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Summary

 Background: Cognitive impairment occurs in diabetes mellitus. Teucrium polium L. (Lamiaceae) has been used 
in folk medicine to improve mental performance. Here we hypothesized that chronic treatment 
with an aqueous extract of Teucrium polium (100, 200 and 400 mg/kg, p.o.) would have an effect 
on passive avoidance learning (PAL) and memory in control and streptozocin-induced diabetic 
rats.

 Material/Methods: Treatments were begun at the onset of hyperglycemia, and PAL was assessed 30 days later. A reten-
tion test was performed 24 h (hours) after training. After PAL and memory assessment, animals 
were weighed and blood samples were drawn for plasma glucose measurement.

 Results: Diabetes caused impairment in acquisition of PAL and retrieval of memory. Teucrium polium treat-
ment (200 and 400 mg/kg) improved learning and memory in control rats and reversed learn-
ing and memory deficits in diabetic rats. The 100 mg/kg dose did not affect cognitive function. 
Teucrium polium treatment partially improved the reduced body weight and hyperglycemia of treat-
ed diabetic rats, although the differences were not significant compared to non-treated diabetic 
rats.

 Conclusions: These results show that Teucrium polium prevented the deleterious effects of diabetes on PAL and 
memory. Antioxidant, anticholinesterase and hypoglycemic effects of Teucrium may be involved 
in the obtained effects. Therefore, Teucrium polium appears to be a promising candidate for mem-
ory improvement in diabetes, but this needs confirmation by future clinical studies.
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Background

Diabetes mellitus, one of the most serious health prob-
lems worldwide, is associated with neurological complica-
tions in both the peripheral and central nervous systems 
[1,2]. Evidence indicates that diabetes causes learning and 
memory deficits [3–5], and moderate impairment of learn-
ing and memory has been observed in adults with diabe-
tes mellitus [6–8]. Cognitive impairment has also been re-
ported to occur in streptozotocin-induced diabetes, which 
is a well-characterized experimental model of type I diabe-
tes mellitus [9–12].

Recently, focus has shifted to the use of plant extracts for the 
treatment of diabetes mellitus and its complications. The 
WHO has estimated that approximately 80% of the world-
wide population relies on traditional medicine for their pri-
mary health care needs, and most of this therapy involves 
the use of plant extracts [13].

Teucrium polium L. (Lamiaceae) is one of the most popular 
herbal medicines in the world and has been used for over 
2000 years in traditional medicine due to its exceptional 
pharmacological properties. Teucrium polium is mainly used 
in folk medicine to improve mental performance [14–17]. 
Recently, it has been reported that Teucrium polium extract 
has anti-amnesic properties in a mouse model of scopol-
amine-induced amnesia [18]. Therefore, Teucrium polium 
may be an herbal alternative for memory improvement, and 
it will be worthwhile to explore its potential for the man-
agement of cognitive deficits. In light of these reports, we 
examined whether the aqueous extract of Teucrium polium 
could protect against learning and memory deficits in dia-
betic rats. Therefore, the aim of this study was to evaluate 
the effects of long-term administration of Teucrium polium 
(100, 200 and 400 mg/kg, p.o.) on passive avoidance learn-
ing (PAL) and memory performance in healthy and dia-
betic rats.

Material and Methods

Animals

Sixty-four locally-sourced male Wistar rats (250–280 g) were 
used in the present experiments. All animals were main-
tained at a constant temperature (22±0.5°C) with 12 h light: 
12 h dark cycle. They had free access to laboratory chow 
and tap water. Each experimental group consisted of 8 ani-
mals that were chosen randomly from different cages, and 
each was used only once.

Chemicals

The following drugs were used in the present study: strep-
tozotocin (STZ) was obtained from Pharmacia and Upjohn 
(USA) and dissolved in 1 ml normal saline immediately be-
fore use. Ketamine HCL was purchased from Rotexmedica 
(Trittau, Germany).

Plant extraction

The dried aerial parts of Teucrium polium were purchased 
from herbalists in Kerman and were authenticated by Dr. 
A. Musavai, Center for Research on Natural Resources and 

Livestock (Ministry of Agricultural Jahad, Hamedan, Iran). 
Dried plant material (25 g) was stirred in 250 ml of distilled 
water for 15 min (minutes) at 95°C, followed by rapid fil-
tration through a crude cellulose filter. The average w/w 
yield was 11.5%. The resulting filtrate was freeze-dried and 
used for the experiments. Teucrium polium extract was fed 
to rats orally at doses of 100, 200 and 400 mg/kg, once a 
day for 30 consecutive days.

Experimental design

The animals were divided into 4 diabetic and 4 control 
groups (n=8 each). Diabetes was induced by a single i.p. in-
jection of STZ (60 mg/kg). Three days later, fasting blood 
glucose levels were determined. Blood samples were col-
lected from the tail vein, and plasma glucose was mea-
sured using a kit (through enzymatic “glucose oxidase”; 
Zistshimi, Tehran, Iran) and a spectrophotometer (UV3100, 
Shimadzu, Tokyo, Japan). Animals were considered diabet-
ic if plasma glucose levels exceeded 250 mg/dl. As soon as 
diabetes was confirmed, the diabetic groups received sa-
line or 100, 200 and 400 mg/kg of the extract by oral ga-
vage for 30 days. The doses of the extract used here were 
based on previously published studies [19–21]. The con-
trol groups received saline or extract at the same doses as 
the diabetic groups by oral gavage for 30 days. After the 
treatment period, the different animal groups were tested 
using a standard experimental paradigm of learning and 
memory. At the end of experiment, all rats were weighed 
and blood was collected for plasma glucose measurement. 
The operator was unaware of the specific treatment groups 
to which each animal belonged. Animals were handled in 
accordance with the criteria outlined in the Guide for the 
Care and Use of Laboratory Animals (National Institutes 
of Health publication 86–23; revised 1985; http://www.oacu.
od.nih.gov/regs/guide/guidex.htm). All protocols were also 
approved by the Institutional Ethics Committee of Bu-Ali 
Sina University.

Passive avoidance learning (PAL) test (step-through test)

The apparatus and procedure were basically the same as 
in our previous studies [22,23]. Briefly, the step-through 
passive avoidance apparatus consisted of a lighted cham-
ber (20×20×30 cm) made of transparent plastic and a dark 
chamber made of dark opaque plastic (20×20×30 cm). The 
floors of both chambers were made of stainless steel rods 
(3 mm diameter) spaced 1 cm apart. The floor of the dark 
chamber could be electrified using a shock generator. A 
rectangular opening (6×8 cm) was located between the two 
chambers and could be closed by an opaque guillotine door.

Training

We habituated the rats to the apparatus as follows: the rats 
were placed in the lighted compartment of the apparatus 
facing away from the door, and 5 s (seconds) later the guil-
lotine door was raised. Rats have a natural preference for 
dark environments. Upon the entrance of the rat to the 
dark compartment, the door was closed, and after 30 s the 
rat was removed from the dark compartment and placed in 
its home cage. This habituation trial was repeated 30 min 
later. The first acquisition trial started 30 min after the sec-
ond habituation trial.
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The latency to enter the dark compartment (step-through 
latency during acquisition, STLa) was recorded when the 
animal had placed all 4 paws in the dark compartment. 
After the animal had spontaneously entered the dark 
compartment, the guillotine door was lowered and a mild 
electrical shock (0.5 mA) was applied for 3 s. After 30 s, 
the rat was removed from the dark compartment and re-
turned to its home cage. Then after 2 min, the procedure 
was repeated. The rat received a foot shock each time it 
re-entered and had placed all 4 paws in the dark compart-
ment. Training was terminated when the rat remained in 
the light compartment for 120 consecutive seconds. The 
number of trials to acquisition (entries into the dark cham-
ber) was recorded.

Retention test

The retention test was performed 24 h after the PAL acqui-
sition trial. The rat was placed in the lighted chamber as 
during PAL training. Five seconds later, the guillotine door 
was raised, and the step-through latency during the reten-
tion trial (STLr) and the time spent in the dark compart-
ment (TDC) were recorded up to 300 s. If the rat did not 
enter the dark compartment within 300 s, the retention test 
was terminated and a ceiling score of 300 s was assigned.

Measurement of plasma glucose levels

At the end of experiment, all rats were decapitated un-
der ketamine HCl anesthesia (50 mg/kg, i.p.) and blood 

samples were drawn. Plasma glucose levels were measured 
using a kit and a spectrophotometer, as explained above.

Statistical analysis

All data are expressed as mean ±S.E.M. Differences between 
groups were statistically tested by one-way analysis of vari-
ance (ANOVA) with Tukey post-hoc test. Probability values 
less than 0.05 were considered significant.

results

Effects of diabetes on the PAL and memory

One-way ANOVA indicated that there was no significant dif-
ference in the STLa of the diabetic and control groups dur-
ing the first acquisition trial (before the administration of the 
electrical shock; P>0.05, Figure 1A). There was a significant 
difference (P<0.001) in the number of trials before acqui-
sition between the diabetic (5.62±0.26) and control groups 
(2.75±0.25; Figure 1B). During the retention test, the dia-
betic group had a decreased STLr (43.5±4.5) and increased 
TDC (207.7±4.9) compared to the control group (116.6±6.4, 
137.2±4.3, respectively) (both P<0.001; Figure 1C, D).

Effects of Teucrium polium administration on PAL and 
memory in non-diabetic rats on PAL and memory

There were no significant differences in the STLa during 
the first acquisition trial among any of the groups (P>0.05, 

Figure 1.  Effects of long-term administration of Teucrium polium extract on the PAL test. The effect of long-term oral administration of extract 
on the step-through latency (STLa) in the first acquisition trial (A), the number of trials to acquisition (B), step through latency (STLr) in 
the retention test (C) and the time spent in the dark compartment during the retention test (TDC) (D) between different control (Cont) 
and diabetic (Diab) groups (n=8). a P<0.05, b P< 0.01 and c P< 0.001 compared to control group. d P<0.01 and e P<0.001 compared to 
diabetic group. f P<0.001 difference in STLr between 200 and 400 mg/kg extract-treated control rats. Each column and bar represents 
mean ±S.E.M.
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Figure 1A). Administration of 100 mg/kg Teucrium polium 
to control rats did not affect on the number of trials to ac-
quisition, STLr or TDC (Figure 1B–D). The number of 
trials to acquisition in the 200 and 400 mg/kg Teucrium 
polium-treated control groups were fewer than in the un-
treated control group (both P<0.01; Figure 1B). However, 
there was no difference in the number of trials to acquisi-
tion between the 2 treated groups. In the retention test, 
administration of 200 and 400 mg/kg Teucrium polium to 
the control group caused an increased STLr (147.5±3.6 
and 264.6±13.3, respectively) compared to the untreated 
control group (116.6±6.4; P<0.05 and P<0.001, respective-
ly; Figure 1C). Furthermore, there was a significant differ-
ence in the STLr between the 200 and 400 mg/kg extract-
treated control animals (P<0.001; Figure 1C). The TDC of 
200 and 400 mg/kg extract-treated control rats (96.8±7.9 
and 91.2±8.1, respectively) was significantly less than in un-
treated control rats (137.2±4.3; P<0.05 and P<0.01, respec-
tively; Figure 1D).

Effects of Teucrium polium administration to diabetic rats 
on PAL and memory

In the diabetic groups, administration of 100 mg/kg Teucrium 
polium did not significantly affect the number of trials to 
acquisition, STLr or TDC compared to untreated diabet-
ic rats (Figure 1B–D). However, administration of 200 and 
400 mg/kg Teucrium polium to diabetic animals produced a 
significant difference in the number of trials to acquisition 
(both P<0.001), STLr (both P<0.001) and TDC (P<0.01, 
P<0.001, respectively) compared to untreated diabetic an-
imals (Figure 1B–D). There was no significant difference 
between extract-treated diabetic rats and untreated control 
rats in these parameters (Figure 1B–D).

Effects of Teucrium polium administration on body weight 
and plasma glucose

The body weight and blood glucose levels of different animal 
groups at the beginning and at the end of the experiment 

are shown in Table 1. There was no significant difference in 
body weight or plasma glucose between any of the groups 
before the onset of diabetes. Body weight and plasma glu-
cose levels were measured at the end of behavioral assays 
(30 days after the onset of hyperglycemia). At the end of 
assays, the body weight of the untreated (193±6) and ex-
tract-treated (100, 200 and 400 mg/kg) diabetic rats (243±7, 
263±8 and 278±6, respectively) were significantly (P<0.001, 
P<0.001, P<0.01 and P<0.05, respectively) lower than con-
trol rats (311±5). Furthermore, there was no significant dif-
ference in the body weight of extract-treated (100, 200 and 
400 mg/kg) and untreated control animals. Regarding plas-
ma glucose levels, untreated diabetic animals had signifi-
cantly (P<0.001) elevated plasma glucose levels (394.7±5.6) 
compared to control animals (98.3±4). Administration of 
100, 200 and 400 mg/kg Teucrium polium to diabetic rats sig-
nificantly decreased the plasma glucose levels of the treat-
ed groups (259.7±9.8, 149.6±4 and 137.7±7.4, respectively) 
compared to the untreated diabetic group (394.7±5.6; all 
P<0.001). However, there were still significant differences in 
the plasma glucose levels between extract-treated diabetic 
animals (100, 200 and 400 mg/kg) and untreated control 
animals (P<0.001, P<0.001 and P<0.01, respectively; Table 1).

discussion

The results of the present study show that treatment with 
200 and 400 mg/kg Teucrium polium for 30 days from the 
onset of diabetes improved PAL and memory of control rats 
and alleviated the negative influence of diabetes on learn-
ing and memory. The decrease in the number of trials to 
acquisition in the PAL task is evidence of an improvement 
in memory acquisition. The increase in STLr and decrease 
in TDC during the retention test demonstrates facilitatory 
effects on memory retention [4,9,24].

The benefits of Iranian medicinal plants, including Teucrium 
polium, have been systematically reviewed [25,26]. Teucrium 
polium has been approved in modern medicine for its anti-in-
flammatory and anti-oxidative effects [19,27]. Interestingly, 

Plasma glucose(mg/dl) Body weight(g)
Groups

End Beginning End Beginning

 98.3±4  104.6±4.1  311±5  255±3 Control

 100.6±7.9  97±5.5  320±7  268±3 Cont+Tp100

 87.6±5.2  82±2.9  316±6  271±4 Cont+ Tp200

 92±6.2  90±5.4  318±8  276±2 Cont+ Tp400

 394.7±5.6a  86±2.6  193±6a  272±3 Diab

 259.7±9.8a,e  106±7  243±7a  266±4 Diab+ Tp100

 149.6±4a,e  91±8.2  263±8b  272±3 Diab+ Tp200

 137.7±7.4d,e  101±6  278±6c  258±2 Diab+ Tp400

Table 1. Body weight and plasma glucose levels of different animal groups at the beginning and end of the study.

Animal groups included: control rats, control rats treated with 100 mg/kg Teucrium polium (Tp) (Cont +Tp100), control rats treated with 200 mg/kg Tp 
(Cont + Tp200), control rats treated with 400 mg/kg Tp (Cont +Tp400), diabetic rats (Diab), diabetic rats treated with 100 mg/kg Tp (Diab + Tp100), 
diabetic rats treated with 200 mg/kg Tp (Diab + Tp200), and diabetic rats treated with 400 mg/kg Tp (Diab + Tp400).The symbols indicate significant 
differences compared to the control group (a P=0.001, b P=0.01, c P=0.047 and d P=0.002, e P<0.001, ANOVA, Tukey’s test for post-hoc comparisons).
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Teucrium in folk medicine has been used to improve mental 
performance, but until now there have not been many reports 
of in vivo anti-amnesic effects of this herb. Our present results 
showing a significant improvement in rat learning and mem-
ory in the PAL task after treatment with Teucrium polium are 
consistent with a recent published study showing that Teucrium 
polium extract enhances the retrieval of memory in mice [18].

In the present experiments, the number of trials to acqui-
sition during the PAL task was increased in diabetic rats, 
which is indicative of learning impairment. In the retention 
test, the STLr was decreased and TDC was increased, which 
demonstrates memory retention deficits induced by diabe-
tes. Learning and memory deficits induced by diabetes mel-
litus have been previously reported in animals and humans 
[4,6,8,9,11,12]. Our current experiments expand on these 
reports and demonstrate the potential for Teucrium polium 
to protect against memory impairment in diabetes. The re-
sults are quite promising. Administration of Teucrium polium 
clearly prevented the learning and memory impairments 
caused by diabetes. Indeed, administration of 200 and 400 
mg/kg Teucrium polium to diabetic animals reversed the in-
creased number of trials to acquisition, indicative of a pre-
ventive effect of the treatment on acquisition deficits. In the 
retention trial, decreased STLr and increased TDC of dia-
betic rats were also reversed by Teucrium polium treatment.

Interestingly, there have been many studies reporting that 
Teucrium polium extract has antioxidant properties [28–30]. 
Its high antioxidant activity could be considered to depend 
on the phenolic compounds detected in this herb, includ-
ing hydroxybenzoic acid derivatives, caffeic acid, and ferulic 
acid, in addition to the flavonoid derivatives, luteolin and 
quercetin [31]. It has also been shown that Teucrium polium 
extract has significant antioxidant activity in vivo and that 
the antioxidant activity of the extract is comparable to that 
of one of the strongest antioxidants, alpha-tocopherol [21]. 
Oxidative stress is not only involved in the pathogenesis of 
diabetes but also plays a role in diabetic complications such 
as memory deficits [4,32]. Additionally, it has been suggest-
ed that oxidative stress is central to the development of di-
abetic complications. This suggestion has been supported 
by the demonstration of increased levels of indicators of ox-
idative stress in diabetic individuals who are experiencing 
complications [33]. As oxidative stress is thought to play 
a crucial role in the development of memory impairment 
in diabetes mellitus [4,32,34,35], the antioxidant proper-
ties of Teucrium polium extract may be responsible for the 
observed memory enhancing effects. Furthermore, it has 
been reported that intracerebroventricular (i.c.v.) injection 
of streptozotocin at a subdiabetogenic dose in rats may in-
crease anticholinesterase activity, and this increase may lead 
to diminished cholinergic transmission due to a decrease in 
central acetylcholine level [32,36–39]. This ultimately may 
result in cognitive impairment in i.c.v. streptozotocin-treat-
ed rats [32]. Interestingly, Teucrium polium extract showed 
strong acetylcholinesterase inhibition in the anticholines-
terase assay [18]. a-pinene, one of the major contributors 
to the anticholinesterase property of Teucrium polium, has 
been well-studied for its strong anti-acetylcholinesterase 
effects [18]. As central cholinergic pathways play a promi-
nent role in learning and memory processes, the anticho-
linesterase effects of Teucrium polium may be involved in the 
nootropic effects observed during the present experiments.

Furthermore, prolonged hyperglycemia is a primary cause 
of most complications of diabetes. Indeed, chronic hypergly-
cemia is thought to lead to cognitive impairments in diabe-
tes [12,40]. Our study shows that administration of Teucrium 
polium extract did not affect body weight and plasma glu-
cose in treated control animals. However, extract-treated di-
abetic rats showed a minor increase in body weight and de-
crease in plasma glucose levels, which is in accordance with 
the reported hypoglycemic effect of Teucrium polium [41,42]. 
Therefore, the restoration of cognitive function observed 
in the diabetic animals in this study may be partly due to 
the ability of Teucrium polium to attenuate hyperglycemia.

There have been no reported effects of Teucrium polium on 
motor function in doses equal to the ones used in this study 
[18]. In addition, as STLa in the first acquisition trial was not 
different between animal groups, and as we also did not ob-
serve any abnormal motor behavioral responses during the 
experiments, the nootropic properties of Teucrium polium 
may not be attributed to possible effects on locomotion.

conclusions

This study demonstrates that Teucrium polium may protect 
against memory impairment in diabetic rats. While ques-
tions remain regarding the medicinal value of herbal sup-
plements, based on cellular and animal studies as well as 
human clinical trials, the literature supports a role for these 
preparations as useful alternatives [43]. We plan to conduct 
further studies in future to confirm the protective effect of 
Teucrium polium observed in this study.
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