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Summary. Objectives: Hyperglycemia and hyperlipidemia have major roles in incidence or development of compli-
cations diabetes mellitus. Regarding side effects of diabetes treatment, patients seek natural, economical, and more
effective treatments. In current study we investigated the effects of separate and concurrent supplementation of
natural nano-sized clinoptilolite (NCLN) and Nige//a sativa (NS) on blood glucose and lipid profile (LP) in high-
fat-diet (HFD)/streptozotocin (STZ)-induced diabetic rats. Mezhods: In this experimental study, 42 male Wistar rats
divided into two groups as diabetic and non-diabetic. Diabetic group fed with HFD for 1 month, and then injected
intraperitoneal single dose STZ (35 mg/kg BW). After a week, oral glucose tolerance test and homeostatic model
assessment of insulin resistance (HOMA-IR) test was carried out to confirm diabetes. Diabetic group was divided
to 4 subgroups: (1) control (n=9), (2) NS 1g/kg (n=9), (3) NCLN 2%/food (n=9), (4) NS 1g/kg + NCLN 2%/food
(n=9). At end 7* week, fasting blood glucose, triglyceride, total cholesterol, low density lipoprotein cholesterol and
high density lipoprotein cholesterol were tested. Data analysis was performed using SPSS software version 16 and P
<0.05 was considered significant. Resu/fs: Results showed that hyperglycemia is reduced significantly in NS (P<0.05)
and NS + NCLN (P<0.05) groups. In addition, supplementation with NS reduced HOMA-IR near to normal
range. Any of supplementation had no significant effect on LP. Conclusions: Based on the results of this study, NS
exerts significant hypoglycemic effect in HFD/STZ-induced diabetic rats while simultaneous supplementation of
NS and NCLN had no synergistic effect on hyperglycemia.
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nerve disorders (3, 4). Combination of high-fat diet
(HFD) and low-dose streptozotocin (STZ) in animal

Type 2 diabetes mellitus (T2DM) is a multifac-
torial chronic disease that characterized by hypergly-
cemia and increasing globally (1, 2). By up-regulating
insulin secretion, b cells can compensate insulin in-
sensitivity, although this may be insufficient. Defect
in peripheral glucose utilization and thus gluconeo-
genesis by liver result in hyperglycemia. This devastat-
ing illness leads to pancreas, liver, kidney, heart and

models is appropriate for testing anti-diabetic agents
in T2DM. Recent animal studies represented that the
HEFD before STZ injection had increased insulin, free
fatty acids (FFA), and triglycerides (TG) concentra-
tions and induce insulin resistance (IR). On the other
hand, low dose STZ caused the b-cell dysfunction or
destruction and the frank hyperglycemia in normal rat

model (5).
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Regarding new discoveries in medicinal plants,
world health organization (WHO) recommended study
of anti-diabetic herbs such as Nige//a sativa (NS) in dia-
betic subjects (6, 7). NS, also known as black seed or
black cumin, is from the botanical family of Ranuncu-
laceae that has been used in folk medicine. As a natural
remedy, recent investigations have represented anti-dia-
betic (8, 9), Anti-oxidative, anti-inflammatory (10), hy-
potensive (11), anti-bacterial, bronchodilator (12), car-
cinogenesis inhibitory, immunopotentiating, analgesic
antimicrobial activity in-vitro and in-vivo. Also, it has
been reported that the thymoquinone/NS oil decrease
TG, total cholesterol (TC) concentration and lipid-
peroxidation (13) and normalize high density lipopro-
tein cholesterol (HDL-C) and augment hepatocytes
insulin sensitivity (14). It was reported that NS oils in
dose response manner decrease the elevated fasting
blood glucose (FBG), 2 hour plasma glucose (2hPG)
and glycosylated hemoglobin (HbA1c) without change
in body weight (15). Feeding powder or oil of NS to
diet-induced hypercholesterolemic (HC) rabbits; result
in decreasing in the TC and low-density lipoprotein
cholesterol (LDL-C) levels and improvement of HDL-
C levels (16). High dose thymoquinone can be result in
respiratory, kidney, heart and liver disorders (17).

Zeolites are Nano-porous crystals that are now
widely used in catalytic, adsorption, and separation
processes (18). Medical applications of zeolites include
removing of urea in uremia, hemodialysis material, os-
teoporosis treatment, and as antioxidant and immu-
nostimulatory agent (19). As an anti-diabetic agent,
it has prevented initiation of diabetes in young BB
rats (20) and reduced blood glucose in non-diabetic
animal models (21). In our earlier study NCLN de-
creased FBG levels in typeldiabetes (T1DM) wistar
rats (Tarighat et al, unpublished data). This effect may
be because its adsorption and ion exchange properties
(22). Ca2+-zeolite usage in combination with insulin
in T1DM mice could modify hyperglycemia through
blockage of sodium- glucose transporter (SGLT') and
preserves the periphery of glucose excess (23). Supe-
rantigenic action of silicate materials (zeolites compo-
nents), and thus autoimmune diseases, mesothelioma,
and lung fibrosis have been reported (18).

Concurrent supplementation of NCLN and NS
can cause synergistic decrease in blood glucose and im-

prove LP while preventing allergic reaction and other
side effects on vital organs. Considering our earlier
promising evidence of NCLN on the blood glucose in
T1DM, lack of study to assess the effect of NCLN on
T2DM, uncertainty of the NS’s effective type and dose
in T2DM, this study aimed to test synergistic effects
of these two materials in blood glucose levels and LP
in T2DM rats.

Methods

Animals

A total of 44 (case=36 and control=6) male
Wistar rats weighing >250 grams with mean age of
5-6 months, were purchased from laboratory animal
breeding center of Tabriz University of Medical Sci-
ences. All animals were fed on standard ad-libitum and
normal drinking water and were kept to acclimate to
conditions of temperature, humidity and light (cycle
dark/light 12 hours) 4 or 5 rats in each cage. At the
end of the study (8th week), FBG and LP was assessed
through the final blood sampling (5 mL) of the ani-
mals. Moral laws were respected related to the main-
tenance and operation of these animals and ethical ap-
proval was obtained from the ethics committee of the
Tabriz University of Medical Sciences.

Grouping of animals

The diabetic rats were divided into four groups:
group 1 (n=9) received only NS diet, group 2 (n=9)
received only NCLN diet, group 3 (n=9) received both
NS and NCLN diet, and group 4 (n=9) received stan-
dard rat’s diet (as diabetic control) and healthy control
one group (n=6).

Induction of T2DM in rats

Induction of T2DM was carried out by adminis-
tering a month HFD (48% carbohydrate, 32% of ener-
gy from fat, 20% protein), followed by intraperitoneal
injection of 35 mg/kg BW using a single dose STZ in
0.1 M sodium citrate buffer, and pH 4.5. One week
after injection, for the diagnosis of diabetes, blood glu-
cose levels were obtained from the orbital sinus (1-2
drops). Blood glucose levels were determined using an
Accu-Chek glucometer (Roche, Germany) and rats
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with high blood sugar of 250 mg/dl was selected and
studied as diabetic.

Oral glucose tolerance test (OGTT) and homeostatic model
assessment (HOMA-IR)

To ensure of the T2DM induction, OGTT with
12 hours fasting, was carried out. A solution contain-
ing 20% glucose (2 g'kg BW) was prescribed by oral
gavage to the animals. Blood samples for measure-
ment blood glucose after 0, 30, 60 and 120 minutes
and serum insulin level before OGTT by rat insulin
ELISA kit (East biopharm co, china) were taken from
the animal’s orbital sinus. At the end of the 7th weeks
of treatment, IR estimation performed using HOMA-
IR, by following formula: Plasma glucose (mg/dL) x
fasting plasma insulin (mU/L) divided by 405 (24).

Preparation of therapeutic diets

Seeds of NS were purchased from Tabriz city’s
local market, and natural clinoptilolite (CLN) from
Tehran (Afrazand Co., Tehran, Iran). Microparticles
of CLN converted to nanorods by glow discharge
plasma (25) in Research Institute for Applied Physics
and Astronomy at University of Tabriz. Then CNLN
powdered using mixer grinder. Prescription of NS and
NCLN powders in the pelleted form was 1,000 mg/kg
BW and 2% respectively for 8 weeks. The main con-
stituents of NCLN that used in this study are shown
in Tablel.

Statistical analysis

The data were presented as mean * SD. Kol-
mogorov-Smirnov test (KS) took place to test the
normal data distribution. For measurement and com-
parison of the LP and FBG mean values in the studied
groups, ANOVA test was used in the cases of having
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Figure 1. A diagram of study’s steps

normal distribution. Otherwise, Kruskal-Wallis and
appropriate post-hoc test was applied. Data analysis
was conducted by using SPSS software version 16 and
P <0.05 was considered significant. The mean of each
blood parameter from both tested groups was com-
pared to its corresponding parameter in the control
groups using unpaired Student’s t-test.

Results

Blood glucose

Table 2 shows the effect of prescribed diets on
FBG concentration. After 8 weeks of treatment, dia-
betic rats fed with 1000 mg/Kg BW NS seed (group1)
powder showed significantly lower blood glucose
as compared to rats fed NCLN (Pv=0.004) group

Table 1. Elemental composition of clinoptilolite and nano-sized clinoptilolite

Weight (%) mole/ratio
Na Al Si K Si/Al Na/Al K/Al
CLN 3.58 7.07 60.33 0.72 8.28 1.25 0.15
NCLN 8.86 4.81 44.27 10.94 8.88 4.52 3.23

CLN= clinoptilolite; NCLIN= nano-sized clinoptilolite; Na=Sodium; Al=Aluminium; Si= Silicon; K=Potassium

Adapted with permission from Tuble 2 in “Khataee, A., Bozorg, 8., Khorram, S., Fathinia, M., Hanifehpour, Y., & Joo, S. W. (2013 ). Conversion
of natural clinoptilolite microparticles to nanorods by glow discharge plasma: a novel Fe-impregnated nanocatalyst for the heterogeneous Fenton
process. Industrial & Engineering Chemistry Research, 52(51), 18225-18233.”
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and diabetic control (DC) group (Pv=0.006). Also
NCLN+NS group as compared to NCLN and DC
groups showed significantly (Pv=0.041) lower blood
glucose level. This test demonstrated higher blood glu-
cose concentration in NCLN group as compared to
NCLN+NS (Pv=0.041), NS (Pv=0.004) and control
(Pv=0.012) groups.

Serums lipid profile

The effects of interventions on LP at the 7th
weeks of treatment are shown in Table2. There was no
significant difference in TG, TC, LDL-C and HDL-
C between groups. Level of TC in NS group was lower
than DC group; (85.46 (9.60) vs 91.65 (25.75)), and
HDL-C level in NCLN group was higher than other
groups (Pv=0.053); although these differences were

non-significant.

Serum insulin concentration

As presented in Table 3, serum insulin levels af-
ter a week of STZ injection showed a significant re-
duction (Pv= 0.001) in diabetic groups compared to
the control group. At the end of study, there were no
significant differences in serum insulin levels between
groups but were higher than pre-intervention.

HOMA-IR

Administration of HFD/STZ in rats increased
(Pv=0.025) HOMA-IR values (figure 2). Separate
supplementation of NS and concurrent use of it with
NCLN, decreased HOMA-IR values but NCLN had
no significant effect compared to DC group. Supple-
mentation with NS compared to other interventions,
could make more reduction in the HOMA-IR index.

Discussion

In this study, T2DM associated with IR induction
was made by HFD for 4 weeks, with a low dose of STZ
(35 mg/kg). This model was reported to be similar to
the T2DM in humans (26). In our study, FBG levels
increased and serum insulin levels decreased following
HFD/STZ. Our experiment showed that NS in 1000
mg/kg BW for 7 weeks had a marked ameliorative ef-
fect on the FBG; but despite of non-significant decrease
in T'C levels, had no statistically significant effect on LP.

The hypoglycemic effect of NS reported in cur-
rent study is in agree with previous reports in normal
and alloxan-induced diabetic rabbits (8), STZ-induced
diabetic rats (27) and in human subjects (15). But our

Table 2. Mean (SD) of FBG and LP levels in rats after interventions

Groups Treatment FBG (mg/dL) TC (mg/dL) TG (mg/dL) LDL-C (mg/dL) HDL-C (mg/dL)
1 DC (n=6) 314.3 (49.9) 91.65 (25.75) 84.71(38.26) 42.55 (22.38) 31.23 (0.27)
2 NCLN+NS (n=5) 195.0 (94.0)* 99.38 (16.72) 59.08 (19.25) 55.88 (17.01) 31.70 (1.29)
3 NS (n=5) 156.2 (96.7)* 85.46 (9.60) 63.28 (28.6) 41.00 (12.15) 31.80 (0.78)
4 NCLN (n=7) 314.5 (54.6) 95.98 (12.28) 72.90 (28.30) 48.86 (11.52) 32.52(0.57)
5 NC (n=6) 180.0 (33.4) 99.63 (19.55) 62.76 (11.53) 55.43 (20.00) 31.60 (0.86)

DC= Diabetic control, NCLN= Nano-sized clinoptilolite, NS= Nigella. Sativa, NC= Normal control. FBG= fasting blood glucose; LP=lipid
profile. ANOVA followed by Post-Hoc and Sidak tests. ™ Lower blood glucose (P <0.05) compared to group 1, 4.

Table 3. Mean (SD) serum insulin levels (MIU/L) before and after interventions in rats

Groups Before DI Treatment After DI
DC (n=6) 9.23 (0.46)"
NCLN+ NS (n=5) 9.92 (1.87)"
Diabetic (n=36) 7.05 (1.12) .
NS (n=5) 9.20 (0.58)
NCLN (n=7) 9.15 (1.02)"
Control (n=6) 8.88 (0.78) NC 8.96 (0.92)

DI= Dietary interventions, DC= Diabetic control, NCLN= Nano-sized clinoptilolite, NS= Nigella Sativa, NC= Normal control. ANOVA
followed by Post-Hoc and Sidak tests. * P<0.05 compared to control group. ™ Pv <0.05 compared to before DI. No significant differences in
serum insulin levels between groups.
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Figure 2. Insulin resistance index, HOMA-IR (homeostasis
model assessment) in normal control (NC), diabetic control
(DC), Nigella sativa (NS), Nano-sized clinoptilolite (NCLN),
and NS+ NCLN groups. Data are shown as Mean + SD. *Pv«<
0.05 vs. DC and NCLN group.

results seem to be in conflict with Al-Awadi and Gu-
maa findings. They reported no significant change in
FBG level when NS (40 mg/day) was administered to
normal and STZ-induced diabetic rats, probably due
to low dose NS supplementation (28).

The exact mechanism of NS action on decreasing
the glucose levels in DM is unknown. Earlier experi-
ments suggest that hypoglycemic effect of NS seeds
might be due to the enhancement of peripheral me-
tabolism of glucose, partial regeneration /proliferation
in the pancreatic b—cells, insulin secretion stimulation,
increase in insulin and adrenaline effect and/or induce
a dose-dependent inhibition of sodium dependent d-
glucose absorption (1, 24, 29). Some studies showed
beneficial effects of NS on serum LP by reducing TC,
LDL-C, TG and VLDL-C and increasing HDL-C in
diet-induced hypercholesterolemic (HC) rabbits (16).
In this study, the HFD/STZ treated rats were not ex-
erted hyperlipidemia; therefore, we cannot conclude
that the interventions did not any positive effect on
lipid profile. It seems be due to pre-diabetic condition
(HFD/STZ approach) since it failed to exert signifi-
cant unfavorable effect on lipid profile.

In current experiment, we did not see hypoglyce-
mic effect of NCLN in T2DM rats; although, decrease
of FBG levels in T1DM rats (30) was observed. Also,
non-insignificant decrease in TC and TG levels and

increase in LDL-C and HDL-C levels were seen. The
hypoglycemic effect of zeolites might be attributed to
silica. Silica may execute inhibition of the development
of spontaneous diabetes and hyperglycemia in young
BB-rats (20). Hence, the lack of a hypoglycemic effect
of NCLN in T2DM seems to be due to the inefficacy
in improving IR. Alexopoulos et al indicated an ele-
vated serum glucose concentration by administration
of CLN-rich tuff in normal pigs (31). Prvulovi¢ et al
reported that the addition of dietary CLN to pig’s bas-
al diets, deceased T'C and increased T'G concentration
(32). Demirel et al reported similar results by dietary
natural CLN administration to rats (33). In contrast,
Harvey et al reported increase of TC concentration
(although non-significant) by dietary supplementation
of zeolitic ores in chickens (34).

The contradictory effects of zeolite on LP in ear-
lier studies probably can be attributed to the differ-
ence in type, concentration, and purity of CLN, and
animal species. For explanation of serum cholesterol
reduction, recent studies suggests that CLN probably
adsorbs bile acid salts on its surface in the digestive
tract, thereby influence the need for their synthesis de
novo of cholesterol (31).

Simultaneous supplementation of NCLN and
NS decreased FBG levels significantly. Decrease of
FBG in this group to near normal range can be con-
sidered advantage of concurrent supplementation, be-
cause separate supplementation of NS decreased FBG
to lower than normal range. Also, a statistically non-
significant decrease in TG levels was seen, which may
have clinical importance.

The main limitations of this study seem to be rela-
tively short time course between T2DM induction and
start of intervention and lack of LP measurements before
intervention. The continuation of HFD in all of study pe-
riod may result in lipoprotein disorders and may appear
more clearly the effects of supplementations on LP.

In conclusion, current study indicated that dietary
administration of NS either separate or with NCLN
could represent hypoglycemic eftect in HFD/STZ in-
duced T2DM rats. None of NS and NCLN could not
show significant impact on LP, because lack of LP dis-
orders in any of groups. Further studies are needed to
clarify antidiabetic beneficial effects of NS and NCLN

and mechanisms of their action.
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