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a b s t r a c t

Objective: Oxidative stress has a major role in development of diabetic complications. In this study we inves-
tigated whether clinoptilolite and nano-sized clinoptilolite could reduce hyperglycemia and oxidative stress
in streptozotocin-induced diabetic rats and attempted to determine which intervention was more effective.
Methods: Thirty-six rats were randomly allocated to 2 groups; 1 group was randomly chosen as a dia-
betic group and injected with streptozotocin (60 mg/kg body weight in 0.1 mol/L sodium citrate buffer,
pH 4.5) to induce diabetes. Three days after diabetes induction, each group (diabetic group and nondia-
betic group) was randomly divided into 3 subgroups of 6 animals each ([1] control, [2] 1% clinoptilolite/
food, [3] 1% nano-sized clinoptilolite/food). Supplementation was continued for 28 days. Blood glucose
was measured 3 times, at the beginning of the study and on the 14th and 28th days. Activity of antioxi-
dant enzymes, including glutathione peroxidase and superoxide dismutase, and levels of total antioxi-
dant capacity, as well as malondialdehyde, were evaluated.
Results: Blood glucose and malondialdehyde were significantly elevated, but there were no statistically
significant changes in superoxide dismutase, glutathione peroxidase or total antioxidant capacity in dia-
betic rats. In diabetic rats treated with nano-sized clinoptilolite, blood glucose decreased to near normal
levels (12.4 vs. 27.5 mmol/L). No significant changes were found in the other groups. None of the oxida-
tive stress indices showed significant changes in either the treated or untreated rats.
Conclusion: Nano-sized clinoptilolite exerted a hypoglycemic effect in streptozotocin-induced diabetic rats
but had no significant influence on oxidative stress markers.

© 2017 Published on behalf of Canadian Diabetes Association.
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r é s u m é

Objectif : Le stress oxydatif joue un rôle très important dans l’apparition des complications du diabète.
Dans la présente étude, nous avons examiné si la clinoptilolite et la clinoptilolite nanométrique pouvaient
réduire l’hyperglycémie et le stress oxydatif chez les rats atteints d’un diabète induit par la streptozotocine,
et avons tenté de déterminer l’intervention la plus efficace.
Méthodes : Trente-six rats ont été répartis de façon aléatoire dans 2 groupes. L’un des groupes a été désigné
de façon aléatoire pour constituer après injection de streptozotocine (60 mg/kg de poids corporel d’une solu-
tion tampon de 0,1 mol/l de citrate de sodium, pH 4,5) le groupe de rats diabétiques. Trois jours après l’induction
du diabète, chacun groupe (groupe diabétique et groupe non diabétique) a été divisé de façon aléatoire en 3
sous-groupes de 6 animaux chacun : [1] témoin ; [2] 1 % de clinoptilolite dans les aliments ; [3] 1 % de clinoptilolite
nanométrique dans les aliments. La supplémentation a duré 28 jours. La glycémie a été mesurée 3 fois, soit
au début de l’étude, au 14e jour et au 28e jour. L’activité des enzymes antioxydantes, dont la glutathion peroxydase
et la superoxyde dismutase, ainsi que la capacité antioxydante totale et le malondialdéhyde ont été évalués.
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Résultats : La glycémie et le malondialdéhyde se sont avérés significativement élevés, mais aucun changement
statistiquement significatif n’a été observé dans la superoxyde dismutase, la glutathion peroxydase ou
la capacité antioxydante totale chez les rats diabétiques. Chez les rats diabétiques traités par clinoptilolite
nanométrique, la glycémie se situait près des concentrations normales (12,4 mmol/l vs 27,5 mmol/l). Aucun
changement significatif n’a été observé dans les autres groupes. Aucun des indices de stress oxydatif n’a
montré des changements significatifs ni chez les rats traités ni chez les rats non traités.
Conclusion : La clinoptilolite nanométrique a exercé un effet hypoglycémique chez les rats atteints d’un
diabète induit par la streptozotocine, mais n’a eu aucune influence significative sur les marqueurs du stress
oxydatif.

© 2017 Published on behalf of Canadian Diabetes Association.

Introduction

Diabetes mellitus, which has become one of the most drastic
metabolic disturbances in the world (1), is diagnosed by absolute
or relevant deficiencies in insulin secretion and/or insulin action,
followed by chronic hyperglycemia. Long-term complications of
diabetes—including ocular, renal and cardiovascular disorders—
are primarily due to hyperglycemia (2). Increasing evidence sug-
gests that chronic hyperglycemia can cause excessive production
of free radicals, particularly reactive oxygen species (ROS) (3–5). Fur-
thermore, the role of free radicals in tissue damage of streptozotocin
(STZ)–induced diabetic rats has been explained (6). On the other
hand, several studies have shown that free radicals cause lipid
peroxidation and aggregation of lipid peroxidation products in sub-
jects with diabetes mellitus (7). In addition, the role of genetic sus-
ceptibility and epigenetic factors in development of diabetes and
its complications has been demonstrated (8–10).

Hypoglycemic pharmacologic agents are unable to control tissue
damage in diabetes; they can also cause severe side effects (6). Hence,
researchers are motivated to seek remedies in traditional medi-
cine that have milder toxicity than available synthetic drugs. Natural
products from various sources, such as plants, animals and micro-
organisms, tend to be potential candidates for drug development
(11–15). Nanotechnology might serve as a tool in diagnosis and treat-
ment of diabetes, as well (16).

Clinoptilolites (CLNs), the most abundant natural zeolitic min-
erals, are hydrated natural or synthetic microporous crystals com-
prising AlO4 and SiO4 tetrahedra, linked through the common oxygen
atoms (17). They are among natural remedies proposed to reduce
blood sugar (18). Some CLNs are already applied in medicine as
antidiarrheal, bactericidal and antifungal medications and are also
used for healing wounds (19). They promote the function of the
immune system by enhancing the expression of cytokines such as
interleukin 1alpha, interleukin-6 and tumour necrosis factor -α
(20).

Current evidence suggests that zeolites may reduce blood glucose
in nondiabetic animal models (21). They may act as glucose
adsorbents, so individuals with diabetes mellitus could benefit from
them (22). CLNs might reduce blood glucose by preventing beta-
cell destruction and thus enhancing insulin production (19).

At present, the antioxidative roles attributed to CLNs are based
on their ability to diminish free radicals and lipid peroxidation levels
as well as increase total antioxidant capacity (TAC) in serum. Hence,
antioxidant enzymes may be potential targets of CLNs’ action as well
(23). In comparison with traditional CLNs, nano-sized CLNs (NCLNs)
are proposed to have greater specific surface area. An increase in
the catalyst surface area of CLNs increases the quantity of sub-
stances available to react and thus improves the rate of the reac-
tion, which might positively influence process efficiency (24).

CLNs, the most abundant natural zeolitic minerals, have been
widely used because of their abundance and considerably low cost.
In addition, CLNs have exhibited no toxicity and cause no environ-
mental pollution. These properties have sparked the interest of
researchers. The present study was carried out to determine the

efficacy of a natural CLN and NCLN in reducing blood glucose levels
and oxidative stress in experimental diabetic rat models.

Methods

Natural zeolite (Afrazand Co., Tehran, Iran) is a sodium/potassium
CLN with a particle size of approximately 5 μm. The chemical com-
position of CLN is presented in Table 1. The NCLN particles were
produced by using the glow discharge plasma method, which is a
novel iron-impregnated nanocatalyst for the heterogeneous Fenton
process (24). Particle analysis of the NCLNs showed that gener-
ated nanoparticles’ size was in the range of 30 to 40 nm in diameter.

Preparation of feeds

Animal feeds were purchased from Behparvar Company (Tehran,
Iran). The standard rat food was mixed with 1% CLN or 1% NCLN
powder. Tap water was added to the mixture of materials to make
a dough, which was then pelleted and left to dry at room
temperature.

Chemicals

STZ (Sigma Chemicals, St. Louis, MO, USA), diethyl ether and other
solvents and buffers (Merck KGaA, Darmstadt, Germany) were used
in this project.

Experimental animals

Male Wistar rats, aged 6 months (weight >0.25 kg), were pro-
cured from the Laboratory Animals Unit of Azad University of Marand
Branch, Tabriz, Iran. All rats were housed under climate-controlled
conditions for 1 week before the study in the centre for breeding
and maintenance of laboratory animals in the Faculty of Phar-
macy, Tabriz University of Medical Sciences.

Animals were kept in standard metal cages under controlled con-
ditions: a 12-hour light-dark cycle, temperature of 23°C to 25°C and
relative humidity of 30% to 50%. Rats had unrestricted access to
common chow (pellets) and water. Fundamental guidelines for the

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

Al, aluminum; CLN, clinoptilolite; K, potassium; Na, sodium; NCLN, nano-sized
clinoptilolite; Si, silicon.
Note: Adapted with permission from Table 2 in “Khataee A, Bozorg S, Khorram S,
et al. Conversion of natural clinoptilolite microparticles to nanorods by glow dis-
charge plasma: A novel Fe-impregnated nanocatalyst for the heterogeneous fenton
process. Ind Eng Chem Res 2013;52;18225–33.”

ARTICLE IN PRESS

B. Hossein Nia et al. / Can J Diabetes xxx (2017) 1–52



care and use of laboratory animals were followed. Ethical approval
was obtained from the ethics committee of Tabriz University of
Medical Sciences, Tabriz, Iran.

Experimental design

Thirty-six rats were randomly allocated to 2 groups, and 1 group
was randomly chosen to be a diabetic group and injected with STZ
(60 mg/kg body weight in 0.1 mol/L sodium citrate buffer, pH 4.5).
Rats with blood glucose levels >13.87 mmol/L were considered dia-
betic. Three days after diabetes induction, each group (diabetic and
nondiabetic) was randomly divided into 3 subgroups of 6 animals
each ([1] control, [2] 1%CLN/food, [3] 1% NCLN/food). Animals were
fed a diet containing 1% powdered CLN or NCLN and a normal diet
for 4 consecutive weeks. At the end of the experiment (on the 28th
day), animals were anesthetized with dimethyl ether, and blood
samples were collected instantly from the orbital sinus of each animal
in each group after a 12-hour fast. After blood collection, plasma was
separated by centrifugation at 3000 rpm for 10 minutes and ana-
lyzed to estimate the amounts of TAC, malondialdehyde (MDA), glu-
tathione peroxidase (GPX), and superoxide dismutase (SOD). Blood
glucose levels were determined from tail vein blood samples, using
an Accu-Chek glucometer (Roche, Mannheim, Germany) at 3 time
points—at the beginning of the study and on days 14 and 28.

Biochemical analysis

Amounts of TAC and MDA and the activity of GPX and SOD enzymes
were determined using commercial kits (Randox, Crumlin, County
Antrim, United Kingdom) and the spectrophotometric method. All
experiments were carried out at the research laboratory of the Nutri-
tion Research Center at Tabriz University of Medical Sciences.

Statistical analysis

The potential confounding variables were adjusted between the
2 groups (diabetic and nondiabetic) in the 3 subgroups (control, CLN,

NCLN) on the first day before the experiments started. Two-way analy-
sis of variance was used for comparing MDA, TAC, SOD and GPX
between diabetic factors (diabetic and nondiabetic) and treatment
factors (control, CLN, NCLN). For repeated-measures data, Mauchly’s
W test was first checked for identity covariance matrix, and a
repeated-measures test was done by using Minitab Software version
17. The results include 4 p values: the first was the group p value
for comparison of the diabetic and nondiabetic groups; the second
was the treatment p value for comparison of treatment factors in
each group; the third was the interaction p value for recognition of
the interaction effect between the diabetic factor and the treat-
ment factor; and the fourth was the time p value for comparison
of variations among the 3 assessment time points. Sidak tests were
used for multiple comparisons. The level of significance was set at
0.05, and all results were expressed as means±standard error of the
mean.

Results

Treatment with STZ resulted in significant elevation of blood
glucose levels (pα<0.001), compared with those in normal control
rats (Table 2). A significant reduction in plasma glucose level was
observed in the NCLN group when compared with untreated rats
in the experimental period of 28 days (p<0.001), but CLN-treated
diabetic rats had no significant reductions in blood glucose levels
in comparison with untreated diabetic animals. As shown in Table 2,
blood glucose levels decreased in the CLN-treated healthy rats during
the study (p<0.05). Blood glucose levels differed significantly between
groups across time (p<0.001).

Injection of STZ did not create a significant difference in TAC, SOD
or GPX between the study groups (Table 3). It is clear from the data
in Table 3 that STZ injection significantly increased lipid peroxidation
product (MDA) in the serum of diabetic rats 4 weeks after diabe-
tes induction (pα<0.001). Although significant differences were not
found between the experimental groups, the data reveal that CLN
reduced MDA levels more than NCLN in the normal group (p<0.05),

Table 2
Effect of CLN and NCLN supplementation on blood glucose levels in streptozotocin-treated diabetic rats

Groups (n=6) Treatment Blood glucose levels (mmol/L) Repeated-measures ANOVA p values

Day 0 Day 14 Day 28 Diabetes Treatment Interaction Time

Nondiabetic Control 4.1±0.26 4.2±0.29 4.4±0.26
CLN 4.8±0.25 4.7±0.12 4.0±0.10*
NCLN 4.6±0.26 4.7±0.15 4.6±0.15

Diabetic Control 28.7±0.80 27.6±1.71 31.2±1.60 <0.001 <0.001 <0.001 <0.001
CLN 27.2±0.98 29.2±1.41 29.2±0.43
NCLN 27.5±1.24 29.8±1.68 12.4±5.53†

Note: Data are expressed as means ± standard error of the mean.
ANOVA, analysis of variance; CLN, clinoptilolite; NCLN, nano-sized clinoptilolite.

* Sidak tests p<0.05 compared with nondiabetic NCLN group and time 0, 14.
† p<0.001 compared with diabetic control and CLN groups and time 0, 14 days.

Table 3
Effect of CLN and NCLN on oxidative stress parameters in serum of streptozotocin-treated diabetic rats

Nondiabetic groups Diabetic groups Two-way ANOVA
p value values

Treatment Control CLN NCLN Control CLN NCLN Pα Pβ Pθ

MDA (nmol/mL) 4.7±0.11 3.9±0.35* 4.4±0.29 4.2±0.13 5.6±0.31† 5.7±0.41† <0.01 0.14 <0.01
TAC (mmol/L) 0.7±0.02 0.7±0.02 0.7±0.02 0.6±0.02 0.8±0.10 0.5±0.07 0.16 0.12 0.06
SOD (μg/g Hb) 1237.4±113.42 1354.8±145.19 1184.3±149.55 1568.6±141.23 1553.1±170.1 1348.5±147.13 0.06 0.42 0.83
GPX (μg/g Hb) 32.2±1.51 35.8±1.49 34.7±3.11 35.8±3.19 36.5±1.49 34.1±3.67 0.56 0.68 0.71

Note: Data are expressed as means ± standard error of the mean.
ANOVA, analysis; CLN, clinoptilolite; GPX, glutathione peroxidase: Hb, hemoglobin; MDA, malondialdehyde; NCLN, nano-sized clinoptilolite; Pα, diabetes p value; Pβ, group
p value; Pθ, interaction p value; SOD, superoxide dismutase; TAC, total antioxidant capacity.

* p<0.05 compared with nondiabetic control and NCLN groups.
† p<0.05 Sidak test compared with diabetic control group.
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but MDA levels mildly increased in both CLN- and NCLN-
supplemented diabetic rats.

Discussion

In this study, the STZ-treated rats were certified to be hyper-
glycemic 72 hours after STZ administration. Treatment with NCLN
significantly decreased blood glucose levels in diabetic rats com-
pared with the untreated diabetic rats. Besides, CLN mildly reduced
blood glucose levels in nondiabetic rats. Thus it can be inferred that
CLN exerts mild glycemic control in healthy rats.

Substantial evidence suggests that macrophages play an impor-
tant role in development of type 1 diabetes in animal models (25).
In one study it was reported that silica could almost perfectly prevent
the advance of spontaneous diabetes and hyperglycemia in young
BioBreeding rats (26). There are also reports that indicate a pro-
tective effect of silica against islet demolition through depletion of
macrophages or modification of macrophage action on T lympho-
cytes (27). In this study the hypoglycemic activity exhibited by NCLNs
may be attributed to the presence of the compound silica. Because
of the well-known adsorption properties of zeolites, they can reduce
the glucose level in blood (28). Many published studies have dem-
onstrated component adsorption of fructose, glucose, sucrose and
fructooligosaccharides by NaX-type zeolites and also adsorption of
glucose into zeolite beta from aqueous solution (29–31). One study
of type 1 diabetes in a nonobese diabetic animal model showed that
Ca2+-zeolite used in combination with insulin could modify hyper-
glycemia through deterrence of the sodium-glucose transporter (32).
It has been observed that dietary administration of CLN could alle-
viate nitrates’ deleterious effects, including hyperglycemia and
impairment of protein metabolism (33). In our study the hypogly-
cemic effect of NCLNs could not be due to increased absorption char-
acteristics and catalyst surface area of CLN. The lack of a
hypoglycemic effect of zeolites seems to be due to the low dose
administered.

Administration of STZ may cause most of the diabetic compli-
cations associated with oxidative stress in animals (34, 35). Diabetes-
induced oxidative stress is accompanied by a reduction in antioxidant
status, which can increase the detrimental effects of free radicals
(36). Defense mechanisms against free radicals consist of enzymes
SOD, GPX and catalase, as they eliminate superoxide, hydrogen per-
oxide and hydroxyl radicals (37). Studies conducted with diabetic
animal models, especially STZ-induced diabetic rats and mice, have
demonstrated that hyperglycemia increases the rate of hydroxyl
radical production, and this has been associated with the level of
thiobarbituric acid (38).

Sources of oxidative stress in diabetes could originate from several
pathways consisting of glycation reactions and a shift in the
decreased oxygen status of the diabetic cells. Oxidative stress in dia-
betes could be clearly demonstrated by the extent of some spe-
cific biomarkers such as lipid hydroperoxides, protein carbonyls and
DNA adducts (39). Antioxidants invert many of the effects of hyper-
glycemia on endothelial functions such as delayed cell replication
and reduced endothelial-related relaxation.

Antioxidant enzymes play an important role in scavenging ROS
to control lipid peroxidation (40).

In the present study, 28 days after STZ injection (60 mg/kg body
weight), we found no significant difference in the activity of SOD
and GPX or the level of TAC in STZ-induced diabetic rats when com-
pared with the healthy animals. Our results show that the injec-
tion of STZ significantly increased the level of MDA in diabetic rats
at the end of the experiment; however, the increase observed in
the treatment groups can be attributed solely to either diabetes or
zeolite. MDA is an aldehyde produced from lipid peroxidation, which
is estimated based on its reaction with thiobarbituric acid and is

used as the best existing measure of universal ROS, substantially
elevated in diabetes (41). The lack of significant change in oxida-
tive stress parameters (TAC, SOD and GPX) observed in this study
may have been due to the short treatment period (28 days) (42).
However, in our experimental model of diabetes mellitus, STZ admin-
istration led to a nonsignificant increase in plasma SOD activity. Some
studies have shown decreased SOD activity after zeolite adminis-
tration (43), while others have shown increases (44). Recently, it
has been reported that pretreatment of SH-SY5Y neuronal-like cells
with zeolite resulted in a significant reduction of ROS-induced cell
death. On the other hand, mice exposed to zeolite at the time of
initial plaque accumulation had a significant increase in SOD activ-
ity in their hippocampi compared with age-matched control mice
(45). It has been reported that CLN administration (5 mg/kg) orally
for 10 days in rats with partial hepatectomy decreased oxidant activ-
ity through elevation of liver tissue copper-zinc SOD activity and
Glutathione (GSH) levels and reduction of plasma and liver tissue
MDA levels (46). In addition, administration of 3 g of natural zeolite
chabazite/phillipsite/analcime to clinically healthy nonsmokers and
smokers for 4 weeks increased the levels of antioxidant enzymes
able to remove ROS, including GSH peroxidase, SOD GSH reduc-
tase and reduced thiobarbituric acid reactive substance (TBARS), thus
preventing or slowing down oxidative damage (23). An increased
concentration of lipid-bound sialic acid in serum but a reduced
amount of melanoma metastasis and lipid peroxidation in the liver
have been suggested after use of zeolite for 28 days in mice with
melanoma cells. Furthermore, zeolite was observed to fully sup-
press generation of nitric oxide (17). Effects of CLN treatment in
reducing lipid peroxidation levels and recovering the levels of cata-
lase, SOD and GPX activity during pb2+ toxicity have been reported
(22, 47).

CLN was used in our study for the following reasons. CLN is the
most abundant zeolite in Iran, and it has a total cation-exchange
capacity of about 200 mEq. The exchange capacity plays an impor-
tant role in the therapeutic use of zeolite, accounting for its ability
to release useful elements while capturing and binding others (23).

Exact mechanisms of zeolites’ antioxidant effects are not well
known. Because zeolite is not absorbed into the blood from the gut,
evidence suggests that the effects of zeolite may be due to an indi-
rect interaction with biochemical systems, removal of waste and
toxins from the gut, improvement of the immune system through
the mucosal-related intestinal lymphoid tissue, and an increase in
the bioavailability of minerals that are important co-factors for some
enzymes (48, 49). In addition, it has been proposed that zeolites
tend to neutralize the solutions and exchange electrons and also
that zeolites, such as CLN, may modify the disorders in a redox state
and arrest the generation of peroxides and free radicals through their
amphoteric character, as in the CLN–iron oxidase system (46, 50).
Some of the antioxidant properties of zeolites are attributed to their
effect on macrophages’ phagocytic function triggered after phago-
cytosis of zeolite particles. Phagocytic action subsequently leads to
the production of cytokines such as tumour necrosis factor-α, which
stimulates immunologic responses and also increases the expres-
sion of SOD (22).

This study had 2 limitations. First, we did not obtain measure-
ments before interventions and, therefore, could not eliminate rats
that had normal oxidative stress status; the lack of significant
changes in the oxidative stress indices may be attributed to their
normal range in both diabetic and healthy rats. Second, we could
not confirm the optimal dose of CLN and NCLN supplementation
because of the limited relevant investigations.

Conclusion

The findings of our study demonstrate that oral treatment with
NCLN could help improve glycemic status in rats with STZ-induced
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diabetes, but CLN is slightly effective against oxidative stress in
control/healthy rats when compared with other groups. The lack
of detectable change in oxidative stress status in diabetic rats may
be due to factors such as the short duration of treatment and the
low dose of the intervention. Further studies are warranted to clarify
antidiabetic beneficial effects of CLN and NCLN and mechanisms
mediating these effects on blood glucose.
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