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Abstract

Objective: The efficacy of oral administration of Melissa of-
ficinalis essential oil (MOEQ) on hyperalgesia was investigat-
ed using the formalin test in streptozotocin (STZ)-induced
diabetic rats. Materials and Methods: Animals were divided
into control, MOEO-treated control (0.01, 0.02 and 0.04 mg/
day), diabetic and MOEO-treated diabetic (0.01, 0.02 and
0.04 mg/day) groups. Nociceptive testing was performed on
male adult Wistar rats 4 weeks after the onset of hyperglyce-
mia. At the end of the experiment, all rats were weighed and
plasma glucose measurements were performed. Results: Di-
abetes was associated with significant hyperalgesia during
both phases of the formalin test. MOEO (0.04 mg/day) com-
pletely reversed hyperalgesia in diabetic rats, while MOEO
(0.02 and 0.04 mg/day) caused less intensive nociceptive be-
haviors during both phases of the test in control rats. MOEO
at both high doses restored euglycemia and reduced the
body weight of treated diabetic animals compared to un-
treated diabetic animals. The 0.01-mg dose of MOEO did not
alter pain responses in the control or diabetic groups com-
pared to their respective controls. Conclusions: This study
shows that chronic administration of MOEO displays efficacy

in an experimental model of diabetic hyperalgesia. MOEO
may therefore show promise as a treatment for painful dia-
betic neuropathy. ©2014'S. Karger AG, Basel

Introduction

Diabetes mellitus is a major public health problem that
affects approximately 5% of the world’s population [1].
Hypersensitivity to painful stimuli (hyperalgesia) is one
of the most common complications of diabetes mellitus
[2]. It is known that diabetic rats display hyperalgesic be-
havior in response to noxious stimuli and this may serve
as a model of painful diabetic neuropathy in humans [3].
Streptozotocin (STZ)-diabetic rats have been increasing-
ly used as a model of painful diabetic neuropathy to assess
the efficacy of potential analgesic agents [4]. Increased
flinch responses following the injection of formalin into
the paw are abnormal behavioral responses to nociceptive
stimuli in diabetic rats and have proven to be a useful
model for investigating diabetic hyperalgesia [5, 6].

Recently, treatment of diabetes mellitus and its com-
plications has focused on the use of plant products. The
WHO had estimated that approximately 80% of the glob-
al population rely on traditional medicine for their pri-
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mary health-care needs, and most of this therapy involves
the use of plant extracts and essential oils [7].

Melissa officinalis is a well-known medicinal plant spe-
cies used in perfumes, cosmetics, tea and food products
in many countries, and has been reported to possess sed-
ative, spasmolytic and antibacterial properties [8, 9].
Herbal essential oils generally contain a variety of volatile
compounds, which may have medicinal properties [10-
13]. It has been reported that M. officinalis essential oil
(MOEO) has antimicrobial, antioxidative and antitumor
properties [14]. Previous papers have also reported on the
antidiabetic effects of M. officinalis in diabetic mice [15,
16]. However, there is no reported information, to our
knowledge, regarding the effects of MOEO on pain-asso-
ciated behaviors in diabetic rats. We therefore investigat-
ed the effects of various doses of MOEO in an experimen-
tal model of hyperalgesia using STZ-diabetic rats.

Materials and Methods

Drugs

STZ (Pharmacia & Upjohn, Kalamazoo, Mich., USA) and ket-
amine hydrochloride (Rotexmedica, Trittau, Germany) were used
in this study. STZ was dissolved in 1 ml of normal saline immedi-
ately before use. All injections (except for STZ) were administered
intraperitoneally. The drugs were injected at a volume of 1 ml/kg.

Animals

Sixty-four locally bred male Wistar rats (250-280 g) were used
in these experiments. All animals were maintained at a constant
temperature (22 + 0.5°C) with a 12-hour light and 12-hour dark
cycle. The animals were divided into the following groups (n = 8):
controls, MOEO-treated controls (0.01, 0.02 and 0.04 mg/day), di-
abetics and MOEO-treated diabetics (0.01, 0.02 and 0.04 mg/day).
Diabetes was induced by a single intravenous injection of STZ (40
mg/kg) into the lower portion of the tail, approximately a third of
the distance from the tip. Fasting blood glucose levels were deter-
mined 3 days later. Animals were considered diabetic if plasma glu-
cose levels exceeded 250 mg/dl. Rats were fed normal chow or chow
with MOEO (0.01, 0.02 or 0.04 mg/day) for 4 weeks after the onset
of hyperglycemia. After feeding, nociceptive testing was performed
in the various experimental groups. Animals were handled in ac-
cordance with the criteria outlined in the Guide for the Care and Use
of Laboratory Animals [17]. All the protocols were also approved by
the institutional ethics committee of Bu-Ali Sina University.

Nociceptive Testing

The ambient temperature of the room was maintained at 24 +
0.5°C at all times. Rats were acclimated to the testing environment
by placing them in the formalin test apparatus, a Perspex box (20
x 30 x 20 cm) with a mirror positioned at an angle of 45° to permit
unhindered observation of the animals’ paws for 1 h on each of the
3 days prior to the test day. Each animal was given a single forma-
lin injection (2.5%, 50 pl) under the plantar surface of one hind
paw at 60 min after MOEO administration, before being placed in
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the formalin test apparatus. Scoring of the nociceptive behaviors
started immediately and was continued for 60 min.

Subcutaneous formalin injection to the hind paw induces a bi-
phasic pain-related response. The biphasic response is characterized
by an early acute pain period (phase 1; 0-5 min), a brief quiescent
period, and a second period of sustained ‘tonic’ pain (phase 2; 10-60
min) [18]. A weighted-score or rating-scale method of scoring for
formalin-induced nociceptive responses was employed to quantify
the nociceptive effects of the drugs [19]. Nociception was quantified
by assigning weights to the following pain-related behaviors: the
animal walks or sits normally without favoring the injected paw
(weight = 0); the animal walks or sits while placing some, but not
full, pressure on the injected paw (weight = 1); the animal walks or
sits while maintaining the paw completely elevated off the floor
(weight = 2); the animal licks, bites or vigorously shakes the injected
paw (weight = 3). A weighted average nociceptive score was ob-
tained for each 5-min test interval by multiplying the number of
seconds the animal spent in each category by its assigned weight,
summing these products and dividing the result by the total time
(300 s):

Nociceptive score = (tg x 0) + (t; x 1) + (t x 2) + (t3 x 3) / to +
L+t +ts.

By utilizing the above-mentioned method, an ordinal scale of
nociceptive scores was generated with a range of 0-3. The operator
was unaware of the treatment group to which an animal belonged
when scoring formalin-induced nociceptive behaviors.

Measurement of Plasma Glucose Levels

At the end of the experiment, all rats were weighed and decap-
itated under ketamine HCl anesthesia (50 mg/kg, i.p.) after blood
sampling. Plasma glucose from blood samples was measured using
a kit (Zistshimi, Tehran, Iran) and spectrophotometer (UV3100;
Shimadzu, Kyoto, Japan).

Statistical Analysis

All data are expressed as the mean + SEM. Differences among
groups were statistically tested by one-way analysis of variance
(ANOVA) with the Tukey post hoc test. Probability values <0.05
were considered significant.

Results

Effects of Diabetes on the Formalin Test

The results of the formalin test in 4-week-old diabetic
rats are shown in figure 1. Formalin injection into the
hind paw produced a marked biphasic response in the
rats of all groups. The scores in phase 1 and the area under
the curve (AUC) of scores in phase 2 of the formalin test
in untreated diabetics were greater (3.75 £ 0.21 and 146.2
* 3.6, respectively) than those of control rats (2.48 + 0.13
and 96.8 * 1.9, respectively). This indicates that there is a
significant hyperalgesia in untreated diabetic animals
compared to controls in both phases of the formalin test
(p <0.01, p < 0.001, respectively; fig. 1la—c).
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Fig. 1. a Time-course of formalin-induced
pain behavior by administration of MOEO
(0, 0.01, 0.02 and 0.04 mg/day) in control
(Cont, Cont 0.01, Cont 0.02 and Cont 0.04,
respectively) and diabetic (Diab, Diab 0.01,
Diab 0.02 and Diab 0.04, respectively)
groups. Data are expressed as mean + SEM
(n = 8). b The effects of various doses of
MOEO (0.01, 0.02 and 0.04 mg/day) on the
weighted pain scores in the first (early)
phase of the formalin test. Data are ex-
pressed as mean + SEM (n = 8). * p < 0.05,
** p < 0.01 (as compared to the control
group); ¥ p < 0.05, * p < 0.01, *** p < 0.001
(as compared to the diabetic group). ¢ The
AUCs of pain scores using the time-re-
sponse curves shown in a for rats receiving
various doses of MOEO (0.01, 0.02 and
0.04 mg/day) in the second (late) phase of
the formalin test. Data are expressed as
mean + SEM (n =8). *p <0.05, ** p <0.01,
*#% p < 0.001 (as compared to the control
group); ¥ p < 0.05, * p < 0.01, *** p < 0.001
(as compared to the diabetic group).
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Table 1. Body weights and plasma glucose levels

Body weight, g Plasma glucose, mg/dl

week 4  week 0 week 4  week 0
Cont 272+2 3007 95.7+5 91.6+6.8
Cont 0.01 270+2 3216 88.6+5.2 93.5+6.3
Cont 0.02 265+4  323+9 100+8 102+6.5
Cont 0.04 268+3 280+9 86.7+8 95.1+6.1
Diab 267+3 231+9%*  933+7.7 366.1+8.6%**
Diab 0.01 264+3 225+ 8*%F*  87.8+6.8 35(.7+4.4%F*
Diab 0.02 267+3 266+2 96.6+4.6 120.3+2.6
Diab 0.04 264+4  268+4* 87.1£7.6 119.7+79

Body weights and plasma glucose levels of control (Cont),
MOEO-treated control (0.01 mg/day, Cont 0.01; 0.02 mg/day,
Cont 0.02; 0.04 mg/day, Cont 0.04), diabetic (Diab) and MOEO-
treated diabetic (0.01 mg/day, Diab 0.01; 0.02 mg/day, Diab 0.02;
0.04 mg/day; Diab 0.04) rats at the beginning and 4 weeks after the
intervention. * Significant difference compared to the control
group. *** p < 0.001, ANOVA, Tukey’s test for post hoc compari-
sons.

Effects of Long-Term MOEO Administration on

the Pain Threshold in the Formalin Test

Oral administration of MOEO (0.02 and 0.04 mg/day)
resulted in lower nociceptive scores compared to the un-
treated control group in both phase 1 (p < 0.01, p <0.01,
respectively) and phase 2 (p < 0.05, p < 0.001, respective-
ly) of the formalin test. The scores in phase 1 (1.44 + 0.24
and 1.34 £ 0.29, respectively) and the AUC of scores in
phase 2 (62 = 7.5 and 53.1 + 8.7, respectively) of the for-
malin test in MOEO-treated control rats (0.02 and 0.04
mg/day) were smaller than those for untreated controls
(2.48 £0.13 and 96.8 * 1.9, respectively; fig. 1b, ¢). In ad-
dition, there was a significant difference in the pain
scores in phase 1 of the formalin test between the MOEO-
treated diabetic (0.04 mg/day) and untreated diabetic
groups (p < 0.05; fig. 1b). There were also significant dif-
ferences in the AUC of scores in phase 2 of the formalin
test between the MOEO-treated diabetic (0.02 and 0.04
mg/day) and untreated diabetic groups (p < 0.05, p <
0.01, respectively; fig. 1c). However, weighted pain scores
for diabetic rats treated with MOEO (0.02 or 0.04 mg/
day) did not differ significantly in either phase of the test
from those of untreated controls (fig. 1b, c). Weighted
pain scores for control and diabetic rats administered
MOEO (0.01 mg/day) did not differ significantly from
those of the respective controls in either phase of the test
(fig. la—c).
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Effects of Long-Term MOEQO Administration on

Body Weights and Plasma Glucose Levels

The eftects of long-term MOEO (0.01, 0.02 and 0.04
mg/day) administration on the body weights and plasma
glucose levels are shown in table 1. There were no sig-
nificant differences in body weight and plasma glucose
levels between the groups prior to the intervention. At
the end of 4 weeks of diabetes, the body weight of un-
treated diabetics (231 + 9) and MOEO-treated diabetic
rats (0.01 mg/day; 225 + 8) were significantly (p < 0.001,
p < 0.001, respectively) lower than those of control rats
(300 £ 7). There were no significant differences in the
body weights of the MOEO-treated controls (0.02 and
0.04 mg/day) and untreated control animals (table 1).
However, MOEO treatment (0.02 or 0.04 mg/day) sig-
nificantly increased the body weights of diabetic animals
compared to untreated diabetic animals (p < 0.05, p <
0.05, respectively).

Regarding plasma glucose levels, untreated diabetics
(366.1 + 8.6) and MOEO-treated diabetic animals (0.01
mg/day; 350.7 + 4.4) had significantly (p < 0.001, p <
0.001, respectively) elevated plasma glucose levels com-
pared to those of control rats (91 + 6). Although admin-
istration of MOEO (0.02 and 0.04 mg/day) to control rats
did not alter their plasma glucose levels, MOEO treat-
ment (0.02 or 0.04 mg/day) in diabetic animals signifi-
cantly (p <0.001, p < 0.001, respectively) decreased levels
of plasma glucose as compared with untreated diabetic
animals. There were no significant differences in the plas-
ma glucose levels between MOEO-treated diabetic ani-
mals (0.02 and 0.04 mg/day) and untreated controls (ta-
ble 1). MOEO treatment (0.01 mg/day) did not affect the
body weight or plasma glucose levels of controls or dia-
betics compared to their respective controls at the end of
4 weeks after the intervention (table 1).

Discussion

The results presented here extend literature data and
clearly demonstrate for the first time that long-term oral-
ly administered MOEO elicits a significant antihyperal-
gesic effect in an animal model of diabetic hyperalgesia.
The results also demonstrate that there is an intensified
nociceptive response in both phases of the formalin test
in diabetic rats. It has been shown that diabetic rats dis-
play hyperalgesic behavior in response to noxious stim-
uli that may model aspects of painful diabetic neuropa-
thy in humans. For this reason, STZ-diabetic rats have
been increasingly used as a model of painful diabetic
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neuropathy to assess the efficacy of potential analgesic
agents [5].

Some studies with various herbal formulations con-
taining M. officinalis have demonstrated analgesic activ-
ity, especially against visceral pain [20, 21]. It has also re-
cently been shown that M. officinalis extracts produce an-
tinociceptive effects in the visceral nociceptive response
induced by acetic acid injection in mice [22]. Our current
findings extend previous observations and demonstrate
that oral administration of MOEO (0.02 and 0.04 mg/
day) leads to decreased nociceptive scores in control ani-
mals and prevents hyperalgesia in an experimental mod-
el of diabetic neuropathy. Therefore, MOEO given by the
oral route was effective in inhibiting both phases (neuro-
genic and inflammatory) of formalin-induced nocicep-
tion. The neurogenic phase of the test is elicited by direct
activation of nociceptive terminals; on the other hand, the
inflammatory phase is mediated by a combination of pe-
ripheral and central mechanisms [23, 24]. Other agents,
such as bicuculline [25], gabapentin [26] and URB597
[27] that are effective in animal models of neuropathic
pain arising from physical nerve injury have also been
shown to attenuate hyperalgesia in the formalin test in
diabetic rats. Such pharmacological studies are useful in
examining the potential of agents for treating painful dia-
betic neuropathy as well as providing insights into the
underlying etiology of abnormal sensory processing dur-
ing diabetes.

Phytochemical analysis for determination of the com-
ponents in MOEO responsible for the observed effects in
this study was not conducted. However, based on previ-
ously published papers [8, 22, 28], we can speculate on the
probable components of MOEO. Phytochemical studies
carried out with M. officinalis have demonstrated the
presence of many classes of constituents, including poly-
phenolic compounds (rosmarinic acid, caffeic acid and
protocatechuic acid), essential oils (citral), monoterpe-
noid aldehydes, sesquiterpenes, flavonoids (luteolin) and
tannins. However, rosmarinic acid is the major phenol
constituent of M. officinalis, which possesses strong anti-
nociceptive and antioxidant effects [8]. For example, oral
administration of rosmarinic acid can produce signifi-
cant inhibition of the nociceptive response caused by in-
traplantar injection of glutamate into the mouse hind paw
[22]. Furthermore, according to a recent paper, rosma-
rinic acid induces antinociception by inhibiting acetic ac-
id-induced abdominal constriction in mice [28]. Based
on these studies, the antinociceptive effects of MOEO in
the present study could be mainly related to rosmarinic
acid.

Antidiabetic Effects of M. officinalis

In the present study, MOEO treatment significantly
reduced plasma glucose levels and improved the reduced
body weight of diabetic rats compared with control ani-
mals. These results are consistent with those of previous
reports describing the hypoglycemic effects of MOEO ad-
ministration for 6 weeks in diabetic mice [15]. It has been
suggested that hyperglycemia contributes to the develop-
ment and maintenance of painful diabetic neuropathy.
Hyperalgesia in diabetic animals may result from focal
injury caused by a direct toxic effect of glucose in the pe-
ripheral nervous system [29]. Since oral MOEO adminis-
tration in diabetic rats reduced plasma glucose levels, the
antihyperalgesic effects may be related to the normaliza-
tion of glucose plasma levels.

On the other hand, it has been reported that M. offici-
nalis is a readily accessible source of natural antioxidants
because of its high radical scavenging and strong antioxi-
dantactivity [14]. Since oxidative stress could be involved
in the pathogenesis of diabetes and its complications,
such as hyperalgesia [30], the antioxidant activity of
MOEO may be involved in the observed effects.

In this study we focused on the antinociceptive and
antihyperglycemic effects of MOEO in experimental dia-
betes. It has been recently reported that MOEO also has
anti-inflammatory properties, as demonstrated using
carrageenan- and experimental trauma-induced hind
paw edema in rats [31]. M. officinalis also has a wider
range of biological effects which may attract attention for
its more extensive use. For instance, M. officinalis is a tra-
ditional herbal medicine with mild sedative, spasmolytic,
antibacterial, anti-inflammatory, hepatoprotective, anti-
lipidemic and anxiolytic effects 8, 22]. It has also been
suggested, in light of its memory-enhancing properties,
that it may effectively enhance cognition in healthy indi-
viduals as well as those with cognitive deficits associated
with Alzheimer’s disease [31]. Therefore, MOEO may be
a candidate for evaluation of its memory-enhancing, hep-
atoprotective and antilipidemic effects in experimental
diabetes.

Conclusions

Taken together, our data indicate that long-term oral
administration of MOEO (at an effective dose of 0.04 mg/
day) can suppress chemical hyperalgesia in diabetic rats.
The efficacy of agents attenuating hyperalgesia in the for-
malin test in diabetic rats further supports the validity of
this model for investigating potential therapeutic agents
for painful diabetic neuropathy and the etiology of diabe-
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tes-induced sensory disorders. Since there is an emerging

interest in the treatment of diabetes mellitus and its com-

plications using plant products, it may be suggested that
appropriate intake of MOEO could be beneficial in pre-

venting or ameliorating diabetic symptoms or complica-
tions such as hyperalgesia.
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