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Abstract 

Background:  Eucalyptus globulus leaf has shown promising potential in its efficacy to manage some diseases but 
little is known about its safety and its use in the management of diabetes. This study was designed to identify the 
bioactive compounds present in Eucalyptus globulus leaf extract (EGLEX), assess its toxic effects and its oral glucose 
tolerance ability. Powdered Eucalyptus globulus leaf was extracted with methanol using standard extraction proce-
dure. Preliminary phytochemistry, gas chromatography–mass spectrometry (GCMS) analysis of the extract, its acute 
and subacute toxic effects and on its glucose tolerance (in-vivo) capability were assessed using standard laboratory 
techniques.

Results:  EGLEX was tested positive for the presence of alkaloids, cardiac glycosides, flavonoids, tannins, phlobatan-
nins and terpenoids. Nine compounds were identified by GCMS analysis of the leaf extract. EGLEX (up to 300 mg/kg 
bwt) showed no toxicity in all the rats dosed for the period of 14 days. The histomorphological study of the liver and 
kidney tissues harvested from rats dosed with 2000 mg/kg bwt showed features of histoarchitectural distortions in 
the two tissues. EGLEX (200 mg/kg bwt) further demonstrated effective glucose utilization as insulin and metformin.

Conclusions:  The results obtained deduced that EGLEX is safe at a lower dose of 300 mg/kg bwt but toxic at higher 
dose of 2000 mg/kg bwt, and that single dose (200 mg/kg bwt) of the plant extract prevented hyperglycemia in 
normal rats.
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Background
The use of plant is the basis of traditional medicine, and 
this has provided mankind with new remedies for thou-
sands of years [1]. World Health Organization (WHO) 
estimated that 80% of people throughout the world use 
herbs to cure one ailment or the other. WHO has devel-
oped monographs on selected medicinal plants with the 
aim to provide scientific information on the safe use of 
the folklore medicinal plants [2, 3]. Eucalyptus globulus, 

also known as Tasmanian blue gum, is an evergreen 
broadleaf tree native to Tasmania and Southern Victoria 
of South-eastern Australia [4]. E. globulus specie is now 
widely distributed in other countries [5] and has also 
been established in including Nigeria [6]. In Nigeria, it 
is called ‘kafur’ in the northern part of the country while 
south-easterners call it ‘nkwu-ishi’. Eucalyptus plant is 
used traditionally to treat a lot of diseases. The essential 
oil from the leaf possess antiseptic, analgesic, antiviral, 
antifungal, antimicrobial, anti-inflammatory and antioxi-
dant properties [7–11]. Medicinal herbs are used tradi-
tionally in the management of diabetes throughout the 
world. Few studies have also reported that the plant has 
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antidiabetic effect [12]. Eucalyptus globulus is not known 
by herb sellers, herbalists and traditional medicine prac-
titioners in Nigeria in the management of diabetes as 
revealed by ethnobotanical survey conducted by [13] on 
the plants used in the treatment of diabetes mellitus in 
Southwestern Nigeria.

The use of herbal medicines in the treatment of various 
diseases has witnessed a great surge globally of recent. 
Despite that many of these herbs have shown promis-
ing potential with efficacy of several herbs already estab-
lished, safety from toxicity-related issues is still a major 
concern [14]. The present study aimed at identifying 
the bioactive compounds present in the methanolic leaf 
extract of Eucalyptus globulus spp., search for assessing 
its toxic effects and oral glucose tolerance ability.

Methods
Reagent and chemicals
Methanol, concentrated H2SO4, glacial acetic, ferric chlo-
ride, acetic anhydride, ammonia, chloroform, hydrochlo-
ric acid, mercuric chloride, potassium iodide, iodine, 
glucose and formalin were obtained from Sigma Chemi-
cal Company, St. Lious, Mo, U.S.A., and British Drug 
House (BDH) chemical Ltd., Poole, England. Metformin 
was purchased from Teva Pharmaceuticals, UK. Insulin 
(HumulinR) was purchased from Eli Lilly, USA. The diag-
nostic kits were obtained from Randox Laboratories Ltd., 
Crumlin, Co. Antrim, U.K. All reagents and chemicals 
used were of analytical grade.

Experimental animals
A total of forty-nine albino rats were used for the study. 
The animals were purchased from College of Health Sci-
ences, Osun State University animal house where they 
were kept in well ventilated cages. The cages were lined 
with wood husks, renewed every 24  h under a 12:12  h 
light/dark cycle at room temperature. The rats had free 
access to water and commercial standard pellets and 
were acclimatized for two weeks. Experimental animals 
were used according to the Department of Biochemistry, 
LAUTECH Ethics Committee Guidelines on the use of 
vertebrate animals for experiments, and the approval was 
deemed unnecessary having conformed to the National 
regulations and International guidelines of National 
Institute of Health (NIH publication 85-23, 1985) for lab-
oratory animal care and use.

Collection and preparation of Eucalyptus globulus leaf
Eucalyptus globulus leaf was collected from the Osun 
State University botanical garden, identified and authen-
ticated for this study by Mr. G.A. Ademoriyo at Ife Her-
barium, Obafemi Awolowo University, Ile-Ife, Nigeria. 
The approval number allotted was 17,938. The leaf was 

shade-dried for 2  weeks and then pulverized into fine 
powder using electrical grinder.

Extraction of Eucalyptus globulus leaf
Dried powder of Eucalyptus globulus leaf (200  g) was 
subjected to cold maceration with frequent agitation in 
2 L of 100% methanol for 72 h at room temperature [15]. 
The filtrate was concentrated using standard procedure. 
Eucalyptus globulus leaf extract (EGLEX) was stored in 
the fridge until used.

Phytochemical screening of Eucalyptus globulus leaf 
extract
The Phytochemical tests were carried out on EGLEX to 
determine qualitatively the presence of cardiac glyco-
sides, steroids, flavonoids, alkaloids, saponins, tannins, 
terpenoids and phlobatannins using standard procedures 
as described by Harborne and Turner [16].

GC–MS analysis of Eucalyptus globulus leaf extract
GC–MS was utilized to identify compounds in the meth-
anol extract of the plant leaf according to the method 
described by Santos et al. [17].

Determination of mean lethal dose
Mean lethal dose (LD50) of Eucalyptus globulus leaf 
extract (EGLEX) was determined using protocol of 
Organization for Economic Cooperation and Develop-
ment (OECD) guidelines, starting from a fixed dose of 
50  mg/kg body weight. Female rats (3) of the same age 
group and weight were dosed up to 2000  mg/kg body 
weight through oral administration. The animals were 
observed for signs of toxicity for the first 1 h, hourly for 
4 h and finally every 24 h for 14 days. Ten percent of LD50 
was considered to be safe dose.

Table 1  Phytochemical screening of Eucalyptus globulus 
methanolic leaf extract

+ indicate presence, − indicate absence

Phytochemicals

Cardiac glycosides  + 

Steroids −
Tannins  + 

Flavonoids  + 

Terpenoids  + 

Alkaloids  + 

Phlobatannins  + 
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Sub‑acute toxicity test
Sub-acute toxicity study was conducted according to 
OECD guidelines using twenty albino rats randomly 
divided into four groups (n = 5) as follows:

Group 1: control treated orally with distilled water
Group 2: treated orally with 50 mg/kg bwt EGLEX
Group 3: treated orally with 300 mg/kg bwt EGLEX
Group 4: treated orally with 2000 mg/kg bwt EGLEX

All rats were treated daily for 14 days. Prior to sacrifice, 
blood samples were collected via ocular puncture and 
serum separated for biochemical studies.

Oral glucose tolerance test
Monitored oral glucose tolerance test (OGTT) was per-
formed on twenty rats fasted overnight and randomly 
divided (n = 5) following pre-treatment as follows:

Group 1: Normal control (administered distilled 
water only)
Group 2: 200  mg/kg bwt EGLEX + 2  g/kg bwt of 
20% glucose
Group 3: 7  mg/kg bwt metformin + 2  g/kg bwt of 
20% glucose
Group 4: 0.4  mg /kg bwt insulin + 2  g/kg bwt of 
20% glucose

Baseline blood glucose was measured prior admin-
istration of single dose of 2  g/kg bwt of 20% glucose 
solution. Blood glucose level was measured by glucom-
eter (Accuchek Adventage II; Roche, Germany) in each 
group at 0, 30, 60 and 120 min after glucose load.

Assay for urea and creatinine concentrations
Serum urea concentration was determined by urease-
berthelot method as described by Fawcett and Scott 
[18] using RANDOX diagnostic kit while serum creati-
nine was determined by alkaline picrate method [19].

Assay for aspartate transaminase and alanine 
transaminase activities
Aspartate transaminase and alanine transaminase 
activities in the serum were determined according to 
the methods described by Reitman and Frankel [20] 
using Randox diagnostic kit.

Histology
The animals were sacrificed by cervical dislocation and 
dissected. The liver and kidney tissues were harvested, 
immediately fixed in 10% formalin and used for histo-
morphological study.

Statistical analysis
Data obtained were subjected to statistical analysis 
using ANOVA of SPSS (version 20.0) statistical pack-
age. Tests of homogeneity of variance was conducted 
using Levene statistic. Tukey’s test was used for multi-
ple comparisons and homogenous subsets. A p-value of 
less than 0.05 was considered statistically significant.

Results
Phytochemical composition of methanolic extract 
of Eucalyptus globulus
The methanol extract of E. globulus leaf gave positive 
test reactions to alkaloids, cardiac glycosides, flavo-
noids, tannins, phlobatannins and terpenoids and nega-
tive test reaction to steroids (Table 1).

Table 2  GCMS analysis of Eucalyptus globulus leaf extract

Peak No Retention time Identified compound Molecular formula Molecular 
weight (g/
mol)

1 5.443 9,10-secocholesta-5,7,10(19)-triene 1,3-diol,25 [(trimethylsily) oxy] (,3 
β , 5Z,7E)-

C27H44O2 400.6

2 5.896 1-Heptatriacotanol C37H76O 537

3 6.088 Morphinan-4,5 epoxy3,6diol,6[7nitrobenzofurazan-4-yl] amino- C26H27N5O6 505.5

4 6.150 10-Heptadecen-8-ynoic acid, methyl ester, [E]- C18H30O2 278.4

5 6.995 Ethyl Iso-allocholate C26H44O5 436.6

6 7.933 2-Myristynoyl Pantetheine C25H44N2O5S 484.7

7 9.215 Cholesta-8,24-dien-3-ol,4-methyl-,[3 β ,4 α]- C28H46O 426.7

8 9.422 Cyclopropanedodecanoic acid, 2-octyl-,methyl ester C26H50O2 394.7

9 10.898 9,12,15-Octadecatrienoic acid, 2-phenyl-1,3-dioxan-5-yl ester C28H40O4 440
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Fig. 1  GCMS Analysis Spectral of Methanolic Leaf Extract of Eucalyptus globulus 

Gas chromatography mass spectrometry (GCMS) analysis 
of Eucalyptus globulus leaf extract
Nine compounds were identified by GCMS analysis of E. 
globulus leaf extract (Table 2, Figs. 1, 2).

Acute toxicity
Rats when administered with a limit dose of 2000 mg/kg 
bwt methanolic extract of Eucalyptus globulus leaf did 
not cause mortality or any sign and symptom of acute 
toxicity in all the rats dosed for a short period (48 h) and 
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Fig. 2  Structures of the identified Compounds in Methanolic 
Leaf Extract of Eucalyptus globulus. A = 19,10-Secocholesta
-5,7,10(19)-triene-1,3-diol,2[(trimethylsilyl)oxy] -(3β,5Z,7E)-; 
B = 1-Heptatriacotanol; C = Morphinan-4,5-epoxy-3,6-di-ol, 
6-[7-nitrobenzofurazan-4-yl]amino-; D = 10-Heptadecen-8-ynoic 
acid, methyl ester, (E)-; E = Ethyl iso-allocholate; F = 2-Myristynoyl 
pantetheine; G = Cholesta-8,24-dien-3-ol,4-methyl-, [3β,4α]-; 
H = Cyclopropanedodecanoic acid, 2-octyl-, methyl ester; 
I = 9,12,15-Octadecatrienoic acid, 2-phenyl-1,3-dioxan-5-yl ester

long period (14  days). The safe dose of 200  mg/kg bwt 
(which is the 10% of 2000 mg/kg bwt) was used to pre-
treat the animals during oral glucose tolerance test.

Sub‑acute toxicity
Rats when fed 50, 300 and 2000  mg/kg bwt E. globu-
lus leaf extract (EGLEX) orally showed no symptoms 
and signs of sub-acute toxicity throughout the treat-
ment period. No mortality was also recorded during 
this period. However, both serum urea and creatinine 
concentrations in the group fed with 2000  mg was sig-
nificantly (p < 0.05) higher than the concentrations of the 
analytes in normal control and other treatment groups 
(Figs. 3, 4 respectively). There was no observable micro-
morphological alteration in the groups treated with 50 
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and 300  mg/kg bwt EGLEX when compared with nor-
mal control (Fig. 5). In the group treated with 2000 mg/
kg bwt, the renal cortex showed collapsed glomerulus 
with signs of pyknotic mesangial cells and wide capsular 
space (Red arrow). The renal tubules appeared dilated, 
the interstitial spaces appeared congested and infiltrated 
with some observable presence of red inflammatory cells 
(Black arrow).

Similarly, both serum alanine transaminase and 
aspartate transaminase activities in the group fed with 
2000  mg was significantly (p < 0.05) higher than the 
activities of the enzymes in normal control and other 
treatment groups (Fig.  6). The liver histomorphology 
of the rats treated with 50  mg/kg bwt EGLEX showed 
normal histoarchitecture when compared with the liver 
histomorphology of the normal control group (Fig.  7). 
In the 300 mg/kg bwt, the central venule appeared nor-
mal (without congestion) but the hepatocytes appeared 
mildly altered showing mild loss of cytoplasmic con-
tent. The liver histomorphology of the rats treated with 
2000  mg/kg bwt EGLEX showed infiltration of hepatic 
parenchyma with red inflammatory cells, severe haem-
orrhage, the morphology of the hepatocytes appeared 
pyknotic with loss of cytoplasmic and nuclear content, 
the sinusoids appeared congested and infiltrated, hepatic 
parenchyma appear distorted. Portal triad appear dilated 
with a congested central vein with heavy signs of hemor-
rhage/fibrosis (Red arrow).

Oral glucose tolerance test
Blood samples from rat tails were analysed for glucose 
contents at 0, 30, 60, 120  min respectively in normal 
and pre-treated rats following oral glucose load (Fig. 8). 
There was no significant difference in the blood sugar 
concentration at 0  min in all the groups. At 30  min, 
blood sugar concentrations in rats pre-treated with 
EGLEX (94.33  mg/dl) and insulin (84.00  mg/dl) were 

Fig. 3  Serum Urea Concentration in Control and Treatment Groups. 
Values are expressed as mean ± S.D (n = 5). Means of bars with 
different Tukey superscripts are statistically significant at p < 0.05
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Fig. 4  Serum Creatinine Concentration in Control and Treatment 
Groups. Values are expressed as mean ± S.D (n = 5). Means of bars 
with different Tukey superscripts are statistically significant at p < 0.05

Fig. 5  Kidney micromorphological section demonstrated by Haematoxylin and Eosin staining at high magnification (X400). The renal cortex, renal 
tubules, glomeruli and mesengial cells are all appreciable across the various groups. Areas with marked morphological alteration are indicated by 
red arrows
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significantly (p < 0.05) reduced comparing with the 
sugar level in normal control (104.67  mg/dl) and in the 
group pre-treated with metformin (117.00  mg/dl). At 
the end of 2 h post-glucose load, the reduction in blood 
sugar level was highest in insulin (60.40 mg/dl) > EGLEX 

(69.00 mg/dl) > metformin (70.20 mg/dl) > normal control 
(86.45 mg/dl).

Discussion
The aim of this study was to identify the bioactive com-
pounds present in Eucalyptus globulus leaf extract 
(EGLEX), assess both acute and subacute toxic effects of 
the extract and its oral glucose tolerance ability.

The presence of phytochemicals and bioactive com-
pounds in plants have been linked to reductions in the 
risk of major chronic diseases [32]. EGLEX is rich in 
cardiac glycosides, tannins, flavonoids, terpenoids, alka-
loids and phlobatannins. Alkaloids are antibacterial and 
antifungal while flavonoids have anti-inflammatory, anti-
oxidant and antiviral properties. Flavonoids, alkaloids, 
cardiac glycosides possess blood glucose lowering effect 
[33, 34]. Bioactive compound is a chemical found in small 
amounts in plants and certain foods and has a potential 
for new drug discovery. Nine bioactive compounds were 

identified in EGLEX and have been reported to possess 
antioxidant, anti-inflammatory, hypocholesterolemic, 
antimicrobial, anticancer, antiaging, analgesic, antidia-
betic diuretic, anti-asthmatic, antiviral and anti-obesity 
properties (Table 3).

Though there is a recent surge in demand for medici-
nal plants and their bioactive molecules, the concern is 
not only their use, but also their safety [35]. Toxicity test-
ing not only identifies the safe dose but also explains the 
possible toxic effects it can produce in-vivo. Acute and 
sub-acute toxicity of EGLEX showed that the animals 
tolerated up to 2000  mg/kg body weight of the extract 
orally since there was no mortality or any sign and symp-
tom of toxicity in all the rats dosed for period of 14 days. 
However, activities of serum alanine transaminase and 
aspartate transaminase, and concentrations of serum 
urea and creatinine were significantly increased in the 

Fig. 6  Serum Alanine transaminase and Aspartate transaminase 
Activities in Control and Treatment Groups. Values are expressed as 
mean ± S.D (n = 5). Means of bars with different Tukey superscripts 
are statistically significant at p < 0.05

Fig. 7  Liver micromorphological section demonstrated by Haematoxylin and Eosin staining at high magnification (X400). The hepatocytes, 
sinusoids, portal triad (hepatic vein, hepatic artery and bile duct) are all visible across the various groups. Red arrow indicates severe altered 
morphology characterized with fibrosis, heamorhage, parenchymal loss and cellular loss

Fig. 8  Oral Glucose Tolerance Test in Control and Pre-treated Rats
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group treated with 2000 mg/kg bwt. Hepatotoxicity and 
nephrotoxicity are mostly seen in herbs toxicity since 
the liver acts as the main detoxifying organ for chemical 
substances, while the kidney is the main route of excre-
tion for many chemical substances either in their active 
and/or inactive forms [36]. The histology of the liver tis-
sues of rats in the group treated with 2000  mg/kg bwt 
showed deranged hepatic histoarchitecture like distorted 
parenchyma and infiltration with red inflammatory cells, 
severe haemorrhage, pyknotic liver cells with loss of 
cytoplasmic and nuclear content. The renal cortex also 
showed collapsed glomerulus with increased bowman’s 
space, pyknotic mesangial cells, dilated and infiltration of 
interstitial spaces red inflammatory cells.

The oral glucose tolerance test (OGTT) measures the 
body’s ability to use glucose. It is used in the evaluation 
of apparent insulin release and insulin resistance [37]. 
Pre-treatment with EGLEX 200 mg/kg bwt significantly 
reduced the blood glucose as effective as insulin and 
metformin following 2  h glucose load. The blood glu-
cose reduction ability of EGLEX could be due to the 
presence of morphinan-4,5 epoxy3,6diol,6[7nitrobenz
ofurazan-4-yl] amino- in the plant leaf extract [25, 26].

Conclusions
The results of the present study concluded that EGLEX 
is safe at a lower dose of 200–300 mg/kg bwt. Though 
the plant has been reported to be effective in the treat-
ment of many diseases, caution should be taken in 
liberal ingestion of Eucalyptus globulus leaf since its 
extract is toxic to both the liver and kidney at high dose 

(2000  mg/kg bwt). The study further concluded that 
200  mg/kg bwt EGLEX prevented increase in blood 
glucose following OGTT in rats. Further studies are 
required to validate antihyperglycemic potential of 
EGLEX in diabetic models, and in assessing the possi-
ble mode of its antihyperglycemic action.
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