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ABSTRACT
Sage (Salvia officinalis) is one of the aromatics and medicinals having biological activities and pharmacological
properties. The possible protective role and antioxidant activity of sage water extract (SWE) against metabolic
disorders induced by hypercholesterolemic diet (HCD) in the heart and testis tissues of rats were evaluated in
this study. The results of gas chromatography/mass spectrometry (GC/MS) analysis revealed that Camphor,
1,8-cineole and α-thujone represent the main compounds of volatile oil extracted from S. officinalis. The findings
of the biological study showed that the dietary intake of HCD significantly increased serum lipid contents,
activities of cardiac marker enzymes and the level of malondialdehyde (MDA) in testes and heart tissues, and
significantly reduced the level of high-density lipoprotein-cholesterol (HDL-C), testosterone (T), follicle
stimulating hormone (FSH) and leutinizing hormone (LH) with suppression of antioxidant status compared to
the controlled rats. Whereas, supplementation of rats with HCD along with SWE (1 ml/ Kg B. wt) reduced the
damaging effects induced by HCD with a significant decrease in hypercholesterolemic state, reduction of lipid
peroxidation, induction of heart and testes functions and elevation of the activity of antioxidant enzymes and
glutathione contents. In conclusion, this study showed that SWE could be used as natural anti-oxidants
supplements due to the presence of essential oil, phenolic contents and other antioxidant components in Sage.
Key Words: Salvia Officinalis, Hypercholesterolemic Diet, Essential Oil, Antioxidant Activity
eIJPPR 2018; 8(1):62-68
HOW TO CITE THIS ARTICLE: Fawzia A. Alshubaily, Ebtihaj J. Jambi. (2018). “The Possible Protective Effect of Sage (Salvia Officinalis
L.) Water Extract Against Testes and Heart Tissue Damages of Hypercholesterolemic Rats” , International Journal of Pharmaceutical and
Phytopharmacological Research, 8(1), pp.62-68.

INTRODUCTION

Hypercholesterolemia (HC) is one the major risky
diseases that has been increased in developing countries in
recent years [1]. The occurrence of hypercholesterolemia
induced over production of reactive oxygen species with
elevation of lipid peroxide content and inhibition of
antioxidant defense system [2]. Therefore, HC is closely
associated with developing of many chronic diseases
including cardiovascular diseases, progression of renal
failure and certain metabolic and reproductive disorders
[3]. It has been estimated by the World Health
Organization (WHO) that approximately 26 million deaths

occur annually because of hypercholesterolemia-related
cardiovascular diseases (CVDs) [4]. Several lipids
lowering drugs such as fibrates, statins, and bile acid
sequestrants can be used to regulate the lipid metabolism
by different mechanisms but these drugs have many side
effects [5].
There has been an interest in an alternative medicine in
recent decades, because there are thousands of potential
medicinal plants that contain many bioactive substances
and antioxidants [6]. Sage (Salvia officinalis L.,
Lamiaceae) is a common aromatic plant that has been used
as a medicinal plant in treating different diseases such as
cancer, diabetes, heart diseases, reproductive disorders and
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hypercholesterolemia [6]. The beneficial effects of Sage
have been related to its bioactive components including
volatile fatty acids, diterpens, saponins, flavonoids,
phenolic acids, resin and oestrogenic substances. With
regard to the possible antioxidant activity of sage, the aim
of this study was to evaluate the protective effects of Salvia
officinalis against metabolic disorders induced by
hypercholesterolemic diet in the heart and testes tissues of
rats.
MATERIALS AND METHODS
Dried leaves of Sage were purchased from a local herb
market. Chemicals and reagents were purchased from
Sigma Chemical Co. (St. Louis, MO, USA).
Analysis of sage essential oil by GC/MS:
The essential oil was isolated from sage (100g) according
to the method of [7]. The volatile oil analysis was carried
out using gas chromatography-mass spectrometry
instrument GC/MS.
Preparation of sage water extract (SWE):
Sage water extract (sage tea): It was prepared by pouring
150 ml boiling water onto 2 g of dried grounded leaves and
allowing it to steep for 5 min [8].
Experimental Protocol:
Animals and biochemical Assay
Male albino rats (150 ± 20 g) were acclimated to controlled
laboratory conditions for two weeks. Rats were maintained
on stock rodent diet and tap water that were allowed ad
libitum. The rodent controlled diet was composed of 15%
casein, 10% corn oil, 5% cellulose, 4% salt mixture, 1%
vitamins mixture and starch 65% [9].
All the animal procedures were accomplished based on the
Ethics Committee of the National Research Centre
conformed to the Guide for the Care and Use of Laboratory
Animals, published by the US National Institutes of Health
(NIH publication No. 85 – 23, 1996).
Experimental design
The animals were randomly divided into four groups, each
comprised of 7 rats.
Group C: rats were fed on normal diet for 10 weeks,
served as a control,
Group HCD: rats were fed on hypercholesterolemic diet
(basal diet + 1% cholesterol+ 16% fat and 0.2% Cholic
acid) [10] for 10 weeks.
Group SWE: rats were fed on normal diet and
supplemented orally with sage water extract (1 ml/ Kg
body wt) [11] for 10 weeks.
Group HCD + SWE: rats were fed on HCD supplemented
orally with sage water extract (1 ml/ Kg B. wt) [11] for 10
weeks.
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Each rat was weighed at the initial and end of the
experiment. At the end of the experiment (10 weeks), rats
were fasted for 24 hours and anaesthetized with diethyl
ether. For obtaining serum for biochemical analysis, blood
samples were collected through heart puncture and allowed
to coagulate, and then centrifuged. Also, for biochemical
investigation, cardiac and testes tissues were discarded.
Biochemical Analysis
Total cholesterol (TC), triglycerides (TG) and high-density
lipoprotein-cholesterol (HDL-C) were indicatd based on
the procedure described by [12], [13], and [14],
respectively. Low-density lipoprotein-cholesterol, very
Low-density lipoprotein-cholesterol and risk ratio were
evaluated according to [15] by the following equations:
LDL-C (mg/dl) = TC-(TG/5+HDL-C), vLDL (mg/dl) =
TG/5. The levels of lactate dehydrogenase (LDH) and
creatine phosphokinase (CPK) were determined by the
method of [16], aspartate transaminase (AST) and alanine
transaminase (ALT) were determined according to [17].
Estimation of testosterone hormone was performed based
on the method of [18], Follicle stimulating hormone (FSH)
and leutinizing hormone (LH) according to [19].
Cardiac and testes tissues were dissected, thoroughly
washed with ice-cold 0.9% NaCl, weighed, minced and
homogenized (10% w/v) using 66 mmol/L chilled
phosphate buffer (pH 7.0). The tissue homogenates were
centrifuged at 6000 rpm for 15 min and the supernatants
were used to estimate malondialdehyde (MDA) [20], GSH
[21], superoxide dismutase activity (SOD) [22] and
Catalase activity (CAT) [23].
Statistical analysis
Results were presented as mean ± SE (n = 7). Experimental
data were analyzed using one-way analysis of variance
(ANOVA). Duncan’s multiple range test was used to
determine significant differences between means. The
statistical analyses were performed using computer
program Statistical Packages for Social Science (SPSS)
[24]. Differences between means were considered
significant at P < 0.05.
RESULTS
The results of GC/MS analysis showed that S. officinalis is
composed of high amount of essential oils, most of them
are aromatic. Camphor (24.55%), 1,8-cineole (17.86%)
and α-thujone (14.07%) are represented as the major
essential oils of sage (Table 1).
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Table 1. Percentage of essential oil constituents of Salvia officinalis (%)
Percentage
Compound
Compound
Percentage (%)
(%)
limonene
3.61
α-terpinyl acetate
2.17
1,8-cineole
17.86
γ-selinene
3.54
linalool
0.19
caryophyllene oxide
1.12
α-thujone
14.07
humulene epoxide
1.09
β- thujone
6.03
isoaromadendrene epoxide
0.35
β-pinene
0.23
trans-Z- α- bisabolene epoxide
0.21
caryophyllene
3.92
Caryophyleine (I3)
1.16
camphor
24.55
manoyl oxide
5.57
humulene
4.73
β-selinene
0.39
α-terpineol
1.37
borneol
3.13
Total identified compounds
95.29
Data showed that HCD-group had a significant increase in
the serum level of lipid contents (TC, TG, LDL-C and
vLDL-C) and a remarkable decrease in HDL-C relative to
the control group. On contrast, supplementation of rats

with HCD along with SWE induced a significant increase
in HDL-C and reduction in the serum level of TC, TG,
LDL-C and vLDL-C when compared to the rats fed on
HCD only (Table 2).

Table 2. Effect of administration of sage water extract on serum lipid profile in diet induced
hypercholesterolemic rats
TC
TG
HDL-C
LDL-C
v-LDL
Animal groups
(mg/dl)
(mg/dl)
(mg/dl)
(mg/dl)
(mg/dl)
Control

129.46±9.85c

164.16±11.82c

70.52±5.46a

26.11±2.55c

32.83±2.64c

HCD

412.15±24.14a

517.20±41.25a

13.48±1.60c

295.23±23.49a

103.44±7.82a

c

a

c

SWE

118.22±8.68

HCD+ SWE

181.46±11.45b

153.72±12.10

220.50±14.65b

73.58±6.27

59.94±4.36b

d

30.74±2.33c

77.42±9.72b

44.10±3.64b

13.90±2.11

Means in the same column with different superscripts are significantly different at (P<0.05), Values are expressed as
mean ± S.E. (n=7)
HCD: Hypercholesterolemic diet,
SWE: Sage water extract.
The results indicated that HCD induced a significant
increase in the activity of serum LDH, CPK, AST and ALT
compared with the control group. The activity of these

enzymes significantly reduced in the group of rats which
received HCD and SWE when compared to the rats
received HCD (Table 3).

Table 3. The Effect of administration of sage water extract on serum LDH, CPK, ALT and AST activities in
diet induced hypercholesterolemic rats
Animal
LDH
CPK
ALT
AST
groups
(nmol/ml)
(nmol/ml)
(U/L)
(U/L)
237.74±24.11c

15.26±0.68c

26.14±1.57 c

HCD

1055.28±41.28a 432.66±27.42a

51.11±1.46a

54.66±2.92a

SWE

707.05±32.37c

228.95±22.23c

14.83±0.72c

25.82±1.66 c

HCD+ SWE

816.29±34.12b

303.12±25.50b

22.68±1.11b

34.12±2.15b

Control

712.27±35.64c

Means in the same column with different superscripts are significantly different at (P<0.05), Values are expressed as
mean ± S.E. (n=7)
HCD: Hypercholesterolemic diet
SWE: Sage water extract

ISSN (Online) 2249-6084 (Print) 2250-1029

www.eijppr.com

64

International Journal of Pharmaceutical and Phytopharmacological Research (eIJPPR) | February 2018 | Volume 8 | Issue 1 | Page 62-68
Fawzia A. Alshubaily, The Possible Protective Effect of Sage (Salvia Officinalis L.) Water Extract Against Testes and Heart Tissue Damages of
Hypercholesterolemic Rats

In this work, the induction of hypercholesterolemia in rats
resulted in remarkable reduction in the level of
testosterone, LH and FSH compared to the controlled rats.

On the other hand, feeding rats HCD with SWE induced a
significant increase in the level of these hormones
compared to HCD group (Table 4).

Table 4. The effect of administration sage water extract on the level of T, LH and FSH in diet induced
hypercholesterolemic rats
Animal
T (n mol/L) LH (IU/L)
FSH (IU/L)
groups
Control

4.80± 0.27a

0.84± 0.09a

0.77± 0.05a

HCD

2.42± 0.15c

0.55± 0.07c

0.56± 0.04c

SWE

4.91± 0.30a

0.86± 0.08a

0.78± 0.06a

HCD+ SWE 3.96± 0.22b

0.76± 0.07b

0.69± 0.05b

Means in the same column with different superscripts are significantly different at (P<0.05), Values are expressed as
mean ± S.E. (n=7)
HCD: Hypercholesterolemic diet
SWE: Sage water extract
The cardiac and testicular tissues of HC-rats exhibited a
significant increase in the level of MDA and a significant
decrease in the level of GSH and activity of the enzymatic
antioxidants (CAT and SOD) compared to those from the

control group. By contrast, in the HCD and SWE group,
MDA significantly reduced and GSH and the antioxidant
enzymes significantly improved (Table 5).

Table 5. The Effect of administration of sage water extract on the cardiac and testicular antioxidant
status in diet induced hypercholesterolemic rats
Parameters
Control
HCD
SWE
HCD+SWE
Heart
230.88±5.86b
177.54 ±6.28c
364.37 ±7.84a
169.55±6.67 c
MDA (n mol/g tissue)
Testes
168.57±4.73b
134.52± 5.11c
222.30±5.66a
127.92± 4.85c
GSH (mg/g tissue)
SOD (U/mg protein)
CAT (U/g protein)

Heart
Testes
Heart
Testes
Heart

27.32 ±2.55a
22.46± 1.53a
46.58 ±3.47a
21.14± 1.37a

17.12 ±1.84c
12.18±1.48c
34.25 ±3.18c
13.15±0.76c

27.78 ±2.70a
22.94± 1.48a
47.06 ±3.35a
21.50± 1.65a

23.92±2.46 b
18.59±1.62b
43.42 ±3.42b
19.17±1.12b

3.72±0.18a

1.64±0.09c

3.84±0.16a

3.02±0.15 b

Testes

3.52± 0.33a

1.58±0.14c

3.58± 0.36a

2.85±0.12b

Means in the same row with different superscripts are significantly different at (P<0.05), Values are expressed as mean
± S.E. (n=7).
HCD: Hypercholesterolemic diet.
SWE: Sage water extract
the oil composition of S. officinalis was found to be rich in
oxygenated monoterpenes including α-thujone, β-thujone,
DISCUSSION
1,8-cineole, camphor and borneol.
Consumption of HCD could be linked to the metabolic In this work, hypercholesterolemia in rats was induced by
disorders and chronic diseases and can lead to weight gain feeding rats HCD for 10 weeks. The levels of serum TC,
and elevated blood lipid levels [25]. In this research, the TG, LDL-C and vLDL-C significantly increased above the
protective role of the SWE on the heart and testes tissues normal upper limits and the level of HDL-C reduced
significantly under the effect of HCD relative to the normal
of hypercholesterolemic rats has been emphasized.
The results of GC/MS analysis of the essential oil of sage group. HCD was concerned with the increasing
in this study were in agreement with the results presented concentrations of serum and hepatic total TC, especially
in the study of [26] and [27] but with variable the level of vLDL-C and LDL-C in serum, which is
concentrations depending on location and stages of considered to be a primary risk factor of cardiovascular
development,
environmental,
physiological
and disease [30]. Also, [30] demonstrated that the cholesterol
morphological factors [28]. The oil composition was found administration reduced the fatty acid catabolism, which
to meet the standards given by ISO 9909 for use of S. may account for the enhancement of hepatic TG level. A
officinalis for medicinal purposes [29]. [27] obtained that significant rise in the activity of cardiac enzymes LDH,
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CPK, AST and ALT was observed in the group HCD when
compared to the controlled rats. The elevation in the
activity of these enzymes could be attributed to the tissue
damage induced by HC and the leakage of these markers
in the plasma [31]. Furthermore, HCD could induce
suppression in hepatic and cardiac functions evidenced by
augmentation of serum levels of AST, ALT, LDH and CKMB activities [32]. The data in this work revealed that
HCD causes reproduction problems by decreasing the level
of testosterone, LH and FSH compared to the controlled
rats. [33] indicated that the high fat diet induced an increase
in total cholesterol and triglycerides levels and the poor
development
of
testicles
in
pubertal
rats.
Hypercholesterolemia
causes
a
disturbance
in
hypothalamus pituitary axis activity. [34] reported that the
increase of oxidative stress and decrease of endogenous
antioxidant activity lead to the spermatogenesis
disturbance. The induction of HC in this study resulted in
a significant increase in oxidative stress in heart and testes
tissues, evidenced by high level of MDA and a significant
decrease in the level of GSH and activity of the enzymatic
antioxidants (CAT and SOD) compared to those from the
control group. [35] suggested that hypercholesterolemia
leads to the increased lipid peroxidation which is in
consistent with several clinical and experimental studies.
Oxidative stress has emerged as an important pathogenic
factor in the development of hypertension and also most of
the complications related to the hypertension are
associated with oxidative stress, induced by the generation
of free radicals [36]. [37] indicated that free radical and
suppression of antioxidant enzymes are the principal
factors
involved
in
the
pathogenesis
of
hypercholesterolemia. [38] concluded that hyperlipidemia
induced by diet reduces the SOD, CAT, GPx and GST
activities, and parallely elevate the lipid peroxide levels,
thereby leading to inhibition of antioxidant defense system.
On the other side, feeding rats HCD with SWE resulted in
an obvious protection of SWE against the disturbance
induced by HCD evidenced by remarkable reduction in the
lipid profile contents, activity of serum LDH, CPK, AST
and ALT and lipid peroxidation accompanied by a
significant elevation in the HDL-C, testosterone, LH and
FSH and activation of antioxidant defense system. The
study of [39] revealed that Salvia officinalis tea
consumption is accountable for the improvement of the
lipid profile inducing a decrease on the highly atherogenic
LDL-C particles and an increase in the HDL-C which may
be due to the ability of SWE to reduce cholesterol
biosynthesis. The hypocholesterolemic effect of SWE may
be attributed to several sage natural components that have
been shown to act on cholesterol metabolism by reducing
its absorption or its synthesis, such as catechins [40]. Also,
thujone, one of monoterpenes that was found as a mixture
of alpha and β diastereoisomers in Salvia officinalis L.,
lowers cholesterol and triglyceride levels [41]. The effect
of SWE on cardiac enzymes in this study is in agreement
with the results of [42] who indicated that the treatment of
methomyl-administered rats with Salvia officinalis and
Ruta graveolens ethanolic extracts produced a potential
ISSN (Online) 2249-6084 (Print) 2250-1029

amelioration of the impaired CK-MB, AST and LDH
activities. The authors revealed that the antioxidant activity
of S. officinalis can protect against cellular damage
induced by degenerative diseases and thereby prevent
leakage of cardiac enzymes in the plasma [42]. [43]
concluded that the aqueous extract of Salvia officinalis
caused a positive effect on some fertility parameters and
pituitary-testicular hormone axis by increasing the level of
Testosterone, LH and FSH. The improving effects of SWE
on male reproductive system may be related to the effects
of Sage components including vitamins C and E,
flavonoids and antioxidant [43]. [44] reported that Salvia
officinalis extract has the ability to stimulate the growth of
testes and enhance the proliferation, maturation and
differentiation of spermatozoa due to the presence of
saponine, alkaloids in the salvia extract. It was found that
the antioxidant properties of SWE could be attributed to
the presence of a lot of active components that have high
antioxidant activity such as carnosol, carnosic and
rosmarinic acids, rosmadial, rosmanol, epirosmanol,
methyl carnosate, and luteolin-7-O-β-glucopyranoside.
These antioxidant compounds have the ability to stimulate
endogenous antioxidant defense systems and scavenge
reactive species [45]. [46] suggested that the presence of
vitamins C and E, flavonoids and phenolic compounds in
SWE might lead to the regulation of signal transduction
pathway of cell growth and proliferation, modulation of
enzyme activity related to the detoxification, stimulation of
the immune system and DNA repair and regulation of
hormone metabolism.
CONCLUSIONS
From the results of this study, it could be postulated that
SWE plays a vital role against HC and induces the repair
of the damaged heart and testes. SWE reduces the level of
lipid contents, increases cellular anti-oxidant activities and
protects cardiac and testicular tissues by scavenging free
radicals. This research concluded that the biological
activity of SWE could be attributed to the presence of the
essential oil, phenolic contents and other antioxidant
components. Therefore, SWE could form promising
resources to the supplement for natural anti-oxidants.
REFERENCES
[1] Chang C-J, Lu C-C, Lin C-S, Martel J, Ko Y-F, Ojcius
DM, Wu T-R, Tsai Y-H, Yeh T-S, Lu J-J, Lai H-C and
Young JD (2018): Antrodia cinnamomea reduces
obesity and modulates the gut microbiota in high-fat
diet-fed mice. International Journal of Obesity 42:
231–243.
[2] Akinyemi, A. J., Oboh, G., Ademiluyi, A.O., Boligon,
A. A. and Athayde M.L. (2016). Effect of two ginger
varieties on arginase activity in hypercholesterolemic
rats. J Acupunct Meridian Stud, 9(2):80-87.
[3] Campos-Silva P., Furriel A., Costa W. S., Sampaio
F.J. B., Gregório B. M. (2015). Metabolic and
testicular effects of the long-term administration of

www.eijppr.com

66

International Journal of Pharmaceutical and Phytopharmacological Research (eIJPPR) | February 2018 | Volume 8 | Issue 1 | Page 62-68
Fawzia A. Alshubaily, The Possible Protective Effect of Sage (Salvia Officinalis L.) Water Extract Against Testes and Heart Tissue Damages of
Hypercholesterolemic Rats

different high-fat diets in adult rats. ibju 41 (3): 569575.
[4] Khan T. J., Ahmed Y. M., Zamzami M. A., Mohamed
S. A., Khan I., Baothman O. A. S., Mehanna M. G.
and Yasir M. (2018). Effect of atorvastatin on the gut
microbiota
of
high
fat
diet-induced
hypercholesterolemic rats SCIentIFIC Reports. 8:662.
[5] Gobalakrishnan S., Asirvatham S. S. and Janarthanam
V. (2016). Effect of Silybin on Lipid Profile in
Hypercholesterolaemic Rats. Journal of Clinical and
Diagnostic Research. 10(4): FF01-FF05
[6] Ben Khedher M.R., Hammami M., Arch J. R.S.,
Hislop D. C., Eze D., Wargent E.T., Kępczyńska M.
A. and Zaib M. S. (2018). Preventive effects of Salvia
officinalis leaf extract on insulin resistance and
inflammation in a model of high fat diet-induced
obesity in mice that responds to rosiglitazone. PeerJ 6:
e4166; DOI 10.7717/peerj.4166
[7] Gunther G. (1961). The Essential Oils. Nastrand Press,
New York, USA.
[8] Osman N. N. and Abd El –Azime A. Sh (2013). Salvia
officinalis l. (sage) Ameliorates Radiation-Induced
Oxidative Brain Damage in Rats Arab Journal of
Nuclear Science and Applications. 46(1): 297-304.
[9] Philip, G.R., Forrest, H.N. and George, C.F. (1993).
AIN – 76A rodent diet. J of Nut. 123:1935-1951.
[10] Harnafi H., Aziz M. and Amrani S. (2009). Sweet basil
(Ocimum basilicum L.) improves lipid metabolism in
hypercholesterolemic rats. Span the European J. of
Clin. Nut. and Metabolism. 4: e181-e186.
[11] Abd El Fattah S. M., El-Fatih N. M. and Fahim Th. M.
(2013). Effect of Using Aqueous Extract of Salvia
officinalis L. Leaves on Some Antioxidants Status in
Irradiated Rats Egypt. J. Rad. Sci. Applic. 26: 27-39.
[12] Allain C. C., Poon L. S., Chan C. S., Richmond W.
and Fu, P. C. (1974). Enzymatic determination of total
serum cholesterol. Clin. Chem. 20: 470.
[13] Fossati, P. and Prencipe, L. (1982). Serum
triglycerides determined calorimetrically with an
enzyme that produce hydrogen peroxide. Clin. Chem.,
28:2077.
[14] Demacker, P. N., Vos-Janssen, H. E., Hifmans, A. G.
M., Van't Laar, A. and Jansen, A. P. (1980).
Measurement of high- density lipoprotein cholesterol
in serum: Comparison of six isolation methods
combined with enzymatic cholesterol analysis. Clin.
Chem., 26:1780.
[15] Friedwald, W.T., Levy, R. I. and Fredrickson, D.
(1972). Estimation of concentration of low-density
lipoprotein cholesterol in plasma without use of the
preparative ultracentrifuge. Clin Chem. 18(6):499.
[16] King J (1965) (ed). The dehydrogenases or
oxidoreductases - lactate dehydrogenase. In: Practical
Clinical Enzymology. Van Nostrand Company Ltd,
London, 83 93.
[17] Reitman S. and Frankel, S. (1957). A calorimetric
method for the determination of serum glutamic
oxalacetic and glutamic pyruvic transaminases. Am.
J. Clin. Pathol. 28: 56.

ISSN (Online) 2249-6084 (Print) 2250-1029

[18] Wilson J.D. and Foster D.W. (1992). Williams
Textbook of Endocrinology. Philadelphia: Saunders,
923-926.
[19] Garrett, P.E. (1989). The enigma of standardization
for LH and FSH assays. J Clin Immunoassay 12:18–
20.
[20] Yoshioka, T., Kawada, K., Shimada, T. and Mori, M.
(1979). Lipid peroxidation in maternal and cord blood
and protective mechanism against activated-oxygen
toxicity in the blood. Am J Obstet Gynecol. 135: 372376.
[21] Beutler, E., Duron, O. and Kelly, B.M. (1963).
Improved method for the determination of blood
glutathione. J Lab Clin Med. 61: 882-888.
[22] Minami, M. and Yoshikawa, H. (1979). A simplified
assay method of superoxide dismutase activity for
clinical use. Clin. Chim. Acta., 92: 337-342.
[23] Johansson L. H. and Borg L.A.H. (1988). A
spectrophotometric method for determination of
catalase activity in small tissue samples. Anal.
Biochem. 74: 331.
[24] SPSS. (1998). Statistical Package for Social Science.
Computer Software, Ver. 10. SPSS Company,
London, UK.
[25] Singh A., Gowtham S., Chakrapani L.N., Ashokkumar
S., Kishore Kumar S.N., Prema V., Divya Bhavani R.,
Mohan T. and Sathyamoorthy Y. K. (2018). Aegeline
vs Statin in the treatment of Hypercholesterolemia: A
comprehensive study in rat model of liver steatosis.
Functional Foods in Health and Disease 8(1): 1-16.
[26] Mockute, D., Nivinskiene, O., Bernotiene, G. and R.
Butkiene (2003). The cis-thujone chemotype of Salvia
officinalis L. essential oils. Chemija (Vilnius). 14 (4):
216-220.
[27] Said-Al Ahl H., Hussein M. S., Gendy A.S. H. and
Tkachenko K. G. (2015): Quality of Sage (Salvia
officinalis L.) Essential Oil Grown in Egypt.
International Journal of Plant Science and Ecology.
1(4): 119-123.
[28] Couladis M., Tzakou O., Mimica-Dukić N., Jančić R.
and Stojanović D. (2002). Essential oil of Salvia
officinalis L. from Serbia and Montenegro. Flavour
Fragr. J. 17: 119–126
[29] Berotiene, G., Nivinskiene, O., Butkiene, R. and D.
Mockute (2007). Essential oilcomposition variability
in sage (Salvia officinalis L.). Chemija, 18:38-43.
[30] Wang Y-M, Zhang B., Xue Y., Li Z-J, J-F Wang, Xue
C-H and Yanagita T. (2010). The mechanism of
dietary cholesterol effects on lipids metabolism in rats.
Lipids in Health and Disease 9:4.
[31] Mitani, H., Egashira, K. and Kimura, M. (2003).
HMG-CoA reductase inhibitor, fluvastatin, has
cholesterol lowering independent ‘direct’ effects on
atherosclerotic vessels in high cholesterol diet-fed
rabbits. Pharmacol Res, 48: 417-427.
[32] Suanarunsawat, T., Ayutthaya, W. D. N., Songsak, T.,
Thirawarapan S., and Poungshompoo S. (2011).
Lipid-Lowering and Antioxidative Activities of
Aqueous Extracts of Ocimum sanctum L. Leaves in
Rats Fed with a High-Cholesterol Diet. Oxidative
www.eijppr.com

67

International Journal of Pharmaceutical and Phytopharmacological Research (eIJPPR) | February 2018 | Volume 8 | Issue 1 | Page 62-68
Fawzia A. Alshubaily, The Possible Protective Effect of Sage (Salvia Officinalis L.) Water Extract Against Testes and Heart Tissue Damages of
Hypercholesterolemic Rats

Medicine and Cellular Longevity Volume 2011,
Article ID 962025, 9 pages.
[33] Wang Y, Liu XP, Qin DN, Chen S and Li YS (2007).
Diet-induced obesity affects testis development in
pubertal rats. Zhonghua Nan Ke Xue 13: 514-519.
[34] Bashandy A.E.S. (2007). Effect of fixed oil of Nigella
sativa on male fertility in normal and hyperipidemic
rats. Int J Pharm, 3 (1): 27-33.
[35] Dutta, K. and Bishayi, B. (2009). Escherichia coli
lipopolysaccharide administration alters antioxidant
profile during hypercholesterolemia. Indian J. Clin.
Biochem. 24: 179–183.
[36] Soanker, R., Naidu, M., Raju, S.B., Prasad, A.K. and
Rao, T.R.K. (2012). Effect of beta-1-blocker,
nebivolol, on central aortic pressure and arterial
stiffness in patients with essential hypertension. Indian
J. of Pharmaco., 44: 407-411.
[37] Yilmaz MI, Baykal Y, Kilic M, Sonmez A, Bulucu F,
Aydin A, et al (2004). Effects of statins on oxidative
stress. Biol Trace Elem Res. 98:119–27.
[38] Fki I., Bouaziz M., Sahnoun Z. and Sayadi S. (1997).
Hypercholesterolemic effects of phenolic rich extracts
of Chemlali olive cultivar in rats fed a cholesterol-rich
diet. Bioorg Med Chem. 378:793–802.
[39] Elida, B., Daniel, Z., Payal, P., Vishal, J., Tejas, L.,
Inna, K., Sidney, J. and Sidhartha, D. (2010). A novel
dietary
supplement
containing
multiple
phytochemicals and vitamins elevates hepatorenal and
cardiac antioxidant enzymes in the absence of
significant serum chemistry and genomic changes.
Oxid. Med. Cell Longev. 3 (2): 129-144.
[40] Plana, N., Nicolle, C., Ferre, R., Camps, J., Cós, R.,
Villoria, J. and Masana, L. (2008). DANACOL group.

ISSN (Online) 2249-6084 (Print) 2250-1029

Plant sterol-enriched fermented milk enhances the
attainment
of
LDLcholesterol
goal
in
hypercholesterolemic subjects. Eur. J. Nutr., 47: 3239.
[41] Kee, E., Livengood, M., Carter, E., Mckenna, M. and
Cafiero, M. (2009). Aromatic interactions in the
binding of ligands to HMGCoA reductase. J. of
Physics. and Chem.,113 (44): 14810- 14815.
[42] Ahmed O. M., Ashour M. B., Asran A. E-M. A. and
Ali M. A. (2017). Assessment of the Preventive
Effects of Salvia officinalis and Ruta graveolens
Ethanolic Extracts on Chlorpyrifosand Methomylinduced Testicular and Cardiac Toxicities in Albino
Rats American Journal of Medicine and Medical
Sciences 7(7): 287-301.
[43] AL-Chalabi S., M.M, Shukri H. M., Mahmood R.I.and
Khalid L. B. (2016). Effect of Salvia officinalis L.
(Sage) Aqueous extract on Liver and Testicular
Function of Diabetic Albino Male Rats. Journal of
Babylon University/Pure and Applied Sciences. 24
(2): 390-399.
[44] Lima, C. F and Femandes-Ferreira M. (2007).
Drinking of Salvia officinalis tea increases CCl4
iduced hepatotoxicity in mice. food and chemical
Toxicology., 45(3):456-464.
[45] Sa C, Ramos A, Azevedo M, Lima C, FernandesFerreira M and Pereira-Wilson C. (2009). Sage tea
drinking improves lipid profile and antioxidant
defences in humans. Int J Mol Sci. 10:3937–50.
[46] Oakenfull, D. (1996). Saponins in the treatment of
hypercholesterolemia. In: Spiller GA. (ed.) Handbook
of Lipids in Human Nutrition. CRC Press, Boca
Raton. 107-112.

www.eijppr.com

68

