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This present study was undertaken to examine treating effects of St. John's Wort (SJW) extract
on nociceptive perception of STZ-diabetic animals based on its potential antidiabetic and
antinociceptive activities. One week administrations of SJW extract (125 and 250 mg/kg)
induced significant decrease in high blood glucose levels of three weeks STZ-diabetic rats and
improved their dysregulated metabolic parameters. In addition, SJW extract treatment caused
restoration in the mechanical hyperalgesia of diabetic animals. These findings provide a
rationale for the traditional use of SJW against diabetes and display the potential of this plant as
a new drug candidate/source for the treatment of diabetic pain.
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1. Introduction

Diabetes mellitus (DM) is defined as a metabolic disorder of
multiple etiologies characterized by chronic hyperglycemia with
disturbances of carbohydrate, protein, and fat metabolism
resulting from defects in insulin secretion, insulin action, or
both [1].

Diabetes can result in numerous acute complications
including hypoglycemia, hyperglycemia, ketoacidosis, and
hyper-osmolar syndrome. In addition to acute complications,
chronic conditions may lead long-term metabolic disorders
related to various organ dysfunctions [2–4]. Diabetic neurop-
athy is one of the most widespread chronic complications of
DM and the main cause of diabetic pain [5].

Current first-line treatment for diabetic neuropathic pain is
tricyclic antidepressants. Analgesic action of the antidepressants
is due to a proposed facilitation of descending inhibitory
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nociceptive pathways by inhibition of monoamine transporters
[6,7]. Other medications include calcium channel ligands (i.e.,
gabapentin and pregabalin), topical lidocaine, opioid analgesics
and tramadol [7,8]. However, effectiveness of current therapeu-
tic regimens is limited. Therefore, discovery and development of
new drug candidates for treatment of diabetic pain remains a
major challenge in pharmaceutical field [7,8].

SJW preparations, widely used herbal-based antide-
pressants in many countries [9,10]. SJW extracts interact
with monoaminergic system through different mecha-
nisms. For example, hyperforin, phloroglucinol derivative
compound in SJW extracts, has been shown to inhibit
reuptake of neurotransmitters and reported as the main
component responsible from the antidepressant activity
[11]. Hypericin, naphthodianthrone derivative compound
in SJW extracts, has been reported to cause alterations in
the concentration of monoamine neurotransmitters and
their metabolites in different brain regions [12]. Rutin, one
of the flavonoid compounds in SJW extracts, have been
reported to possess antidepressant activity in experimental
animals and shown to increase the availability of serotonin
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Table 1
Linear gradient programme for HPLC analysis.

Time (min) Solvent A (%) a Solvent B (%) b Solvent C (%) c

0 85 15 0
10 85 15 0
30 65 35 0
45 10 90 0
60 10 90 0
61 0 0 100
70 0 0 100
75 0 100 0
105 0 100 0
110 85 15 0
130 85 15 0

a Solvent A = water and phosphoric acid, pH solution 2.7.
b Solvent B = 90% acetonitrile, 10% methanol.
c Solvent C = 10% ethyl acetate, 90% mix solvent A and B (10%A, 90%B).

Table 2
Amounts of certain phenolic compounds (as ppm) in alcoholic
extract of SJW.

Flavonoid Amounts (ppm) a

Rutin 2225.45 ppm
Quercetin 741.82 ppm
Isoquercitrin 556.36 ppm
Quercitrin 556.36 ppm
Hyperosid 370.91 ppm
Chlorogenic acid 137.05 ppm
Hyperforin 42.65 ppm
Hypericin 40.71 ppm

a Values are means of three determinations (n=3).

577Ö.D. Can et al. / Fitoterapia 82 (2011) 576–584
and noradrenaline in the synaptic cleft [13]. SJW extracts
have been shown to inhibit the neuronal uptake of
monoamines similar to tricyclic antidepressants [6,9,14].
This evidence may suggest that similar to TCAs, SJW
extracts could also relieve diabetic neuropathic pain.

Although, SJW has also been reported for its traditional use
by diabetic patients [15], antidiabetic effect of the plant has not
been reported previously. However, some flavonoids such as
quercetin, isoquercetin and rutin present in various plants as
well as SJW have been searched for their antidiabetic activity
potentials. For example, rutin has been reported to enhance
insulin release and decrease blood glucose level in diabetic
animals [16,17]. Recently, metabolites of rutin have been
suggested as useful agents for preventing diabetic complications
by inhibiting nonoxidative advanced glycation end products
[18]. Quercetin, quercitrin and isoquercitrin have also been
associated with some antidiabetic actions. Antihyperglycemic
effect has been reported previously in experimentally induced
diabetic animals for quercetin [19,20]. Rutin, quercetin, querci-
trin have been evaluated as alpha-glucosidase inhibitors in some
studies [21,22]. Quercetin and isoquercitrinhavebeensuggested
as potent non-competitive inhibitors of the intestinal sugar
transporter GLUT2 and decrease intestinal glucose absorption
[23].

Based on the above mentioned antinociceptive and antidia-
betic activity potentials, this present study was undertaken to
investigate effects of SJW extract on blood glucose levels,
metabolic parameters and variations of pain tresholds in STZ-
diabetic rats.

2. Experimental

2.1. Chemicals

Streptozotocin (STZ), sodium citrate and trisodium citrate
were purchased from Sigma (St. Louis, MO). Quercetin, hype-
ricin, hyperforin, chlorogenic acid, rutin and quercitrin were
supplied by SIGMA (Milan, Italy), hyperoside and isoquercitrin
were supplied by Applied Biosystem (Milan, Italy). Individual
stock solutions were prepared by dissolving each compound in
methanol and stored in glass-stoppered bottles at 4 °C. Standard
working solutions, at various concentrations, were daily pre-
pared by appropriate dilution of aliquots of the stock solutions in
methanol. Methanol, acetonitrile and ethyl acetate gradient
grade for liquid chromatography were purchased from Merck
(Darmstadt, Germany). Deionized water (b18MΩ cm resistivi-
ty) was obtained from a Milli-Q SP Reagent Water System
(Millipore, Bedford, MA, USA). All the solvents were filtered
through a 0.2 μm cellulose filter (RC 58) from Schleicher and
Schuell before use.

2.2. Preparation of extracts

Aerial parts of Hypericum perforatum L. were collected in
Tahtakuşlar village, Kazdağı, Balıkesir, Turkey in June, 2005.
After collection, the plant material was dried at room tem-
perature and its voucher specimen was kept at the Herbarium
of the Faculty of Science (OUFE 10337) Osmangazi University,
Eskişehir, Turkey. Botanical identification of collected material
was made by Dr. Onur Koyuncu from Osmangazi University,
Faculty of Science, Department of Biology. The extract was
prepared by the department of Pharmacognosy at Anadolu
University. Fresh aerial parts of theplantwere air-dried at room
temperature and powdered. The crude powder wasmacerated
in 50% ethanol (1:10) for one night and extracted for 8 h at
40 °Cwater bath, then filtered. This processwas repeated three
times; filtrates were collected and concentrated under reduced
pressure in a rotary evaporator at 40 °C to remove ethanol. The
remaining aqueous part was freeze-dried at −80 °C and
lyophilized. The extract obtained was weighed to determine
the yields of soluble constituents. The yield of the extract was
calculated as percentages (6.12%).

2.3. Phytochemical analysis

High Performance Liquid Chromatography (HPLC) and
diode array detector (DAD) conditions: a Hewlett Packard
(Palo Alto, CA, USA) HP-1100 series, equipped with a binary
solvent pump, an autosampler, with the volume injection set to
20 μl, and a diode array detector (DAD) coupled with an HPLC/
DAD ChemStation (Rev. A. 06. 03) was used. Separation was
performed on a LUNA C18 (150×4.6 mm) protected by a Se-
curity guard cartridge C18 (4×2 mm I.D.), both from Phenom-
enex USA (distributed by Chemtek Analytica, Bologna, Italy).
The monitored wavelengths were 210 nm for phenolic com-
pounds, 270 nm for hyperforin, 590 nm for hypericin. The
adopted chromatographic methodwas reported in Table 1. The
sample concentration was 3 mg/ml in methanol and the flow
rate was 1 ml/min. The method used for identification of com-
ponents was the comparison of their retention times with
respect to those of standards, chromatographedunder the same



Fig. 1. Blood glucose levels of test groups. (A) Blood glucose levels of rats after STZ injection. Significance against control values cpb0.001. Paired sample t-test, n=7
(B) Blood glucose levels of normoglycemic rats before and after one week administrations of 125 and 250 mg/kg SJW extract. Paired sample t-test, n=7 (C) Blood
glucose levels of STZ-diabetic rats before and after one week administrations of 125 and 250 mg/kg SJW extract. Significance against control values cpb0.001;
significance against diabetes ⁎pb0.05, ⁎⁎pb0.01; significance against SJW125 #pb0.05. One-way ANOVA, post-hoc Tukey's test. Values are mean±SEM, n=7.

Fig. 2. Effects of SJWextract treatmentonmetabolicparameters ofnormoglycemic rats. (A) Effects of oneweek SJWextracton food consumptionofnormoglycemic rats
Significance against control values cpb0.001; significance against SJW 125 group ##pb0.01. (B) Effects of one week SJW extract on fecal output of normoglycemic rats
Significance against control values cpb0.001; significance against SJW125group##pb0.01. (C) Effects of oneweekSJWextract onwater consumptionofnormoglycemic
rats. Significance against control values cpb0.001; significance against SJW 125 group ##pb0.01. (D) Effects of oneweek SJW extract on urine output of normoglycemic
rats. Significance against control values cpb0.001; significance against SJW125 group ##pb0.01. One-wayANOVA, post-hoc Tukey's test. Values aremean±SEM, n=7
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conditions. In addition, UV spectra of both samples and
standards were compared using the DAD. Moreover, the con-
firmation of the identified compounds was obtained injecting
standard and sample solutions in a HPLC-MS equipped with
an ESI interface in negative ionization mode using the same
chromatographic conditions (formic acid was used instead of
phosphoric acid at the same pH).

2.4. Pharmacology

2.4.1. Animals
Wistar male rats (n=7 in each group) with body weights

ranging from 200 to 250 g were placed in individual metabolic
cages in an air-conditioned room (24±1 °C) with a 12-h light
and 12-h dark cycle. Food and water were provided ad libitum.
The experimental protocol described herein has been approved
by the Local Ethical Committee on Animal Experimentation of
Eskişehir Osmangazi University, Turkey.

2.4.2. Experimental design
Rats were divided into four groups as control (normogly-

cemic), SJW extract-treated normoglycemic, STZ-diabetic,
and SJW extract-treated STZ-diabetic animals. Seven rats
were placed in each of the groups.

SJW extract was administered to animals in SJW extract-
treated normoglycemic group via intraperitoneal route at 125
and 250 mg/kg per day during one week. Control-normogly-
cemic group was treated with physiological saline since SJW
extract dissolve in it.

To obtain two diabetic experimental groups, animals
fasting for 24 h injected intravenously by a single dose of
STZ. STZ was dissolved in the citrate buffer (pH=4.5, 0.1 M)
and immediately injected at the dose of 60 mg/kg. 72 h after
the STZ injection, glucose was determined in blood samples
obtained by pricking the tail, using Glukotrend® (Roche,
Basel, Switzerland). Animals blood glucose levels higher
than 300 mg/dl were accepted as diabetic [24]. Diabetic
animals were allocated into two groups to form STZ-diabetic
and SJW extract-treated STZ-diabetic groups.

SJW extract was administered to animals in SJW extract-
treated STZ-diabetic group in the same way with SJW
extract-treated normoglycemic animals. In order to permit
development of nociceptive perception deficits in diabetic
rats, SJW extract treatment was initiated three weeks after
the induction of diabetes [25,26]. STZ-diabetic group was
treated with physiological saline.

2.4.3. Metabolic cage measurements
Fecal and urine output collections as well as water and food

consumptions were evaluated using metabolic cages (Ugo-
basile, 41700, Verase, İtaly). Rats were individually housed
(1 rat/cage) in metabolic cages for 2 or 3 days before the
induction of diabetes. Metabolic parameters were begun to
measure three days after the STZ injection. Following this
acclimationperiod,urinedischarge (ml), fecal output (g),water
(ml) and food (g) consumptions were measured daily [27].
Measurementswere continued for6 weeksanddata of theeach
weekwas the average value of seven daysmeasurements. Body
weights of the rats were recorded weekly.

Normoglycemic rats were also kept in metabolic cages for
six weeks and effects of one week SJW extract treatment on
metabolic parameters and body weights of normoglycemic
animals were recorded in the same way with diabetics.

2.4.4. Nociceptive tests

2.4.4.1. Tail-pinch test. Tail-pinch test has been applied as
described previously [28]. Rats were placed in a clean cage,
and an alligator clamp was placed on the tail approximately 5
to 10 cm from the tip. The latency for vocalization, biting or
flicking the clamp was recorded by a stopwatch. Cut-off time
was chosen as 90 s in order to prevent tissue damage [29].

2.4.4.2. Tail-flick test. Thermal nociceptive perception of
animals was investigated using the tail-flick assay [30].
Radiant heat was applied to the tail at 2.5–5 cm from the
tip using a tail-flick apparatus (Ugo Basile, Verase, Italy).
When the animal felt pain and flicked its tail, light fell on the
photocell and then the timer was automatically stopped. The
apparatus was calibrated to produce tail-flick latencies of
approximately 2–6 s in control animals. Cut-off time was
chosen as 20 seconds in order to prevent tissue damage [31].

2.5. Statistical analysis

The data used in statistical analysis was acquired from
seven animals for each group. Statistical evaluation of the data
was performed using GraphPad Prism 4.03 (GraphPad Soft-
ware, San Diego, CA, USA). Experimental data obtained from
the same group of animals during 6 weeks were analyzed by
repeated measures ANOVA followed by Tukey HSD test. Data
comes from different groups of animals were analyzed by one-
way ANOVA followed by Tukey HSD test for multiple
comparisons.

Experimental results were expressed as mean±standard
error of mean (SEM). Differences between given sets of data
were considered as significantwhen p valuewas less than 0.05.

3. Results

3.1. Phytochemical analysis

The main flavonoid component of the SJW extract used in
the present study was rutin. Other high concentrated
flavonoids in the extract were quercetin, quercitrin and
isoquercitrin. Chlorogenic acid, especially hyperforine and
hypericin were detected in lower amounts. Results were
summarized in Table 2.

3.2. Pharmacology

3.2.1. Blood glucose values
Neither 125 nor 250 mg/kg doses of SJW extract caused

significant change in the blood glucose levels of normogly-
cemic animals.

Blood glucose levels of STZ-diabetic animals were signif-
icantly increased after the injection of STZ, as expected.
Administration of SJW extract caused dose-dependent de-
crease in the high blood glucose levels of diabetic animals
(Fig. 1).
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3.2.2. Metabolic cage measurements
Fig. 2 exhibited the change of metabolic parameters by

SJW extract treatment in normoglycemic rats. SJW extract
caused significant and dose-dependent decrease in water and
food consumptions as well as fecal and urine outputs. Body
weights of normoglycemic animals were also decreased in
dose-dependent manner (Fig. 3).

Urine discharge, fecal output, water, and food consump-
tions of diabetic animals were increased when compared to
control group, as expected. SJW extract treatment caused
statistically significant decrease in all these metabolic para-
meters (Fig. 4). Weight loss of diabetic animals was partially
restored with the extract administrations (Fig. 5).

3.2.3. Nociceptive tests
In tail-pinch test, one week after the induction of diabetes,

statistically significant decrease was observed in the response
latencies of STZ-diabetic animals. This progressive decline was
continued in the following weeks. At weeks two and three,
response latencies were significantly shorter than week one.
Similarly, measurements at week four were significantly
shorter than week three. However, after fourth week no more
reductions were observed in the response latencies (Fig. 6).

At week one and two after the induction of diabetes the
response latencies in the tail-flick test of STZ-diabetic animals
were decreased, however the values returned to that of
normoglycemic animals at week three and four. At week five
and six, response latencies were increased significantly
compared to values of normoglycemic rats (Fig. 7).

SJW extract at doses of 125 and 250 mg/kg, prolonged the
response latencies of normoglycemic animals in tail-pinch
and tail-flick tests. 250 mg/kg dose was more effective than
125 mg/kg (Figs. 6 and 7). Similarly, response latencies of
diabetic animals in both of the tail-pinch and tail-flick tests
were also prolonged dose-dependently by the extract
administrations (Figs. 6 and 7).

4. Discussion

The aim of this work was examining the effects of one
week SJW extract treatment on metabolic parameters, blood
Fig. 3. Effects of SJW extract treatment on body weights of normoglycemic
rats. Significance against control values bpb0.01, cpb0.001; significance
against SJW 125 group #pb0.05. One-way ANOVA, post-hoc Tukey's test
Values are mean±SEM, n=7.
.

glucose levels and nociceptive thresholds of STZ-diabetic
animals.

First part of this present study was investigating the
effects of the SJW extract in non-diabetic animals. In this
normoglycemic group, SJW extract administrations caused
significant and dose-dependent decrease in food intake,
water consumptions, faces, and urine outputs. It is known
that, monoamines acting on noradrenergic, serotonergic and
dopaminergic receptors can reduce food intake of animals
[32]. In addition, some antidepressant drugs, especially
selective serotonin reuptake inhibitors (SSRI), increasing
the monoamine levels in synapses, have been reported to
decrease food intake, cause weight loss, and use for the
treatment of eating disorders [32–34]. On the other hand,
SSRI drugs have been reported for their excess releasing effect
on vasopressin, which regulates volume of urine [35].
Serotonergic mechanisms also known to involved in the
regulation of water intake [36]. Therefore, based on the brain
monoamine levels increasing effect of SJW extract, the
antidypsogenic, antidiuretic, hypophagic activities and
weight loss observed in the present study may suggested to
caused by increased brain monoamine levels. On the other
hand, no difference was observed in blood glucose levels of
normoglycemic animals by the extract treatment.

In normoglycemic animals, extract administrations dose-
dependently prolonged the response latencies of animals in
both tail-pinch and tail-flick tests. These results supported
the findings of previous studies reporting the antinociceptive
activity of SJW extracts against mechanical and thermal
nociceptive stimuli [37,38]. Nociceptive effect of SJW extract
seem to be related with the increase of monoamine levels in
synaptic cleft since drugs increasing monoamine levels in
synapses possess analgesic activity by activating descending
inhibitory nociceptive pathways [39]. On the other hand
rutin, themain component of the tested extract in the present
study,may also be one of the responsible constituent from the
exhibited analgesic activity due to its own analgesic activity
potential [40,41].

The other part of this present study was examining the
effects of one week SJW extract treatment in diabetic
animals. In three weeks STZ-diabetic group, SJW extract
administrations caused significant and dose-dependent
decrease in increased food intake, water consumptions,
faces and urine outputs of diabetic animals. However,
reduced body weight of diabetic animals was significantly
increased by the extract administrations. Tested extract
induced significant and dose-dependent decrease in the high
blood glucose levels of STZ-diabetic animals. Decrease in the
high blood glucose levels, restoration in the metabolic
parameters and improvement of the decreased bodyweights
together indicated the antidiabetic effect of SJW extract in
STZ-diabetic rats. These findings supported the previous
papers reporting the antidiabetic effects of rutin, quercetin,
quercitrin and isoquercitrin flavonoids, which were also
detected in our tested extract [16,17,19–23]. Although
flavonoids seem to be related with the antidiabetic activity
exhibited in this study, responsible active constituents and
their exact mechanism of actions should be clarified with
further detailed studies. Studies for searching responsible
component/s or possible synergic interactions are proceed-
ing in our laboratory.
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Fig. 4. Effects of SJW extract treatment onmetabolic parameters of STZ-diabetic rats. (A) Effects of one week SJW extract on food consumption of STZ-diabetic rats.
Significance against control values cpb0.001; significance against diabetic group ***pb0.001; significance against SJW 125 group #pb0.05. (B) Effects of one week
SJW extract on fecal output of STZ-diabetic rats. Significance against control values cpb0.001; significance against diabetic group ***pb0.001; significance against
SJW 125 group #pb0.05. (C) Effects of one week SJW extract on water consumption of STZ-diabetic rats. Significance against control values cpb0.001; significance
against diabetic group ***pb0.001; significance against SJW 125 group #pb0.05. (D) Effects of one week SJW extract on urine output of STZ-diabetic rats.
Significance against control values cpb0.001; significance against diabetic group ⁎⁎⁎pb0.001; significance against SJW 125 group #pb0.05. One-way ANOVA, post-
hoc Tukey's test. Values are mean±SEM, n=7.
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In nociceptive tests, obtained data clearly demonstrated
significant decrease in the response latencies of diabetic rats
in tail-pinch test indicating the occurrence of mechanical
hyperalgesia. These findings supported the previous papers
reporting on the mechanical hyperalgesia of animals at early
stages of experimental diabetes [5,25,42]. Different from the
constant mechanical hyperalgesic responses, thermal noci-
ceptive thresholds of diabetic animals were observed as quite
variable. Decreased response latencies of diabetic rats in tail-
flick test in first two weeks following the induction of
diabetes, were returned to that of normoglycemic animals
at week three and four; and then increased significantly
compared to the values of normoglycemic rats in last two
weeks. This data exhibited the changes of thermal nociceptive
threshold from hyperalgesia to hypoalgesia during our study
period.

Mechanical allodynia and thermal hyperalgesia observed in
experimental diabetes have been reported to associatewith the
weakening of descending inhibitory nociceptive pathways
suppressing the transmission of nociceptive stimuli in medulla
spinalis [43]. In addition, augmentation of Ca+2 signaling in
dorsal root ganglion neurons [44,45]; enhancement of NO
production in periaquaductal gray [46]; and increase in
glutamate, substance P and cholecystokinin releasing in
medulla spinalis [42,47,48] have also been suggested to
contribute to diabetic hyperalgesia. Furthermore, decrease in
stimuli thresholds of primer sensory neurons [49], high
spontaneous activities of spinal dorsal stem neurons [50], and

image of Fig.�4


Fig. 5. Effects of SJW extract treatment on body weights of STZ-diabetic rats.
Significance against control values cpb0.001; significance against diabetic
group ⁎pb0.05, **pb0.01; significance against SJW 125 group #pb0.05. One-
way ANOVA, post-hoc Tukey's test. Values are mean±SEM, n=7.
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ectopic discharges in sensory C fibers [51] have also been
reported as some additional factors participating hyperalgesia
of diabetic animals.

One week administrations of SJW extract prolonged the
reduced response latencies of diabetic animals in tail-pinch
test, meaning partial restoration of the mechanical hyper-
algesia. Thermal response latencies of diabetic animals were
also increased by the extract administrations. Antinocicep-
tive effects of SJW extracts on diabetic animals may be
directly related to antinociceptive activity of the extract,
which was also exhibited in normoglycemic animals. On the
other hand, partial restoration of mechanical hyperalgesia
after the administrations may also be related with the
antidiabetic activity of the extract. Rutin, potential analgesic
and antidiabetic agent [16–18,22,40,41], which is found in
quite high amount in the tested extract, is thought to be
related with the exhibited pharmacological activity in the
present study.
Fig. 6. Tail-pinch responses of test groups. (A) Alterations in response latencies of
apb0.05, cpb0.001; significance against 1st week **pb0.01; significance against
normoglycemic rats. Significance against control apb0.05, cpb0.001; significance aga
of STZ-diabetic rats. Significance against control cpb0.001; significance against dia
Values are mean±SEM. One-way ANOVA, post-hoc Tukey's test, n=7.
As well as the antihyperglycemic activity, some other
potential mechanisms can also be suggested for the anti-
nociceptive activity mechanism of the SJW extract in diabetic
animals. For example, augmentation of the monoamine levels
in central nervous system after SJW extract treatment [14,52]
may probably cause improvement of monoaminergic neuro-
transmission in descending antinociceptive pathways that
are impaired in diabetes [43,53,54]. Therefore, rutin and other
constituents such as hyperforine, hypericin, and pseudohy-
pericin may probably play roles in the observed antinocicep-
tive action by increasing the availability of serotonin and
noradrenalin levels in supraspinal descending inhibitory
nociceptive pathways [13,14,55,56]. Furthermore, inhibition
of nitric oxide synthase (NOS) enzyme by the SJW extract
[57,58], which may cause reduction in elevated NO levels in
diabetic animals, may be suggested as another factor
contributing the exhibited antinociceptive effect. Enhance-
ment of GABAergic neurotransmission with SJW extract
administration [59,60] may also be proposed as another
possible mechanism for the exhibited antinociceptive activity
in this work, based on the therapeutic effect of GABAergic
drugs on neuropathic pain. Moreover, reduction in the ionic
currents of NMDA receptors as well as Na+ and Ca+2

channels [61], inhibition of the substance P induced cytokines
synthesis [62], inhibition of the cyclooxygenase-1, 5-lipox-
ygenase [63] and cyclooxygenase -2 [64] enzyme activities by
SJW extract treatments can be hypothesized as some other
mechanisms probably participating exhibited antinociceptive
activity in this present study.

The extract tested in the present study was applied at 125
and 250 mg/kg doses which are relatively high compared to
the current clinical doses of SJW extract as antidepressant
drug. Therefore, SJW extracts at higher than antidepressant
doses may be used as a novel therapeutic modality for the
clinical management of neurological complications of diabe-
tes including diabetic neuropathy, etc.

In summary, the results of the present study exhibited the
capability of a SJW hydro-alcoholic extract for improvement
of the mechanical hyperalgesia developed in STZ-diabetic
STZ-diabetic rats during six weeks. Significance against normoglycemic rats
3rd week ##pb0.01. (B) Effects of SJW extracts on response latencies o
inst SJW 125 group #pb0.05. (C) Effects of SJW extracts on response latencies
betic group *pb0.05, **pb0.01; significance against SJW 125 group #pb0.05
f

.
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Fig. 7. Tail-flick responses of test groups. (A) Alterations in response latencies of STZ-diabetic rats during six weeks. Significance against normoglycemic rats
apb0.05, bpb0.01. (B) Effects of SJW extracts on response latencies of normoglycemic rats. Significance against control apb0.05, cpb0.001; significance against SJW
125 group #pb0.05. (C) Effects of SJW extracts on response latencies of STZ-diabetic rats. Significance against diabetic group *pb0.05, ***pb0.001; significance
against SJW 125 group #pb0.05. Values are mean±SEM. One-way ANOVA, post-hoc Tukey's test, n=7.
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rats. Our results also supported the finding of a recent study
indicating the improving effect of SJW extract on various
neuropathic pain models of rats [65].

5. Conclusion

This present study exhibited the antidiabetic activity of
SJW extract for the first time. This finding provides a rationale
for the use of this plant against diabetes as reported in the folk
medicine. Besides, analgesic activity was also revealed for the
SJW extracts in diabetic animals as well as normoglycemic
group. Therefore, SJW extract can be suggested as a new drug
candidate/source for the treatment of diabetic pain because of
both its antihyperglycemic and antinociceptive actions.
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