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Abstract

Objective: The present study investigates the hypnotic action of the methanolic partition

of Albizia julibrissin (MPAJ) and various partitions (total, ethyl acetate, and aqueous) of

Melissa officinalis (MO) in mice.

Methods: Pentobarbital-induced sleep (PIS) time prolongation was used to assess the

hypnotic action of test compounds. For the tolerance study, MO and MPAJ were given

alone or in combination for 7 days, and then the locomotor activity of the mice was mea-

sured as an index of tolerance. Mortality of the herbal extracts was studied after intra-

peritoneal (i.p.) and oral administration in mice.

Results: Separate administration of total extracts of Melissa officinalis and methanolic

extract of Albizia julibrissin at 12.5 mg/kg significantly increased the PIS time. In the com-

bination of two plants, there was no additional or synergistic increase in sleepiness when

compared to the separate administration of each plant (p < 0.05). In contrast to diaze-

pam, the locomotor activity of the animals was not significantly altered after 7 days of

injection with MPAJ or total extract of MO (TEMO), or their combinations.

Conclusion: Separate administration of TEMO and MPAJ provides significant hypnotic

effects. The combination of two extracts, however, does not result in synergistic or addi-

tive hypnotic action. The lack of additive effects could be due to possible interaction by

components of the two plants. The increase in mortality rate and undesirable reactions

observed after i.p. administration of MPAJ is probably due to the absorption of certain

toxic compounds that are not normally absorbed after oral administration.
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INTRODUCTION

Sleep is a fundamental physiological process aimed at restoring and

rejuvenating the body, which may be susceptible to disruption due to

several circumstances like disease, stress, and environmental noise.

The presence of a chronic sleep problem has been associated with

several health consequences, including diminished reaction times,

impaired memory function, difficulties in emotional regulation, and

alterations in immune system functioning.1,2

Several synthetic drugs such as benzodiazepines,3 non-

benzodiazepines,4 antidepressants,5 and antihistamines6 have been

used to treat people with sleep disorders. Despite their drawbacks

such as tolerance and withdrawal, drugs such as benzodiazepines are

still the most commonly prescribed drugs.7 The use of herbal extracts
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is picking up ground among clinicians as well as patients as an alterna-

tive therapy, particularly for those people with mild to moderate

symptoms of anxiety and sleep disorders.8

Lemon balm with the scientific name of Melissa officinalis (MO) is

owned by the Lamiaceae family, indigenous to the Mediterranean,

southern Europe, northern Africa, and east to the Caucasus and north-

ern Iran.9,10 Lemon balm has been used since ancient times as a mild

sedative, anti-anxiety, and hypnotic.11 The leaves of this plant contain

flavonoids, phenolic compounds, and monoterpenoid aldehyde.12 These

components are thought to be responsible for most of the lemon balm

properties, especially its antioxidant and sleep-inducing effects.11

Albizia julibrissin (AJ), commonly known as Persian silk tree, has dried

flowers or bark that are commonly processed for various medicinal pur-

poses. A wide range of pharmacological effects has been reported for AJ,

ranging from antidepressant and anxiolytic,13 anti-inflammation,14 anti-

oxidation,15 and antitumor.16 While the pharmacological effects of Albi-

zia alone have been studied well, its combination with other herbs has

not been investigated. In a recent study investigating the effects of dif-

ferent partitions of AJ for insomniac action, we showed that the metha-

nolic partition of the plant produces stronger sleep induction than other

tested partitions (Rabbani M, 2022, unpublished data). To further this

work, we aimed to evaluate the combinational effects of the methanolic

partition of AJ (MPAJ) with various partitions of MO on pentobarbital-

induced sleep (PIS) time in mice. Herb-herb combinations could result in

therapeutic benefits and occasionally with a greater efficacy.

MATERIALS AND METHODS

Reagents and chemicals

The study utilized sodium pentobarbital powder from Sigma

(Germany, Lot 521 k1738) as the standard drug. Other chemicals,

including Tween 80 (from Merck, Germany), ethyl acetate, methanol

(from Pars Chemi, Iran), ethanol, hexane (from Ashtalk and Mojalli,

Iran), diazepam ampoule (Chemidarou, Iran), and normal saline (Darou

Pakhsh, Iran), were sourced from local suppliers.

Plant material

Flowers of AJ were collected from Isfahan province, Iran, in May

2021. The aerial part of MO was purchased from Pakan Bazr Com-

pany (Isfahan, Iran). The identity of plant specimens was confirmed by

the Department of Pharmacognosy, and a voucher specimen of AJ

(SAM-2494) and MO (SAM-3295) was registered and deposited in the

Samsam Shariat Herbarium, Faculty of Pharmacy, Isfahan University

of Medical Sciences, Iran.

Extract preparation

The plant samples were shade-dried and subsequently ground by an

electric mill. The powdered samples of AJ (1500 g) and MO (1000 g)

were separately extracted by the maceration method using 5 L of

methanol: water (70:30) and 5 L of ethanol: water (70:30), respec-

tively, with occasional stirring at room temperature. The extraction

procedure was repeated three times at 3-day intervals. The resulting

extracts (total extract) were concentrated to 1000 mL using a rotary

vacuum evaporator (Heidolph VV 2000, Germany) under reduced

pressure at 40–45�C.

A total of 500 mL of the concentrated AJ total extract was sepa-

rated into aqueous and hexane phases using a decanter. The proce-

dure was repeated three times and finally the resultant hexane

partitions were pooled. The remaining aqueous layer was then sepa-

rated between water and ethyl acetate using the same procedure. The

aforementioned procedure was repeated for MO’s total extract, yield-

ing the ethyl acetate and aqueous partitions. The final partitions of

both plant samples were concentrated by rotary evaporator and

completely dried using freeze-drier equipment. The dried partitions

were stored in the refrigerator until use.

Animals

Male Swiss mice (25–30 g, 6 weeks old) were collected from the ani-

mal house of the School of Pharmacy (Isfahan, Iran) and were kept in

groups of six mice per cage under standard environmental conditions

of humidity, temperature, and light/dark cycle. Adequate supplies of

sustenance and hydration were readily accessible without restriction.

All methods performed in animal studies were conducted in accor-

dance with the criteria for the care and use of laboratory animals as

qualified by The National Ethical Committee in Iran (Ethics code: IR.

MUI.RESEARCH.REC.1400.479). The study aimed to minimize animal

suffering and reduce the number of animals used in the tests. Experi-

ments were conducted during the light period, and behavioral obser-

vations took place in a soundproof room to mitigate diurnal variations.

Animals were randomly selected and acclimatized to laboratory condi-

tions by being kept in their cages for 5 days prior to dosing.

Treatment

Mice received a single intraperitoneal (i.p.) injection of drugs (diaze-

pam, 2 mg/kg; sodium pentobarbital, 50 mg/kg), plant extracts

(at various doses), or vehicle (normal saline), and were applied for only

one test. The injections were randomly administered between 8:00

and 13:00 to account for fluctuations in daily activity levels. For each

treatment group, a minimum of six mice was used.

Determination of total phenolic content

The total phenolic content was determined spectrophotometrically

using the Folin–Ciocalteu method, following the procedure outlined

by Everette.17 Total phenolic content was determined using a stan-

dard curve based on different concentrations of gallic acid (50–

500 μg/mL in methanol). The UV absorbance of the samples was read
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at 765 nm, and the results were expressed as gallic acid equivalents

(milligram of gallic acid equivalents per gram) of dried extract.

Pentobarbital-induced sleep (PIS) test

The sleep induction test was based on extending sleep duration

through the use of pentobarbital. A single i.p. injection of vehicle,

diazepam (2 mg/kg) or partitions of extracts was given 30 min prior to

pentobarbital (50 mg/kg). The time interval between pentobarbital

injection and the onset of sleep (loss of righting reflex) and the total

duration of sleep (the time interval between the lack of the righting

reflex and the acquisition of the righting reflex) was recorded.18

Locomotor activity test (LAT)

To assess spontaneous locomotor activity, a rectangular dark cage mea-

suring 35 � 25 � 29 cm, equipped with an infrared tracking device,

was used. This equipment records two crucial parameters (the number

of movements and the time traveled) during three 5-min observation

sessions, totaling 15 min, as explained by explained by Rabbani et al.

(1995). The units of the activity counts were arbitrary and based on the

beam breaks by movement of mice. To calculate the animal’s mobility,

the number of movements was multiplied by the duration of move-

ments. Mice were injected with different substances: plant extract,

diazepam, or vehicle (normal saline). After a 30-min interval, the mice

were placed in the activity cage for observation.19

Lethal dose at 50% (LD50)

The LD50 of the extracts was determined by the methods described

by Akhila et al.,20 and Guideline 42321 of the Organization for Eco-

nomic Co-operation and Development (OECD). The total extract of

MO (TEMO) and MPAJ were separately administered via p.o. and

i.p. routes. Based on our previous studies, MO and AJ were first

administered at 2000 and 300 mg/kg, respectively. After oral adminis-

tration of MO and AJ, the animals were observed for 30 min, 4 h,

24 h, and 14 days, and their body weights were monitored. After

i.p. administration of extracts, the animals were observed for 30 min,

4 h, and 24 h for signs and symptoms of toxicity. The same procedure

was used for the determination of LD50 in combination studies.

Tolerance test

In order to assess the development of tolerance to plant extracts,

locomotor activity was used. The MO and AJ extracts alone or in com-

bination were administered (i.p.) for 7 days. Locomotor activity was

measured using the above-explained method 30 min after the first

dose and on the eighth day.22

Statistical analysis

The results are presented as mean ± SEM. To analyze the data, the

researchers employed a one-way analysis of variance (ANOVA), fol-

lowed by Tukey’s post hoc test. P values less than 0.05 were consid-

ered significant. The software programs that were used for data

analysis were Graph Pad Prism 8.

RESULTS

Total phenolic content

The total phenolic content of AJ and MO extracts was measured using

the gallic acid standard curve. The total phenolic content of the MPAJ

was found to be 36.3 mg GAE/g and for the total, the ethyl acetate

and aqueous partitions of MO were 244.7, 419.3, and 234 mg GAE/g,

respectively.

The effects of plant extracts on pentobarbital-induced
sleept time

PIS test in mice is a classic pharmacological method for screening sed-

ative and hypnotic properties of drugs. Figure 1 shows the effects of

diazepam, AJ, and MO extracts at varying doses on PIS time. Diaze-

pam administered at a dose of 2 mg/kg significantly extended sleep

duration by approximately 2.5 times compared to the control group

(p < 0.001, Figure 1).

The MPAJ at 12.5, 25, 50, and 100 mg/kg doses significantly

increased the PIS time by 73.95, 132.27, 135.46, and 208.25% com-

pared to the control group, respectively (p < 0.001, Figure 1). As

shown in Figure 1, the minimum effective dose of AJ was

12.5 mg/kg, a dose that was selected for further combination

studies.

In order to find the minimum effective concentration of MO’s

extracts, different partitions, namely, ethyl acetate, aqueous, and total

extracts were examined. As shown in Figure 1, the ethyl acetate and

aqueous partitions of MO up to a dose of 200 mg/kg did not signifi-

cantly change the PIS time and were therefore omitted from the com-

bination studies. The total extract, on the other hand, at the dose of

12.5 mg/kg significantly (p < 0.001, Figure 1) increased the duration

of sleep by 190.4% and was therefore selected for further

examination.

MPAJ at two doses of 12.5 and 25 mg/kg were combined with a

selected dose of ethyl acetate, aqueous, or total extracts of MO. The

combination of MPAJ at any of these two doses with ethyl acetate or

aqueous partitions of MO did not significantly change the PIS time.

When the MPAJ (at either 12.5 or 50 mg/kg) was mixed with TEMO

(12.5 or 50 mg/kg), the duration of sleep was significantly increased

by more than twofold (p < 0.001, Figure 1) compared to the control

group.
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The effects of plant extracts on spontaneous
locomotor activity

The cumulative locomotor activity counts that measure the total

activity during 15 min recording was performed to check the move-

ment of animals after the injection of selected doses of plant extracts.

Diazepam at 2 mg/kg significantly reduced mobility compared to the

control group by 84.5% (p < 0.001, Figure 2). The selected doses of

MPAJ at 12.5 mg/kg and the TEMO significantly reduced the mobility

of the animals by 73.71% and 31.66% compared to the control group,

respectively. The combination of MPAJ (12.5 mg/kg) and TEMO (12.5

mg/kg) further decreased the mobility of animals by 85.92% com-

pared to the control group (p < 0.001, Figure 2). Figure 3 illustrates

the locomotor activity counts recorded at three time intervals: 5, 10,

and 15 minutes. The data indicate that diazepam significantly reduces

locomotor activity across all time points. Furthermore, the compounds

MPAJ and TEMO also led to a decrease in locomotor activity at these

intervals, albeit to a lesser extent compared to diazepam.

Acute toxicity (LD50) of the extracts

The OECD test guideline recommendation doses were used for asses-

sing the oral and i.p. toxicity of MPAJ and TEMO separately and in

combination. Based on the above-mentioned guideline, TEMO and

MPAJ were administered i.p. at 2000 mg/kg, respectively, and the ani-

mals were monitored for the first 30 min and then at 4 and 24 h. The

dose of 2000 mg/kg of TEMO was found to be quite safe without

causing any changes in the behavior of the animals. Based on the above

protocols, the LD50 of MPAJ was determined to be 25 mg/kg after

24 h of i.p. injection. The i.p. administration of MOTE at 2000 mg/kg

with 5 mg/kg of AJME was safe without any lethality (Figure 4).

For oral toxicity studies, TEMO and MPAJ were administered at

2000 mg/kg separately, and the animals were monitored for the first

30 min, 4 h, 24 h, and 14 days later. Both plant extracts, up to a dose

of 2000 mg/kg, did not cause any mortality indicating the safety of

the oral route. Similar results were found when the two plant extracts

were administered orally at 2000 mg/kg.

Tolerance studies

To examine the development of tolerance, each plant extract or their

combination was given via the i.p. route for seven consecutive days,

and then locomotor activity was measured 30 min afterward. As

shown in Figure 5, administration of diazepam at 2 mg/kg for 7 days

resulted in the development of tolerance to the locomotor activity of

animals. In contrast to diazepam, administration of MPAJ (12.5 mg/kg)

or TEMO (12.5 mg/kg) or their combinations at these doses did not

significantly change the locomotor activity of the animals after 7 days

(Figure 5). As illustrated in Figure 6, the seven-day treatment with

either saline or diazepam did not lead to any significant changes in the

animals’ body weights. However, the administration of MPAJ alone

led to a reduction in body weight. In contrast, when MPAJ extract

F I GU R E 1 Sleep-inducing effects of Melissa officinalis partitions and Albizia julibrissin methanolic partition separately and their combinations
on sleep duration in pentobarbital-induced sleep test. Normal saline (control), diazepam (2 mg/kg), methanolic extract of Albizia julibrissin, and
various partitions (total, aqueous, and ethyl acetate) of Melissa officinalis were administered via the intraperitoneal route. Two doses (12.5 and
25 mg/kg) of Albizia julibrissin were used for combinational studies with selected doses of total (12.5 and 50 mg/kg), aqueous (100 mg/kg), and
ethyl acetate (100 mg/kg) partitions of Melissa officinalis. All extracts were injected i.p., 30 min prior to pentobarbital administration (50 mg/kg,
n = 6). The results are shown as Mean ± SEM. *p < 0.05, **p < 0.01, and ***p < 0.001 compared to the normal saline group. $$$p < 0.001
compared to the normal saline group. ###p < 0.001 compared to the normal saline group.
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was combined with TEMO, no significant weight loss was observed

(Figure 6).

DISCUSSION

The overall goal of these experiments was to determine whether the

combined hypnotic effects of MPAJ and TEMO have additive or syn-

ergistic hypnotic effects. To assess the hypnotic effects of these

extracts, a PIS time method was used. This is a well-known experi-

mental approach in which the onset and duration of sleep by

50 mg/kg of pentobarbital are measured. Consistent with prior

research and as anticipated, diazepam notably extended the PIS time

confirming the validity of the method.23

To our knowledge, this is the first study in which the acute effects

of extracts of AJ and MO have been considered after

i.p. administration on PIS. MPAJ at a minimum dose of 12.5 mg/kg

caused a twofold increase in the duration of sleep induced by

F I GU R E 3 Sedative effects of the minimum effective dose of the selected partition of Melissa officinalis and the methanolic partition of
Albizia julibrissin in the locomotor activity test. The results are mentioned as Mean ± SEM.

F I GU R E 2 Sedative effects of the minimum effective dose of the selected partition of Melissa officinalis and the methanolic partition of
Albizia julibrissin in the locomotor activity test (cumulative). Normal saline (control), diazepam at a dose of 2 mg/kg, the methanolic extract of
Albizia julibrissin, and the total extract of Melissa officinalis were administered both separately and in combination as i.p. injection.Thirty minutes
after each injection, the mice were placed in a locomotor activity test for a duration of 15 minutes (n = 6). The results are mentioned as Mean
± SEM. *p < 0.05, ***p < 0.001 compared to the normal saline group.
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pentobarbital without evidently shortening sleep latency. Two flavo-

noids, namely, quercitrin and isoquercitrin isolated from AJ have been

identified as the main factors for its sedative effects.24,25 These com-

ponents are thought to exert their effects by increasing the level of

5-HT.25 Another constituent of AJ is jolibroside C1, with anti-anxiety

and sleep-inducing effects acting through 5-HT1A and GABAA benzo-

diazepine receptors.26

Among the three partitions of MO that were tested here, the

total extract provided the highest sleep-induction properties and was

therefore chosen for further combination studies. According to the

F I GU R E 4 Changes in weight following oral administration of plant extracts at a dose of 2000 mg/kg, separately and in combination. Normal
saline (control), methanolic partition of Albizia julibrissin, and total extract of Melissa officinalis were administered orally. The animals were
monitored for weight during 14 days. Each group consisted of at least three female mice. The results are mentioned as Mean ± SEM.

F I GU R E 5 Sedative effects of the minimum effective dose of the selected partition of Melissa officinalis and the methanolic partition of
Albizia julibrissin after seven consecutive days of injection compared to the first-day injection in the locomotor activity test. Normal saline
(control), diazepam at a dose of 2 mg/kg, methanolic partition of Albizia julibrissin, and total extract of Melissa officinalis separately and combined
as i.p. The injections were continued for seven consecutive days, and on the eighth day, 30 min after the injection, the mice were again placed in
the locomotor activity test for 15 min (n = 6). The results are mentioned as Mean ± SEM.
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data obtained from the pentobarbital test, the sedative effects of

the total extract were more pronounced than those of the aqueous

and ethyl acetate extracts, highlighting the significance of the whole

plant constituents in achieving the full effect.27 The minimum dose of

the TEMO after i.p. administration in our hands was 12.5 mg/kg. A

similar study conducted by Soulimani et al. also showed the effective-

ness of MO at low doses after i.p. administration in mice.28

The combination studies showed the lack of additive or synergis-

tic effects by different doses of the MPAJ and TEMO. The hypnotic

effect by combination of two extracts was not greater than the math-

ematical sum of the individual herbs. The lack of an extra hypnotic

effect from combining two extracts may be due to factors such as lack

of synergy, receptor saturation, diminished returns, and individual var-

iability in responses. If they target the same receptors, saturation can

occur, limiting further responses. Diminished returns may also play a

role, as increased dosages yield smaller additional benefits. Addition-

ally, pharmacokinetic differences might reduce their combined effi-

cacy, and insufficient dosages could hinder any potential

enhancement in effect.

Although the TEMO was quite safe at higher doses, the MPAJ

i.p. doses appeared to be toxic at doses above 25 mg/kg. The LD50 of

MPAJ was found to be 25 mg/kg and this limitation made it impossi-

ble to increase the dose in this study. As part of the study, we also

investigated the toxicity of plants after oral administration and found

no lethality in animals up to very high doses of MPAJ and TEMO. The

apparent difference in the toxicity profile of the MPAJ after i.p. and

oral administration could be due to the saponin compounds found in

the AJ, specifically julibroside J29-31, which exhibit cytotoxic effects.

When administered i.p., they are absorbed and have an effect at the

injection site. However, oral administration does not result in signifi-

cant absorption or specific effects. Studies on these compounds in

Albizia species have also highlighted their cytotoxic and hemolytic

properties after i.p. administration.29 This phenomenon has also been

reported with other plants. For example, the LD50 for Albizia glaber-

rima30 and berberine31 are reported to vary after i.p. and oral adminis-

tration of the extracts.

The TEMO at the selected dose of 12.5 mg/kg did not signifi-

cantly change the locomotor activity of the animal. This is in agree-

ment with other findings in which the oral administration of MO was

shown to have no profound effect on locomotor activity.32,33 The

MPAJ, on the other hand, did reduce the locomotor activity after

i.p. injection of the extract at 12.5 mg/kg. No one before has studied

the acute effect of MPAJ after i.p. administration on locomotor activ-

ity. In another species of Albizia, i.p. injection of its extract has been

shown to reduce the mobility of the animals.34 It is interesting to note

that, unlike diazepam, no tolerance developed to the locomotor

effects of MPAJ or TEMO after 1 week of extracts injection. Similar

findings have been reported by Taiwo AE et al., after oral administra-

tion of MO in rats treated for 10 days.32 The lowered locomotor

activity is not solely due to the sedative effect of the compound;

other factors such as muscle relaxation or change in body temperature

may affect the movement of the animals.

The results indicated that, unlike TEMO, the groups receiving

MPAJ alone or in combination with MO exhibited signs of reduction

in locomotor activity. Regarding body weight, animals orally adminis-

tered AJ extract experienced weight loss, whereas those receiving a

combination of both plants did not, which contradicted the results of

i.p. administration. This discrepancy might be due to differences in

F I GU R E 6 Weight changes of animals after injection of extracts and drugs for seven consecutive days. Normal saline (control), diazepam at a
dose of 2 mg/kg, methanolic partition of Albizia julibrissin, and total extract of Melissa officinalis separately and combined were injected for seven
consecutive days, and during this period the weight of the animals was controlled and recorded.
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absorption capacity between AJ and MO, as well as variations in ani-

mal genetics and administration methods. Similar differences in

weight changes after oral and i.p. administration have been observed

in studies.35 A study on tamoxifen also mentioned that oral adminis-

tration of drugs resulted in less stress and fewer side effects in ani-

mals compared to i.p. administration,36 which may explain our

observations in this study as well.

CONCLUSIONS

We found that the acute injections of MPAJ or TEMO at a low dose

of 12.5 mg/kg prolonged the pentobarbital-induced sleep time. The

combination of the two extracts, however, did not provide an additive

or synergistic sedative action. The potency of herbal extract combina-

tions can vary greatly depending on the specific combination of the

herbs used. While herbal extracts are generally considered safe, com-

bining multiple herbs can increase the risk of side effects and, in some

cases, may interact with each other in unexpected ways, leading to

nonadditive effects.
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