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Abstract

Oriental plane hydrosol (distillate), as a remedy for weight gain and asthma treatment is popular
in ethnomedicine. Phytochemicals of medicinal plants could have side effects or serious damages. In this
study, the oriental plane hydrosol was prepared by steam distillation. Also, tree oriental plane hydrosol
samples from different companies were purchased from herbal market to compare the constituents. The
phytochemicals in hexane and chloroform extracts of the hydrosols were identified by GC-MS analysis. In
order to investigate subacute toxicity, the hydrosol was given to groups of 6 of male mice at doses of 10,
50, 100, 300 or 500 ul/ mouse/ twice a day by gavage for 14 consecutive days (subacute toxicity) or just for
one day (acute toxicity). Serologic and pathologic samples were prepared. Chloroform extracts contained
mostly (Z) -3-hexenol, thymol, carvacrol, camphor and the main constituents of hexane extracts include
decane, dodecane and hexadecane. The results showed lack of serologic toxicity in subacute consumption
of the hydrosol. In acute toxicity study, the levels of ALT, LDH, and BUN increased significantly. Other
enzymes did not change significantly in compare to the control group. No significant pathologic damage
was seen in heart or lung tissues, but the liver and kidney showed mild inflammation in acute toxicity study
and inflammation in subacute toxicity studies. Determination of compounds which are responsible for the
observed effects and especially safety of this hydrosol consumption for the longer periods can prevent side
effects or possible toxicities.
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1. Introduction

Platanus orientalis L. (Platanaceae) with
the common names oriental plane, plantain or the
Old World sycamore is a large tree, growing to 30
m or more. The tree has longevity and spreading
crown which is deciduous in autumn. And although
they are drought tolerant, they usually grow along
riverine settings and wetlands. Plantain leaves are
hairy and felt at a young age and their hairs gradu-
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ally fade. These claw leaves with 5-7 lobes and
each lobe has large spaced and pointed sinus teeth
25 to 40 cm in size, with a gut-shaped leaf tail that
hides the bud at its base in the snout. Its inflores-
cence is spherical and has a base and is placed on
a tall pike and hung (1, 2). The fruit is spherical
and up to 2 cm in diameter. Its name is Chenar in
Persian. The tree was known as platane in ancient
Greek literature. In Asian countries it is called chi-
nar. It was mentioned in Traditional Persian Medi-
cine with the names of Johar, Sanar, Eitham, Delb,
Chanal, Chenar, Ras and Delba. Cold and dry na-
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ture is considered for the fruit and bark of the tree.
In Iranian traditional medicine and folk medicine,
the poultice from its leaves is also applied topically
to treat the conjunctiva of the eye, to prevent wa-
tery eyes, to remove phlegm and inflammation of
the knee and other organs and hot swellings, skin
blemishes or burns, to treat infectious wounds and
varicose veins (3, 4). Its formulations is tradition-
ally used in Eastern Europe and the Middle East
to treat various ailments, including wound healing,
analgesic and anti-inflammatory (1, 2, 5), tooth-
ache (6, 7) conjunctivitis, skin problems (1) and
antidote to snake venom (2). Plantain leaf decoc-
tion is also used orally to treat simple diarrhea and
dysentery. Plantain distillate (hydrosol, aromatic
water) is used orally to gain weight. Although the
plant pollen has been reported in many sources as
a pulmonary allergen (8, 9) but, the leaf hydrosol
is orally ingested as a treatment for asthma and
shortness of breath and strengthens the heart and
stomach in folk medicine, especially in Fars prov-
ince (3, 10). Recently, some studies have report-
ed biological activities and phytochemicals from
fruits and buds of this plant (1, 11).

So far, with the exception of a few prelim-
inary studies, including the study of anti-inflam-
matory, anti-oxidant and analgesic effects of plant
leaves (2, 5, 12-14), few studies have been done on
the compounds or biological effects, as well as the
safety of consumption and possible side effects of
oriental plane hydrosol.

The present in vivo study, designed to
study phytochemicals and the possible toxicity of
oriental plane leaf hydrosol, enzymatic and patho-
logical changes in the body tissues to determine
the side effects that may occur following short-
term oral consumption of the plant leaf.

2. Materials and methods
2.1. Phytochemical investigation

The leaves of the oriental plane were col-
lected from Fars province between July and Sep-
tember 2015. The plant was authenticated and a
herbarium sample (No. 2638) was kept in the Her-
barium museum, School of pharmacy, Shiraz Uni-
versity of Medical Sciences. The leaves were dried
in the shade and its powder was used to prepare
hydrosol by distillation method in clevenger appa-
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ratus. In addition, three samples of oriental plane
hydrosol (Aragh chenar) were purchased from dif-
ferent companies in Fars province, Iran. The vola-
tile compounds of hydrosol (distillate) were iso-
lated from using n-hexane solvent and chloroform
by liquid-liquid extraction method and after con-
centration with a rotary evaporator the compounds
were identified by Gas Chromatography-Mass
spectroscopy (15-17).

Gas Chromatography—Mass Spectrom-
etry (Agilent Technologies 7890 Gas Chromato-
graph) for analysis of the chemical compositions
equipped with HP-5MS capillary column (Agilent
Technologies 19091 S-433., 30x0.25 mm inner di-
ameter) and Mass detector (Agilent Technologies
model 5975 C in EI mode at 70 eV). The thermal
ramp rates were increasing temperature from 60
°C to 220 °C (rate of 5 °C/min) and held at 220
°C for 10 minutes. The interface temperature and
mass range was set up to 280 °C and 30 to 600
m/z, respectively. Identification of the volatile
compounds was based on NIST (National Institute
of Standards and Technology) or Wiley libraries,
pervious articles, and by comparing the reten-
tion times and mass spectra of the reference com-
pounds (15-17).

2.2 Animal study for acute and subacute toxicity

For the study of acute toxicity, groups of
6 of male mice received the oriental plane hydro-
sol at doses of 10, 50, 100, 300, or 500 ul/mouse/
twice a day (just for one day) and 14 days after the
experiment serologic and pathologic samples were
prepared.

In order to investigate acute toxicity, the
oriental plane hydrosol was given to groups of 6
of male mice at doses of 10, 50, 100, 300 or 500
ul/ mouse/ twice a day by gavage for 14 consecu-
tive days. One group received only normal saline
as control group. Twenty four hours after the last
dose of the hydrosol, pathological lesions of liver,
kidney, lung, and heart tissues, as well as plasma
levels of tissue damage markers was measured.
During these 14 days, mice were examined for
behavior, nutrition, body weight, and mortality.
Blood (1 mL) was taken from the abdominal vein
and carefully transferred to a test tube containing
anticoagulant. Plasma was then prepared by cen-
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trifugation of the samples. The obtained plasma
was stored at -20 © C for further experiments.

For pathological study, after separating the
samples and washing with 0.9% sodium chloride,
they were fixed with 10% formalin. The paraffin
blocks, and then sections with a thickness of 5 mi-
crons were prepared and stained by hematoxylin
and eosin.

To analyze the plasma levels of enzymes
including AST (aspartate aminotransferase), ALT
(Alanine Aminotransferase), CK-MB (Creatine
kinase-MB), Creatinin, BUN (Blood urea nitro-
gen), LDH (lactate dehydrogenase) was performed
by the commercial kit of Pars Azmoun Company
(Iran) and an autoanalyzer (18, 19).

2.3. Statistical analysis

Data were presented as meantstandard
deviation from 6 samples and ANOVA with
Tukey's test was used for statistical analysis.
P<0.05 was considered as a statistically significant
difference.

3. Results and discussion
3.1. Result of the phytochemical study

The results of GC-MS analysis of pre-
pared hydrosol in the laboratory and the purchased
hydrosols are shown in Table 1. The major com-

pounds in the essential oil of the oriental plane
leaves were hydrocarbons such as decane, dodec-
ane. As expected, the compounds in the chloro-
form and hexane extracts of the hydrosol were dif-
ferent.

In the study of 4 n-hexane extracts of
oriental plane hydrsols, the identified major com-
pounds, were mostly hydrocarbons including dec-
ane, dodecane, undecane. Also compounds that
are repeated in hexane extracts include ethylcy-
clohexane, cis-1,2-dimethylcyclohexane, Decane,
Dodecane.

In the chloroform extracts the major
compounds were (Z) -3-hexenol; 2-Butanone,
3-phenyl-; Benzaldehyde; Acetophenone; thy-
mol; alpha-Terpinene; carvacrol; camphor; beta-
eudesmol; carvone; piperitenone; elemicin. Also
the compounds repeated in the chloroform extracts
include carvacrol, (Z) -3-hexenol, pulegone, thy-
mol and 4-Vinylguaiacol. The compounds in chlo-
roform extract were mostly polar and semi-polar
compounds such as monoterpenes, sesquiterpenes,
alcohols, acids and ketones.

The compounds in hexane extract were
mostly non-polar compounds such as hydrocar-
bons.

Some identified compounds of the essen-
tial oil was not detected in the hydrosol extracts.

Table 1. The phytochemical constituents of essential oil and hydrosol of oriental plane leaf. Hexane

and chloroform extracts of the hydrosol prepared in the laboratory and the hydrosols purchased from 3

different companies were analyzed by GC-MS analysis.

Chloroform extract of oriental plane

hydrosol
Compound  Essen- Laboratory Company Company Company Labora-  Com- Company Com-
tial oil  prepared 1 3 tory pany 1 2 pany 3
hydrosol prepared
hydrosol
""" Acetophenone  2.63%  311%
Acetosol 1.89% 1.02%
3-Allylguaiacol 15.57% 1.68%
Benzalaceton 3.03%
Benzaldehyde 4.13% 6.41%
Benzeneethanol 1.77% 0.63%
Benzene, 13-di- T 0 65%
methyl-
Benzenemethanol 2.73% 1.93%
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Continued Table 1.

Hexane extract of oriental plane hydrosol Chloroform extract of oriental plane

hydrosol

Laboratory Company Company Company Labora- Com- Company Com-

Compound Essen-
tial oil

prepared
hydrosol

1 2 3 tory pany 1 2 pany 3
prepared
hydrosol

Benzenemetha-
nol,.alpha.-
methyl-
Benzenemethanol,
.alpha.-methyl-,
(S)-
Benzenepropanoic
acid
Ethylbenzene
2,3-Dihydro-
benzofuran
Benzoic acid
alpha.-Bisabolol
L-Borneol
2-Butanone,
3-phenyl-
Camphor
(-)-Camphor
Carvacrol
(-)-Carvone
1,8-Cineole
beta.-Citronellol
E-Citral
Z-Citral
Clovane diol
Coumaran
Coumarin
Cumic acid
beta-Cyclocitral ~ 0.60%
(Z2)-Cyclodecene  0.81%
1,2-Cyclohexane-
diol
Ethylcyclohexane
cis-1,2-Dimethyl-
cyclohexane
Propylcyclopen-  0.68%
tane
Decane 36.04%
Dihydroactinid-
iolide
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0.27%

7.29%

0.50%

2.51%
1.60%

0.75%

2.92%

3.42%

1.95% 0.38%
1.16%

0.59%
1.10%
1.83%

0.35%
20.84%
6.22% 4.89% 2.49%
4.21%
1.05%
1.10%

1.31%

2.16%
0.48%
3.78% 3.70%

0.34%

0.53% 0.34% 0.33% 0.35%
1.75% 1.25% 1.80%

0.84%

51.15% 4.99% 15.10% 5.12%

1.64%
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Continued Table 1.
"""""""""""""""""""""""""""""""""" Hexane extract of oriental plane hydrosol ~ Chloroform extract of oriental plane
hydrosol
 Compound  Essen- Laboratory Company Company Company Labora-  Com- Company Com-
tial oil  prepared 1 2 3 tory pany 1 2 pany 3
hydrosol prepared
hydrosol
' Dihydroactinolide 042%
cis-Dihydrocar- 1.85%
vone
trans-Dihydrocar- 0.60%
vone
Dihydrocarveol 1.82%
Dihydrodehydro-  0.56% 1.47%
f3-ionone
Dillapiole 4.44%
3,8-Dimethyldec- 0.99%
ane
Docosane 0.51%
Dodecane 10.16% 18.38%  22.18%  17.06%  21.13%
Eicosane 0.93% 0.51%
Elemicin 6.02%
Estragole 0.51%
4-Ethyloctane 0.83% 1.72%
alpha.-Eudesmol  1.11% 1.59%
beta.-Eudesmol 1.83% 1.88% 6.96%
Eugenol 1.62%
Farnesylacetone 1.45%
2-Furanmethanol 0.50%
Furfural 0.21%
Geranyl acetone 1.91% 1.33%
beta-Gurjunene 1.43% 0.77%
(E,E)-2,4-Hepta-  1.38% 3.82%
dienal
6-Methyl-3,5- 0.67%
heptadien-2-one
Heptanal 0.24%
(2)-4-Heptenal 0.39%
Hexadecane 1.05% 1.93% 1.69% 2.80% 1.89%
Hexadecanoic 1.49%
acid
Hexahydrofarne-  2.44%

syl acetone

Hexanedioic acid, 0.93% 1.01%
bis(2-ethylhexyl)

ester

Trends in Pharmaceutical Sciences 2020: 6(4): 243-254. 247




Reza Heidari & et al.

Continued Table 1.
""""""""""""""""""""""""""""""""""" Hexane extract of oriental plane hydrosol ~ Chloroform extract of oriental plane
hydrosol
 Compound  Essen- Laboratory Company Company Company Labora-  Com- Company Com-
tial oil  prepared 1 2 3 tory pany 1 2 pany 3
hydrosol prepared
hydrosol
© Hexanoicacid 093%
1-Hexanol 1.09% 1.09%
(E)-2-Hexenal 3.77%
2-Hexen-1-ol 0.80%
(2)-3-hexenol 12.94% 0.46% 0.55%
3-Hexenyl-ben- 1.16%
zoate
cis-3-Hexenyl 2.60%
benzoate
2-hydroxycyclo- 3.47%
hexanone
p-hydroxystyrene 0.36%
(E)-beta-lonene 1.59%
3-Methylcatechol 2.85%
methylethylma- 0.58%
leimide
3-Methylnonane  2.36% 4.34% 0.87%
5-Methylnonane 2.67% 0.52%
5-Methylundecane 0.86%
Myristicin 0.84%
Nonadecane 0.51%
trans,trans,trans- 0.25%
Nona-2,4,6-trienal
Octadecane 0.53% 0.98% 1.62% 0.98%
1-Octene, 3,7-di-  0.89%
methyl
4-Methyl-2-pen- 0.69% 0.91%
tenolide
Dibutyl phthalate 0.70%
Piperitenone 7.35%
Phenol 1.30%
Phenylethyl 4.70%
Alcohol
trans-Phytol 2.10%
Pulegone 0.34% 1.20% 2.55%
Safranal 0.36%
Tridecane 14.71% 9.51% 14.32%
alpha-Terpinene 2.62%
alpha-Terpineol 0.93% 0.42%
Terpinen-4-ol 0.39%
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Continued Table 1.

Chloroform extract of oriental plane

hydrosol
 Compound  Essen- Laboratory Company Company Company Labora-  Com- Company Com-
tial oil  prepared 1 2 3 tory pany 1 2 pany 3
hydrosol prepared
hydrosol
""" apha-Terpin- 079%
olene
Tetradecane 2.89% 5.70% 3.03% 3.84% 3.07%
Thymol 0.65% 4.95% 28.01% 46.83%
Undecane 11.35% 7.13% 11.16%
4-Vinylguaiacol 0.47% 0.44% 3.30%

It is also possible that these compounds dose not
enter the hydrosol due to their insolubility in wa-
ter. On the other hand, the volatile compounds
has different solubility in hexane and chloroform.
Although in most previous reports on distillates,
hexane has been used to extract compounds in dis-
tillates (hydrosol), the results of the present study
show that the use of semi-polar or polar solvents is
also necessary to extract and identify compounds
in distillates.

The low percentage of some compounds
such as thymol, carvacrol and camphor in labora-
tory prepared hydrosol and their high percentage
in purchased hydrosol, shows that these com-
pounds might not originated from the oriental
plane leaves. Two factors can play a role in the
presence of these compounds in purchased hydro-
sols: 1- the contamination of the device used in the
hydro industrial hydrodistillation system. In other
words, in the previous days, hydrosols of other
plants containing compounds such as thymol and
carvacrol were prepared but the devices were not
washed well. 2-It is possible that some companies
add some essential oils or herbs such as thyme to
the hydrosols in order to improve their taste or es-
sence.

A few studies can be found on the essential
oil of the oriental plane leaf. Only one report was
found on oriental plane hydrosol, the compounds
in the hydrosol were in accordance with the report
by Hamedi et al (15). Another study was found on
the oriental plane leaf infusion that reported benz-
aldehyde and fatty acids as the major component
of the leaf infusion (13). Some of the identified
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compounds were reported from other plant species
for example, (Z) -3-hexenol has been reported as a
leaf alcohol from Farfugium japonicum and it has
also been mentioned as an insect repellent (20).
Among the compounds observed in this study is
benzaldehyde, which has been reported previously
in cabbage species as well as in plants from An-
thurium and ¢ Arum species, some plants of La-
miaceae family as well as bitter almonds (21, 22).
Heptanal has been previously reported in lemon
and orange essential oils (23).

Furan, 2-methyl-5- (1,1,5-trimethyl-
5-hexenyl) — was detected in Zygophyllum album
(24) and geranyl acetone as volatile compounds in
tomato species (25). Benzenemethanol was found
in Bunium persicum (26) and benzoic acid in Zizy-
phus mauritiana (27). Pyrocatechol is derived from
the rhubarb species as well as in reports of destruc-
tive distillation of plants containing catechins (28).

3.2. Acute and subacute toxicity

The result of the in vivo study of acute and
subacute toxicity is shown in Figures 1-3.
The results of the present study showed no toxic-
ity in subacute consumption of oriental plane leaf
hydrosol in male mice (Figure 2). On the other
hand, acute studies have shown that levels of liver
enzymes such as ALT and LDH have increased.
Also, markers of kidney tissue damage such as
BUN has increased. Other enzymes had no sig-
nificant compared to the control group (Figure 1).
It is thought that at first, when a substance enters
the body, the body responds to the substance and
the plasma level of the enzymes increases, or these
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Figure 1. Biomarker plasma levels in acute toxicity test. A: AST; B: ALT; C: creatinine; D: BUN; E:
CKMB; F: LDH in groups of 6 mice received hydrosol of P.s orientalis leaf (hydr) at doses of 10, 50, 100,
300 or 500 pl/ kg of body weight. Data are shown as Mean+SEM. Control group received normal saline.

*Significantly different with control group (P<0/05)
**Significantly different with control group (P<0/01)
***Significantly different with control group (P<0/001)

changes may be due to sudden damage to these or-
gans in the short term. No significant changes were
observed in the level of markers of tissue damage
such as heart in the acute or subacute studies.

In subacute studies, no significant increase
was observed in any of the serum indices of tis-
sue damage compared to the control group. This
issue may be related to the adaptation of the organs
and regeneration of tissues damaged by the com-
pounds in the hydrosol. In other words, over a lon-
ger period of time, tissues such as the liver adapt to
new conditions with their cell defense mechanisms
or effectively detoxify some substances.

Although the present study shows no spe-
cific side effects on tissues such as liver, kidney
and heart, it should be noted that in some people,
(especially in chronic consumption) cellular de-
fense mechanisms in the liver or other tissues
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may not work well (for example due to alcohol-
ism, liver disease and etc.) (29). Therefore, these
people may be more sensitive to the consumption
of the hydrosol. Also, in tissues such as the kid-
neys where cellular defense systems are weaker
(for example, than in liver tissue), chronic damage
may not be compensated and may eventually lead
to organ failure.

In the study, the animals were monitored
for 14 consecutive days after receiving the dose
and no deaths due to oriental plane hydrosol con-
sumption were observed in the animals. These ani-
mals showed no signs of toxicity during the study
period. Overall appearance, body care, posture,
gait, behavior, and other observational parameters
were normal. During the study, the body weight
of the animals did not differ significantly between
days 1, 7 and 14 of the study.

Jrends in Pharmaceutical Sciences 2020: 6(4): 243-254.
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Figure 2. Biomarker plasma levels in subacute toxicity test. A: AST; B: ALT; C: creatinine; D: BUN; E: CKMB; F:
LDH in groups of 6 mice received hydrosol of P. orientalis leaf (hydr) at doses of 10, 50, 100, 300 or 500 pl/ kg of
body weight. Data are shown as Mean+=SEM. Control group received normal saline.

Pathological examination at the end of this
study for acute toxicity test, did not show any spe-
cific pathological damage in lung and heart organs
compared to the control group, but in the study of
subacute toxicity, liver and kidney had slight in-
flammation (Figure 3).

This inflammation and mild tissue damage
in the present study may be related to the presence
of'benzaldehyde in the oriental plane hydrosol. The
toxicity of aldehyde compounds as active species

Trends in Pharmaceutical Sciences 2020: 6(4): 243-254.

and reactants have been reported previously. These
substances may cause cytotoxicity and organ dam-
ages. It is clear that identification of the oriental
plane hydrosol substances which are responsible
for cell damage will require more detailed study in
the future.

4. Conclusion
T (Z) -3-hexenol, thymol, carvacrol, cam-

phor, decane, dodecane and hexadecane were
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Figure 3. Histopathologic study of liver (L1-L5), Heart (H1-H4), kidney (R1-R4) and lung (P1-P4) in mice received
hydrosol of P. orientalis leaf or normal saline.

L1: Control group with no pathological changes. L2: Portal inflammation in liver, L3: Inflammatory cell infiltration in
liver, L4: fatty tissue changes in liver (in acute toxicity group), L5: Focal necrosis and L6: Ballooning degeneration in
liver of subacute toxicity group (subacute toxicity group). No histopathological changes was observed in the heart of
control group (H1) or hydrosol groups (H2-H4). Mild vascular congestion was observed in kidney of mice in control
group (R1) and mice received different doses of hydrosol (R2, R3, R4) in both acute and subs cute toxicity studies.
P1: lung tissue in control group with no pathological changes. P2 and P4: lung section with no pathological change
was observed in subacute toxicity group. P3: Intra-alveolar edema and hemorrhage was observed in mice received

500 pl/ kg/one day (acute toxicity study).

identified as major constituents of the oriental
plane hydrosol.

Lack of serologic toxicity was observed
in subacute consumption of the hydrosol but the
levels of ALT, LDH, and BUN increased signifi-
cantly in acute consumption. No significant patho-
logic damage was seen in heart or lung tissues, but
the liver and kidney showed mild inflammation in
acute toxicity study and inflammation in subacute
toxicity studies. Determination of compounds
which are responsible for the observed effects and
especially safety of this hydrosol consumption for

the longer periods can prevent possible side ef-
fects.
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