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Introduction 
Diabetes is known as an increasingly prevalent disease 
and is highly associated with morbidity and mortality.1 
According to the estimations of the International Diabetes 
Federation, the number of patients suffering from diabetes 
was 387 million in 2014, and will reach 592 million by 
2035.2 Type 2 diabetes mellitus (T2DM) is a progressive, 
multifactorial disease characterized by hyperglycemia due 
to defects in insulin secretion or insulin action (which 
results in insulin resistance), or both. Inadequate glycemic 
control and long-term hyperglycemia both play important 

roles in the development of diabetic complications and 
lead to a wide range of diseases including neuropathy, 
nephropathy, retinopathy, and macrovascular diseases.1,3,4 
Moreover, T2DM patients suffer from various bone-
related disorders such as osteoporosis and fractures.5 
Bones are influenced by diabetes through multiple 
mechanisms, such as insulin resistance, insulin deficiency, 
hyperglycemia, and atherosclerosis.6 Bone turnover is 
affected by hyperglycemia, and decreases in bone markers 
in blood serums of patients with diabetes. Diabetes is 
associated with higher risks of fracture and decreased 
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Abstract
Introduction: Many studies confirm that diabetes 
mellitus is associated with higher risks of bone 
fracture. The beneficial effects of Nigella sativa 
(NS) and clinoptilolite in preventing/reducing 
some diabetes-related disorders have been shown. 
This study was conducted to examine the effects 
of separate and concurrent supplementation of 
natural nano-sized clinoptilolite (NCLN) and 
NS on serum bone markers in rats with type 2 
diabetes.
Methods: A total of 42 (case=36 and control=6) 
adult male Wistar rats were divided into 2 groups: diabetic and non-diabetic. An oral glucose 
tolerance test and a homeostatic model assessment of insulin resistance (HOMA-IR) test were 
conducted to confirm diabetes. Then, the diabetic group was divided into 4 subgroups: [1] control 
(n=9), [2] NS 1%/food (n=9), [3] NCLN 2%/food (n=9), [4] NS 1%/food + NCLN 2%/food (n=9). 
After 7 weeks, serum levels of bone markers were determined using ELISA kits.
Results: Analysis showed that serum levels of alkaline phosphatase (ALP) in the NCLN group 
(1318.6 ± 217.5 U/L) was significantly (P<0.05) higher than other intervented groups. On the other 
hand, serum levels of calcium in NCLN+NS group (10.8 ± 2.6 mg/dL) were higher (P=0.027) 
compared to all other study groups. However, rats in the NS group had higher (535.8 ± 49.3 pg/mL) 
PTH (P<0.0001) compared to other supplementation groups. There were no significant differences 
in vitamin D and osteoprotegerin. 
Conclusion: The results of the current study suggest that bone mineralization may be affected by 
concurrent use of NS and NCLN through influencing calcium circulation. Moreover, dietary NS 
administration is strongly related to an augmented level of PTH.
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temperature (23-25°C), humidity (30% to 50%), and a 
12-h light/dark cycle. Rats were given unrestricted access 
to food and water through the experiment. 

Preparation of therapeutic diets
Natural zeolite (Afrazand Co., Tehran, Iran) is a 
sodium/potassium clinoptilolite with a particle size of 
approximately 5 μm. The NCLN particle was produced 
from clinoptilolite by glow discharge plasma method 
which is a novel Fe-Impregnated Nanocatalyst for the 
Heterogeneous Fenton Process. Glow discharge plasma 
was used to convert microparticles of CLN to nanorods 
(in the Research Institute for Applied Physics and 
Astronomy at University of Tabriz). The physicochemical 
properties of the prepared NCLN (size and morphology) 
and the procedure of synthesis are thoroughly presented 
in Khataee et al, 2013 published data.29 Particle analysis of 
the NCLN as compared to clinoptilolite is presented in our 
previously published article.26,29 Seeds of NS was obtained 
from Tabriz city's local market. A grinder was used to 
powder NCLN. NS and NCLN powders were prescribed 
in the pelleted form: 1,000 mg/kg BW and 2% respectively, 
for 7 weeks.

Induction of type 2 diabetes in rats
T2DM was induced by a month-long high-fat diet (HFD) 
(48% carbohydrate, 32% fat and 20% protein), followed by 
an intraperitoneal injection of 35 mg/kg BW single dose 
Streptozotocinin 0.1 M sodium citrate buffer, at pH 4.5. 
One week after injection, BG levels were obtained from 
the orbital sinus (1-2 drops) to determine a diagnosis of 
diabetes. An Accu-Chek glucometer (Roche, Germany) 
was used to determine BG. Rats with BG levels of ≥ 250 
mg/dL were classified as diabetic. Moreover, we excluded 
rats with BG levels of ≤ 250 mg/dL.

Oral glucose tolerance test and homeostatic model 
assessment of insulin resistance (HOMA-IR)
An OGTT with 12 hour of fasting was conducted to 
ensure T2DM induction. Then, a 20% glucose (2 g/kg 
BW) solution was given to the animals. Blood samples 
were obtained from the animal's tail to measure BG and 
insulin levels, after 0, 30, 60 and 120 minutes. After 7 
weeks, at the end of treatment, HOMA-IR was used for 
estimating insulin resistance as follows: Plasma glucose 
(mg/dL) × fasting plasma insulin (mu/L) divided by 405.

Collection of blood samples and estimation of biochemical 
parameters
Serum osteocalcin levels, blood vitamin D levels, 
parathormone (PTH), and osteoprotegerin (OPG) levels 
were determined using ELISA kits (East Biopharm Co, 
China). Moreover,  ALP and calcium concentrations 
were determined using ParsAzmun kits and phosphor 
concentrations  were determined using a ZiestChem 
Diagnostics kit.

bone mineral density.7

Regarding numerous diabetes-related disorders 
and mortalities, progressive investigations have been 
conducted to find more effective drugs to reduce the 
social burden of diabetes. In previous studies, various 
supplementations have been done for improvement of 
some diabetes-related parameters.8-11 Zeolites are highly 
crystalline and porous minerals which have been exploited 
in environmental, industries, agricultural and biomedical 
technologies.12,13 The protective effects of zeolites A (kind 
of syntactic zeolites) have been documented in previous 
studies, through an increase in alkaline phosphatase 
(ALP) activity, proliferation and cell differentiation in 
osteoblasts.14,15 Moreover, significant associations have 
been shown in animal studies previously between diabetes 
and clinoptilolite, a natural zeolite supplementation and 
calcium concentration.16 In our previous study nano-sized 
clinoptilolite (NCLN) decreased glucose levels in type 1 
diabetes.17,18 

Beside zeolites, Nigella sativa (NS) has been 
demonstrated as another recommended herbal treatment 
in both diabetes and bone disorders.19,20 NS, which belongs 
to the Ranunculaceae family, is an annual plant which is 
grown in many countries.21 Thymoquinone (TQ) is the 
most abundant and most active constituent of NS.19 The 
associations between NS and bone metabolism, formation, 
as well as in the treatment of bone complications, have 
been shown in earlier investigations. Moreover, the anti-
hyperglycemic effects of TQ have been demonstrated in 
previous animal studies.22-24 

Considering the evidence of the beneficial effects 
of both of NCLN and NS on diabetes25-28 and bone 
disorders, as well as the potential side effects of high-dose 
supplementation when used separately (which could be 
prevented by concurrent use), and because of the probable 
synergistic effects of the two, this study aimed to test their 
effects on serum bone markers in T2DM rats.

Materials and Methods
Animals
A total of 42 adult male Wistar rats, including 36 diabetic 
and 6 healthy ones (normal control=NC), weighing more 
than 250 g and having a mean age of 5 to 6 months, 
were obtained from the animal breeding center of Tabriz 
University of Medical Sciences. Diabetic rats were divided 
into 4 subgroups, each of them including 9 rats, as follows: 
(1) received only NCLN diet, (2) received only NS diet, 
(3) received both NS and NCLN diet, and (4) received 
standard rat’s diet (as diabetic control=DC). Rats were 
chosen according to the following defined inclusion 
criteria: same age (5-6 month), sex (male) and race 
(Wistar), fasting blood glucose (BG) more than 250 mg/
dL, and proven diabetic through oral glucose tolerance 
test (OGTT) after 12 hours fasting. Moreover, any rats 
which died before the end of the study were excluded (15 
rats).  The rats were kept under controlled conditions of 
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Statistical Analysis
 Descriptive statistics such as mean and standard deviation 
(SD) were used to summarize continuous variables. For 
evaluation, a normal distribution of numeric variable 
descriptive measures (skewness and kurtosis) were used, 
with values outside of the range (1.5 and (2 showing a 
deviation from normality, respectively. To compare the 
presence of significant differences in variables between 
different groups of rats, one-way ANOVA was used, 
followed by the Tukey post hoc test. Data analysis was 
conducted by using Prism GraphPad 6 software. P<0.05 
was considered significant.

Results 
Comparison of blood parameters between different 
groups of rats
Mean (SD) for plasma glucose levels after consumption 
of HFD and injection of Streptozotocinin but before 
interventions were as follows: DC: 458.66 (107.96); 
NCLN+NS: 477.33 (84.24); NS: 429.66 (63.56); NCLN: 
532.57 (94.71). The levels of FBG after interventions are 
presented in our another research article which is in press.30 
Table 1 shows the effect of the prescribed diets on blood 
mineral concentrations. After 7 weeks of intervention, 
plasma Ca levels in the DC group was significantly higher 
than NC (P=0.025). Post-Hoc tests indicated that Ca levels 

in the NC group were lower than in the DC (P=0.049) and 
NCLN+NS groups (P=0.027).
 
Comparison of bone parameters between different groups 
of rats
The effects of dietary interventions after 7 weeks of 
intervention are shown in Tables 1 and 2. The analysis 
demonstrates significant differences in the ALP plasma 
levels between diabetic and control rats (P=0.012). 
Tukey post-hoc test confirms  that the ALP serum levels 
were higher in the NCLN intake group than in NC rats 
(P=0.026). Serum levels of osteocalcin in NCLN+NS 
group were 33.3% higher than NC group. Serum levels 
of mineral and bone markers were significantly (P<0.05) 
different between diabetic and non-diabetic groups. There 
was a higher percentage of vitamin D levels in the NCLN 
rats, compared to others. NCLN+NS group showed a 40% 
and 58% decrease of ALP than the NS and NCLN groups, 
respectively.

Comparison of PTH, vitamin D and osteoprotegerin 
serum levels between different groups of rats
As presented in Table 2, there were significant differences 
between diabetic and NC groups in serum levels of PTH. 
The NS group had a higher PTH than all the diabetic (DC, 
NCLN, and NS+NCLN), and NC groups. There were no 

Table 1.  Mean (SD) of vitamin D, calcium and phosphorus levels in rats after interventions

DC NCLN+NS NS NCLN NC
P value

n=6 n=5 n=5 n=7 n=6
Vit D (nmol/L) Mean (SD) 20.9 (4.4) 21.8 (4.2) 22.6 (5.17) 26 (11.9) 19.8 (11.5) 0.72

95% CI 16.2-25.5 15.8-26.4 16.1-29 15-37 7.6-31.9
Ca (mg/dL) Mean (SD) 10.4 (0.74**) 10.8 (2.6) 9.5 (0.1) 9.3 (0.8) 8.1 (1.3**) 0.025*

95% CI 9.6-11.2 7.5-14.1 9.3-9.8 8.4-10.1 6.7-9.5
P (mg/dL) Mean (SD) 3.8 (3) 4.9 (0.5) 4.3 (0.9) 2.9 (1) 3.5 (1.4) 0.36

95% CI 0.7-7 4.2-5.5 3.1-5.5 1.9-3.9 2-5

Standard Deviation (SD), Plasma calcium (Ca+2), vitamin D (D), Phosphorus (Pi), Diabetic-control group (DC), Normal Control group (NC), Nigella sativa 
(NS), Nano- Clinoptilolite (NCLN), Nigella Sativa+ Nano- Clinoptilolite (NCLN+NS). 
ANOVA test (* P value <0.05 between group) followed by Post-Hoc tests: ** P value <0.05 compared to group DC & NC.

Table 2. Mean (SD) of osteocalcin, alkaline phosphatase and osteoprotegerin and parathyroid hormone levels in rats after interventions

DC NCLN+NS NS NCLN NC
P value

n=6 n=5 n=5 n=7 n=6
Bone Biomarker

OC (ng/mL) Mean (SD) 12.6 (1.4) 14.8 (4.7**) 12.7 (1.2) 13 (0.8) 10.7 (1.4**)
0.082

95% CI 11.1-14.1 8.9-20.8 11.2-14.2 12.3-13.8 9.1-12.2

ALP (U/L) Mean (SD) 1347.2 (711**) 618.4 (279.9) 925.3 (946.9) 1318.6 (217.5) 361.7 (85.5**)
0.012*

95% CI 601.7-2093.3 270.8-966 250.4-2101.1 1117.4-1519.8 271.8-451.5

OPG (pg/mL)
Mean (SD) 4.2 (0.2) 4.7 (1.2) 4.3 (0.3) 4.3 (0.5) 4.2 (0.3)

0.64
95% CI 3.9-4.4 3.2-6.2 3.9-4.7 3.7-4.8 3.9-4.5

Hormonal

PTH (pg/mL)
Mean (SD) 349.2 (17.4) 405.6 (111**) 535.8 (49.3**) 360.5 (40.7**) 343 (84**)

<0.0001*
95% CI 330.8-367.5 267.7-543.5 474.5-597 322.8-398.2 254.8-431.2

Standard Deviation (SD), Alkaline phosphatase (ALP), Parathyroid hormone (PTH), osteoprotegerin (OPG), osteocalcin (OC), Diabetic-control group 
(DC), Normal Control group (NC), Nigella Sativa (NS), Nano-Clinoptilolite (NCLN), Nigella Sativa+ Nano- Clinoptilolite (NCLN+NS).  
ANOVA test (* P value <0.05 between group) followed by post hoc tests. ** P value<0.05.
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significant differences in vitamin D and osteoprotegerin 
levels among groups.

Discussion
This study investigated the effects of concurrent and 
separate dietary supplementation of NS and NCLN on 
bone markers and mineral levels in T2DM rats. ALP and 
calcium levels increased following diabetic induction. 
Inconsistent with our study, Celebi et al31 reported a dose-
dependent increasing trend of ALP and calcium levels 
with rises in CLN intake in laying hens. Additionally, 
other investigations conducted by Bachman et al32 and 
Prvulovic et al33 found no significant relationship between 
CLN and ALP levels among crossbred beef heifers and 
pigs, respectively. Recent investigations attributed ALP 
and osteoblastic activity to CLN. Maxwell D.B. et al. 
showed a positive relationship between ALP and blood 
sugar,34 thus higher levels of ALP among diabetic groups 
than NC were expected in the current study. The additive 
effect of CLN on higher levels of insulins35 was expected to 
decrease glucose levels in the diabetic-control group more 
than the normal-control.

Serum osteocalcin levels were higher in the NS+NCLN 
group compared to healthy rats. The inverse association 
between osteocalcin (OC) and glucose levels has been 
reported in previous studies.31 Different forms of OC 
seem to play a leading role in promoting insulin synthesis, 
lowering blood sugar and improving insulin resistance.32,33 
Masahiro et al. found that the presence of diabetes is 
associated with lower OC levels.34 The higher levels of OC 
found in the NCLN group in this study were in contrast 
to Jianwen et al’s findings. In both studies, rats were fed 
HFD, but their results showed lower levels of OC in spite 
of HFD.35

In this study, it was also observed that the NS group had 
the highest PTH, compared to the other 4 groups. PTH 
is a hormone with 84-amino acid peptide, which acts as 
a mediator of bone remodeling and is a vital regulator 
of calcium ion homeostasis.36 Higher PTH in the NS 
group compared to NC was in contrast with findings of 
Masahiro et al’s study, in which the incidence of diabetes 
was related to lower PTH. The supportive effects of PTH 
levels on bone anabolism through IGF signaling has been 
proposed.36 Further study is needed to clarify this effect. 
It was also found that the NS+NCLN group had lower 
PTH levels compared to the NS group, which raises the 
question of whether NCLN reduces PTH levels.

The present study highlights the increasing effects of 
NCLN+NS supplementation on serum calcium levels. In 
a review study, Ahmad et al37 reported that NS acts as a 
calcium source. Nehar et al38 confirmed improvements in 
insulin levels through increasing Beta-cell differentiation 
and insulin sensitivity by NS intake among diabetic pigs, 
thus enhancing calcium re-absorption from nephron 
tubes,39 which as a result, elevated calcium levels in blood 
circulation. In addition, Berto et al40 indicated a direct 

relationship between NCLN and calcium concentrations. 
According to the mechanisms of combined NS and NCLN 
with calcium levels in circulation, it seems that NS + 
NCLN intake leads to improved bone mineralization.

Since the administration of HFD separately may affect 
some parameters in our study, such as blood OC level 
(documented in previous studies, as mentioned above), 
the confounding effects of HFD-induced diabetes were the 
main limitation of the current study. Moreover, another 
limitation was the inadequate duration of the study to 
determine the effects of diabetes on serum bone markers. 
As far as this research team is aware, the strength of this 
study is that it is the first study that examines the impacts 
of NS either separately or combined with NCLN on bone 
markers in diabetic rats. 

Conclusion
In conclusion, the current paper suggests that NS 
with NCLN may be related to bone mineralization 
improvement through influencing calcium circulation, 
and may also increase blood levels of osteocalcin, 
consequently effecting BG and metabolism levels. Further 
research may be needed to clarify this exact mechanism. 
Moreover, dietary NS administration is highly related to 
augmented PTH levels.
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What is the current knowledge?
√ Many studies have confirmed that diabetes mellitus is 
associated with higher risks of bone fracture.

What is new here?
√ The beneficial effects of Nigella sativa and clinoptilolite in 
preventing/reducing some diabetes-related disorders were 
shown.
√ The combined use of N. sativa and nano-sized clinoptilolite 
(NCLN) may improve bone mineralization.

Research Highlights



Effect of NS and NCLN on bone markers

BioImpacts, 2019, 9(3), 173-178 177

contributed in research idea and handling the data.

References
1. Jackuliak P, Payer J. Osteoporosis, fractures, and diabetes. Int J 

Endocrinol 2014;2014:1-10. doi: 10.1155/2014/820615. 
2. Guariguata L, Nolan T, Beagley J. International Diabetes 

Federation. IDF Diabetes Atlas. Brussels: International Diabetes 
Federation; 2014. 

3. Moayeri A, Mohamadpour M, Mousavi SF, Shirzadpour E, 
Mohamadpour S, Amraei M. Fracture risk in patients with type 2 
diabetes mellitus and possible risk factors: a systematic review and 
meta-analysis. Ther Clin Risk Manag 2017;13:455-68. doi: 10.2147/
TCRM.S131945. 

4. de Waard EA, van Geel TA, Savelberg HH, Koster A, Geusens PP, 
van den Bergh JP. Increased fracture risk in patients with type 2 
diabetes mellitus: an overview of the underlying mechanisms 
and the usefulness of imaging modalities and fracture risk 
assessment tools. Maturitas 2014;79(3):265-74. doi: 10.1016/j. 
maturitas.2014.08.003

5. Schwartz A. Diabetes mellitus: does it affect bone? Calcif Tissue Int 
2003;73(6):515-9. https://doi.org/10.1007/s00223-003-0023-7

6. Okazaki R. Diabetes mellitus and bone metabolism. Clinical 
Calcium.2011;21(5):669-75. 

7. Khorshidi D, Matinhomaee H, Azarbayjani M, HOSSEIN NA. 
Effect of one period of aerobic exercise on serum levels of alkaline 
phosphatase and osteocalcin in patients with type 2 diabetes. JSSU 
2012;19(5):676-685.

8. Namazi N, Bahrami A, Ehteshami M. Effect of hydroalcoholic 
extract of nettle (Urtica dioica) on glycemic index and insulin 
resistance index in type 2 diabetic patients. IJEM 2012;13(6):561- 
8. 

9. Namazi N, Esfanjani A, Heshmati J, Bahrami A. The effect of hydro 
alcoholic Nettle (Urtica dioica) extracts on insulin sensitivity and 
some inflammatory indicators in patients with type 2 diabetes: a 
randomized double-blind control trial. PJBS 2011;14(15):775-9. 
doi: 10.3923/pjbs.2011.775.779

10. Namazi N, Esfanjani AT, Asghari M, Bahrami A. Effect of 
Hydroalcholic Nettle (Urtica dioica) Extract on. J Med Sci 
2011;11(3):138-44. Available from: doi: https://doi.org/10.3923/ 
jms.2011.138.144

11. Roshanravan N, Alizadeh M, Hedayati M, Asghari-Jafarabadi M, 
Alamdari NM, Anari F, et al. Effect of zinc supplementation on 
insulin resistance, energy and macronutrients intakes in pregnant 
women with impaired glucose tolerance. Iran J Public Health 
2015;44(2):211. 

12. Muraoka K, Chaikittisilp W, Okubo T. Energy Analysis of 
Aluminosilicate Zeolites with Comprehensive Ranges of 
Framework Topologies, Chemical Compositions, and Aluminum 
Distributions. J Am Chem Soc 2016;138(19):6184-93. doi: 10.1021/
jacs.6b01341

13. Hovhannisyan V, Dong C-Y, Chen S-J. Photodynamic dye 
adsorption and release performance of natural zeolite. Sci Rep 
2017;7:1-8. doi: 10.1038/srep45503 

14. Schütze N, Oursler MJ, Nolan J, Riggs B, Spelsberg TC. Zeolite 
a inhibits osteoclast‐mediated bone resorption in vitro. J Cell 
Biochem 1995;58(1):39-46. doi: 10.1002/jcb.240580106

15. Pavelic K, Hadzija M. Medical applications of zeolites. Handbook of 
Zeolite Science and Technology. New York: Dekker; 2003:1143-74. 

16. Mohri M, Seifi HA, Daraei F. Effects of short-term supplementation 
of clinoptilolite in colostrum and milk on hematology, serum 
proteins, performance, and health in neonatal dairy calves. Ther 
Clin Risk Manag 2008;46(6):2112-7. doi: 10.1016/j.fct.2008.02.003 

17. Zarcovic N, Zarcovic K, Kralj M, Borovic S, Sabolovic S, Blazi MP, 
et al. Anticancer and antioxidative effects of micronized zeolite 
clinoptilolite. Anticancer Res 2003;23(2):1589-96. 

18. Nia BH, Khorram S, Rezazadeh H, Safaiyan A, Tarighat-

Esfanjani A. The Effects of Natural Clinoptilolite and Nano-Sized 
Clinoptilolite Supplementation on Glucose Levels and Oxidative 
Stress in Rats with type 1 diabetes. Can J Diabetes 2018;42(1):31-
35. doi: 10.1016/j.jcjd.2017.01.010. 

19. Shuid AN, Mohamed N, Mohamed IN, Othman F, Suhaimi F, 
Mohd Ramli ES, et al. Nigella sativa: A potential antiosteoporotic 
agent. J Evid Based Complementary Altern Med 2012;2012:1-6. doi: 
10.1155/2012/696230 

20. Kaatabi H, Bamosa AO, Badar A, Al-Elq A, Abou-Hozaifa B, Lebda 
F, et al. Nigella sativa improves glycemic control and ameliorates 
oxidative stress in patients with type 2 diabetes mellitus: 
Placebo controlled participant blinded clinical trial. PloS One 
2015;10(2):e0113486. doi: 10.1371/journal. pone.0113486

21. Shahroudi MJ, Mehri S, Hosseinzadeh H. Anti-Aging Effect 
of Nigella sativa Fixed Oil on D-Galactose-Induced Aging in 
Mice. J Pharmacopuncture 2017;20(1):29-35. doi: 10.3831/ 
KPI.2017.20.006 

22. Kara MI, Erciyas K, Altan AB, Ozkut M, Ay S, Inan S. 
Thymoquinone accelerates new bone formation in the rapid 
maxillary expansion procedure. Arch Oral Biol 2012;57(4):357-63. 
doi: 10.1016/j. archoralbio.2011.09.012

23. Darakhshan S, Pour AB, Colagar AH, Sisakhtnezhad S. 
Thymoquinone and its therapeutic potentials. Pharmacol Res 
2015;95:138-58. doi: 10.1016/j.phrs.2015.03.011 

24. Sangi SM, Sulaiman MI, El-Wahab MF, Ahmedani EI, Ali SS. 
Antihyperglycemic effect of thymoquinone and oleuropein, on 
streptozotocin-induced diabetes mellitus in experimental animals. 
Pharmacogn Mag 2015;11(Suppl 2):S251-7. doi: 10.4103/0973-
1296.166017

25. Hossein-Nia B, Khorram S, Rezazadeh H, Safaiyan A, Ghiasi R, 
Tarighat-Esfanjani A. The effects of natural clinoptilolite and nano-
sized clinoptilolite supplementation on lipid profile, food intakes 
and body weight in rats with streptozotocin-induced diabetes. Adv 
Pharm Bull 2018;8(2):211. doi: 10.1016/j.jcjd.2017.01.010

26. Omidi H, Khorram S, Mesgari M, Asghari-Jafarabadi M, Tarighat- 
Esfanjani A. Effects of separate and concurrent supplementation 
of Nano-sized clinoptilolite and Nigella sativa on oxidative stress, 
anti-oxidative parameters and body weight in rats with type 2 
diabetes. Biomed Pharmacother 2017;96:1335-40. doi: 10.1016/j. 
biopha.2017.11.077

27. Omidi H, Khorram S, Mesgari M, Asghari-Jafarabadi M, Tarighat-
Esfanjani A. Effects of separate and concurrent supplementation 
of Nano-sized clinoptilolite and Nigella sativa on oxidative stress, 
anti-oxidative parameters and body weight in rats with type 2 
diabetes. Biomed Pharmacother 2017;96:1335–40. doi:10.1016/j.
biopha.2017.11.077

28. Tarighat-Esfanjani A, Fallahnejad H, Omidi H, Jafarabadi MA, 
Abbasi MM, Khorram S. The Effects of Natural Nano-Sized 
Clinoptilolite and Metformin on the Levels of Serum Glucose, 
Lipid Profile, and Minerals in Rats with Type 2 Diabetes Mellitus.  
Iran Red Crescent Med J 2018;20(10):1-7. doi: 10.5812/ ircmj.74365

29. Khataee A, Bozorg S, Khorram S, Fathinia M, Hanifehpour Y, 
Joo SW. Conversion of natural clinoptilolite microparticles to 
nanorods by glow discharge plasma: a novel Fe-impregnated 
nanocatalyst for the heterogeneous Fenton process. Ind Eng Chem 
Res 2013;52(51):18225-33. doi: 10.1021/ie403283n 

30. Omidi H, Khorram S, Mesgari M, Asghari-jafarabadi M, Tarighat-
Esfanjani A. The effects of natural nano-sized clinoptilolite and 
Nigella sativa supplementation on blood glucose and lipid profile in 
rats. Prog Nutr 2019;21(1-S):147-53. doi: 10.23751/pn.v21i1-S.5833

31. Celebi S, Utlu N, Kizilet H. The effects of clinoptilolite 
supplementation to diet on serum enzyme activities in laying hens. 
Revue Méd Vét 2009;160(1):18-22. 

32. Bachman S, Galyean M, Smith G, Hallford D, Graham J. Early 
aspects of locoweed toxicosis and evaluation of a mineral 
supplement or clinoptilolite as dietary treatments. J Anim Sci 



Salari Lak et al

BioImpacts, 2019, 9(3), 173-178178

1992;70(10):3125-32.
33. Prvulović D, Jovanović-Galović A, Stanić B, Popović M, Grubor-

Lajšić G. Effects of a clinoptilolite supplement in pig diets on 
performance and serum parameters. Czech J Anim Sci 2007;52:159-
64. 

34. Maxwell DB, Fisher EA, Ross-Clunis 3rd H, Estep HL. Serum 
alkaline phosphatase in diabetes mellitus. J Am Coll Nutr 
1986;5(1):55-9. doi: 10.1080/07315724.1986.10720112

35. Velibor S, Dragan G, Anna N-J, Horea Š, Ivan J, Vujanac I. The 
serum levels of insulin and igf-i in newborn piglets treated with 
clinoptilolite. Acta Veterinaria 2003;53(4):219-228.

36. Esen E, Lee SY, Wice BM, Long F. PTH promotes bone anabolism 
by stimulating aerobic glycolysis via IGF signaling. J Bone Miner 
Res 2015;30(11):1959-68. doi: 10.1002/jbmr.2556. 

37. Ahmad A, Husain A, Mujeeb M, Khan SA, Najmi AK, Siddique 
NA, et al. A review on therapeutic potential of Nigella sativa: A 
miracle herb. Asian Pac J Trop Biomed 2013;3(5):337-52. doi: 
10.1016/S2221-1691(13)60075-1

38. Nehar S, Kauser H, Rani P, Alam I. Effects of Nigella sativa Seed 
Extract on Insulin Resistant Non-insulin-Dependent Diabetic 
Guinea Pigs. AJEthno 2015;2(1):2348-9502.

39. Horita S, Seki G, Yamada H, Suzuki M, Koike K, Fujita T. Insulin 
resistance, obesity, hypertension, and renal sodium transport. Int J 
Hypertens 2011;2011:1-9. doi:10.4061/2011/391762

40. Berto DA, Garcia EA, Pelícia K, Vercese F, Molino AD, da Silveira 
AF, et al. Effects of dietary clinoptilolite and calcium levels on the 
performance and egg quality of commercial layers. Rev Bras Cienc 
Avic 2013;15(3):263-8. doi: 10.1590/S1516-635X2013000300014


