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Abstract: Eucalyptus oil is used in a wide range of medicinal and other uses, and the current study aims to estimate the
median lethal dose LD, of eucalyptus oil of Eucalyptus camaldulensis and estimate the pathological effect of eucalyptus
oil in mice. Eucalyptus oil was obtained in the study by extracting the leaves of the plant Eucalyptus camaldulensis using
hydrodistillation. Toxicity testing was performed by dividing mice into groups that you treated with different doses of

eucalyptus oil 1200, 1600, 2000, and 2400 mg/kg. The current study showed that the average lethal dose, the LD
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1820 mg/kg. The study suggested the emergence of clinical signs in mice when consuming eucalyptus oil in high doses,
such as slow movement, suffocation, and convulsion, compared with the control group and the group that administered a
lower dose, It was observed that high doses of eucalyptus oil could cause damage to the lung, liver, kidneys, and heart, as
the lung was the organ most affected by the oil, followed by the liver, kidneys, and then the heart, and it was less affected by
eucalyptus oil, and this indicates that eucalyptus oil, when administered orally in high doses, causes clear toxicity effects.

Eucalyptus oil is a safe medicine for external use.
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Introduction

The eucalyptus plant is a tall plant native to Australia
and includes nearly 700 species'. Eucalyptus is a genus
belonging to the Myrtaceae family. It is a fragrant evergreen
flowering tree cultivated in all regions, including Irag?. The
common consensus was that all herbal treatments and na-
tural items were safe to use?, that essential oils are safe for
human usage since they are maintained as natural as pos-
sible, are risk-free, and have no side effects*. Essential oils
are extracted using various physical and chemical methods,
including solvent extraction (hydrodistillation, pressing)®. Al-
dehydes, alcohols, ketones, saturated and unsaturated hy-
drocarbons, terpenes, phenolic oxides, and esters are the
components that make up essential oils®. Essential oils are
simple to extract and degrade in the environment, making
them environmentally beneficial’. Essential oils have gained
widespread popularity due to their widespread use, and they
have been dubbed "aromatherapy."®. Eucalyptus essential
oil has been utilized in the culinary business as a flavoring
agent in the food industry®. Eucalyptus oil is an essential oil
derived from the eucalyptus tree that contains 1,8-cineole
and a-pinene’. It's also employed in the fragrance and me-
dicinal industries™. It is also used to treat respiratory infec-
tion; the eucalyptus leaf extract is inhaled'®. Expel sputum in
case of chest infection' and treat sore throat and cough's. It
has antispasmodic, anti-stress, and antispasmodic proper-
ties and relieves labor pains during pregnancy'®. Eucalyptus
is used in arthritis, abscess, burns, and diabetes". It can
also be used as an anti-insecticide to protect people from
parasites like head lice' and mosquito bites'®, and repre-
sents many analgesics, antiinflammatory'®, anti-oxidant?,
and is effective against cancer?'. Eucalyptus oil is used in
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various methods, including applying it to the skin's surface,
massaging it, and inhaling it. It is rarely taken orally??. This
study aimed to measure the LD50 of Eucalyptus oil in mice
and determine the organs will be significantly affected by
the toxicity of Eucalyptus oil.

|
Materials and methods

Plant material collection

The leaves of Eucalyptus camaldulensis were collected
during October, November 2020, from the governorate of
Misan / awash garden.

Extraction Essential Oil

Freshly collected leaves of Eucalyptus camaldulensis
were cleaned with distilled water to remove mud and de-
bris from their surfaces, then air-dried in the shade at room
temperature and that slice into smaller pieces?®. and the
essential oil extraction was carried out by using the hydro-
distillation technique Clevenger-type apparatus, the weight
of 100 grams of leaves were separately mixed with 500 ml
of distilled water in a round one-liter flask** as well as being
subjected to hydrodistillation Three hours had been spent
co-distilling the essential oil with water. N-hexane was used
to separate the volatile oils, then stored in bottles in the re-
frigerator until needed.

ExperimentalAnimals
Male BALB/c mice are aged 6-8 weeks; their weight
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was from 25 g, pathogen-free; mice were obtained from the
animal house of the department of biology of the College of
Sciences University Misan. The study included 50 animals
and housed 5 animals per cage with food and tap water
accessible ad libitum in a 12/12 h light/dark cycle. The local
animal ethics commission accepted all experimental techni-
ques, and they all met German standards.

All experimental procedures were approved by the local
animal ethics committee and met German and international
guidelines. The study was conducted using 50 adult mice;
at least 10 animals were used per group. The handling and
use of animals were following the institutional guidelines.

Acute toxicity

The experiment was conducted to determine the ave-
rage lethal dose, LD, , in five groups in each group of 10
animals (n=10/group) of male mice; the following control
group was administered normal saline. The animals were
administered eucalyptus oil once each time. If the animal
survived from the first dose, the next dose animal would
be increased. The next dose is reduced if the animal died
from the first dose; the animals fasted for three hours before
receiving the eucalyptus oil. One hour after receiving the
eucalyptus oil, The four groups were administered by oral
gavage using eucalyptus oil at doses of 1200, 1600, 2000,
2400 mg/kg of body weight; the dose was calculated by pl,
and the average weight was 25g, animal administered was
continued for 14 days. Neurobehavioral and involuntary
effects were observed in animals for 24 hours and regis-
tration of deaths and survival. The toxicological effect was
evaluated according to the mortality rate expressed by LD,
expired animals were counted for the calculation of LD, (Ta-
ble 1) . In its arithmetic method, Karber has used the deter-
mination of LD50 According to the following equation?.

(axb)
LDsg = LDygo —2 aN

LD100 = Lethal dose causing 100% death.

N = total number of animals in a group

a = the difference between two successive doses ad-
ministered.

b = the average number of dead animals in two succes-
sive doses (Table 2)

Histological study

Euthanasia to mice by placing 1 ml of chloroform
(CHCI3) on cotton and then placing it on the animal's nose?
after animal dissection, the lung, heart, liver, and kidneys
were collected from all mice and washed with standard salt
solution and then fixation?” in a neutral buffer formalin (NBF)
solution 10% after that fixation process is washed with run-
ning water and then dehydration through the concentrations
of alcohol. There's the clearing, infiltrating, embedding, and
sectioning in 5 pym thick sections, then staining with hema-
toxylin and eosin, finally examining the tissue sections un-
der a microscope with a force of magnification 400X.

|
Results

Clinical signs of acute toxicity

After administering the animals with eucalyptus oil for 10
minutes, mice that were administered a high dose of 2,400
and 2,000 mg/kg of eucalyptus oil developed toxic symp-

toms in terms of convulsion, dizziness, slow movement, and
high breathing (suffocation), as compared with the control
group as shown in (Table 2). As for the mice in the lower
dose groups of 1200 mg/kg of eucalyptus oil, they did not
show toxic symptoms, with good health, and no deaths re-
corded was, as shown in Table 2, and consequently, the
body weight was constantly growing, and food consumed,
unlike animals that were given a high dose. The The kar-
ber method calculated the value at 1820 mg/kg, as shown
in (Table 3). Mortality was recorded only at 1600,2000and
2400mg/kg body weight doses, three mice out of ten ani-
mals had died in the group (2) that received 1600mg/kg
body weight test dose, was died overnight following the ad-
ministration, and seven mice out of ten animals in group( 3)
died within 24 hours that received 2000mg/kg body weight
test does, and nine mice out of ten animals in group (4) died
within 24 hours that received 2400mg/kg body weight test
dose, was as showed in (Table 2).

{axb)
LDgp = LDygp —X N
Sum of the product = 5800
=2400-580
=1820 mg/Kg

Results of Histological changes

The results of this study indicate the occurrence of tis-
sue changes in the organs ( lung, heart, liver, and kidneys)
as a result of administering male mice to different doses of
eucalyptus oil, and the pathological changes were as follows.

Histopathological changes in the liver

Sections obtained from the livers of mice for the con-
trol group clarified that sinusoids, hepatocytes are large cu-
boidal or polyhedral epithelial cells with large round central
nuclei and eosinophilic cytoplasm, bile ducts, central vein,
portal vein, hepatic artery, and immune cells within sinusoid
called Kupffer cells (Figure: 1A). The cross-section of liver
mice in the group treated with Eucalyptus oil toxic dose
shows congestion in the central vein; small vacuoles were
shown in hepatocytes, Focal necrosis, pyknosis, narrowing
of the sinusoids (Figure:1 B).

Histopathological changes in the heart

A cross-section of heart mice shows the control group's
normal appearance: cardiac muscle cells, nuclei of the car-
diac muscle cells, intercalated disk, and branched cardiac
muscle (Figure: 2 A). The cross-section of heart mice in the
group treated with eucalyptus oil showed congestion, cyto-
plasmic vacuolization of cardiac muscle cells (v), and disa-
rrangement of fibers (Figure:2 B).

Histopathological changes in the kidney

In the kidney mice sections of the control group appea-
red the renal capsule and renal tubular epithelial cell
(RTEC), Bowman's space, Glomerulus, Distal convoluted
tubule, Proximal convoluted tubule, Macula dense (Figure:
3 A). The cross-section of kidney mice in the group treated
with eucalyptus oil is toxic does show congestion or hypere-
mia, granular degeneration, widening of the tubular lumen
was observed in sections of the kidney, pyknosis of renal
tubular epithelial cells, increased the area of bowman's spa-
ce, desquamation of the epithelial cells of the renal tubules,
and perivascular lymphocytic infiltrations were also obser-
ved in small areas of the kidney (Figure: 3 B).
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Group dose mg/kg clinical signs mortality | Period
Control normal saline | not observed negative _
Group 1 1200 not observed negative _
Group 2 1600 the slow movement, dizziness. | positive 25 min
Group 3 2000 convulsion. slow movement, | positive 35 min
dizziness. suffocation.
Group 4 2400 convulsion, slow movement, | positive 1 hour
sutfocation, dizziness.
Table 1. Results of observed clinical signs.
Group mice dose death of Survived mortality % | Livability
number mg/kg number | of number %
Control 10 normal 0 10 0 100
saline
Group 1 10 1200 0 10 0 100
Group 2 10 1600 3 7 40 70
Group 3 10 2000 7 3 70 30
Group 4 10 2400 9 1 90 10
Table 2. The result of the oral acute toxicity test of eucalyptus oil in mice.
Group Dose No. of  Dose Mean Probit
mg/kg animals dead | difference(a) | mortality(b) | (ax b)
Group 1 1200 0 400 0 0
Group 2 1600 3 400 1.5 600
Group 3 2000 7 400 5 2000
Group 4 | 2400 9 400 8 3200

Table 3. Calculation of by the method of karber.

Histopathological changes in the lung

The histological structure of mice lungs in the control
group appeared to be the alveoli, alveolar sac, bronchioles,
the lumen of a bronchus, blood vessels, and the alveolar
epithelium (Figure: 4 A). Microscopic examination of the
lungs of mice treated with eucalyptus oil showed different
tissue changes; the changes represented the occurrence of
emphysema, severe congestion in the blood vessels; also
the expansion of the blood vessel, as well as the emergen-
ce of edema and hyperplasia of the epithelium lining the
bronchi, which led to hemorrhage in the interstitial tissue
of the lung, the degeneration of the alveoli, destruction of
alveolar structures. The epithelial cells in this bronchiole are
sloughing into the lumen and have lost their cilia, enlarge-
ment of the alveolar airspaces distal to the terminal bron-
chioles, and loss of elasticity of the lung tissue (Figure:4 B).

|
Discussion

Little is known regarding the toxic quality of eucalyp-
tus oil; however, they have been separated and labeled as
GRAS by USEPAZ; due to the potential health risk, eu-

calyptus oil requires a quality assessment for its effective-
ness and safety due to its growing demand for drugs.

Clinical signs of eucalyptus oil toxicity developed when
administered at 2400 and 2000 mg/kg, such as convulsions,
choking, slow motion, dizziness, and not consuming food
and water (Table 1), and this is consistent with report®,
which talks about the appearance of toxic effects such as in-
somnia, followed by fatigue and reduction of food and water
consumption, as well as the similar result with the report®,
which speak of the appearance of toxic symptoms in rats,
such as slow movements and convulsions. The cause of
death is respiratory failure.

The study's objective was to assess the toxicity and sa-
fety of eucalyptus oil using oral toxicity in mice. In this study,
the acute toxicity was shown where the value was 1820 mg
/ kg (Table 3). The value calculated during this study co-
rresponds to report®', which addresses the acute toxicity of
eucalyptus oil in mice because the value is 1824.01 mg/kg.
The output also disagreed with report®®, where the LD, eu-
calyptus oil emulsion derived from water and oil was 3500
mg/kg.

The liver is a significant site for plasma protein synthe-
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Figure 1. (A). section of the control group of liver mice showing the normal structure of the liver, Sinusoids (1), Hepa-
tocytes (2), Central vein(3), Endothelial cells (4), (H & E stain, 400X). (B) section of liver mice treated by 2400 mg /kg

showing, Congestion central venous (1) , degeneration hepatocytes (2) , Focal necrosis(3) , (H & E stain, 400X).

»

§

Figure 2. A Section of the control group of Heart mice showing the typical structure of the Heart, cardiac muscle cells(1),
nuclei of the cardiac muscle cells(2), intercalated disk(3), (H & E stain, 400X). (B). Section of Heart mice treated by 2400
mg /kg showing hyperemia(1), coagulation necrosis(2), formation of a dense collagenous scar(3), (H & E stain, 400X).

Fy 4 B — - B
Figure 3. (A). Section of the control group of Kidney mice showing the typical structure of Kidney, Bowman's space (1),
Glomerulus (2), Collection duct(3), Distal convoluted tubule(4), Proximal convoluted tubule(5), Macula dense(6), (H & E

stain, 400X). (B) section of Kidney mice treated by 2400 mg /kg showing hyperemia (1), granular degeneration (2), pyk-
nosis of renal tubular epithelial cells (3), lobulated renal capsules (4), desquamation epithelial cells(5) (H & E stain, 400X).
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Figure 4. (A). Section of the control group of Lung mice showing the standard structure of Lung, Alveoli(1), alveolar
sac(2), alveolar duct(3), bronchiole(4), smooth muscle(5), club cells(6), blood vessels(7), the alveolar epithelium(8) (H &
E stain, 400X). (B). section of Lung mice treated by 2400 mg /kg showing hyperemia(1), destruction of alveolar structures
(2), expansion alveoli(3), epithelial cell bronchiole sloughing (4), (H & E stain, 400X).

sis, and any strain attached to the liver produces high levels
of AST and ALT?2. This is the first sign of damage to liver
cells and the presence of tiredness, necrosis, toxicosis, or
biliary liver disease®.

Histopathologic changes have occurred mainly in the
liver, heart, lungs, and kidneys. The toxic dose has been
shown with eucalyptus oil in focal hepatic necrosis, pyk-
nosis, vacuolar degeneration, and distorted general archi-
tecture (Figure 1). Pyknoses occur when a cell receives an
apoptosis signal**. The presence of pyknosis and protoplas-
mic changes such as vacuolation in swollen hepatocytes
may indicate possible morphological signs of necrosis or
degeneration, The distorted general hepatic architecture in
the eucalyptus oil treatment experimental group was pro-
bably due to abnormal changes in hepatocytes. Abnormal
changes in hepatocytic structure also alter the overall mi-
croscopic architecture of the liver, including the eradication
of specific sinusoidal spaces®®, caused by eucalyptus oil the
congestion of blood vessels into the area of the door as-
sociated with inflammatory infiltration. Also, small vacuolar
were found in hepatocytes. Our outcomes are consistent
with those achieved by (36). This study identified an increa-
se in the number of Kupffer cells in the liver.

In terms of histopathological examination of mice kid-
ney tissue shown in (Figure 3) showed dilated congested
renal vein surrounded by infiltrated renal glomeruli and renal
tubules and aggregation of inflammatory cells; the results of
the present study on the mice kidney showed hyperemia
in the Glomerulus, the epithelial cells lining the renal tubu-
les, this result is similar to the report’, these tubular-related
changes could contribute to the increased concentration of
potentially toxic essential oil components in the urine filtra-
te®, The lobulated renal corpuscles and desquamation of
the epithelial cells of the renal tubules were seen in the kid-
neys of Eucalyptus oil-treated mice (Figure 3). In a similar
trend, the data was obtained by (36) peritubular and peri
corpuscular mononuclear cellular infiltration into the kid-
neys. Previously, eucalyptus oil therapy was suggested to
enhance prostaglandin synthesis, which is a critical factor in
inflammation, apoptosis, and cell growth processes®.

Eucalyptus oil in the lung of mice led to a state of alveo-

lar emphysema, which is known as obstruction of the small
respiratory tracts, which causes pressure on the alveolar
walls and their rupture. Pathological alterations are conges-
tion of the pulmonary vessels (Figure 4), that the results of
this study are compatible with what he found®, where has
arisen congestion of blood vessels in the lungs of mice, loss
of normal lung architecture with partial obliteration of bron-
chiole light by excretion of epithelial cells or occasionally
causing complete bronchial deformation“, that the inflow of
inflammatory cells into the interstitial and broncho-alveolar
space is considered an essential role in the progression of
lung injury*'.

Our histopathological analysis revealed that this struc-
tural change induced by eucalyptus oil was characterized
by lymphoid infiltration around blood vessels, perinuclear
vacuolation of cardiac muscle cells (Figure 2), and interfi-
brillar hemorrhaging, and misarrangement of myocardial
beams; this result was similar to report*.

The organs affected by eucalyptus oil toxicity inclu-
de the liver, kidneys, lungs, and heart, where the organs
most affected by eucalyptus oil are the lungs, and the least
affected is the heart. This result is inconsistent with report?,
which talks about the lack of side effects of eucalyptus oil
emulsion on the cardiovascular and respiratory systems.

|
Conclusions

It can be concluded from the results of the current study
that the value of eucalyptus oil for Eucalyptus camaldulen-
sis was 1820 mg/kg, and it produces a severe toxic effect
after oral administration in doses of up to 2400 mg/kg, and
the high dose causes clinical signs such as slow movement,
convulsion, suffocation, and target organs are lung, liver,
kidney, and heart. It depends on the dose and the results
of this study. Eucalyptus oil is a safe drug for external use.
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