods: Thirty New Zealand rabbits were randomly sepa-
rated into control, VD, HC + VD and HC groups. Control and 
VD groups were fed with standard chow, whereas HC + VD 
and HC groups were fed with 0.5% cholesterol chow a 
period of 8  weeks. During this period, VD and HC + VD 
groups were orally administered with 300 IU/kg/day VitD.
Results: The increase in serum total cholesterol (TC) and 
OSI level of HC group were significant compared to those 
in HC + VD group. Decreases in serum HDL-cholesterol 
(HDL-C) and TC levels of VD group were significant within 
the groups.
Conclusion: Without any doubt it is important that applied 
VitD level should be in the ideal range for healthy living. 
However, it is also necessary to increase the serum HDL-C 
level (and hence PON1), which is decreases as a result of 
VitD supplementation. Therefore, we believe that during 
VitD supplementation, regular physical activity should be 
performed to increases serum HDL-C.

Keywords: Vitamin D; Paraoxonase-1; Oxidative stress 
index; HDL cholesterol; Hypercholesterolemia; Rabbit.

Özet

Amaç: Literatürde, diyete D vitamini (VitD) ilavesinin lipit 
paneli üzerine etkisi hakkında birbirinden farklı sonuçlar 
bulunmaktadır. Bu yüzden projemizde kontrollü deney-
sel bir çalışma ile, sağlıklı ve hiperkolesterolemik erkek 
tavşanlara VitD ilavesinin lipit paneli üzerine etkisine, ve 
yine VitD ilavesinin oksidatif stress indeksi (OSI) ve para-
oksonaz-1 (PON-1) değerleri üzerine etkilerini araştırmayı 
amaçladık.
Metod: 30 adet yeni zellanda tavşanı rastgele control, VD, 
HC + VD ve HC gruplarına ayrıldı. Kontrol ve VD grup-
ları normal tavşan pelet yemiyle, HC + VD ve HC grupları 
ise önceden hazırlanmış olan % 0.5 kolesterollü yem ile 
8  hafta süresince beslenildi. Bu süreçte VD ve HC + VD 
gruplarına oral yoldan 300 IU/kg/gün VitD verildi.
Bulgular: HC + VD grubuna göre; HC grubu serum total 
kolesterol (TC) ve OSI seviyesindeki artış anlamlı bulundu. 
VD grubu, grup içi serum HDL kolesterol (HDL-C) ve TC 
seviyelerindeki azalışlar anlamlı bulundu.
Sonuç: Kuşkusuz, sağlıklı bir yaşam için kan VitD seviye-
mizin ideal aralıkta olması önemlidir. Ancak VitD takvi-
yesi sonucunda azalan serum HDL-C (dolayısı ile PON1) 
seviyesini, artırmak da gerekmektedir. Dolayısı ile VitD 
takviyesi ile birlikte, serum HDL-C’yi artıran, düzenli 
fiziksel aktivite yapılması gerektiğini düşünüyoruz.

Anahtar Kelimeler: D vitamini; Paraoksonaz-1; Oksidatif 
Stres İndeksi; HDL Kolesterol; Hiperkolesterolemi; Tavşan.

Introduction
It is now generally accepted that VitD deficiency is a world-
wide health problem that affects not only musculoskeletal 
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health but also a wide range of acute and chronic dis-
eases. However, there remains cynicism about the lack of 
randomized controlled trials to support the association 
studies regarding the nonskeletal health benefits of VitD. 
There is potentially a great upside to increasing the VitD 
status of children and adults worldwide for improving 
musculoskeletal health and reducing the risk of chronic 
illnesses, including some cancers, autoimmune diseases, 
infectious diseases, type 2 diabetes mellitus, neurocogni-
tive disorders and mortality [1].

Conflicting data are available in literature regarding 
the effects of VitD supplementation diet on lipid panel. 
Thus, we are of the idea that a controlled experimental 
study should be more informative than the others. We 
evaluated the effects of VitD supplementation on lipid 
panel with experimental studies. At the same time, this 
study aimed to evaluate the effects of VitD supplementa-
tion on TAS, TOS, OSI, MDA and PON1 values in healthy 
and hypercholesterolemic male rabbits.

Materials and methods
Experimental animals: All experiments were performed 
in adherence with the National Institutes of Health Guide-
lines on the Use of Laboratory Animals, and were approved 
by the Konya University, Experimental Medicine Applica-
tion and Research Center and Experimental Animal Ethics 
Committee with number 2012-030.

A total of 30 male New Zealand rabbits (8–12 months 
old, 3.15 ± 0.65 kg weight) were obtained from Necmettin 
Erbakan University, Experimental Medicine Application 
and Research Center, Konya, Turkey. The animals were 
individually housed in cages with food and water avail-
able at all times, maintained under standard conditions 
of temperature (22 ± 1°C) and humidity (40 ± 10%), in an 
air conditioned room (12 full changes of air per 1 h), with 
regular 12 h light/dark cycle.

Chemicals: Cholesterol-C75209, Corn oil-C8267 
(solvent of cholecalciferol) and Cholecalciferol-C9756 were 
purchased from Sigma-Aldrich Chemical Company (St. 
Louis, MO, USA).

Experimental chow: Hypercholesterolemic diet pre-
pared by adding 0.5% cholesterol to standard chow diet 
(w/w), (Bilyem Food Industry Trade Ltd. Co., Ankara, 
Turkey).

Experimental design: After a 1-week acclimation 
period animals were randomly divided into four groups: 
1st group as control (n:6), 2nd group VD was given VitD 
(n:8), 3rd group HC + VD was given 0.5% hypercholes-
terolemic + VitD (n:8), and 4th group HC was given 0.5% 

hypercholesterolemic (n:8). Control and VD groups were 
fed with standard chow whereas HC + VD and HC groups 
were fed with 0.5% cholesterol chows for a period of 
8 weeks. During this period VD and HC + VD groups were 
orally administered with 300 IU/kg/day Cholecalciferol. 
In addition Control and HC groups were given corn oil. 
Cholecalciferol was dissolved in corn oil.

Determination of VitD dose: Although, 10–13 IU/kg/
day VitD amount is enough for the continuation of life, 
especially for growing and suckling rabbits, 600–1000 
IU/kg/day VitD amount could be sufficient. On the other 
hand, high VitD amount (3250 IU/kg) can resulted in 
 calcification in soft tissues, aorta and kidney due to excess 
VitD [2]. Therefore, by considering body weight, age and 
amount of feeds consumed daily, in this study VitD level 
determined as 300 IU/kg/day.

Animal preparation and blood collection: Blood 
samples were collected just before the experiment and in 
2 week intervals from all rabbits, and their weights were 
measured. Blood was withdrawn from the marginal ear 
veins of all the rabbits after an overnight fasting and the 
samples stored in both EDTA (1  mL blood/animal) and 
polymer gel containing tubes (1 mL blood/animal). Blood 
samples were collected in the same manner, and were 
allowed to clot for 30  min before centrifugation. Then 
all samples were centrifuged at 1800×g for 10 min at 8°C 
(NüveNF-800R), and the supernatant was transferred to 
micro-tubes and they were frozen at −80°C until the analy-
sis (Sanyo MDF-U53865). Serum TC, triglyceride (TG), LDL 
cholesterol (LDL-C), HDL-C, calcium, and plasma 25(OH)
D3 vitamin levels were measured from collected blood 
samples. At the end of the 8 weeks, blood and liver were 
collected. The liver samples were collected under anesthe-
sia with intramuscular injection of ketamine (35  mg/kg, 
Ketalar, Pfizer, Istanbul, Turkey) and xylazine (5  mg/kg, 
Rompun, Bayer, Turkey), and then all rabbits were euth-
anized with the intravenous administration of sodium 
pentobarbital (30  mg/kg, Pental Sodium, I. E. Ulagay, 
Istanbul, Turkey).

The levels of plasma 25(OH)D were measured with 
liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) method (Zivak-Tandem LC-MS/MS, Istanbul, 
Turkey). Results were expressed in ng/mL. The levels of 
serum TC, TG, LDL-C, HDL-C, and calcium were meas-
ured using commercially available kits based on routine 
methods on Architect C 8000 System (Abbott Laborato-
ries, Abbott Park, IL, USA).

TAS, TOS, PON1 and MDA were measured from both 
blood samples and liver tissues. Total antioxidant status 
assay kit (Rel Assay Diagnostics, prod. code RL0017, 
 Gaziantep, Turkey) for TAS, total oxidant status assay kit 
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(Rel Assay Diagnostics, prod. code RL0024, Gaziantep, 
Turkey) for TOS, and paraoxonase 1 activity measurement 
kit (Rel Assay Diagnostics, prod. code RL0031, Gaziantep, 
Turkey) for PON1 activity were measured with analyzer 
in Architect C 8000 System according to the manufac-
turer’s instructions (Abbott Laboratories, Abbott Park, IL, 
USA). Rabbit malondialdehyde elisa kit (Hangzhou East-
biopharm Co., Ltd., prod. code E20131205010, Hangzhou, 
China) for MDA levels were spectrophotometrically ana-
lyzed according to the manufacturer’s instructions.

For serum TAS, TOS, MDA and PON1 activity, the 
results were expressed in mmoltrolox equivalent/L, 
μmol H2O2 equivalent/L, nmol/mL, U/L; sequentially. For 
liver TAS, TOS, MDA and PON1 activity, the results were 
expressed in μmol trolox equivalent/mg protein, μmol 
H2O2 equivalent/mg protein, nmol/mg protein, U/mg 
protein; sequentially. OSI determined using the formula 
OSI = [(TOS, μmol H2O2 equivalent/L)/(TAS, μmoltrolox 
equivalent/L) × 100] [3].

Preparation of tissue homogenate: Liver tissues, 
for biochemical analysis, 10% (w/v) homogenate was pre-
pared in sodium phosphate buffer (50  mM PBS, pH 7.4). 
Tissues in ice bath (4–8°C) were homogenized for 20  s 
(Ultra-Turrax T10, Germany), and then they were soni-
cated for 30  s (Bandelin Sonopuls UW 2070, Germany). 
Homogenates were centrifuged at 10.000×g for 15 min at 
4°C (Nüve NF-800R), and supernatant was transferred to 

micro-tubes and they were frozen at −80°C until the analy-
sis (Sanyo MDF-U53865).

Statistical analysis

All of the data were analyzed using Statistical Package 
for the Social Sciences (SPSSv16.0, Chicago, IL, USA) sta-
tistical software. Tests of normality were performed on 
response variables using the Shapiro-Wilk statistic. All 
results were given as means ± standard deviation. Multi-
ple groups were compared using a one-way ANOVA and 
repeated measures ANOVA which was followed by a Bon-
ferroni test. Differences within groups were analyzed by 
analysis of paired T. p < 0.05 was considered statistically 
significant.

Results
The body weights, serum TC, TG, LDL-C, HDL-C, calcium 
and plasma 25(OH)D3 levels were evaluated at the begin-
ning and end of the 8th week within the each group.

The results showed that the average rabbit body weight 
of each group was not statistically significant between 
the groups. At the end of study, there was a statistically 

Table 1: The effects of VitD supplementation on experimental animals on body weight and levels of lipid panel.

  Groups   Baseline  Enda  Within-group “p” values

Body weight (g)  Control   3137 ± 415  3363 ± 433  0.021
  VD   3159 ± 531  3227 ± 335  0.571
  HC + VD   3249 ± 422  3091 ± 388  0.022
  HC   3088 ± 405  2960 ± 484  0.227

TC (mg/dL)   Control   39.2 ± 15.1  46.0 ± 17.1  0.323
  VD   54.8 ± 13.7  35.0 ± 12.4  0.040
  HC + VD   49.3 ± 16.4  725.6 ± 245.8a2,b2  0.000
  HC   52.4 ± 20.5  1312.4 ± 648.8a3,b3,c1  0.001

TG (mg/dL)   Control   70.7 ± 20.2  49.7 ± 21.9  0.244
  VD   54.9 ± 13.1  75.3 ± 14.0  0.051
  HC + VD   54.1 ± 21.3  199.0 ± 94.5a2,b2  0.007
  HC   72.8 ± 23.0  183.8 ± 64.1c2,b2  0.001

LDL-C (mg/dL)   Control   6.83 ± 3.55  6.83 ± 4.45  1.000
  VD   8.00 ± 2.89  9.13 ± 8.11  0.737
  HC + VD   6.00 ± 2.93  372.6 ± 141.57a3,b3  0.000
  HC   7.88 ± 3.40  438.9 ± 209.21a3,b3  0.001

HDL-C (mg/dL)   Control   27.50 ± 15.83  24.33 ± 14.04  0.615
  VD   32.75 ± 9.85  17.50 ± 8.05  0.028
  HC + VD   23.25 ± 12.14  34.50 ± 9.12  0.066
  HC   20.63 ± 10.74  21.38 ± 4.53  0.844

aBetween groups compared to (control p < 0.01: a2, p < 0.001: a3); (VD p < 0.01: b2, p < 0.001: b3); (HC + VD p < 0.05: c1, p < 0.01: c2) significant 
values. Between-group evaluations are given in bold and within-group comparisons are given in italic.
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significant increase (p < 0.05) in the control group, and 
in the HC + VD group, there was a statistically significant 
decrease (p < 0.05). Moreover, this kind of change was not 
observed within the other groups (Table 1).

There was a statistically significant increase in serum 
TC, TG, LDL-C levels at the end of the 8th week in the 
HC + VD and HC groups, which were fed with hypercho-
lesterolemic diet. Compared to the control group, altera-
tion in serum TC, HDL-C, LDL-C, TG levels of VD group 
was not statistically significant. Furthermore, compared 
to the HC + VD group, the increase in serum LDL-C levels 
of HC group and the decrease in serum TG, HDL-C levels 
of this group were not statistically significant. However, 
compared to the HC + VD group, the increase in serum TC 
levels of HC group was a statistically significant (p < 0.05). 
In the VD group there was a statistically significant 
decrease (p < 0.05) in serum TC, HDL-C levels within each 
group. The results belonging to other lipid parameter 
values were given in the Table 1.

In our study, there was no change in the HC + VD 
group, but in the VD group, there was a statistically sig-
nificant increase (p < 0.05) and in the HC group, there was 
a statistically significant decrease (p < 0.001) in plasma 
25(OH)D3 levels within each group. Serum calcium and 
plasma 25(OH)D3 levels parameter results were presented 
in the Table 2.

Alteration in serum TAS, TOS, MDA, OSI and PON1 
levels of VD group compared to the control group, and 
TAS, TOS, MDA levels of HC group compared to the 
HC + VD group were not statistically significant. Similarly, 
in the liver tissue, change in TAS, TOS, MDA, PON1, OSI 
levels of VD group compared to the control group and TAS, 
TOS, OSI and MDA, PON1 levels of HC group compared to 
the HC + VD group was not statistically significant. On the 
other hand, compared to the HC + VD group, the increase 
in serum OSI levels (p < 0.05), the decrease in serum PON1 
levels (p < 0.05) of HC group was a statistically significant 
(Table 3).

Table 2: The effects of VitD supplementation on experimental animals on levels of serum calcium and plasma 25(OH)D3.

Groups Baseline Enda Within-group “p” values

Calcium (mg/dL) Control 15.03 ± 1.13 15.67 ± 1.03 0.369
VD 15.59 ± 0.94 13.62 ± 0.92 0.002
HC + VD 14.84 ± 0.57 14.38 ± 1.85a3,b3 0.529
HC 15.05 ± 1.05 12.25 ± 0.89a3,b3 0.000

25(OH)D3 (ng/mL) Control 88.67 ± 10.31 86.17 ± 15.77 0.793
VD 85.23 ± 12.95 128.71 ± 43.25 0.027
HC + VD 78.40 ± 17.18 85.13 ± 49.60 0.740
HC 81.40 ± 16.34 24.53 ± 13.14a1,b3,c1 0.000

aBetween groups compared to (control p < 0.05: a1, p < 0.001: a3); (VD p < 0.001: b3) significant values. Between-group evaluations are given 
in bold and within-group comparisons are given in italic.

Table 3: The effects of VitD supplementation on experimental 
animals on levels of TAS, TOS, MDA and PON1 at the end of study.

  Groups   Seruma   Livera

TAS
Serum: mmol/L
Liver: μmol/mg 
protein

  Control   1.78 ± 0.25   15.17 ± 3.24
  VD   1.81 ± 0.36   11.84 ± 2.10
  HC + VD   1.87 ± 0.33   14.03 ± 1.76
  HC   1.64 ± 0.14   16.06 ± 3.60b1

  Control   15.43 ± 10.18   1.04 ± 0.16
TOS
Serum: μmol/L
Liver: μmol/mg 
protein

  VD   10.47 ± 5.43   0.95 ± 0.22
  HC + VD   40.43 ± 16.58b1   1.65 ± 0.40
  HC   61.02 ± 31.31a3, b3   2.21 ± 1.04a2,b2

OSI   Control   0.86 ± 0.57   7.07 ± 1.44
  VD   0.55 ± 0.23   8.20 ± 2.33
  HC + VD   2.11 ± 0.71b1   11.85 ± 2.83
  HC   3.75 ± 1.96a3,b3,c1   15.30 ± 10.41a1

MDA
Serum: nmol/
mL
Liver: nmol/mg 
protein

  Control   6.28 ± 0.42   9.49 ± 3.07
  VD   6.44 ± 1.24   7.33 ± 2.53
  HC + VD   7.57 ± 0.68   9.64 ± 1.74
  HC   8.83 ± 1.37a3,b2   11.34 ± 2.53b1

PON1
Serum: U/L
Liver: U/mg 
protein

  Control   232.83 ± 32.9   8.98 ± 0.92
  VD   210.7 ± 56.2   8.15 ± 1.35
  HC + VD   218.1 ± 56.5   7.68 ± 0.45a1

  HC   147.85 ± 40.0a2,c1   6.43 ± 0.52a3,b1

aBetween groups compared to (control p < 0.05: a1, p < 0.01: a2, 
p < 0.001: a3); (VD p < 0.05: b1, p < 0.01: b2, p < 0.001: b3); (HC + VD 
p < 0.05: c1) significant values. Between-group evaluations are given 
in bold.

Discussion
In this study, we evaluated the effects of VitD supplemen-
tation on TAS, TOS, MDA and PON1 levels in serum and 
liver from normal and hypercholesterolemic rabbits, and 
furthermore, we evaluated TC, TG, LDL-C, HDL-C, calcium 
and VitD(plasma) values in serum.

Lipid panel levels: In the literature, there are con-
flicts about the effect of the supplementation of VitD on 
serum TC level. That is, some studies [4–6] showed that 
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VitD supplementation had no effect on serum TC level and 
some studies [7, 8] declared that there was an decrease in 
serum TC level after VitD supplementation but not statisti-
cally significant. Besides, some other studies [9–11] point-
ing out statistically significant decrease in serum TC level 
after VitD supplementation similar to our study. In litera-
ture, some reasons influencing the response of individuals 
to the VitD supplementation are indicated. These reasons 
are; being obese or overweight [6, 10], race [4], physio-
logical [4, 6, 7, 10] and physiopathological condition [9, 11, 
12], sex [10, 11], age [6, 7, 10], insufficient increase of blood 
VitD levels [9], and other individual differences [8].

In our study, the effect of VitD in decreasing serum 
TC is minimal [11] and in high levels of cholesterol, its 
effect would be more apparent, therefore a significant dif-
ference between VD group and control group might not 
occur. Most target genes of liver X receptors play a regula-
tory role in the synthesis pathway of fatty acid metabolism 
that also contains cholesterol. These receptors form het-
erodimer with retinoid X receptor and just as it acts as a 
cholesterol sensor, it also provides cholesterol hemostasis 
by acting as a gene regulator in the transportation of lipid 
and movement of cholesterol from the cells [11]. With the 
increase of 25(OH)D3 vitamin levels in blood, one of the 
metabolites of calcitriol or VitD affect liver X receptors 
α or/and liver X receptors β, and thus, the synthesis or 
absorption of cholesterol might decrease and/or choles-
terol out flow [11, 13], clearance [14] might increase.

Serum TG levels were evaluated with regard to VitD 
supplementation, and there was not statistically signifi-
cant difference between the groups (Table 1). Conversely, 
evaluations were done within the group even though the 
increase in TG levels from the start to end of the study in 
VD group was not statistically significant, and here p-value 
was found to be 0.051. The effects of VitD supplementation 
on TG levels are evaluated in studies some researchers 
reported that serum TG levels decreased significantly with 
supplementation of VitD (p < 0.05) [6, 7], and in diabetic 
rats there was also a significant decrease (p < 0.05) [12]. 
Others reported that there was a decrease but insignificant 
[10]. At the same time there are studies reporting that long 
periods of VitD supplementation tend to cause decrease 
[8], and some even have reported that it has no effect [4, 
5, 9]. It is well known that coprophagy is seen in rabbits. 
In other words, they eat their soft feces at night. In the 
reports, the importance of microbial digestion in rabbits 
and other herbivorous animals and also microbial fermen-
tation in cecum are still not very known. Digestion of foods 
with microbial fermentation is related to the isomerisation 
and hydrogenation of unsaturated fatty acids. This results 
in the production of considerable amounts of several 

trans fatty acid, conjugated linolenic acids and stearic 
acid [15]. These kinds of fatty acids, vitamins and nutri-
ents are retaken into the body by coprophagy in rabbits. 
In our study even though we did not feed the rabbits in the 
evening when blood was withdrawn, the rabbits fed them-
selves through coprophagy, and hence serum TG levels 
might have been affected in this situation. It has been con-
cluded from the results of our study that the tendency of 
serum TG levels to increase in the VD and HC + VD groups 
compared to their own control groups might be as a result 
of coprophagy or coprophagy and VitD interaction or VitD 
supplementation, even though evaluation among the 
groups is not significant.

In various studies different results are obtained from 
the effects of VitD supplementation on serum LDL-C. In 
one of these studies, there was a significant increase in 
serum LDL-C (p < 0.05) [8]. In another, there was no effect 
[6]. There was a significant decrease (p < 0.05) [4, 9, 12], 
in yet other study. There are results showing insignificant 
decrease [7, 10] like those in our study. We think that these 
differences in outcome may be due to the same reasons 
explained in serum TC levels.

Just like in the other lipid panel results there were 
differences in effects of VitD supplementation on serum 
HDL-C levels when the recent years studies were reviewed. 
Regarding these results, the researchers found out that 
there was a significant increase (p < 0.05) [10, 12], no effect 
[4, 6, 9], an insignificant decrease [7], and that continuous 
VitD supplementation would decrease in serum HDL-C [8]. 
Another study reported results supporting our study in 
that HDL-C levels was significantly high and that  HDL-C’s 
main protein apolipoprotein A-I (apoA-I) was also high in 
VDR knock-out rats [11]. In our study the differences in 
serum HDL-C levels among the groups were not statisti-
cally significant. But serum HDL-C levels were found to be 
significantly decreased in the VD group when compared 
to the beginning and end of the study (Table 1). In addi-
tion, it has been reported that 24,25(OH)2D3 suppresses the 
expression of HDL-C’s main protein apoA-I gene [16]. With 
the increase of 25(OH)D3 vitamin levels in blood, one of 
the metabolites of calcitriol or VitD affected apoA-I [17], 
liver X receptors α [13] and/or liver X receptors β [11], and 
therefore it was concluded that the decrease in cholesterol 
would result in the decrease of HDL-C at the same time.

Plasma 25(OH)D3 and serum calcium levels: It is 
well known that 25(OH)D vitamin is the storage form of 
VitD in the body, and when required it can change to calci-
triol or the other metabolites of VitD [1]. Therefore, plasma 
25(OH)D vitamin levels were monitored in the all groups. 
While there was no increase in the levels of 25(OH)D3 
vitamin in the control group, plasma 25(OH)D3 vitamin 
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levels significantly increased in the VD group. As for the 
hypercholesterolemia groups, plasma 25(OH)D3 vitamin 
levels decreased towards the end of the study in the HC 
group and in the HC + VD group plasma 25(OH)D3 vitamin 
levels was maintained at the same levels as that in the 
beginning (Table 2).

Serum calcium levels were monitored because of 
the risk of developing hypercalcemia due to VitD. Serum 
calcium levels were significantly decreased in the VD 
(p < 0.01) and HC groups (p < 0.001) at the end of the study. 
On the other hand, there was no significant difference in 
the other groups (Table 2). Different in the other mammals, 
absorption of calcium in rabbits is independent of VitD. 
Serum total calcium concentration in blood changes 
according to the amount of calcium in the diet. Intestinal 
absorption of calcium occurs by means of passive diffu-
sion. An excess is cleared away with urine [18]. Even though 
normal blood calcium levels in rabbits depends on the diet 
they consume, according to Jekl and Redrobe it is around 
5.96–14.8 mg/dL. It has also been reported that even when 
rabbits are fed with high calcium diet, calcium levels can 
quickly reach over 18  mg/dL [18]. The average levels of 
serum calcium at the beginning of the study decreased 
from 15.59 ± 0.94 to 13.62 ± 0.92 in the VD group. Further-
more, according to the results of the measurements taken 
every 2 weeks, the average maximum levels of calcium in 
the control and VD groups were close to each other. Even 
though there is a significant decrease in calcium levels, 
according to the literature [18] this reduction is within 
normal limits. The aim of monitoring calcium levels stems 
from hypercalcemia that can develope due to hypervita-
minosis of VitD. When the individual high calcium levels 
that can develope due to daily diet consumed by rabbits is 
considered, the average calcium levels in the control group 
did not exceed that of VD group and therefore it can be 
concluded that hypervitaminosis due to VitD did not occur.

TAS, TOS, MDA and PON1 levels: Considering the 
results of VitD supplementation or normal VitD levels, 
TAS levels were found to be significantly higher compared 
to those of the groups that were deficient/insufficient of 
VitD (p < 0.01, p = 0.03, p < 0.001; sequentially) [19–21]; 
whereas Asemi et al. and Sharifi et al. did not find any dif-
ferences in the levels of TAS between the VD group and 
controls [9,  22]. Asemi performed the study on pregnant 
women and Sharifi on individuals with fatty liver and in 
these studies, VitD levels did not increase enough. This 
may cause the fact that TAS levels may not have increased. 
There is a positive correlation between VitD levels and 
TAS levels [21, 23] and for this reason those that consumed 
normal diet did not have low VitD and therefore no sig-
nificant difference between TAS levels which might have 

occurred. Even though the VD group did not have a signifi-
cant increase in TAS levels, it was higher than that in the 
control group (Table 3). In light of these findings, we have 
come to the conclusion that addition of VitD to the diet 
can cause a partial increase in TAS levels.

With regard to TOS levels, Baser et  al. [21] reported 
that TOS levels are significantly higher (p < 0.05) in people 
with deficiency VitD levels compared to control group. 
de Medeiros Cavalcante et al. [20] reported that high sen-
sitivity C reactive protein (hs-CRP) which is a sensitive 
inflammation indicator decreased significantly in the VD 
group compared to the group that was deficient of VitD 
(p = 0.007). Foroozanfard et al. [19] and Sharifi et al. [22] 
reported that hs-CRP levels decreased but not significantly 
in the VD group compared to control group. Sharifi et al. 
[22] reported that there was no effect on the levels of TNFα 
which is an inflammation indicator in the VD group com-
pared to control group. Başer et al. [21] reported that there 
was not statistically significant change in hs-CRP and 
Ox-LDL levels between people with deficient VitD levels 
and those with normal VitD levels. In this study, TOS 
levels were higher especially in HC group compared to the 
other groups (control, VD and HC + VD). However, when 
comparison is done between the groups (VD and control, 
HC + VD and HC), they were not significant. This is because 
just like those in TAS levels, VitD levels are not very dif-
ferent between rabbits that are fed with normal diet and 
those that are given VitD supplements. For this reason, 
their responses to oxidative stress are quite close, and so 
their protective effects against oxidant stress [24–26], DNA 
injury [25] are close to each other. OSI which is an oxida-
tive stress index indicator was not found to be significant 
in serum and tissue samples in the VD group compared to 
control group. However, in the HC + VD group compared 
to HC group serum OSI levels were significantly lower 
(p < 0.05). This result supports that VitD supplementa-
tion has an effect of decreasing OSI index against oxidant 
stress increasing factors. This effect may be increased by 
an increase in the relative VitD levels (Table 3).

There was not statistically significant difference in MDA 
levels between the groups in terms of VitD supplementa-
tion. Our findings were consistent with some studies [19, 20, 
24]. However, MDA levels had a tendency to decrease in the 
group that was given VitD (Table 3). VitD’s protective effect 
against oxidative stress would be at a low levels [24–26] or 
there may not be significant differences in plasma 25(OH)D3 
between the groups that were given VitD and the group that 
were not given VitD. Because of this there may have been no 
significant difference in MDA levels.

In the literature, data on the effects of VitD on PON1 
activity are limited. With regards to our study, serum PON1 
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enzyme activity was higher in the HC + VD group compared 
to HC group. In the HC + VD group, the presence of PON1 
activity which is usually localized on HDL-C [27], may be 
due to an increase in serum HDL-C levels. However, there 
was no increase in serum PON1 activity in the HC group, 
and the increase in the HC + VD group was thought to be 
due to an increase in serum HDL-C levels rather than VitD 
supplement (Tables 1 and 3). This is because the value of 
PON1 activity (even though not significant) in serum and 
tissue decreased in VD group compared to control group 
(Table 3). Eren et al. in their study reported that value of 
PON1 activity decreased with proportion in the decrease 
in VitD level. However, VitD was not supplemented in 
this study [28]. Ferretti et al. [29] related to the decrease 
in value of PON1 activity with cardiovascular diseases in 
their study. This situation raises the question whether this 
disease state is as a result of the decrease in value of PON1 
activity, if not then is it because of the presence of cardio-
vascular diseases or is it the precipitating factors of the 
disease that cause decrease in the value of PON1 activity. 
Serum HDL-C levels were seen to decrease significantly in 
the VD group at the end of the study (Table 1). Both the 
value of PON1 activity and value of HDL-C decreased in the 
VD group compared to control group, and for this reason 
value of PON1 activity was thought to have decreased 
due to VitD supplementation. PON1 activity which has 
very important functions, can decrease as a result of VitD 
supplementation.

In conclusion, serum TC, HDL-C, OSI decreased sig-
nificantly in rabbits (male) that were given VitD compared 
to their own control group in our study. Furthermore, as 
a result of decreased levels of HDL-C, the value of PON1 
activity which is usually located on HDL-C also decreased 
but this was not statistically significant. We share the 
belief that when VitD that can be obtained naturally from 
sunlight is to be supplemented, caution should be taken 
according to the daily dose, period, age, and sex. Without 
any doubt it is important that applied VitD level should 
be in the ideal range for healthy living. However, it is also 
necessary to increase the serum HDL-C level (and hence 
PON1), which is decreases as a result of VitD supplemen-
tation. Therefore, we believe that during VitD supplemen-
tation, regular physical activity should be performed to 
increases serum HDL-C [30, 31].
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