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Abstract
Objectives: The study aimed to formulate a novel herbal mixture
Melissa officinalis (M), and evaluate its toxicity, microbial load, and

perforatum (H) and
emical content.

Materials and Methods: Total flavonoids were measured k omplex formation method
and colorimetric assay. Quercetin content of the herbal as determined by reverse-phase HPLC.
The in vitro and in vivo safety of the herbal form; using the MTT assay, and acute
oral toxicity analysis in the rat model respectively

Results: The formulated extract (HM), in com i used as standard, had a total flavonoid
HPLC revealed a quercetin content of
omonas aeruginosa, Staphylococcus aureus and
e total aerobic microbial count, and total yeast

0.187 mg/ml. Microbial tests for Escherichi
Salmonella spp. were negative. The colony
and mold counts were less than 10 infea
NIH/3T3 cell line revealed no cell
tested in the Wistar rat model
mg/ml.

Conclusion: The preli
microbial load well wi
Keywords: Melissa offt
animal toxicity

e range of concentrations tested. Acute oral toxicity was
$ 695.2 + 7.5 mg/Kg. HM extract had a dry weight of 38.1

ults proved the safety of the herbal mixture HM, with toxicity and
of accepted guidelines allowable for use in clinical trials.
lis, Hypericum perforatum, combined hydroethanolic extract, cell toxicity,

INT UCTION

ourse of history, man has always looked to nature to provide food, nutrients, and natural
ce at various illnesses. Traditional medicine was founded based on this relationship between
ature thousands of years ago.! To date, only a small percentage of the total number of plant
earth has been analyzed phytochemically, and even a smaller percentage has been screened for
tial pharmacological use. Despite the recent advances in our fundamental understanding of many
dis€ase mechanisms, such as cancer, chronic inflammation, diabetes, and neurodegenerative disorders,

ere is a great need for development of more effective pharmaceutical solutions. Plant extracts

containing many secondary metabolites with various biological/pharmacological activities can affect
many targets and can potentially fill this gap. Previous studies have shown that essential oils and extracts
isolated from different plant species exhibit powerful antimicrobial and antioxidant, as well as anti-
inflammatory, anti-cancer and hepatoprotective activities.>¢ A significant proportion of all drugs
produced worldwide are either plant products or derived from them, and phytopharmaceutical research
has played an important part in the discovery and development of many more synthetic drugs.” At the
same time, mixed herbal extracts can be used as multi-target drugs that act synergistically, have fewer




side effects, and in the process lower the costs of treatment.®
Lemon balm, with the scientific name Melissa officinalis (M), is a well-known perennial herbaceous
plant belonging to the family Lamiaceae which has been studied extensively for its medicinal powers. It
is native to Asia, North America, the Mediterranean, and Southern Europe, and is extensively cultivated
in these regions.’ The leaves of M have historically been used to treat a number of ailments including
digestive and inflammatory diseases, and microbial infections.!? The presence of phenolics, terpenoids
and flavonoids such as quercetin, rutin and quercetrin in the extract of M are thought to be responsible
for its ability to treat various diseases.!! The essential oil contains important secondary metabolites such
as geranial, cineol, and caffeic acid, capable of reducing serum cholesterol and triacylglycerides.
Flavonoids are known for their powerful antioxidant activities and are also present in M extract.'?
Hypericum perforatum, or St. John’s wort (H), is another medicinal plant of great importance that has
been used for thousands of years. This perennial herb belongs to the Hypericacea family and is native t
temperate regions of the world. It has been studied extensively due to its importance as a power
medicinal plant that can treat various illnesses.!* Leaves of the plant are known to contain activ,
metabolites such as flavonoids, naphthodianthrones and phloroglucinols. Antidepressant effec

have focused on the antiviral activities of H and the results seem to be promising.!>!6

Each of these plants has a multitude of secondary metabolites that can exert a positi

combined ethanolic herbal extract of H and M was prepared in ord preliminary safety and

&

phytochemical analyses in preparation for future clinical testi

MATERIALS AND METHODS

Plant Acquisition and Extraction

Both H and M herbal samples were obtained fro di plant farm in Ardabil, Iran. They were

carefully cleaned of debris and air-dried in the lab . m samples of the plants were sent to
e

the Institute of Pharmacology, XXX Universi iences for identification. After proper
identification, samples were registered and ¢gode numbers were assigned (PMP-2310 and 14001 for H and
M, respectively). After weighing, plant sam und together in a pharmaceutical grinding mill
ccelerated Solvent Extraction system (ASE) was
1cal-grade ethanol in water. Preliminary test trials
ratures and a pressure of 10MPa was used to perform the
extraction. The mixed grou oaded into extraction vessels and was allowed to fill with
extraction solvent. The s wed to sit for static extraction for 24 hours, after which dynamic
extraction was resume ion. The extraction solvent was fluxed through the ASE system two
more times (i.e., a tota
in the study. To detemmi dry weight, 10 ml of HM extract was dried in triplicates at 35-40°C in a

used to perform the extraction wit
indicated no need for elevated

ride/sodium nitrite method was used to determine the total flavonoid content of the HM
ethod o-nitroso derivatives of flavonoids form a complex with Al III which absorbs
at'or near 510 nm. Rutin (Sigma-Aldrich, USA) was used as the standard to determine the
oid content of HM as pg rutin/ml. Sodium hydroxide (4%), sodium nitrite (5%), and 10%
chloride in deionized water were used to do the procedure. Samples were prepared by adding
(1:10 dilution) of HM extract to 100 ul water and 7.5 pl sodium nitrite solution, into a 96-well
LISA plate in 8 replicates. After six minutes, 7.5 pl aluminum chloride, 100 pl sodium hydroxide, and
10 pl of deionized water were added to each well and covered with aluminum foil for 15 minutes.
Absorption at 510 nm was then read and recorded in ELISA reader (Synergy, Biotek Instruments Inc.,
Germany). The same procedure was repeated for different concentrations of rutin standard. The 6 best
results were selected for total flavonoid determination.
Determination of Quercetin concentration by reversed-phase high-performance liquid chromatography
(RP-HPLC)

Quercetin, a key marker and constituent of both H and M, was analyzed with HPLC. RP-HPLC is
routinely used for optimal separation of flavonoids due to their hydrophobicity and low solubility in



aqueous solutions.?’ All HPLC grade solutions and equipment were obtained from Alborz Academic
Institute, Iran. To prepare the standard solution, 10 mg of quercetin dihydrate (Sigma-Aldrich, USA) was
dissolved in 20 ml methanol, 15 ml dilute hydrochloric acid, 5 ml water and the final volume was
adjusted to 50 ml with methanol. To make the sample solution, 15 ml HM extract was first dried. The dry
extract was then added to the same series of solutions as in the standard with a final volume of 50 ml as
described above. A 25 cm C18 column (Phenomenex, USA) with a 4 mm diameter and 5 um particle size
was used to do the HPLC on an Alliance E2695 (Waters, USA). Gradient elution was set up with a
mobile phase consisting of 0.3 g/L phosphoric acid (solution A) and pure methanol (solution B). The
gradient started with 60% solution A, and 40% solution B, and ended with 0% A and 100% B. The
injection volume was 10 pl and the running time was 25 minutes at 25°C. The detector was set at a
wavelength of 370 nm with a flow rate of 1 ml/min. Quercetin identification was done by comparing
retention times of sample peaks with the quercetin peak in the standard.

Cell Culture and Cell Toxicity

MTT (3-(4,5-dimethyl thiazolyl)-2,5-diphenyl tetrazolium bromide) assay was used to assess th

Center for Genetic and Biologic Resources. The cell culture medium was complete D
FBS, 10 IU/ml penicillin and 100 IU/ml streptomycin (Capricorn, Germany). Stand
conditions consisted of 5% CO2 and 95% humidity at 37°C. After three passage

ini i at 1200

unted on a

: £2>10* cells were
incubated (24 hours at 37°C) in wells of a flat-bottom ELISA plate, an¢ KT assay. The

i i e hich was

eceived media containing
complete DMEM with FBS and antibiotics, but no HM extra assay, the cultured
medium was removed from each well, and cells washed esh DMEM. To each well, 50 pl
of cell culture medium and 50 pl 5 mg/ml MTT rgagent ( ich, USA) was added, and the flasks
were incubated for 4 hours at 37°C. MTT is a ye ed to formazan crystals by
mitochondrial NADPH-dependent oxidoreductas active cells. To dissolve the
formazan crystals, 150 pl DMSO was added
MTT reagent and DMSO was used to adjus
recorded in an ELISA reader (Synergy, Bio
control = SEM.

rption. Absorbance at 570 nm was read and
nts Inc., Germany). Results were expressed as %

Acute oral toxicity of HM was E istar rats obtained from the Institute of Pharmacological
Sciences, XXX University o i i (Iran). Procedural and ethical considerations were based

restrictions at 25°C. A i acclimated to standard conditions for ten days prior to dosing. The
average Weight Q i

stage of the experiment were 0, 381.0, 571.5, 685.8, and 762.0 mg/Kg administered
in stage consisted of 1 control and 4 treatment groups, with 10 rats in each group
anifestations of toxicity as well as mortality, were monitored and recorded for 14 days.
ated with SPSS 26 software/Probit analysis.

Microbial Content

order to analyze the microbial load of HM extract, the USP-40 general protocol for analysis of non-

ile products was used. Serial dilutions of 1:10, 1:100, and 1:1000 of HM extract was prepared in
eptone water buffer, and the total aerobic microbial count was done by adding 1 ml of each dilution to

5 ml plate count agar in 9 cm Petri dishes in duplicates. The incubation duration was 5 days at 30°C. The
same procedure was used to do a total yeast and mold count on casein-soybean digest agar. Presence of
the four main groups of food pathogens, i.e., Escherichia coli, Salmonella spp., Staphylococcus aureus,
and Pseudomonas aeroginosa in HM extract was explored on MacConkey, bismuth sulfite, mannitol salt
and cetrimide agars respectively. Uninoculated negative control plates were run in parallel, and results
were recorded as a number of colony-forming units per ml (cfu/ml).

Statistical Analysis

One-way analysis of variance (ANOVA) and Probit analysis of LDso were done using SPSS 26 software.




Dunnett test was done as a post hoc analysis method where P<0.05 was statistically significant. The final
results were shown as mean + SEM.

RESULTS AND DISCUSSION

Phytochemical analysis

The data for total extraction volume, percent ethanol, and dry mass of HM extract is presented in Table 1.
Total flavonoid content was determined using the aluminum chloride/sodium nitrite method by measuring
Aso. Comparing the Asio of HM sample with the rutin standard curve revealed a total flavonoid content
of 15.29+0.64 mg rutin/ml HM extract ("P<0.05). HM extract contains a significant amount of flavonoid
(40.1% of total dry weight) compared to levels found in each plant individually according to related
studies.?>? Many factors such as habitat and environmental conditions during plant growth, sample
preparation, extraction methods, and analytical techniques, can affect secondary metabolite
concentrations in plant extractions. Quercetin levels in HM (0.187 mg/ml) were in agreement with resul
obtained in similar studies.?**

Eighteen peaks were detected in the reverse-phase HPLC chromatogram of HM. The quercetin
the HM sample (peak number 18, chromatograph b) was identified by comparing peak retentio
with the peak for quercetin standard (chromatograph a). Areas under the peaks were co
quercetin concentration per ml of HM extract was calculated relative to the standard. Thi
corrected for the dilutions to determine the quercetin concentration in the HM sample
concentration calculated was 0.187 mg/ml.

Microbial content assays

The presence of four main pathogenic contaminants of food and non

yielded negative results. The data for microbial load tests was su
40 guidelines for microbial testing of non-sterile pharmaceutical p
requirements for human consumption.
Toxicity assays

Cellular Toxicity: The MTT assay was used to determine ar toxicity of HM in NIH/3T3 cell line.
Results are summarized in Table 5 and Figure 2. ity w
formazan crystals produced by viable cells. No to
However, there was a significant concentrati
v/v of HM, which may be an indication of i
with electron transport chain uncouplers or
formazan crystals independent of mitechon

acid, glutathione, and flavonoids w; @7
Sewdeflendd

diin Table 4. According to USP-

n the range of concentrations tested.
ease in apparent cell viability above 5%
e assay. Such effects are commonly seen
at can directly reduce the MTT reagent to make
ductases. Examples include NADH, ascorbic
antioxidants present in significant amounts in HM
increase in absorption level observed at HM

Animal toxicity: The res al'toxicity (LDso) in Wistar rats are summarized in Table 6.
Animals were monitor s for visual clinical manifestations of toxicity (Table 7) following the
administration of HM ge. The data indicates an LDso of 685.8 mg/Kg. The SPSS software
y i ression analysis (PROBIT analysis) of the LDso. The software calculated
<0.05) with a 95% confidence interval of 599.4-913.3 mg/Kg. The only
bdominal distension and diarrhea in the dose range of 571.5-685.8 mg/Kg, as

clinical signs 1
i imum dose without any signs of toxicity was, therefore, 381.0 mg/Kg of HM

shown 1 le

tatistically significant. Various animal studies on Lemon balm have reported an LDso in
3000 mg/Kg.2>? Other studies on St. John’s wort toxicity in the animal model report
000-3200 mg/Kg range.?®3° Therefore, HM extracts with an LDso of 695.2 + 7.5 mg/Kg
oxic than the individual extracts of each plant. This toxicity level places the HM extract in
tegory 4 (medium toxicity, between 500-2000 mg/Kg), which is less toxic than caffeine, aspirin, or
ofen. In accordance with the concentration and diversity of secondary metabolites present in HM
xtract, it is expected that it should also have different pharmacological activities than the extract of each
lant. No significant weight change or changes in the feeding pattern of the animals were noted during the
14-day duration of the experiment. The only visible clinical parameters noted were abdominal distension
and diarrhea in the HM dose range of 571.5-685.8 mg/Kg. Lemon balm and St. John’s wort have been
shown to be antispasmodic and antidiarrheal and are used to alleviate abdominal discomfort.?!-3?
Therefore, it is possible that at higher doses of HM, abdominal distension and diarrhea are absent due to
these effects.
CONCLUSION

The diverse array of secondary metabolites found in plant extracts seems to have unlimited potential

4




and possibilities. In the last few decades utilization of plant extracts and products to treat various diseases
has been successful in many cases, and results in this area seem promising. Therapeutic strategies using
phytopharmaceuticals provide a new perspective to fill the void that chemical drug design and
manufacturing worldwide has not been able to fill. HM is a new formulation of the combined
hydroethanolic extracts of Lemon balm and St. John’s wort, which was analyzed for its phytochemical
properties, and cell and animal toxicities in the present study. HM contains flavonoid in high
concentrations. No microbial growth was observed in microbiological tests performed on HM. At
concentrations of up to 1% v/v, HM did not result in toxicity in NIH/3T3 cell line and it did not interfere
with the MTT assay. Higher concentrations of HM seem to have interfered with the MTT assay and
resulted in apparent cell viability greater than the control. PROBIT analysis of the acute oral toxicity of
HM extract in Wistar rats indicated an LDso of 695.2 mg/Kg body weight which places HM in toxicity
category 4 (moderate toxicity). Taking all the results into consideration, a range of 1-5% of the maximu
dose of HM without any indications of toxicity in the animal model (i.e., 3.81-19.1 mg/Kg/day) i
suggested for pharmacological testing in clinical trials.
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Table captions:
Table 1: Percent alcoh
Total volume

Table

; 8: 10-19.

1320

Absor

olu nd mass of dried extract per ml HM extract
acted % Alcohol Dried Extract
58% 38.1 mg/ml

ce at 510 nm of different concentrations of rutin used to construct the standard curve.

Rutin Standard (pg/ml) A510 + SEM
0.0 0.000 + 0.001
14.2 0.044 +0.001
28.6 0.082 +0.001
35.7 0.100 +0.001
71.4 0.171 £ 0.001
142.9 0.333 +0.001
178.6 0.410+0.001




Table 3: Total flavonoid expressed as mg standard rutin (*P<0.05)

Total flavonoids in HM, corrected for

Total flavonoids as mg standard rutin

1:140 dilution A510 = SEM
SEM + mg/ml SEM £ pg/ml
15.29 £ 0.64" 109.2 4.6 0.259 £ 0.001
Table 4: Summarized results of microbiological tests
Test Results = Standard unit
range
Pseudomonas - USP 40 cfw/ml
aeroginosa
Staphylococcus ) USP 40 fw/ml
aureus
Salmonella spp. - - USP 40 cfu/
E. coli - - USP 40 c
Total Yeast and . « 5
Mold (TYMC) ) "(10< Max 10 USP 40 cfu/ml
Total Aerobic
Microbial count )" (10< Max 10° USP 40 ml
(TAMC)
Significant differences were assessed by *P < 0.05.
Table 5: MTT assay results for cell toxicity i 3T ine
Concentration 0 0.5 1 5 10 25 50
%v/v
Mean (% 99.20+2.11 103.55+3.1 3. 237.10£3.67°  248.07+£5.65" 395.0042.69° 594.20+18.4"
control) £SEM

Significant difference

Morta

(%)

0

€ asse

by "P < 0.05. Results are expressed as % control.

685.8

50

762.0

60




Table 7: Visible clinical manifestations of toxicity with HM treatment in Wistar rats
0 mg/Kg | 381.0 571.5 685.8 762.0
(control) | mg/Kg | mg/Kg | mg/Kg | mg/Kg

Visible clinical
manifestations

Skin - - - - -

Eyes - - - - -
Abdominal - - + - -
distention
Diarrhea - - + + -

Respiratory - - - - -
Arrhythmias - - - - -
Hair - - - - -

Mobility - - - - -

Paralysis

Pain

Animals were monitored for 14 days and results were recorded.

Rutin Stan

A510

0,000 &
0,0 50,0 100,0 150,0 200,0

ug/ml rutin

Figure 1: Rutin standard curve. The total flavonoid content of HM was determined by linear regression
analysis
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Figure 2a: Chromatograph of standard quercetingpconeentration 200mg/ml
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Figure 2b: Chromatograph of HM sam;le. Quergetin peak is indicated with an arrow
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Figure 3: Graphical results of the MTT viability test o
concentrations of HM extract, expressed as %\control.
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