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INTRODUCTION 

The overall prevalence of congestive heart failure (CHF) 
is still increasing with a high mortality, because of the 

ageing of the population and the success in prolonging 
survival in patients suffering cardiac disease (McMurray 
et al., 2012). Isoprenaline (ISO) is a nonselective β1- and 
β2- adrenergic receptor agonist and large doses can induce 
heart failure by several mechanisms, including an increase 
in intracellular cyclic adenosine monophosphate (cAMP), 
calcium overload, ischemia, and oxidative stress (Remião 
et al., 2001; Ellison et al., 2007). ISO-induced CHF 
model is well established noninvasive model characterized 
by an extraordinary technical simplicity and excellent 
reproducibility (Grimm et al., 1998), witha very similar 
homodynamic and pathological changes to human chronic 

heart failure (Garjani et al., 2011). Moreover, isoproterenol 
(5 mg/kg/d, 7 days) is a well-known cardiotoxic agent 
according to numerous published researches (Anderson et 
al., 2008; Drews et al., 2010; Zhou et al., 2017). In addition, 
isoproterenol also, cause severe myofibrillar degeneration 
of the myocardial tissue (Patel et al., 2010). 

Salvia officinalis L. have been used as traditional herbal 
medicine and its essential oils have been used in the 
treatment of large range of diseases like, nervous system, 
heart and blood circulation, respiratory, digestive, metabolic 
and endocrine diseases (Bouajaj et al., 2013; Hamidpour 
et al., 2014). As essential oils are very important sources 
for the screening of anticancer, antimicrobial, antioxidant, 
and free radical scavenging agents (Hussain et al., 2011). 
Salvia officinalis (Common sage) is considered to have 
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the highest amount of essential oil compared to the other 
species of Salvia (Rami and Li, 2011). The co-treatment 
of ethanolic extracts of Salvia officinalis for 4 weeks 
markedly prevented chlorpyrifos and methomyl-induced 
biochemical and histopathological alterations in heart 
and testes of rats through potentiation of the antioxidant 
defense system. This was proved at the cardiac level through 
biochemical analysis of CK-MB, Glutathione content, 
lipid peroxidation (MDA), glutathione peroxidase (GPx), 
glutathione-S-transferase (GST) and SOD (superoxide 
dismutase) activities (Ahmed et al., 2017). Salvia officinalis 
oil pre-co-post-treatment ameliorated altered biochemical 
cardiac, oxidative stress, antioxidant, pro-inflammatory 
parameters and altered serum lipid profile caused by 5- 
Fluorouracil induced cardiotoxicity in rats (Safwat and 
Mohammed, 2015).

Therefore, the present study aimed to evaluate the 
prophylactic and the curative role of sage oil on ISO-
induced CHF in rats and compare its effect with the 
reference digoxin, which is used for treatment of HF. 
Furthermore, the effect of sage oil and digoxin combination 
for treatment of CHF was evaluated with investigation for 
the possible underlying mechanisms.

MATERIALS AND METHODS

drugS and cheMicalS
Sage oil was obtained by cold extraction from AOS 
Products Private Limited Co., as pure oil (South Side GT 
Road, Ghaziabad, India); it was suspended in water using 
0.1ml tween 80. Digoxin was commercially available as 
Lanoxine 0.25mg tablets, Glaxo Smith Kline, Cairo, Egypt 
it was finely grinded and suspended in distilled water for 
oral administration. Isoprenaline used in this experiment 
was imported from Nanjing Bolka International Co. Ltd. 
China. It was white to off-white powder with a potency 
of (99.8%), prepared by dissolving in normal saline for 
subcutaneous injection chemicals used in the present study 
was of analytical grade; Tween 80 (Merck, Germany), Di-
ethyl ether (Merck, Germany).

KiTS
Creatine Kinase-MB: (Bio-Med diagnostic, Egypt), 
Troponin I (cTnI) Elisa kit (Competitive ELISA): (My 
BioSource, USA), Malondialdehyde (MDA): (Life Span 
BioScience, Inc. United states), Nitric oxide (NO) assay: 
(Stressgen, United states), Total antioxidant capacity 
(TAC) (My BioSource, USA), Tumor necrotic factor alpha 
(TNF- α) enzyme -linked immunosorbent assay (ElISA) 
kit: (CUSABIO, China)

aniMalS
Adult male albino rats weighting (150-180g) were obtained 

from the animal house of National Research Center, Cairo, 
Egypt. They were housed under appropriate controlled 
conditions (12 h light /12 h dark), 25 ± 2°C environmental 
temperature with free access to water and standard pellet 
rat diet. Albino rats were acclimatized to adapt themselves 
with the new location at the animal house of Faculty of 
Veterinary, Cairo University, for 2 weeks in separate cages 
prior to start of the experiment. All Animal’s procedures 
were performed in accordance with the Guidelines for 
animal experiments set by the Ethical Committee of the 
Veterinary Medicine Cairo University.

experiMenTal deSign
Fifty adult male albino rats were divided equally into ten 
groups, as the follows: Group I (Control group): Rats were 
received 0.1ml tween 80 in distilled water orally by gastric 
gavage and injected subcutaneously with saline. Group 
II (sage oil 50mg): Rats were received daily sage oil by 
oral gavage 50mg/kg for 3 weeks (El-Banna et al., 2013). 
Group III (sage oil 100mg): Rats were received daily sage 
oil by oral gavage 100mg/kg for 3 weeks. Group IV (ISO 
group): Rats were received subcutaneous (s.c) injection of 
isoprenaline dissolved in normal saline (85mg/kg/day for 2 
consecutive days and kept for 15 days for induction of CHF 
following 1st ISO injection (Parveen et al., 2011). Group 
V (sage oil 50mg+ISO): Rats were received daily sage oil 
by oral gavage 50mg/kg for 7 days then ISO 85mg/kg was 
injected at day 8th and 9th and sage oil was concurrently 
administered and continued for another 15 days following 
1st isoprenaline injection (prophylactic sage oil 50). Group 
VI (sage oil 100mg+ISO): Rats were received daily sage 
oil by oral gavage 100mg/kg for 7 days then ISO 85mg/
kg was injected for 2 days and sage oil was concurrently 
administered and continued for another 15 days following 
1st isoprenaline injection (prophylactic sage oil 100). Group 
VII (digoxin 1mg+ISO): Rats were received daily digoxin 
by oral gavage 1mg/kg for 7 days (Wang et al., 2020) 
then ISO 85mg/kg was injected for 2 days and digoxin 
was concurrently administered and continued for another 
15 days following 1st isoprenaline injection (prophylactic 
digoxin 1mg).

Group VIII (ISO + sage oil 50mg): Rats were ISO for 2 
consecutive days and kept for 15 days then received daily 
sage oil dose of50mg/kg orally for 15 days (curative sage 
oil mg).Group IX (ISO + digoxin 1mg): Rats were received 
ISO (s.c) for 2 consecutive days and kept for 15 days, then 
received daily digoxin1mg/kg orally for 15 days (curative 
digoxin 1mg). Group X (ISO + (sage oil 50mg and digoxin 
0.5mg): Rats received ISO (s.c) for 2 consecutive days and 
kept for 15 days then received both (sage oil 50mg/kg and 
digoxin 0.5mg/kg) orally for 15 days (curative sage oil 
50mg/ digoxin 0.5mg).
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Twenty four hours after the last dose of each group, rats 
were weighted and blood samples were obtained from the 
retro-orbital junction and allowed to clot. Then tubes were 
centrifuged at 5000 revolutions per minute (rpm) for 10 
minutes for serum separation and the samples were stored 
at -80oC till analysis. Rats were anesthetized by diethyl 
ether for electrocardiographic recording and sacrificed. All 
heart tissues were dissected, weighted, washed with ice cold 
saline for tissue homogenate biochemical analysis or kept 
in 10% formalin for histological and immunohistochemical 
examination.

MeThodS

Electrocardiography (ECG)
Rats were anesthetized by dimethyl ether and ECG was 
recorded for 1 minute using ECG Power lab module 
which consists of Power lab/ 8spandAnimalBio- Amplifier, 
Australia, in addition to Lab Chart 7 software with ECG 
analyzer ( Jensen et al., 1984; Hajrasouliha et al., 2004).

cardioToxiciTY MarKerS
After the hemodynamic measurements, the animals were 
anesthetized and the hearts were removed and weighted. 
Then the heart tissues to body weight ratios were calculated 
according to the formula (heart weight/body weight×100). 
Determination of serum creatine kinase MB enzyme 
activity: Guided by (Gerhardt and Waldenstrom., 1979). 
Determination of serum level of cardiac troponin I (cTnI): 
using Elisa kit (Competitive ELISA). The cTnI ELISA kit 
applies the competitive enzyme immunoassay technique 
utilizing a polyclonal anti-cTnI antibody and a cTnI-HRP 
conjugate.

oxidaTive STreSS and anTioxidanT MarKerS
Determination of cardiac content of malondialdehyde 
(MDA); In contrast to typical Sandwich ELISA assays, 
in competition assay the greater the amount of antigen 
the sample, the lower the color development and optical 
density reading (Ohkawa et al., 1979). Determination 
of cardiac nitric oxide [nitrate /nitrite (NO -/NO -)] 
nitric oxide assay kit is a complete kit for the quantitative 

determination of nitrite and nitrate in biological fluids. 
(Stuehr and Marletta, 1985). Determination of cardiac 
content of total antioxidant capacity (TAC) ELISA kit 
(Koracivic et al., 2001).

inflaMMaTorY MarKer
Determination of serum tumor necrotic factor alpha (TNF 
- α) using conducted by ElISA kit (Markham et al., 1995).

hiSTological exaMinaTion
Heart tissues sections of each group mounted on slides 
and subjected to Hematoxylin and eosin (H and E) stain 
following the method described by (Kiernan, 2001). Paraffin 
tissue blocks were prepared for sectioning at 4 microns 
thickness by slide microtome. The obtained tissue sections 
were collected on glass slide and deparaffinized. After 
that, sections were stained with Hematoxylin and Eosin 
for routine histological examination. Masson’s trichrome 
stain for demonstration of collagen fibers was performed 
following (Suvarna et al., 2012). Immunohistochemical 
staining for caspase 3 was guided by (Bancroft and Gamble, 
2008) using a rabbit polyclonal antibody (Lab Vision 
Corporation Laboratories, catalogue number PA1-26426). 
Non-specific background was eliminated by adding serum 
blocking solution. Area percent of collagen fibers in 
Masson’s trichrome stained section, and Area % of caspase 
3 immunoreactive cells and area percent (percentage 
proportion) of caspase 3 immuno positive cells were 
measured under the light microscope. Data were obtained 
using Leicamicro systems LTD (DFC295) software 
image analysis computer system (Germany) in Dentistry 
Research and Equipment unit, Faculty of Dentistry, Cairo 
University. The image was analyzed by image J software 
program (http://rsbweb.nih.gov\ij\download.html). 

STaTiSTical analYSiS
The morphometric and the biochemical measurements 
were statistically analyzed using one-way analysis of 
variance (ANOVA) followed by Tukey’s test for multiple 
comparisons. Data was expressed as mean ± standard 
error of mean (SEM). The value of probability (P) <0.05 
was considered significant. Graph pad Prism computer 
program (2007) was used Armitage and Berry (1987). 

RESULTS AND DISCUSSION

effecT of iSoprenaline on ecg paraMeTerS
Administration of ISO significantly increased heart rate 
and R amplitude compared to control group. Prophylactic 
administration of sage oil or digoxin significantly increased 
R amplitude. However, neither sage oil 100mg nor digoxin 
affected QRS interval or ST depression induced by ISO. 
Additionally sage oil 50mg didn’t improve any of ISO 
induced ECG changes as illustrated in Figures 1, 2. 

http://rsbweb.nih.gov\ij\download.html
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However, treatment with digoxin 1mg/kg/day/p.o either 
alone or in combination with sage oil at dose of 0.5mg and 
50 mg/kg/day/p.o, significantly reduced heart rate, reduced 
the depression in ST height and increased R amplitude 
Sage oil administration didn’t affect heart rate, QRS or 
St depression as compared to CHF. Furthermore neither 
digoxin 1mg nor combined (sage oil 50mg and digoxin 
1mg) affected QRS interval as shown in Figures 3, 4.

Figure 1: Effect of sage oil on ECG records in isoprenaline-
induced CHF in rats (prophylactic).

Figure 2: Effect of sage oil on ECG parameters in 
isoprenaline- induced CHF in rats. Data was expressed as 
mean ± SE, n= 5, a, b, c, d or e significantly different from 
the control, sage oil 50mg, sage oil 100mg, ISO group or 
sage oil 50 + ISO at (P<0.05).

Figure 3: Effect of sage oil on ECG records in isoprenaline-
induced CHF in rats (curative)

Figure 4: Effect of sage oil on ECG parameters in 
isoprenaline-induced CHF in rats (curative). Data was 
expressed as mean ± SE, n= 5. a,b,c,d or e significantly 
different from the control, sage oil 50mg, ISO group, 
ISO+sage oil 50, ISO+Digotoxin 1 mg, ISO+ (sage oil 
50+Digotoxin 0.5) at (P<0.0).

cardioToxiciTY MarKerS hearT index and cardiac 
MarKerS
Administration of isoprenaline significantly increased heart 
index, serum activity of creatine kinase isoenzyme-MB 
(CK-MB) and cardiac troponin I level (cTnI) compared to 
the control group. Prophylactic administration of saga oil 
significantly decreased the heart index, CK-MB and serum 
level of cTnI compared to CHF group but didn’t normalize it. 
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Table 1: Effect of sage oil on heart index, serum creatinekinase-MB isoenzyme (CK- MB) activity and cardiac troponinI (cTnI) 
serum level inisoprenaline-induced CHF in rats (prophylactic).
Group/Parameters Heart index (mg/gm) CK-MB (u/ L) Troponin I (ng/ml)
Control 0.308 ± 0.007 123.1 ± 1.028 0.13 ± 0.012
Sage oil 50mg 0.32 ± 0.009 121.9 ± 3.432 0.147 ± 0.016
Sage oil 100mg 0.311 ± 0.012 119.8 ± 2.59 0.128 ± 0.017
ISO (CHF) 0.448 ± 0.007 a,b,c 362.7 ± 1.694 a,b,c 2.4 ± 0.059 a,b,c

Prophylactic sage oil 50mg+ ISO 0.409 ± 0.005 a,b,c 310.2 ± 2.456 a,b,c,d 2.047 ± 0.075 a,b,c,d

Prophylactic sage oil 100mg + ISO 0.391 ± 0.009 a,b,c,d 237.5 ± 2.66 a,b,c,d,e 1.693 ± 0.071 a,b,c,d,e

Prophylactic digoxin 1mg + ISO 0.368 ± 0.007 a,b,c,d,e 173.4 ± 6.588a,b,c,d, e, f 0 ± 0.058a,b,c,d, e, f

N.B: Mortality rate; control (0/10), sage oil 50 (0/10), sage oil 100 (0/10), ISO (3/10), prophylactic sage oil 50+ISO (2/10), 
prophylactic sage oil 100+ ISO (2/10), prophylactic digoxin 1mg+ISO (1/10). Data was expressed as mean ± SE, n= 5. a, b, c, d, e, or f: 
Significantly different from the control, sage oil 50mg, sage oil 100mg, ISO (CHF), prophylactic sage oil 50mg+ ISO or prophylactic 
sage oil 100mg+ ISO respectively at (P<0.05).

Table 2: Effect of sage oil on heart index, serum creatine kinase-MB isoenzyme (CK- MB) activity and cardiac troponin 
I (cTnI) serum level in isoprenaline-induced CHF in rats (curative).
Group/ Parameters Heart index(mg/gm) CK-MB (u/ L) Troponin I (ng/ml)
Control 0.308 ± 0.007 123.1 ± 1.028 0.13 ± 0.012
Sage oil 50mg 0.32 ± 0.009 121.9 ± 3.432 0.147 ± 0.016
ISO (CHF) 0.448 ± 0.007 a,b 362.7 ± 1.694 a,b 2.4 ± 0.059 a,b

ISO+ sage oil 50mg 0.381 ± 0.009 a,b,c 164.8 ± 2.391 a,b,c 1.08 ± 0.076 a,b,c

ISO+ digoxin 1mg 0.346 ± 0.007 c 157.6 ± 3.249 a,b,c 0.862 ± 0.037 a,b,c

ISO+ combined (sage oil
50mg+digoxin 0.5mg)

0.356 ± 0.011 a,c 132.7 ± 2.099 c,d,e 0.352 ± 0.025 c,d,e

N.B: Mortality rate; control (0/10), sage 50 (0/10), ISO (3/10), ISO+ sage 50 (2/10), ISO+ digoxin 1mg (1/10), ISO+ combined 
treatment sage oil + digoxin (1/10). Data was expressed as mean ± SE, n= 5, a, b, c, d or e significantly different from the control, sage 
oil 50mg, ISO group, ISO+sage oil 50, ISO+Digotoxin 1 mg, ISO+ (sage oil 50+Digotoxin 0.5) at (P<0.05).

Results are shown in Table 1. However, Treatment with 
sage or digoxin decreased the elevation inCK-MB and 
cTnI as compared to CHF group, but didn’t normalize it, 
unlike the combined treatment with (sage 50 and digoxin 
0.5) as shown in Table 2.

effecT of iSoprenaline on cardiac oxidaTive 
STreSS and anTioxidanT MarKerS in raTS
Administration of ISO significantly increased MDA 
and NO, while decreased the total antioxidant capacity 
(TAC) as compared to the control group. prophylactic and 
treatment effects of sage oil on cardiac oxidative stress and 
antioxidant markers in isoprenaline-induced CHF in rats 
are illustrated in Figures 5, 6, respectively.

inflaMMaTorY MarKer
Administration of ISO significantly increased serum TNF- 
α compared to control group. Prophylactic administration 
of either sage oil at both tested dosage levels or digoxin 
significantly decreased this elevation as compared to CHF 
group but didn’t normalize it (Figure 7a). However, curative 
administration of either digoxin alone or in combination 
with sage oil significantly restored as compared to CHF 
group (Figure 7b).

Figure 5: Effect of sage oil on cardiac oxidative stress and 
antioxidant markers in isoprenaline-induced CHF in rats 
(prophylactic). Data was expressed as mean ± SE, n= 5. 
a, b, c, d, e or f: Significantly different from the control, 
sage oil 50mg, sage oil 100mg, ISO (CHF), prophylactic 
sage oil 50mg+ ISO or prophylactic sage oil 100mg+ ISO 
respectively at (P<0.05).
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Figure 6: Effect of sage oil on cardiac oxidative stress and 
antioxidant markers in isoprenaline-induced CHF in rats 
(curative). Data was expressed as mean ± SE, n= 5, a, b, c, d 
or e significantly different from the control, sage oil 50mg, 
ISO group, ISO+ sage oil 50, ISO+ Digotoxin 1 mg, ISO+ 
(sage oil 50+Digotoxin 0.5) at (P<0.05).

Figure 7: Effect of sage oil on serum inflammatory marker 
(TNF-α) level in isoprenaline- induced CHF in rats. A) 
prophylactic, B) curative. 

Data was expressed as mean ± SE of five rats. a, b, c, d, e or 
f: Significantly different from the control, sage oil 50mg, 
sage oil 100mg, ISO (CHF), prophylactic sage oil 50mg+ 
ISO or prophylactic sage oil 100mg+ ISO and ISO+ sage 
oil 50, ISO+ Digotoxin 1 mg, ISO+ (sage oil 50+Digotoxin 
0.5), respectively at (P<0.05) using one-way analysis of 
variance (ANOVA) followed by Tukey’s test for multiple 
comparisons.

hiSTopaThological exaMinaTion
effecT of h and e STain
Histological examination of heart sections in control 
negative group (normal non treated) revealed normal 
histological architecture, where myocardial muscle fibers 
appeared as branched fibers with central oval nuclei as 

shown in Figure 8A. Oral administration of sage oil (50 
or 100) mg/kg/day alone (group 2, 3) didn’t show any 
structural changes in the heart tissue as shown in Figure 
8B, 8C. In addition to the appearance of inflammatory cell 
infiltration and dilated blood vessels as illustrated in Figure 
8D, E, F. Myocardial sections from groups administered 
either sage oil as a prophylactic measure still revealed 
myocardial alterations (myocardial degeneration and 
dilated blood vessels) as demonstrated in Figure 8G, H, I). 
Regarding the myocardial sections of the CHF rats treated 
with sage oil or digoxin, showed partial improvement as 
illustrated in Figure 9F, G. While treatment with sage oil 
50 and digoxin 0.5 combinations showed almost preserved 
normal myocardial architecture as shown in Figure 9H.

Figure 8: Histopathological examination of transverse 
sections of HandE stained heart in isoprenaline-induced 
CHF in rats (x400) (prophylactic).
A: Normal rats showing normal histological architecture. 
The muscle fibers appear as branched fibers with central oval 
nuclei (arrow). B and C: Myocardial section of rats received 
sage oil (50mg and 100 mg/kg/day/p.o alone) illustrating 
normal histological structure. D, E, F: Myocardial section 
of CHF rats received isoprenaline (85mg/kg/day sc for 
2 consecutive days and kept for 2 weeks for induction 
of heart failure) showing myocardial degeneration and 
necrosis (D) with interstitial edema (E). Inflammatory 
cell infiltration (star) and dilated blood vessel (BV) can be 
seen. G,H,I: Myocardial section of rats received sage oil 
(50mg, 100mg/kg/day/p.o) or digoxin (1mg/kg/day/p.o) 1 
week before isoprenaline and continued for 2 weeks still 
revealed myocardial alterations [myocardial degeneration 
(D) and dilated blood vessels (BV)].

iMMunohiSTocheMical STain for caSpaSe 3 (a 
MarKer of apopToSiS)
Examination of myocardial sections of the control 
group revealed minimal positive brown cytoplasmic 
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immunoreaction in muscle fibers as illustrated in Figure 
10A. As regards sage oil 50mg or 100mg groups, the 
immunoreaction was almost comparable to control 
as demonstrated in Figure 10B,  C.  Prophyl active 
administration of either sage or digoxin demonstrated 
moderate positive immunoreaction for caspase 3 in 
myocardial sections as illustrated in Figure 10E, F, 
G. Treatment with sage oil 50mg or digoxin 1mg or 
their combination showed decreasing in the intensity 
of immunoreaction as shown in Figure 11D, E, F 
compared to control positive (isoprenaline) group. 
The immunohistochemical staining for caspase 3 was 
morphometrically analyzed for area % of positive 
immunoreaction and the results were illustrated in Figure 
12.

Figure 9: Histopathological examination of transverse 
sections of H and E stained heart in isoprenaline-induced 
CHF in rats (x400) (curative).
A: Normal rats showing normal histological architecture. 
The muscle fibers appear as branched fibers with central 
oval nuclei (arrow). B: Myocardial section of rats received 
sage oil (50mg/kg/day/p.o alone) illustrating normal 
histological structure. C, D, E: Myocardial section of 
CHF rats received Isoprenaline (85mg/kg/day sc for 
2 consecutive days and kept for 2 weeks for induction 
of heart failure) showing myocardial degeneration and 
necrosis (D) with interstitial edema (E). Inflammatory 
cell infiltration (star) and dilated blood vessel (BV) can be 
seen in F,G: Myocardial section of CHF rats treated with 
sage oil (50mg/kg/day/p.o) and digoxin (1mg/kg/day/p.o) 
separately for 2 weeks after induction of heart failure 
respectively showing partial improvement. H: Myocardial 
section of CHF rats treated with combination of sage 
oil and digoxin at a dose of (50 and 0.5) mg/kg /day/p.o 
respectively for 2 weeks respectively after induction of 
heart failure demonstrating almost preserved the normal 
myocardial architecture.

Figure 10: Histopathological examination of transverse 
sections of caspase 3 immuno- stained heart in isoprenaline-
induced CHF in rats (x400) (prophylactic).
A: Control group illustrating minimal positive brown 
cytoplasmic immunoreaction in muscle fibers. B, C: 
Myocardial section of rats received sage oil (50mg or 
100 mg/kg/day/p.o alone) showing positive caspase 3 
immunoreaction which is almost comparable to control. 
D: Myocardial section of CHF rats received isoprenaline 
(85mg/kg/day sc for 2 consecutive days and kept for 2 weeks 
for induction of heart failure) showing strong extensive 
positive immunoreaction. E, F, and G: Myocardial section 
of rats received sage oil (50mg, 100mg/kg/day/p.o) or 
digoxin (1mg/kg/day/p.o) 1 week before isoprenaline and 
continued for 2 weeks respectively illustrating moderate 
positive cytoplasmic immunoreaction for caspase 3.

MaSSon TrichroMe STain for collagen fiBerS
ISO administration demonstrated widespread of 
collagen fibers compared to control, indicating fibrosis 
as demonstrated in Figure 13D. Examination of heart 
sections of sage oil prophylactic groups was shown in 
Figure 13E, F, G. Sage oil and digoxin treated group 
partially attenuated myocardial fibrosis as illustrated in 
Figure 14D and E. Whereas, combination of (sage oil 50 
and digoxin 0.5) mg/kg/day/p.o for the same duration 
greatly alleviated myocardial fibrosis as demonstrated in 
Figure 14F. The Masson trichrome staining was quantified 
as area (%) of the stained sections using the image analysis 
software, and the results were represented in Figure 15.

Heart failure (HF) is a progressed end stage of various 
cardiac disorders, and the common final outcome is cardiac 
overload or myocardial injury leading to insufficiency in 
supplying blood to meet the metabolic needs of the body 
(Karagöz et al., 2016). Several studies confirmed the role 
of inflammation and oxidative stress in progression of 
HF (Ide et al., 2000). Isoprenaline, b-adrenergic receptor 
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agonist, are liable model of cardiac hypertrophy (Parveen 
et al., 2011). Administration of high concentration of 
isoproterenol had been reported to induce severe oxidative 
stress and result in necrotic lesions in the myocardium of 
rats (Zhou et al., 2008).

Figure 11: Histopathological examination of transverse 
sections of caspase 3 immuno- stained heart in isoprenaline-
induced CHF in rats (x400) (curative).
A: Control group illustrating minimal positive cytoplasmic 
immunoreaction in muscle fibers. B: Myocardial section 
of rats received (sage oil 50mg/kg/day/p.o alone) showing 
positive caspase 3 immunoreaction which is almost 
comparable to control. C: Myocardial section of CHF rats 
received isoprenaline (85mg/kg/day sc for 2 consecutive 
days and kept for 2 weeks for induction of heart failure) 
showing strong extensive positive immunoreaction. D, E: 
Myocardial section of CHF rats treated with sage oil (50mg/
kg/day/p.o) and digoxin (1mg/kg/day/p.o) separately 
showing decreased intensity of immunoreaction. F: 
Myocardial section of CHF rats treated with combination 
of sage oil and digoxin at dose of (50 and 0.5) mg/kg /day/
p.o respectively for 2 weeks after induction of heart failure 
respectively demonstrating positive immunoreaction that 
is nearly similar to that of control group.

In the current study, ISO induced heart failure 
manifested by an increase in the MDA, NO together 
with decrease in TAC. These results are in agreement 
with prior investigations which suggested that ISO 
induced myocardial injury is mainly attributed to the 
production of free radicals (Ojha et al., 2013; Andalib et 
al., 2014). Lipid peroxidation is one of the common basic 
deteriorative reactions following myocardial injury (Panda 
and Naik, 2008). Moreover, previous investigators provide 
observations showing that the capacity for nitric oxide 
synthesis was increased in isoproterenol induced heart 
failure and was associated with an altered nitric oxide-
related cardiac function, namely regulation of heart rate 

and a loss of positive inotropic action of nitric oxide in the 
left ventricular myocytes (Krenek et al., 2009). 

Figure 12: Quantification of the effect of sage oil on 
cardiac caspase 3 immunoreaction in isoprenaline-induced 
CHF in rats; A) prophylactic; B) curative.
Quantification of caspase 3 staining represent the number 
of stained cells per 10x field was averaged across 10 fields 
for each rat section. Data was expressed as mean ± SE, n= 
5, a, b, c, d, e or f: Significantly different from the control, 
sage oil 50mg, sage oil 100mg, ISO (CHF), prophylactic 
sage oil 50mg+ ISO or prophylactic sage oil 100mg+ ISO 
respectively at (P<0.05).

Figure 13: Histopathological examination of transverse 
sections of Masson trichrome stained heart in isoprenaline-
induced CHF in rats (x400) (prophylactic).A: Control 
group illustrating few collagen fibers in-between the 
muscle fibers. B,C: Treatment with sage oil (50 or 100) 
mg/kg/day/p.o) alone showing minimal collagen fibers.D: 
CHF group received isoprenaline (85mg/kg/day/sc for 
2 consecutive days and kept for 2 weeks for induction 
of heart failure demonstrating widespread of collagen 
fibers.E,F,G: Myocardial sections of rats received sage oil 
(50mg, 100mg/kg/day/p.o) or digoxin (1mg/kg/day/p.o) 
1 week before isoprenaline and continued for 2 weeks 
respectively illustrating moderate amount of collagen 
fibers.



NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

November 2021 | Volume 9 | Issue 11 | Page 1903

Figure 14: Histopathological examination of transverse 
sections of Masson trichrome stained heart in isoprenaline-
induced CHF in rats (x400) (curative). A: Control group 
illustrating few collagen fibers in-between the muscle 
fibers. B: Treatment with (sage oil 50 mg/kg /day/p.o) 
alone showing minimal collagen fibers. C: CHF group 
received isoprenaline (85mg/kg/day/sc for 2 consecutive 
days and kept for 2 weeks for induction of heart failure 
demonstrating widespread of collagen fibers. D, E: CHF 
rats treated with sage oil (50mg/kg/day/p.o) and digoxin 
(1mg/kg/day/p.o) for 2 weeks after induction of heart 
failure to CHF rats separately showing partially attenuated 
myocardial fibrosis. F: Myocardial section of CHF rats 
treated with combination of sage oil and digoxin at dose 
of (50 and 0.5) mg/kg /day/p.o respectively for 2 weeks 
after induction of heart failure respectively demonstrating 
greatly alleviated myocardial fibrosis.

Figure 15: Quantification of the effect of sage oil on 
cardiac collagen fibers stained with Masson trichrome 
in isoprenaline-induced CHF in rats. A) prophylactic 
B) curative, 10 x fields were averaged across 10 fields for 
each rat section. Data was expressed as mean ± SE, n= 5, 
a, b, c, d, e or f: Significantly different from the control, 
sage oil 50mg, sage oil 100mg, ISO (CHF), prophylactic 
sage oil 50mg+ ISO or prophylactic sage oil 100mg+ ISO 
respectively at (P<0.05).

The non significant change in oxidative, inflammatory, 
cardiac, apoptotic and fibrotic markers with sage essential 
oil prophylactic admiration versus control group is along 
with (Alshubaily and Jambi, 2018). However, sage oil 
100 mg treated group showed significant increase in 
antioxidant marker as compared to control group. This 
is in accordance with (Alkan et al., 2012) who reported 
significant increase in antioxidant enzymes in heart tissue 
upon oral supplementation of rats with sage methanolic 
extract at 150mg/kg for 7 days and in rats liver tissues with 
0.052 ml/kg sage essential oil El-Hosseiny et al. (2016). 
On the other hand, non significance change in CAT, GSH, 
and SOD in heart tissue upon administration of sage water 
extract 1ml/kg for 8 weeks also was reported (Alshubaily 
and Jambi, 2018). Furthermore, sage essential oil enhances 
the in-vivo antioxidant defense in Co-amoxiclav induced 
hepatotoxicity in rats (El-Hosseiny et al., 2016).

However, treatment administration significantly improved 
the increased level of NO and decreased level of TAC as 
compared to ISO group, but it didn’t normalize them. 
These findings are in agreement with the previous studies 
which showed the ability of Salvia officinalis extracts to 
ameliorate the impaired CK-MB, MDA, CAT, GSH and 
SOD in heart and testicular tissues of rats (Ahmed et al., 
2017; Alshubaily and Jambi, 2018). 

The former activity could be attributed to its constituents 
as, Rosmarinic acid, the predominant phenolic compound 
in sage, which is a strong antioxidant (Lima et al., 2005). 
There was an increasing evidence attributing its antioxidant 
activity to the presence of two ortho-dihydroxy groups 
(catechol structure) (Shan et al., 2005; Büyükbalci and 
Nehir, 2008). Also, the phenolic diterpenes as carnosic 
acid, carnosol, caffeic acid and luteolin- 7-glucoside that 
found in sage were contributed to its antioxidant properties 
(Stephan et al., 2011). Furthermore 1,8-cineole, major 
monoterpene component of sage essential oil was reported 
to have anti-inflammatory, antioxidant and antinociceptive 
activities (El-Hosseiny et al., 2016; Amensour et al., 2009) 
reported that antioxidant effect of Salvia officinalis essential 
oil. is mainly due to their redox properties, which play an 
important role in adsorbing and neutralizing free radicals, 
quenching singlet and triplet oxygen, or decomposing 
peroxides. 

In the current work, ISO induced HF was manifested 
by significant increase of serum CK-MB, troponin I and 
heart index. This is in accordance with previous studies, 
which recorded the significant rise in the activity of 
serum myocardial injury marker enzyme CK-MB, was 
an indicator of ISO induced necrotic damage of the 
myocardial membrane (Parveen et al., 2011). Additionally, 
it was reported that cTnI is considered the most specific 
and sensitive indicator of myocardial cell damage, loss of 
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functional integrity and/or permeability of cell membrane 
(Sabeena et al., 2004). Also, studies stated that cTnI is 
an accurate indicator for the diagnosis of heart failure 
( Jarolim et al., 2015).

Also, ISO induced heart failure associated with increased 
TNF-α, that could be explained by previous reports of 
TNF-α as involved marker in cardiac remodeling and 
the progression of CHF (Mann, 2002). Moreover, it has 
been shown that TNF-α induces ROS generation in 
cardiac myocytes and peripheral muscles (Nakamura et 
al., 1998). In the current study, administration of sage 
oil at both dosage levels showed significant improvement 
in all parameters measured as compared to ISO treated 
group but their effects were significantly less than the 
reference treatment digoxin. In addition, the 100mg dose 
showed significant improvement over the 50mg in MDA, 
antioxidant marker, cardiac, apoptotic and fibrotic markers, on 
the other hand non-significant difference regarding NO 
level and TNF-α were recorded between sage oil 50mg 
and 100mg. However, both sage oil doses not restore the 
parameters to normal. These findings are in accordance with 
previous studies, which showed the ability of Salvia officinalis 
oil to ameliorate the increased cTnI, CK- MB, NO and MDA 
and decreased GSH concentration caused by 5-Fluorouracil 
induced cardiotoxicity in rats (Safwat and Mohammed, 2015) 
and also was supported by histopathological examination, 
which still revealed myocardial degeneration.

The significant effect of digoxin on increasing R amplitude 
is might be due to its positive inotropic effect also it 
decreased heart rate, which could be due to its negative 
chronotropic effect. However, significant ST height 
depression was observed upon ISO administration as 
compared to control is in accordance with (Krenek 
et al., 2009). Such abnormalities in ISO induced HF 
rats might occur due to ISO-induced generation of 
free radicals and therefore, an increase in oxidative 
stress causing loss of cell membrane function and 
consequently cardiac conduction disturbances (Lamiaa 
et al., 2020). Furthermore, an increase in QRS interval 
was demonstrated in ISO-induced HF rats that might be 
due to ventricular dysfunction (Mohamed et al., 2015). 
However, pretreatment with sage oil 100mg significantly 
increased R amplitude which might be attributed to the 
antioxidant and free radical scavenging effect of sage 
oil. Additionally, this is in agreement with (Dhyani et 
al., 2017), who reported decrease in R amplitude and in 
contrary ST height elevation which could be attributed 
to the disturbance in the conduction system of the heart 
caused by chronic overstimulation of β adrenergic receptor. 
Post treatment with sage oil 50mg or digoxin 1mg either 
separately or concomitantly (0.5mg digoxin and 50mg 
sage oil) significantly increased R amplitude. In addition, 
administration of the combined therapy or digoxin alone 

significantly reduced heart rate and improved (decreased) 
ST height depression as compared to CHF which might 
be attributed to the antioxidant effect of sage oil, positive 
inotropic effect and negative chronotropic effect of digoxin 
as mentioned before.

The above-mentioned biochemical alterations were 
further confirmed by histopathological examination of 
cardiac tissues, as ISO caused myocardial degeneration 
and necrosis with interstitial edema. In addition to, the 
appearance of inflammatory cell infiltration and dilated 
blood vessels. This was supported by the significant 
increase in area percent of caspase 3 immunoreaction 
indicating apoptotic cardiac myocytes. In addition to 
the presence of myocardial fibrosis that identified by the 
significant increase in percent of collagen fibers stained 
with Masson. Similar findings were recorded in previous 
studies (El-Demerdash et al., 2005; Huang et al., 2014; 
Mohamed et al., 2015; Zhou et al., 2017). The previously 
mentioned findings were explained based on the fact that 
inflammatory cytokine have been recognized as a major 
driving force in progression of apoptosis where TNF-α 
has been previously revealed to induce cardiomyocyte 
apoptosis via activation of caspase-3 (Haudek et al., 
2007). It was also assumed that fibrosis usually proceeds 
after sustained and unresolved state of inflammation 
(Feng and Li, 2010). Pathological increase in extracellular 
collagen deposition leads to interstitial fibrosis, mechanical 
stiffness and cardiac diastolic dysfunction (Mingliang et 
al., 2011). Moreover, fibrosis is considered as a barrier 
between cardiomyocytes leading to impairment of 
electrical coupling of cardiomyocytes and cardiac systolic 
dysfunction (Takeda and Manabe, 2011).

Furthermore, the possible effect of Salvia officinalis 
essential oil on biochemical parameters in our study was 
enforced by histopathological examination of myocardial 
sections of this group where partial improvement of 
myocardial affection, decreased apoptosis and partial 
attenuation of myocardial fibrosis were noticed. This was 
proved morphometrically by the significant alleviations 
of area percent of caspase 3 and Masson as compared to 
ISO group. Also, a significant difference versus the control 
was still recorded. While, pretreatment with sage oil at 
both dosage levels 50 and 100mg/kg significantly improve 
the biochemical alterations which was confirmed by 
improvement of the cardiac tissue degeneration induced 
by ISO administration, however some fields still revealed 
myocardial alterations, moderate apoptosis and moderate 
fibrosis which were furtherly supported by the significant 
difference in area % of caspase 3 and collagen fiber stained 
with Masson respectively versus control group. These 
findings are in concomitant with previous study that 
showed the effect of ethanolic extract of Salvia officinalis 
on chlorpyrifos or methomyl induced histopathological 
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alterations in the heart as it exhibited nearly normal 
structure (Ahmed et al., 2017).

CONCLUSIONS AND 
RECOMMENDATIONS

From the current study, the data suggested an obvious 
improvement by the usage of sage oil in treatment of CHF 
as a curative agent rather than using it as prophylactic 
measure. In addition, the superiority of the usage of sage 
oil in combination with digoxin over sage oil alone. The 
possible mechanisms underlying this cardioprotective effect 
of sage oil are due to its antioxidant, anti-inflammatory, 
antiapoptotic and antifibrotic effects. Additional studies 
are required for further detailed understanding the 
mechanisms of the use of sage oil as a prophylactic or 
a curative agent. Further studies are needed aiming to 
investigate the therapeutic effects of sage oil on CHF.

NOVELTy STATEMENT

The main objective of this paper is to evaluate the prophy-
lactic and the curative role of sage oil on ISO-induced 
CHF in rats.

Even though many researchers studied effects of alcoholic 
or aqueous crude extract of sage plant and its oil, very few 
researchers investigated the effect of sage oil and digoxin 
combination for treatment of CHF.The data suggested an 
obvious improvement by the usage of sage oil in treatment 
of CHF as a curative agent rather than using it as prophy-
lactic measure. In addition, the superiority of the usage of 
sage oil in combination with digoxin over sage oil alone. 
The possible mechanisms underlying this cardioprotective 
effect of sage oil are due to its antioxidant, anti-inflam-
matory, antiapoptotic and antifibrotic effects. This data are 
very useful in using of some natural product in treatment 
of severe and common disease like CHF.

We studied the Salvia officinal is  essential oil and its effect 
on the heart disease   in their work. Though there are   sim-
ilar   work, but in the present workthe curative and prophy-
lactic role of sage oil on Isoprenaline (ISO) induced CHF 
were evaluated in rats and compared with the reference 
digoxin for the first time. 

Furthermore, in our study the possible effect of Salvia of-
ficinalis essential oil on biochemical parameters was en-
forced by histopathological examination of myocardial 
sections.we reportedthe partial improvement of myocar-
dial affection, decreased apoptosis and partial attenuation 
of myocardial fibrosis. This was proved morphometrically 
by the significant alleviations of area percent of caspase 3 
and Masson as compared to ISOgroup. Also a significant 

difference versus the control was still recorded.

From the current study we conclude that the administration 
of sage oil regularly  has a clear role in  enhancement  
diseased patient with CHF more than using it for 
prophlaxis therapy. 
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