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Abstract: Essential oil has performed a variety of indirect services used as insect/pest repellent. The present study
investigated the acute and subchronic toxicity of eucalyptus oil emulsion in water (EOE). In addition, we conduct
safety pharmacology evaluation of EOE to supplement the toxicity tests and provide a basis for a comprehensive
understanding of the toxicity of EOE. Acute administration of EOE was done as single dose from 2772 mg to 5742
mg of EOE per kg/bodyweight (b.wt.) and subchronic toxicity study for thirty days was done by daily oral administra-
tion of EOE at doses of 396, 792 and 1188 mg/kg b.wt. In SPF SD rats. The acute toxicity study showed the LD, of
EOE was 3811.5 mg/kg. The subchronic toxicity study suggested the high-dose and middle-dose EOE slowed down
the growth of male rats. The clinical pathology showed the high-dose and middle-dose EOE could cause damage to
liver and kidney. The safety pharmacology indicated that EOE had no side effects on rats. These results suggest that

EOE is a safe veterinary medicine for external use.
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Introduction

In recent years, there were increased risks of
pesticide resistance, enhanced pest resur-
gence, toxicological implications to human
health and increased environmental pollution
due to the excessive use of synthetic pesticides
in the croplands, urban environment, and water
bodies to get rid of noxious pests [1]. For the
past few years, it is clear that essential oils are
easily extractable, ecofriendly being biodegrad-
able easily catabolized in the environment [2],
hardly persistence in soil and water [3-5].
Moreover, they possess low or no toxicity
against vertebrates [6] and play an important
role in plant protection against pests [4, 7, 8].
Therefore, it is urgent to find safe essential oil
from natural plants to replace these synthetic
chemicals.

Eucalyptus oil is a kind of essential oil extract-
ed from the plant named Cinnamomum longe-
paniculatum (Gamble) N. Chao which is a rare
species of Lauraceae family [9]. It mainly con-

sists of 1,8-cineole [10] and a-pinene [11] and
has multiple applications in perfume and phar-
maceutical industry [12-14]. Eucalyptus oil can
act as an insect repellent to provide protection
against parasites, such as human head lice
[15], mosquito bites [16, 17] and so on. It also
possesses antifungal, antimicrobial [18], anal-
gesic, anti-inflammatory [19, 20], antioxidant
[21] and anticancer activity [22]. In the present
study, we describe a range of toxicological and
safety pharmacology evaluations of eucalyptus
oil emulsion in water for the purpose of develop-
ment of a safety formulation of eucalyptus oil.

Materials and methods
Eucalyptus oil

Eucalyptus oil (70% content) extracted from
Eucalyptus globulus Labill was supplied by the
Xinran biotechnology Co., Ltd. (Shanghai, P. R.
China). The eucalyptus oil emulsion in water
(EOE) with a variety of concentrations including
4%, 6%, 8%, 12%, 18% and 30% was prepared
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by using the tween-80 and span-80 as the
emulsifier.

Animals

Young adult male (average weight 100 + 5 g)
and female (average weight 100 + 5 g) SPF
Sprague-Dawley (SD) rats were purchased from
Chengdu Dossy Experimental Animals Co., Ltd.
[License No. SCXK (Sichuan) 2008-24]. They
were kept in the animal houses of Sichuan
Agriculture University (Ya’an, China), and in well
ventilated sterile polypropylene cages. Each
cage contained five rats of the same sex. Based
on the Guidelines of the International Com-
mittee on Laboratory Animals, they were main-
tained at a controlled temperature of 20-25°C
and relative humidity of 55 + 5% and 12 h light/
dark cycle with the lights off at 7 p.m.
Experiments were started after acclimating the
rats for one week. They were treated with a
started diet from Nuvital Nutrients (Colombol,
PR, Brazil) and allowed to access to distilled
water ad arbitrium.

Oral acute toxicity

An oral study for calculating LD, was per-
formed according to the Organization for
Economic Co-operation and Development
(OECD) Guideline 425 “Up and Down proce-
dure” [23-25]. In this test, animals were dosed
once at a time. If the animal survived, the dose
of the next animal was increased; if the animal
died, the dose for the next animal was
decreased. Five experimental groups with 10
rats each, containing an equal number of both
male and female, were formed. The five groups
were treated with EOE at dose of 2772, 3267,
3960, 4752 and 5742 mg/kg. In each case, the
product volume administered by gavage was 1
mL/100 g body weight (b.w.). The animals were
observed for gross behavioral neurologic, auto-
nomic and toxic effects for 24h and then daily
for 14 days. The toxicological effect was
assessed on the basis of mortality, which was
expressed as an LD, value. The LD, was esti-
mated according to the method described by
Keplinger et al. [26].

Thirty-day subchronic oral toxicity

Four groups of 10 rats, each containing 5
females and 5 males, consumed a daily dose of
0 (Group Il, emulsifier and distilled water), 396
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(Group I, 4% EOE), 792 (Group 1V, 8% EOE),
1188 (Group V, 12% EOE) mg/kg b.w. for 30
consecutive days. The animals were monitored
for clinical and behavioral symptoms such as
diarrhea, immobility and mortality during the
30 days. Each rat was marked with a unique
identification number by using trinitrophenol
and body weight was measured once a week.

Clinical examination

In the period of the test, all animals were
observed once daily for the clinical signs of tox-
icity. The change of animals’ hair, eyes, mucous
membrane, respiratory system, nervous sys-
tem, physical activity and behavior were record-
ed. To reduce the residual interaction between
the animals and postmortem tissue autolysis,
the dead animals and endangered animals
were dissected timely [27].

Body weight and food consumption

The quantity of food and water consumed was
recorded for each group of animals every week.
The weight of each rat was recorded on the first
day and once a week thereafter (with intervals
of 7 + 1 days) throughout the course of the
study and mean body weights were calculated.
The weight of the heart, liver, spleen, lung, kid-
ney, testis, uterus and ovary were recorded and
expressed in relation to the final body weight.

Clinical pathology

Chemical pathological analysis was performed
on all animals for the blood chemistry and
hematology of the terminal sacrifice animals
once toward the end of the in-life phase of the
study. The blood samples which were about 0.5
mL each for hematology assessments were col-
lected in a pre-calibrated tube containing hepa-
rin sodium. Approximately 1 mL blood samples
were collected into a tube containing no preser-
vative for clinical chemistry assessments.
These samples were centrifuged in a refriger-
ated centrifuge, and the serum was transferred
to a labeled tube.

Hematology

The hematological parameters included white
blood count (WBC), red blood cell count (RBC),
hemoglobin concentration (HGB), hematocrit
(HCT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), MCH concen-
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tration (MCHC), platelet count (PLT), and leuko-
cyte differential count (lymphocytes, neutro-
phils, and monocytes).

Clinical chemistry

The clinical chemistry parameters measured
included Albumin (ALB), total protein (TP), ala-
nine aminotransferase (ALT), aspartate amino-
transferase (AST), urea nitrogen (BU), creati-
nine (CRE), glucose (GLU), triglycerides (TG),
total cholesterol (TCH), potassium (K), sodium
(Na), and chlorine (CI).

Terminal necropsy

In the end of the course, all animals were euth-
anized under ether anesthesia. All animals in
this study were subjected to a full necropsy.
Kidney, spleen, liver, heart, lung, testis and ova-
ries were weighed wet immediately after dis-
section to avoid drying. The tissues and organs
were procured, preserved in 10% neutral buff-
ered formalin, and processed for histopatho-
logical assessment.

Histopathological examination

The preserved organs and tissues of rats from
the control group (Group 1) and the treated
groups (from Group Il to Group V) were subject-
ed to histological examination. They were
pressed in a fixation medium of 10% solution of
buffered formalin (pH 7.4) and enclose in pa-
raffin-intended subsequent histopathological
examination. A 5 uym section of each organ tis-
sue was stained with hematoxylin and eosin.
Each section was examined under an optical
microscope.

Safety pharmacology assay

Four groups of 10 rats, each containing 5
females and 5 males, consumed a daily dose of
0 (Group ll, emulsifier and distilled water), 3%
EOE (Group 1ll), 6% EOE (Group 1V), 12% EOE
(Group V). Each rat was smeared in the skin of
its back with the dose of 0.3 mL for 5 days.

Central nervous system assay

At the last day of the course, the general behav-
ior, posture, gait change and pupil changes of
every rat were closely observed within 4 hours
after the last [28, 29]. And rats with or without
salivation, muscle trembling were also recoded.
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The rats’ situations were observed daily for 7
days after the last administration. The indepen-
dent activities of rats were observed and
recorded by the versatile recorder of rats’ loco-
motor activity at 0.5 h after the last administra-
tion. Each rat was also tested by the pole test
at 0.5 h after the last administration. The rats
were placed in the tip of the rod which was fixed
on the base. Then, each rat was crawling down
and rated according to the following criteria: O:
Step by step to climb down; 1: Downward side;
2: Unable to grasp the stick; 3: Loss of righting
reflex.

Heart rate assay

The heart rate of each group of rats were mea-
sured by using BL-420F to record the electro-
cardiogram when the rats were anesthetized by
ether before administration, at the end of the
second administration and a week after the
last administration [28, 29].

Respiratory rate assay

The respiratory of each rat was measured by
using BL-420F to record the electrocardiogram
when the rats were anesthetized by ether
before administration, at the end of the second
administration and a week after the last admin-
istration [28, 29].

Statistical analysis

Means and standard deviations were calculat-
ed for measurement data in each group, which
contained b.w., food consumption, clinical path-
ological data, organ weights, heart rate and
respiratory rates. The statistical significance
was compared between control and experimen-
tal groups by one way analysis of variance
(ANOVA) followed by the Student-Newman-
Keuls test.

Results
Acute toxicity study

After treated for 50 min, the rats in the top-
dose group (Group V) appear to move slowly,
gather together, extreme sensitivity to noise
and convulsion. The rats in the rest groups
showed mild symptom and less death. Death
necropsy showed a lot of undigested food and
EOE in stomach and no tissue damage except
for lung and liver.
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Table 1. Results of oral acute toxicity

Grouns Dosage Dose Rat num-  Death Mortallity
P (mg/kg) logarithmic ~ ber  number  rat (%)
Groups | 2772 3.4428 10 1 10%
Groups Il 3267 3.5141 10 3 30%
Groups Il 3960 3.5977 10 6 60%
Groups IV 4752 3.6769 10 8 80%
Groups V 5742 3.7591 10 9 90%
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Figure 1. Effect of subchronic administration of EOE on body weight of
male rats. Average body weights for male rats during the 30-day oral (ga-
vage) toxicity study. The values are presented as means + standard de-
viation (5 rats/sex/group).
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Figure 2. Effect of subchronic administration of EOE on body weight of
female rats. Average body weights for female rats during the 30-day oral
(gavage) toxicity study. The values represented as means + standard de-
viation (5 rats/sex/group).

In the end of the study (Day 14), the mortality of
rats was shown in Table 1. The LD, value of
EOE by oral administration was 3811.5 mg/kg
determined by Karber's method, and the LD,
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value within 95% confidence level
was 3326.4 mg/kg-4306.5 mg/

kg.

Clinical observations for sub-
chronic toxicity study

The behaviors of rats were not
adversely affected by the EOE at
the dose of 0, 396, 792, 1188
mg/kg b.wt. (Group II-Group V).
The rats were healthy and no
signs of toxicity observed during
the experimental period.

Body weight and feed consump-
tion

During the experimental period,
the body weight of all the rats was
in sustained growth. The results
were shown in Figures 1 and 2. In
male rats, compared with the
control group (Group 1), the body
weight of solvent control group
(Group Il) was lower (P > 0.05),
the low-dose group (Group lll) was
higher (P > 0.05), the middle-
dose group (Group IV) and high-
dose group (Group V) were signifi-
cantly lower (P < 0.05). In female
rats, compared with the control
group (Group 1), the body weight
of the experimental groups (Group
Il -Group V) were all lower (P >
0.05).

Hematology parameters

The changes of hematology pa-
rameters including hemoglobin
(HGB), red blood cell (RBC), white
blood cell (WBC), neutrophils
(GRA), lymphocytes (LYM), mono-
cytes (MID), blood platelet (PLT)
were shown in Table 2. The
results indicated that no signifi-
cant difference (P > 0.05) was
noted between the control group
(Group 1) and the experimental
groups (Group II-Group V). The
values are presented as means +

standard deviation (10 rats/group). HGB: hemo-
globin; RBC: red Blood Cell; WBC: white Blood
Cell; GRA: neutrophils; LYM: lymphocytes; MID:
monocytes; PLT: blood platelet. There was no
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Table 2. Effect of subchronic administration of EOE on hematological parameters

Parameters Group | Group Il Group llI Group IV Group V
HGB, g/L 161.67 £ 28.33 164.83+28.63 175.50 + 28.72 177.00 + 22.60 17217 £ 11.02
RBC, 10*?/L 747 £ 1.49 7.75 + 1.36 795 + 1.36 8.35+ 1.06 8.22 +0.61
WBC, 10°%/L 9.10 + 2.32 7.74 + 1.92 9.97 + 2.50 10.22 + 1.56 9.94 +2.58
GRA, 10°/L 1.68 + 0.54 1.29+0.35 1.65 + 0.57 1.79+0.24 1.86 +£0.46
LYM, 10°/L 7.28 + 1.86 6.19 + 1.53 7.97 £2.00 8.17 +1.24 7.95 £ 2.06
MID, 10°%/L 0.15 £ 0.15 0.26 £ 0.23 0.35+0.19 0.26 +0.11 0.13+0.11
PLT, 10°%/L  841.50 + 275.07 765.33 + 266.21 765.33 +266.21 911.50 +213.12 1084.00 + 234.79

The values are presented as means + standard deviation (10 rats/group). HGB: hemoglobin; RBC: red Blood Cell; WBC: white
Blood Cell; GRA: neutrophils; LYM: lymphocytes; MID: monocytes; PLT: blood platelet. There was no significant difference in test
groups and the control (P > 0.05).

Table 3. Effect of subchronic administration of EOE on serum biochemistry parameters

Parameters Group | Group Il Group lll Group IV Group V
Liver function test
ALT (U/L) 47.17 £ 8.47 53.17 + 15.97 52.33+12.56 60.00 +11.05 62.83 + 11.58
AST (U/L) 156.83 +22.19 161.83 £22.07 179.00 + 39.27 197.33 + 39.27* 208.83 + 35.67*
TCH (mmol/L) 2.09 £0.33 2.19 +0.37 2.21+0.39 2.27 +0.38 2.08 £0.27
TG (mmol/L) 0.57 £ 0.07 0.47 +0.11 0.83 +£0.26 0.76 + 0.21 0.57 + 0.74*
TP (g/L) 75.73+4.10 7110 +4.44 73.7 £5.80 71.28 + 1.47 71.47 +6.70
Renal function test
BUN (mmol/L) 10.14 + 2.46 11.57 + 3.70 8.70+£0.94 10.68 £ 0.94 9.39 +2.26
CRE (umol/L) 47.67 £ 7.79 48.83 + 4.40 45.17 + 6.62 56.67 +6.77* 57.00 £ 8.17*
Serum electrolytes
Na (mmol/L) 140.33 +3.27 141.67 £2.07 132.67 +8.96* 137.00 + 1.67 135.00 + 4.00
K (mmol/L) 5.70 £ 0.35 5.48 + 0.57 5.63+0.23 5.87 £ 0.34 5.56 + 0.27
Cl (mmol/L) 104.83+3.60 10550+ 1.52 98.67 +7.37* 100.33 £ 2.07 97.83 £ 3.43*
Other test
GLU (mmol/L) 6.64 +0.73 7.04 £ 0.59 5.80 + 0.62 5.19 £ 1.19*% 4.75 £ 0.48*
Alb (g/L) 35.85 + 4.08 34.75 £ 0.79 35.03 +3.34 34.35 + 1.49 34.32 +0.95

The values are presented as means + standard deviation (10 rats/sex/group). Alb, albumin; ALT, alanine aminotransferase;

AST, aspartate transaminase; TP, total protein; BUN, blood urea nitrogen; GLU, glucose; CRE, Creatinine; TCH, total cholesterol;
TG, triglycerides; Na, sodium; K, potassium; Cl, chlorine. *P < 0.05 shown there was significantly difference from control.

significant difference in test groups and the
control.

Serum biochemical parameters

The changes of serum biochemical parameters
including albumin (Alb); alanine aminotransfer-
ase (ALT); aspartate transaminase (AST); total
protein (TP); blood urea nitrogen (BUN); glucose
(GLU); Creatinine (CRE); total cholesterol (TCH);
triglycerides (TG); sodium (Na); potassium (K);
chlorine (Cl) were shown in Table 3. The data
including ALT, TCH, TP, BUN, K and Alb showed
no significant difference (P > 0.05) between the
control group (Group |) and the experimental
groups (Group II-Group V). The data of AST, CRE
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and GLU of the rats in the medium group (Group
IV) and the high dose group (Group V) showed
significant difference compared with the con-
trol group (Group I) (P < 0.05). The data of TG of
the high dose group (Group V) showed signifi-
cant difference compared with the control
group (Group ) (P < 0.05). The data of Na of the
low dose group (Group Ill) showed significant
difference compared with the control group
(Group 1) (P < 0.05).

Organ coefficient

The results of organ coefficient were shown in
Table 4. The organ coefficient of heart, liver,
spleen, lung, kidney, testis (in male) and ovary
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Table 4. Effect of subchronic administration of EOE on terminal body weight and organic coefficient

(g/100 g) in grams of male and female rats

Group Group | Group Il Group Il Group IV Group V

Male
Heart (g/100 g) 0.36 + 0.04 0.34 £ 0.03 0.38 + 0.05 0.43 £ 0.02 0.44 + 0.03
Liver (g/100 g) 3.47 +£0.11 3.19+0.45 3.70+£0.49 3.73+0.25 4.17 £ 0.10
Spleen (g/100g) 0.23 £0.02 0.21 +£0.03 0.22 + 0.03 0.25 + 0.03 0.20 + 0.04
Lung (g/100 g) 0.62 +0.14 0.62 + 0.05 0.55 + 0.03 0.76 £ 0.05 0.71 £ 0.05
Kidney (g/100g)  0.83 +0.07 0.78 +£0.03 0.78 +£0.10 0.91 £+ 0.09 0.84 +0.04
Testis (g/100 g) 1.26 £ 0.13 1.85+0.34 1.26 £ 0.16 1.84 +0.25 1.34 +0.23

Female
Heart (g/100 g) 0.39 £ 0.33 0.44 £ 0.02 0.44 £ 0.03 0.40 £ 0.03 0.47 £ 0.09
Liver (g/100 g) 3.75+£0.15 3.74 £ 0.38 3.54 + 0.07 4,12 +0.38 4.32 +0.16
Spleen (g/100g) 0.26 £ 0.05 0.29 + 0.05 0.29 + 0.05 0.25 +0.03 0.25 + 0.04
Lung (g/100 g) 0.68 + 0.13 0.67 £ 0.05 0.85+0.18 0.83 £ 0.02 0.70 £ 0.08
Kidney (g/100g) 0.84 +0.07 0.88 £ 0.10 0.82 + 0.04 0.80 +0.14 0.82 + 0.04
Ovary (g/100 g) 0.06 + 0.00 0.06 + 0.01 0.05 + 0.01 0.06 + 0.02 0.05 + 0.01

The values are presented as means + standard deviation (10 rats/group). There was no significant difference in test groups

and the control (P > 0.05).

Figure 3. Histological changes of the liver. A. The liver of rats in the control group (HE, 400x). B. The liver of rats in
the experiment group, vesicular degeneration (1]) and central venous hyperemia (<) (HE, 400x).

(in female) in test groups (Group Il-Group V) had
no statistical difference (P > 0.05) compared
with those in the control group (Group ).

Histopathological analysis

In the liver of the control group (Group I) and the
solvent group (Group Il), the cross-section
showed the normal appearance of liver, sinu-
soids, and hepatocytes in a clearly conserved
form (Figure 3A). Central venous extended with
hyperemia and varying degrees of vacuolar
degeneration of hepatocytes were found in the
liver of the experimental groups (Group IlI-
Group V) (Figure 3B).

4840

In the spleen of the control group (Group I) and
the solvent group (Group ll), the cross-section
showed the normal appearance of spleen,
white pulp, red pulp and spleen trabecula
(Figure 4A). Red pulp extended with hyperemia
and a large number of macrophages and
Langhans cells (LC) infiltration were found in
the liver of the experimental groups (Group llI-
Group V) (Figure 4B).

In the kidney of the control group (Group 1) and
the solvent group (Group Il), the cross-section
showed the normal appearance of kidney,
glomerulus, renal capsule and renal tubular

Int J Clin Exp Med 2014;7(12):4835-4845
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Figure 4. Histological changes of the spleen. A. The spleen of rats in the control group, white pulp, red pulp and
spleen trabecula (1) (HE, 200x%). B. The spleen of rats in the experiment group, red pulp hyperemia, macrophages
and Langhans cells (1) (HE, 400x).
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Figure 5. Histological changes of kidney. A. The kidney of rats in the control group, glomerulus, renal capsule and
RTEC (1) (HE, 400x). B. The kidney of rats in the experiment group, glomerulus hyperemia (—), RETC with granular

degeneration (1) (HE, 400x).

epithelial cell (RTEC) (Figure 5A). Glomerulus
with varying degrees of hyperemia, RETC with
varying degrees of granular degeneration and
the narrowed renal tubular were found in the
kidney of the experimental groups (Group llI-
Group V) (Figure 5B).

In the heart, lung, stomach, intestines, testicles
and ovaries, the cross-section showed no sig-
nificant lesions between the control groups
(Group | and Group Il) and the experiment
groups (Groups IlI-V).

Changes of central nervous system
There were no abnormalities observed on the

behavior performance, posture, gait and pupil
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change; no bizarre behaviors such as sali-
vation and muscle trembling of all the rats
were observed. In the climbing pole test, there
were no changes between the experimen-
tal groups (Group Il to Group V) and the control
group (Group I). The level of all the groups was
“0”.

Changes of cardiovascular system

The result was shown in the Table 5. By mea-
suring heart rate of all the rats, there were no
significant changes (P > 0.05) found in the car-
diovascular system between the experimental
group (Group Il to Group V) and the control
group (Group ).

Int J Clin Exp Med 2014;7(12):4835-4845
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Table 5. Effects on the heart rate of rats

The time of measuring (Beats/min)

Group | Group Il
(Beats/min)

Group Il Group IV Group V
(Beats/min) (Beats/min) (Beats/min)

Before dosing

433.50+8.17 433.83+8.13

433.00 +9.47  435.33+5.99 434.00 £ 7.95

The second day after dosing  443.17 +30.10 443.00 £ 1.55 450.17 + 13.93 446.83 £ 18.00  443.00 + 23.97

One week after dosing

42550 +38.91 451.83 +12.14 448.17 +40.39 448.17 + 30.10 437.00 + 25.98

The values are presented as means * standard deviation (10 rats/group). There was no significant difference in test groups and the control (P >

0.05).

Table 6. Effect on the respiratory rates of rats

The time of measuring

Group | Group Il
(Beats/min) (Beats/min)

Group Il Group IV Group V
(Beats/min) (Beats/min) (Beats/min)

Before dosing

91.50+5.89 93.00+3.58 85.83+4.45 09100+ 10.20 91.17+12.27

The second day after dosing 92.83+ 717 93.50+3.39 86.67 +5.57 8817791 91.67+4.13

One week after dosing

86.67 £5.24 89.33+493 86.33+6.59 83.67+1.97 84.17 +3.66

The values are presented as means + standard deviation (10 rats/group).There was no significant difference in test groups

and the control (P > 0.05).

Changes of respiratory system

The result was shown in the Table 6. By mea-
suring respiratory rate of all the rats, there were
no significant changes (P > 0.05) observed in
the respiratory system between the experimen-
tal group (Group Il to Group V) and the control
group (Group I).

Discussion

As regards the toxicity of eucalyptus oil, not
much is known; however, they have been cate-
gorized as GRAS by USEPA [1]. Considering the
potential health risk, EOE requires further eval-
uation for their efficacy and safety due to its
growing demand on medicinal use. Currently,
we conducted a comprehensive toxicological
evaluation and a necessary safety pharmacol-
ogy evaluation on EOE by performing acute and
30-day subchronic oral toxicity studies and a
safety experiment.

In this study, the acute toxicity showed that the
LD,, value of EOE was 3811.5 mg/kg by oral
route (Table 1). The data is of high reliability
because the value is in the 95% confidence
interval [30]. According to the acute toxicity
grading standards [29], if the LD, = 501-5000
mg/kg, the drug is of low-toxicity. Therefore,
EOE belongs to the low-toxicity drug.

The result found in this study was compatible to
the report [31] that the oral and acute LD, of
eucalyptus oil and 1,8-cineole to rat is 4440
mg/kg BW and 2480 mg/kg BW. It is also a
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complement to the report [32] that the oral and
acute LD, of eucalyptus oil to mice is 1824.01
mg/kg.

To assess the long term hazard, subchronic tox-
icity studies are always valuable in evaluating
the safety of xenobiotics [33]. Changes in body
weight have been used as an indicator of
adverse effects of drugs and chemical [34]. In
this study, significant changes (P < 0.05) were
found in the medium dose (Group IV) and the
high dose (Group V) compared with the control
group in male rats. It indicated that high dose
of EOE may be able to slow down the weight
gain of male rats (Figures 1, 2). The result was
similar with Wolff’s report [35]. Moreover, there
were no significant changes in the general
behavior. It can be conclude that the low-dose
of EOE has no effect on the growth and func-
tions of rats.

The hematopoietic system is one of the most
sensitive parameters to assess toxicity of drugs
in humans and animals [36]. This study indicat-
ed that there was no significant difference in
HGB, RBA, WBC, GRA, LYM, MID and PLT
between the treated groups and the control
group, indicating that EOE had no effects on
the circulating blood cells (Table 2).

Liver is the main site of the synthesis of plasma
proteins, and any damage to the liver results in
elevations of both ALT and AST in the blood
[36]. Moreover, ALT found in the serum is taken
as a first sign of cell and liver damage [37, 38].
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GLU, TG, TCH are also important biochemical
indicators related to the liver [39]. The changes
of the three indicators indicate inflammation,
necrosis, poisoning and biliary disease of liver.
The preset study indicated that ALT and AST
were elevated slightly compared with the con-
trol group (Table 3). The result was in accord
with that of Wang and Arise [30, 40]. In addi-
tion, TG and TCH of high-dose group (Group V)
and middle-dose group (Group IV) were also
elevated compared with the control group
(Group I). These results indicated that the liver
was the target organ of EOE toxicity.

CRE is known as a good indicator for renal func-
tion. Rises in CRE mean obvious damage to kid-
ney [36, 41]. Present study indicated that CRE
of high dose group (Group V) and medium dose
group (Group IV) were higher than the control
group (Group I) indicating EOE could cause
damages to the kidney of rats. Moreover, the
results showed that the damage of EOE to the
rats is lower than the mice [30].

Organ index is the radio of organs to body [42].
Itis an important indicator of the functional sta-
tus of the animals. The increase of Organ coef-
ficient indicated organ congestion, edema, or
hypertrophy, etc. while the decrease of organ
coefficient indicated organs atrophy and other
degenerative changes [39, 43, 44]. In this
study, the result suggested that the index of liv-
ers and kidneys of high-dose group (Group V)
and middle-dose group (Group 1V) were higher
than the control group (Group 1), indicating the
livers and kidneys were oncotic slightly (P >
0.05) (Table 4).

To supplement the toxicity tests and provide a
basis for a comprehensive understanding of
the toxicity of EOE, we conducted the safety
pharmacology study. Safety pharmacology
evaluation is the part of extensively pharmaco-
logical effect research expect for the main
pharmacological activity [28]. Therefore, it is
helpful to investigate adverse reactions and
find new uses and mechanism of action the
drug. According to the technical research guide-
line of veterinary medicine and natural medi-
cine on safety pharmacology [28, 29, 45], this
study measured the impact of EOE on the car-
diovascular system in anesthetized rats by non-
invasive way for the first time. This method
effectively reduced the interference of related
physiological indicator which due to the stress
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response and surgery interference, and
ensured that the various physiological indictors
could reflect the true state of the rats. The
results suggested that EOE had no effect on
the nervous system, respiratory system and
cardiovascular system (Tables 5, 6).

The histopathological changes were mainly
occurred in the liver, spleen and kidney. LC
derived from bone marrow possesses la anti-
gen, C3 and Fc-1gG receptors and has the func-
tion of antigen presentation and allergenic
stimulation which is similar to macrophage [46,
47]. Macrophages and Langhans cells found in
the spleen suggested that EOE could stimulate
the body’s immune system and boost immunity
(Figure 4). The lesions found in the spleen and
kidney suggests that the target organs of EOE
are the liver and kidney, which are also consis-
tent with the hematology and biochemical find-
ings (Figures 3, 5).

In conclusion, the LD, value of EOE by the oral
route was 3811.5 mg/kg indicating that EOE is
a low-toxicity drug. Results in the subchronic
oral toxicity showed that the dose over 792
mg/kg b.wt. of EOE may slow down the growth
of male rats. The target organs of the toxic
effects of EOE were the liver, kidney and spleen.
In the safety pharmacology study, EOE adminis-
tration didn’t produce any side effects to rats in
nervous system, cardiovascular system and
respiratory system. The results of this study
indicate that EOE is a safe veterinary medicine
for external use.
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