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ABSTRACT

This study investigated the effects of Aloe vera and Salvia officinalis extracts on hemato-
logical and haemato-biochemical parameters, histopathology, and resistance against hypoxia
stress in Oncorhynchus mykiss. The rainbow trout (10 + 0.1 g) were fed seven different diets
supplemented with 0% (control), 0.5%, 1% and 1.5% of A. vera or S. officinalis extract for
30 days. The feeding in all treatments was continued for 2 weeks using control diet. The fish
blood samples were collected on days 30th and 45th, and total red blood cells, hematocrit and
hemoglobin were measured. The glucose and cortisol of serum were examined just before and
one hour after hypoxia stress (3 mg L*) at days 30th and 45th. The gill tissue samples were
taken from all treatments for histopathological study at the end of experimental period. The
S. officinalis (0.5%) treated group showed a significant increase (p < 0.05) in red blood cells,
hematocrits and hemoglobin compared to control group. While the A. vera (1 and 1.5%)
treatments revealed significant increase in hematocrit and hemoglobin concentration com-
pared to the control group (p < 0.05). Moreover the glucose and cortisol levels of serum were
increased significantly only in S. officinalis (0.5%) treated group after hypoxia stress on days
30th and 45th compared to the control group (p < 0.05). No serious histopathological changes
were observed in any treatments and control group. Based on the results obtained, dietary
S. officinalis (0.5%) hydroethanolic extract improved the haematological and haemato-bio-

chemical parameters and increased the rainbow trout resistance against hypoxia stress.
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Introduction

Rainbow trout (Oncorhynchus mykiss) is a very
popular coldwater species in world aquaculture indus-
try. Sustainable development in rainbow trout culture
depends on the special attention on health status of
this fish [1]. Therefore, a new approach to immuno-
therapy is actively used to treat or protect fish when
exposed to stresses. In this regard, extensive research
has been carried out to test various immunostimulants
including medicinal plants which they have found to
be effective in fish [2]. It has been found that medici-
nal herbs enhance the immune system against stress-
ors and especially various bacteria[3, 4]). Modulation
of the immune response using medicinal plant prod-
ucts as a therapeutic measure has become the focus
of extensive scientific investigation [5]. Two common
themes running through recent research is the immu-
nomodulatory properties of Aloe vera [6] and Sage,
Salvia officinalis [7].

A. vera (synonym: Aloe barbadensis Miller) be-
longing to the family Liliaceae is widely distributed in
the tropical and subtropical regions of the world, and
the genus Aloe contains over 400 different species and
Aloe barbadensis Miller is considered to be the most
biologically active [8]. S. officinalis L. (sage, garden
sage, or common sage) from the family Lamiaceae, is a
worldwide cultivated aromatic herb. It is native to the
Mediterranean region and is currently cultivated in
various countries [9]. These plants, with their medic-
inal potency, originated from their bioactive content,
play an important role in preventing diseases and en-
hancing the ability of the aquatic immune system [10].
Many researchers have pointed to the importance and
role of these plants in enhancing growth indices [11]
and immune responses [12] and modifying the histo-
pathological lesions of some fish species [13].

Although researchers have reported in many cases
the role of medicinal plants (such as A. vera and S. of-
ficinalis), and despite of the effect of their natural bio-
active content in development of fish prevention and
safety, they should not be ignored by their potential
adverse effects. Therefore, besides the use of medicinal
plants in aquatics, it is important to study their effect
on the vital tissues of fish [14].

Histopathological changes have been widely used
as biomarkers in the evaluation of the health of fish
exposed to contaminants, chemical and natural ma-
terials both in the laboratory [14] and field studies
[15]. The gills, which participate in many important
functions in fish, such as respiration, osmoregulation,
and excretion, remain in close contact with the exter-
nal environment, are particularly sensitive to changes
in the quality of water, and are considered the prima-
ry target of the contaminants. So, in herbal extracts
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studies, the histopathological assays would be useful
to evaluate the effect of plant extracts on gill tissue.

The objective of the present study was to evaluate
the effects of A. vera and S. officinalis ethanolic ex-
tract on various haematological and histopathological
parameters and stress indices in O. mykiss to develop
an alternative drug to enhance fish resistance against
hypoxia in aquaculture.

Results

The chemical composition of herbal extracts
was determined by GC/MS and presented in Ta-
ble 1. The main components were n-Hexadecanoic
acid (15.22%), Cineol (10.35%), Oleic acid (12.28%)
followed by Octacosane (10.71%) for A. vera; and
1,6,10-Dodecatriene,  7,11-dimethyl-3-methylene-,
(E)- (15.51%), a-Sesquiphellandrene (12.26%), Cineol
(12.21) followed by 1-Naphthaleneacetic acid, methyl
ester (10.10%) for S. officinalis. Cineol is a monoter-
penoid and exists in both A. vera and S. officinalis ex-
tracts in this study (Table 1).

Data of Hematological parameters of trial and con-
trol groups are compared statistically in Table 2. Ac-
cording to the results of Table 2, the fish treated with
S. officinalis (0.5%) revealed the highest value of total
RBC, hematocrit, and hemoglobin in both 30 and 45
sampling days, showing a significant difference com-
pared to the control group. Moreover at day 45 the fish
fed with diets supplemented with, S. officinalis (0.5%)
exhibited significantly higher hematocrit and hemo-
globin values compared to the control group. At day
30 A. vera (1 and 1.5%) treatments were significantly
different in comparison to the control group just in
terms of hematocrit percentage. Also, A. vera (1%)
and A. vera (0.5 and 1%) treatments were significantly
different with the control group in cases of hematocrit
and hemoglobin values, respectively (Table 2).

Glucose and cortisol levels of serum samples of fish
in all groups were measured on days 30 and 45, prior
and one hour after exposure to hypoxia stress (3 mg/L-
1, and the results are shown in Table 3. There was no
significant differences between the glucose and corti-
sol levels of fish in all treatments and control groups
before stress at day 30th and 45th. Also, no treatment
showed any difference with the control group in case
of glucose and cortisol levels after stress at day 45. The
S. officinalis (0.5%) treatment showed a significant dif-
ference in serum glucose and cortisol levels after ex-
posure to hypoxia stress on day 30 compared to the
control (Table 3).

Cumulative mortality of fish at the end of 6 hours of
hypoxia stress on days 30 and 45 are illustrated and
compared in Figure 1 and 2, respectively. The S. of-
ficinalis (0.5%) treatment showed significantly lower
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Table 1
The main chemical composition of A. vera and S. officinalis extracts
S. officinalis A. vera
Component % Component %
Cineol 12.21 p-Xylene 2.25
Bicyclo[3.1.0]hexan-3-one, 4-methyl-1-(1-methyleth-
2.14 1,5-Heptadien-4-one, 3,3,6-trimethyl- 2.41
yl)-, [1S-(1a,44,54)]-
Bicyclo[2.2.1]heptan-2-one, 1,7,7-trimethyl-, (71)- 471 Oleic acid 12.28
Borneol 5.29 1-Heptanol,2-propyl- 2.32
Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8-meth-
4.75 Tetradecanoic acid 2.28
ylene-
1,6,10-Dodecatriene, 7,11-dimethyl-3-methylene-,
15.51 n-Hexadecanoic acid 15.22
(E)-
Germacrene D 2.22 Squalene 5.37
4-Sesquiphellandrene 12.26 Hentriacontane 5.99
1-Naphthalenol, 4-methoxy- 9.55 Octacosane 10.71
1H-Cycloprop[e]azulen-4-ol, decahydro-1,1,4,7-te- 1,2-Benzenedicarboxylic acid, diisooctyl
5.38 9.50
tramethyl-, [1ar-(1aa,44,4a4,7a,7a4,7ba)]- ester
Butanoic acid, 3-methyl-, 1-ethenyl-1,5-dimeth-
3.27 Eicosane 4.87
yl-4-hexenyl ester
1-Naphthaleneacetic acid, methyl ester 10.10 Heptacosane 5.19
1-Naphthalenepropanol, a-ethenyldeca-
hydro-a,5,5,8a-tetramethyl-2-methylene-, 3.39 Acemannan 5.97
[1S-[1a(R*),4a4,8aa]]-
Squalene 2.22 Cineol 10.35
Table 2
Hematological parameters of different groups in day 30 and 45
Blood Index
Treatments Total RBC (10° Cell/pl) Hematocrit (%) Hemoglobin (g/dl™")
Day 30 Day 45 Day 30 Day 45 Day 30 Day 45
Control 1.28 £0.13* 1.33£0.13* 41.22 +1.09* 41.11 £ 0.78* 7.77% 0.68* 6.78 £0.52*
S. officinalis (0.5%) 1.78 £ 0.39° 1.50 +£0.22* 45.00 +0.71¢ 44.89 +0.78¢ 8.87+0.31° 8.74 + 0.28¢
S. officinalis (1%) 1.47 £ 0.41% 1.45£0.15* 44.00 £ 0.87d° 43.22 +0.97< 8.51+ 0.39% 8.42 +0.41%
S. officinalis (1.5%) 1.38 £0.19* 1.42 £0.19* 43.22 +1.30¢ 43.55 + 1.33« 8.37+ 0.46% 8.36 + 0.46"
A. vera (0.5%) 1.41 £ 0.20® 1.39+0.17% 42.44 +1.33%¢ 42.11 + 1.76%* 8.04+ 1.00% 7.87 +1.01°
A. vera (1%) 1.30 £ 0.18a 1.44 +0.28° 43.67 £ 0.71% 43.11 £ 1.05% 8.20 + 0.41® 8.33 £ 0.43"
A. vera (1.5%) 1.33 +0.14* 1.40 +0.14° 43.00 + 0.87°¢ 42.44 + 1.51%¢ 8.00+ 0.51% 7.67 £ 0.49%

Data were subjected to analysis of variance (SPSS, One-Way ANOVA) followed by Tukey’s test. The different superscript alphabets in the same column

show significantly different groups at p < 0.05.

mortality compared to the control group and exhibit-
ed the least mortality among other treatments on days

30 and 45.

The histopathological results of gill tissue were shown
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some light focal and moderate multifocal lesions in
the treatment groups. The lesions are exhibited in
Figures 3 and 4. The intensity of the lesions in differ-
ent groups is shown in Table 4.
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Figure 1.
Cumulative mortality of fish at the end of 6 hours expose to hypoxia stress at day 30. The different alphabets
how significantly different groups (p < 0.05).
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Figure 2.
Cumulative mortality of fish at the end of 6 hours expose to hypoxia stress at day 45. The different alphabets
show significantly different groups (p < 0.05).

Figure 3.
Photomicrograph of the gill tissue of the control and A. vera groups at day 30 (H & E. x100).
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Figure 4.

Photomicrograph of the gill tissue of S. officinalis groups at day 30 (H & E. x100).

Discussion

The A. vera and S. officinalis have been used in tra-
ditional medicine. These medicinal plants have good
potential to be used as alternative growth promoter,
antimicrobial, anti-stressor, and immunostimulator
in fish [16, 17] and other animals such as poultry [18].
The beneficial properties of A. vera and S. officinalis
are due to the presence of effective compounds in
these plants (Table 1). Natural biogenic compounds
of these medicinal plants were analyzed in the pres-
ent study and some natural compounds such as
Cineol, 1-Heptanol,2-propyl-, (4,7-Dinitronaphtha-
len-1-yl)-(4-methoxyphenyl) diazene, 1,2-Benzenedi-
carboxylic acid, diisooctyl ester followed by Squalene
in A. vera and Cineol, Borneol, 1-Naphthaleneacetic
acid, methyl ester, -Naphthalenol, 4-methoxy-1 and
1,6,10-Dodecatriene,  7,11-dimethyl-3-methylene-,
(E)- in S. officinalis were identified as antimicrobial
and immunostimulator agents in fish [19]. The Cineol
is a monoterpenoid with anti-diabetic, antiviral, an-
tispasmolytic, vermicide, poison antidote, antimicro-
bial, antifungal, free radical scavenging, antioxidant,
neuroprotective and immune-stimulating effects that
exists in both extracts in this study. This bio-active
substance that affects some blood factors, make fish
resistant to the environmental stress [19].

The current study demonstrated that inclusion
of A. vera and S. officinalis extracts in O. mykiss diet
markedly enhance hematological parameters. The
results (Table 2) of total RBC count in S. officinalis
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(0.5%) treatment at day 30, hematocrit in S. officina-
lis (0.5%, 1% and 1.5%) treatments at days 30 and 45
and hemoglobin concentration in S. officinalis (0.5%)
treatment at days 30 and 45 revealed significant differ-
ences compared to the control group (p < 0.05).

The A. vera (1% and 1.5%) treatments enhanced
hematocrit at day 30 while hemoglobin concentration
increased significantly in A. vera (0.5% and 1%) treat-
ments compared to the control group at day 45 of the
experiment (Table 2). Haghighi et al. (2014) reported
no significant differences in total red blood cells, he-
matocrit and hemoglobin concentration between A.
vera (1% of diet) treated group and the control group
after eight weeks of feeding in the rainbow trout (p <
0.05) [20]. Some differences between their results and
the results obtained by the current study might be re-
lated to the difference in fish age or extracts’ compo-
sition. This difference can be attributed to the several
environmental factors such as climatic, seasonal and
geographical or ontogenesis variations, plant harvest
time, error in the analysis of extracts and the time
between extraction and analysis of compounds’ con-
stituents. No significant differences were observed in
the red blood cell count between fish treated with any
rate of A. vera and the control group (Table 2). These
results are in consistent with the results obtained by
other researchers [16, 21] who reported that common
carp, Cyprinus carpio and rainbow trout treated with
dietary A. vera supplementation had no significant
differences in RBCs count [16, 21].

Some plasma chemicals may be useful indicators
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Table 4
Pathology scores of gill of fish given oral administration of A. vera and S. officinalis extract
Treatments
Variables Controls A. vera A. vera A. vera S. officinalis ~ S. officina-  S. officinalis
0.5% 1% 1.5% 0.5% lis 1% 1.5%
Atrophy of secondary . b
- =+ - - - -
lamellas
Degeneration and necrosis of
- + ++° - ++
lamellas
Hyperemia - ++ ++ - - ++
Clubbed secondary lamellas - - ++ +
Stunted gill filaments - - ++ +4
Subepithelial space edema - - - - - - +

a: No lesions, b: Light, focal lesions, c: Moderate, multifocal lesions

to evaluate the health and/or stress condition of the
fishes [22]. Since stress has been reported to elevate
plasma cortisol and glucose levels [23], many re-
searchers consider as a “rule of thumb” that fishes un-
dergoing stressful situations exhibit plasmatic increas-
es of cortisol and glucose. Cortisol is the principal
glucocorticoid secreted by the interrenal tissue (ste-
roidogenic cells) located in the head-kidney of teleost
fish. This hormone is released by the activation of the
hypothalamus-pituitary-interrenal axis (HPI axis).
When fish are exposed to stress, the hypothalamus
releases corticotropin-releasing factor (CRF) poly-
peptide into the blood circulation. This factor affects
the anterior pituitary gland and adrenocorticotrophic
hormone (ACTH) releases into the blood circulation
which ultimately activates the release of cortisol by the
interrenal tissue [24]. Cortisol hormone function is to
promote glycogenolysis and gluconeogenesis process-
es in fish. Another function of cortisol hormone is to
induce the chromaffin cells to release catecholamines
that further increases glycogenolysis and modulates
the cardiovascular and respiratory functions. The
goal of this chain of processes is to eventually produce
enough glucose to provide the energy needed to cope
with stress [24].

Two hours after the beginning of hypoxia stress pe-
riod, A. vera had no significant effect on glucose and
cortisol levels at any rate in this study (Table 3) and
cumulative mortality of fishes in A. vera treatments
did not significantly (p < 0.05) differ compared to the
control group (Figures 1 and 2). Zanuzzo et al. (2012)
reported that addition of A. vera (0.02, 0.2 and 2 mg/
ml™?) in the transport water did not affect the level of
blood glucose of Brycon amazonicus [6]. Taiwo et al.
(2005) demonstrated that Nile Tilapia, Oreochromis
niloticus juveniles exposed to water containing 50, 100
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and 150 mg/L™" of the aqueous extract of A. vera leaves
exhibited erratic swimming patterns, rapid opercular
movements, skin depigmentation and died within 24-
96 h [25]. Gross and histologic tissue lesions in the
test fish include skin depigmentation, pale and shriv-
eled gills, dull, opaque and sunken eyes, stunting and
clubbing of gill filaments, vacuolar degeneration and
necrosis of gill epithelial cells, hyaline degeneration
and necrosis of myofibrils, calcification of vasa, hepa-
tocellular vacuolar degeneration and necrosis. These
authors explained that these complications might
be emergent of high doses of applied A. vera. None
of these complications were observed in the current
study.

In most fishes, cortisol reaches the highest con-
centration 1 hour after being stressed and returns to
basal levels after 6 hours [26]. Two hours after the
beginning of hypoxia stress period, the glucose and
cortisol levels in S. officinalis (0.5%) group was signifi-
cantly higher than the control group at days 30 and
45 (p < 0.05), while other treatments didn’t show the
same effect. Moreover, S. officinalis (0.5%) group re-
vealed significantly higher glucose levels compared to
all rates of A. vera group at days 30 (p < 0.05) (Table
3). The increase of glucose level in the fish blood helps
to satisfy the increased energy demand during stress,
allowing the fish to react to stressors [6]. Hyperglyce-
mia has been associated with stressful conditions such
as hypoxia, capture, transport and crowding [27].

Cumulative fish mortality in S. officinalis (0.5%
and 1%) treatment were significantly lower than the
control group (p < 0.05) at the end of 6 hours hypoxia
stress period at day 30 (Figures 1 and 2). The mortality
rate was significantly lower only in S. officinalis (0.5%)
treatment at day 45 compared to the control (p < 0.05)
(Figure 2). Decreased mortality in S. officinalis treat-



ments is due to increase in total RBC, hematocrit, he-
moglobin, glucose and cortisol levels which enhance
the fish resistance towards hypoxia stress.

Taiwo et al. (2005) reported the A. vera as a tox-
ic agent for tilapia and O. niloticus L. gills, but they
consumed water containing the extract of raw A. vera
leaves in static water, whereas in the current study
hydroalcoholic A. vera and S. officinalis extracts sup-
plemented diets were used for the rainbow trout [25].
Many researchers reported that A. vera and S. officina-
lis have benefits for histopathology of the liver [28], go-
nads [29] skin and gastrointestinal tract [17] of fish. In
teh current study various focal and multifocal changes
including atrophy of secondary lamellas, degeneration
and necrosis of lamellas, hyperemia, clubbed second-
ary lamellas, stunted gill filaments and subepithelial
space edema were observed in gills of treated fish with
different plant extract concentrations (Figures 3 and
4). All lesions observed in the treatment groups in this
study were either light or moderate and the compar-
ison of lesions represented no significant differences
between treatments (Table 4).

The results found in this study suggest that A. vera
and S. officinalis, two medicinal plants extensively
used for humans [5], are two promising natural prod-
ucts for aquaculture and should be more investigated
as modulators of the hematological parameters and
anti-stress agents in fish farming, since their use in the
rainbow trout fingerlings improved its hematological
and biochemical responses against hypoxia stress.

Material and methods

Plant extraction

Aerial organs of A. vera and S. officinalis were collected from
local areas in Khuzestan Province of Iran and identified in the
Department of Botany, Faculty of Agriculture, Urmia Universi-
ty, Iran. After identification, the plants were washed in running
tap water to remove debris and dust particles and then rinsed in
distilled water. Plant samples were air-dried and ground. Twenty
grams of ground powders from each plant was soaked in 100 ml
solvent (a mixture of ethanol: distilled water 50:50%) for 15 min
with occasional shaking at 60 °C. After they were dissolved, the
materials were filtered through Buchner funnel and Whatman
No. 1 filter paper. Then, the filtrates were evaporated using rotary
evaporator and concentrated.

Identification of extracts’ components by GC/
MS

The GC/MS analyses were performed on a Thermo Finnegan
capillary gas chromatograph directly coupled to the mass spec-
trometer system (model GC TRACE; TRACE MS plus) using HP-
5MS non- polar fused silica capillary column (30 m x 0.250 mm,
0.25 pum film thickness). Temperature profile was as follows: at
first, the temperature of the oven was fixed at 40°C for 2 min, and
then increased to 160 °C with the temperature rate of 3 °C min’,
and finally increased to 280 °C at 5 °C min™ for 2 min. The carrier
gas was helium at a flow rate of 1 ml min", and ionization energy
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was 70 eV [30].

Fish and husbandry conditions

In this study, 900 fish with a mean weight of 10 + 0.1 g were
obtained from a local farm in Urmia, Iran and transferred to “Ar-
temia and Aquaculture Research Institute” of Urmia University.
The fish were disinfected with 3% sodium chloride for 5 min and
acclimatized to the laboratory conditions for a week. Fish were
randomly distributed into 21 PVC tanks filled with 150 liters of
dechlorinated fresh flow (3.5 L m™) water of a deep well. Water
temperature and dissolved oxygen were 14 + 1 °C and 8.5 mg L'},
respectively.

Diet preparation and feeding trial

Extruded commercial fish feed (Faradaneh Co., Shahrekord,
Iran) was used during the study with 90% dry matter, 38% crude
protein, 16% crude lipid, 10% ash, 3% fiber and 1.20% phospho-
rous in its composition. Each herbal extract (A. vera and S. offic-
inalis) was sprayed on the commercial diets at 0.5, 1, and 1.5% of
diets separately. Pellets were dried at room temperature and were
stored at 4°C for further use. Each diet was fed to triplicate tanks
three times daily for a period of 30 days. After feeding trial, diets
were replaced by a normal pelleted diet without any plant extract
until day 45.

Assessment of hematological parameters

Fifteen fish from each treatment were anesthetized by immersion
in a clove powder (200 mg L") solution, and blood samples were
collected from the caudal vein of fish [31], at days 30 and 45. The
blood samples were mixed with heparin to determine red blood
cells (RBC) count, hematocrit, and hemoglobin. The RBCs were
counted under a light microscope using Neubauer hemocytome-
ter after dilution with phosphate-saline. The cells were identified
on the basis of morphology and cell ultra-structure as document-
ed in a previous study [32]. The hematocrit percentage was de-
termined through the microhematocrit method, and hemoglobin
concentration was determined using cyanomethemoglobin meth-
od [33].

Histopathology procedures

Immediately after feeding for the trial period (day 30), the fish
were anesthetized with immersion in a solution containing clove
powder (200 mg L) [31] and then sacrificed by cervical section.
The gill samples were excised, rinsed in physiological saline, and
fixed in aqueous Bouin’s fluid for 6, 8 and 12 hours, respectively.
The tissues were dehydrated in an ethyl alcohol series of ascend-
ing concentrations, embedded in paraffin and sectioned at 5 pm.
The tissue sections were stained with hematoxylin-eosin (HE) and
were examined by a light microscope [34].

The presence of histological alterations for gill was evaluated
semi-quantitatively by the degree of tissue change that is based on
the severity of the lesions. For degree of tissue change the alter-
ations in each organ were classified in progressive stages of dam-
age to the tissue: stage I alterations, which do not alter the normal
functioning of the tissue; stage II, which are mild-severe the nor-
mal functioning of the tissue; and stage III, which are more se-
vere and cause irreparable damage. A value of the degree of tissue
change for each treatment was calculated by the below formula:

Degree of Tissue Change = (1 x stage I) + (10 x stage II) +
(100 x stage IIT)

(Where L, IT and III correspond to the number of alterations of
stages I, IT and III, respectively).

Degree of tissue change values between 0 and 10 indicate nor-
mal functioning of the organ; values between 11 and 20 indicate
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slight damage to the organ; values between 21 and 50 indicate
moderate changes in the organ; values between 50 and 100 indi-
cate severe lesions and values above 100 indicate irreversible dam-
age to the organ [34].

Hypoxia stress and biochemical indices assay

In hypoxia stress,, dissolved oxygen decreased to 3 mg L' in
stress tanks (each tank contained 40-liter water) via infusion of
nitrogen gas into water at days 30 and 45; then 30 fish of each
treatment (10 fish from each replication) were exposed to hypoxia
stress (3 mg L") for 6 hours and mortality was recorded each hour.
Then, fish of each group were placed in tanks containing 40 L of
aerated flow-through well water. All fishes were monitored for 1
h and dead fish were removed and added to mortality data. Then,
the mortality rate was recorded for each group.

The blood samples were collected from selected fish of each
treatment (from the caudal vein after euthanasia of fish by clove
powder 200 mg L) [31] exactly before and one hour after hypoxia
stress and transferred into Eppendorf tubes and allowed to clot at
room temperature for 1 h. Then, samples were kept at 4 °C for 5
h. The serum was separated by centrifugation (1500 g for 5 min at
4 °C) and used for the glucose and cortisol levels estimation. The
glucose and cortisol were quantified by electrochemiluminescence
method using Mindray biochemical auto analyzer (BS - 400), with
kits supplied by Mindray biomedical electronics Co. Ltd Shen-
zhen, China.

Statistical analysis

All data were subjected to analysis of variance (SPSS v20, One-
Way ANOVA) followed by Tukey’s test (p < 0.05). Figures and ta-
bles were drawn with office 2013.
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