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ABSTRACT 

Impaired apoptosis plays a central role in the development of diseases 

such as cancer or autoimmune diseases. Low calorie and non-weight-

bearing nutritional replacements as aspartame can cause cellular 

toxicity via inflammatory and apoptotic pathway which finally may 

lead to severe cellular effects with incidence of cancer. On other side, 

natural antioxidants are receiving strong attention as effective 

alternatives to protect humans against any harmful effects produced 

from synthetic substances. Consequently, in this study aqueous extract 

of rosemary (R. officinalis), has been used as a natural antioxidant to 

evaluate its role against aspartame-induced apoptosis in rat liver. Daily 

oral doses were used at 125 mg/kg.b.wt for rosemary against 250 

mg/kg.b.wt for aspartame. Rosemary extract which was co-administered, pre-administered or 

post-administered of aspartame showed a powerful capacity to improve apoptotic proteins 

expressions; caspase-3 and Bax, and anti-apoptotic protein, Bcl2 along with anti-

inflammatory role represented by increase of IL-10 expression. Thus, rosemary extract has 

anti-apoptotic and anti-inflammatory role against aspartame toxicity. 
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INTRODUCTION 

Programmed cell death (PCD; apoptosis) is a biological cell death manner which is critical 

for development, homoeostasis as well as stress responses.
[1]

 Dead cells produced by 
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apoptosis are engulfed by macrophages and the body generates the same number of died cells 

to maintain its homeostasis.
[2] 

 

The apoptotic pathway is organized by the Bcl-2 (B-cell lymphoma-2) family of proteins, 

which contains both pro-apoptotic and anti-apoptotic members that control the decision 

between cell life and death.
[3]

 However the imbalance between apoptotic and anti-apoptotic 

proteins leads to irreversible towards cellular death.
[4]

 Thus, impaired apoptosis plays a direct 

role in the development of diseases as cancer or autoimmune diseases, and limits the efficacy 

of conventional cytotoxic therapies.
[5] 

 

As people are progressively interested in physical health and fitness, so low calorie and non-

weight-bearing nutritional replacements such as aspartame have been wanted.
[6,7] 

Unfortunately, aspartame produces severe cellular toxicity via inflammatory and apoptotic 

pathway, and consumption of aspartame may lead to severe cellular effects with incidence of 

cancer and it was  recommended that using of aspartame should be taken under medical 

supervision along with natural antioxidants.
[6] 

 

However, natural antioxidants such as those used from herbs and spices has been considered 

as an optimistic approach as effective alternatives to protect humans from any possible 

harmful effects afterward synthetic substances
[8]

, as well as they provide extra benefits due to 

the incidence of the bioactive compounds.
[8,9]

 In this regard, natural extracts of 

the Lamiaceae family, such as rosemary (R. officinalis), have been studied for its bioactive 

properties and ability to reduce destructive effects of free radicals.
[10] 

 

The effects demonstrated by rosemary include its ability to attenuate asthma, cataract, 

atherosclerosis, renal colic, peptic ulcer, hepatotoxicity, inflammatory diseases, neuro-

protective, depressive behavior and others.
[9] 

 

In the first part of this study, authors focused on the capacity of rosemary extract on the 

scavenger of oxidative stress caused by aspartame in rat liver. However, the current study 

tries to give more lights on the cellular toxicological effects of aspartame and scoped on the 

role of rosemary extract in the attenuation of apoptotic features in liver tissue of male rats. 
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MATERIALS AND METHODS 

Experimental animals 

Male albino rats (120-140 g) were obtained from the National Research Center (Cairo). All 

rats were housed at a temperature of (24±2 ) and (12 h light/dark cycles). Standard 

laboratory diet was provided with water and food to the animals. Rats were left to 

acclimatization for two weeks before the experiment. Also, animals cared for according to the 

guidelines for animal experiments which were approved by Ethical Committee of Ain Shams 

University, Cairo, Egypt. 

 

Chemicals 

Aspartame (C14H18N2O5): Was purchased from Sigma Chemical Company (Louis, Mo, 

USA). 

 

Rosemary extract 

Rosemary leaves (were purchased from a local supermarket (Cairo, Egypt). Extraction was 

done according to Botsoglou et al.
[11]

 and as mentioned in our previous study.
[12]

 In brief, the 

extract was prepared by refluxing rosemary leaves with bi-distilled H2O for 36 hours (12 

hours × 3). Water was evaporated and the powder was re-dissolved in bi-distilled water 

before administration. 

 

Experimental design 

Animals were distributed into 6 groups (n=10 rats/group): The 1
st
 group is the control (Con) 

left with no treatment. The 2
nd

 group is (Rose), rats were treated with oral dose of rosemary 

extract (125 mg/ kg b.wt, daily) for two months.
[13]

 The 3
rd

 group is (Asp), rats administrated 

oral dose of aspartame (250 mg/ kg b.wt, in distilled water, daily) for two months.
[14]

 The 4
th

 

group is (Rose + Asp) was co-treated with rosemary and aspartame (as the same previous 

corresponding doses, route of administration and period). The 5
th

 group is (Rose then Asp), 

rats were given rosemary for two hours then aspartame for two months.  The 6
th

 group is 

(Asp then Rose) was given aspartame for two months then rosemary for two months. After 

the experimental period, rats were sacrificed after ether inhalation. Tissue samples from liver 

were dissected, washed and frozen for the experimental analysis. 

 

PCR analysis 

Caspase-3, Bax, Bcl2 and IL-10 gene expressions in liver tissue were measured using QRT-

PCR (Quantitative real time polymerase chain reaction) method. Briefly, liver tissues of all 
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rats were used for RNA extraction by using Qiagen tissue extraction kit (Qiagen, USA). Total 

RNA was used for cDNA conversion according to manufacturer's instructions by using high 

capacity cDNA reverse transcription kit, Fermentas, USA.
[17]

 β-actin gene was used as a 

reference. SYBR Green was used for monitor a double stranded synthesis of DNA. The 

amplifications were completed by using (40 cycles of denaturation at 95 C
o
/ 15 and annealing 

and extension at 60 C
o
 /60 seconds). Amplification and analysis were done by using step One 

Plus real time thermal cycler (Applied Biosystems, Life technology, USA).
[17] 

The following 

primers were used. 

 

Gene                   ---                        ---    

β-actin TCCTCCTGAGCGCAAGTACTCT GCTCAGTAACAGTCCGCCTAGAA
[15]

 

Caspase-3 AGTTGGACCCACCTTGTGAG AGTCTGCAGCTCCTCCACAT
[15]

 

Bax CACCAGCTCTGAACAGATCATGA TCAGCCCATCTTCTTCCAGATGGT
[15]

 

Bcl2 CACCCCTGGCATCTTCTCCTT AGCGTCTTCAGAGACAGCCAG
[15] 

IL-10 CACAAAGCAGCCTTGCAGAA AGAGCAGGCAGGATAGCAGTG
[16] 

 

RESULTS AND DISCUSSION 

Caspases (cysteine-aspartic proteases or cysteine-dependent aspartate-directed proteases) 

such as caspase-3 are a family of cysteine proteases that play an essential role in apoptosis.
[18]

 

Bcl-2 is a key regulator of apoptosis, promotes cell survival either by inhibiting factors that 

activate caspases or regulating apoptosis by antagonizing the formation of heterodimers with 

other Bcl-2 family members.
[19]

 Bax (Bcl-2 associated X) protein was the first identified pro-

apoptotic member of the Bcl-2 protein family, on the other hand, binds to the anti-apoptotic 

Bcl-2 protein and thus acts by antagonizing the function of Bcl-2 to inhibit apoptosis.
[20] 

 

In the current study the administration of ASP (250 mg/kg) for two months is considered as a 

remarkable stressor of apoptosis in rat liver. Where pro-apoptotic markers represented by 

gene expressions of caspase-3 and Bax protein increased markedly (p< 0.001) in the liver of 

ASP group comparing to control with changes of (342% (4.4 folds) and 193% (2.9 folds)) 

respectively. While anti-apoptotic marker represented by gene expression of Bcl-2 decreased 

with 0.27 folds (-72.2%), p< 0.001. Table1. 

 

It was proved that, aspartame is a kay factor to induce apoptosis; where aspartame up-

regulated Bax and caspase-3 and down-regulated Bcl-2, suggesting an activation of cellular 

apoptosis.
[21] 
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On view of the first part of this study and based on the previous investigations, the apoptotic 

effect of aspartame is due to increased formation of formaldehyde which is produced by the 

oxidation of methanol.
[12, 22]

 Thus, the apoptotic induction of aspartame is mainly due to its 

action as a stressor for free radicals and their harmful effects on cellular and organillar 

membranes. Where reactive oxygen species and loss of mitochondrial membrane 

permeability are accompanying with the performance of the apoptosis pathways; extrinsic 

death receptor and intrinsic mitochondrial pathway.
[6, 22]

 Moreover, the generation of free 

radicals induced mitochondrial-dependent apoptosis via activation of BAX protein which is 

trans-located from cytosol to mitochondria and increasing permeability leading to 

cytochrome release and activation of caspases.
[23] 

 

On other side, rosemary administration caused improvement in apoptotic and anti-apoptotic 

markers. Where caspase-3 and Bax gene expressions showed marked decreases after all 

treatments with rosemary as comparing to ASP group, p< 0.001; caspase-3 decreased with 

changes of (-32.9%, Rose +Asp, -43.5%, Rose then Asp and -61 %, Asp then Rose) from 

ASP. Also, Bax decreased with changes of (-32%), (-37%) and (-46.7%), respectively from 

ASP. On the other hand, after rosemary treatment, Bcl-2 expressions increased as comparing 

to ASP group (p<0.05, Rose +Asp, p<0.01, Rose then Asp, and p<0.001, Asp then Rose) 

with changes of (134.7%), (186.9%) and (208.6%), respectively (Table1 and Figure 1). 

 

These data reflects the anti-apoptotic capability of rosemary extract. This is in accordance 

with the previous studies which documented that rosemary extract has anti-apoptotic 

capacity.
[24]

 The first part of this study, proved the strong anti-oxidative capacity of rosemary 

extract in liver tissue against aspartame.
[12]

 SO, the attenuated effects of rosemary on 

apoptosis might be mediated through the large amounts of phenolic and flavonoid compounds 

and to the antioxidant, anti-inflammatory or free radical-scavenging properties of this 

plant.
[25]

 Also, the antioxidant molecules from rosemary not only act as free radical 

scavengers but also play a role in regulating the activity and/or expression of certain 

enzymatic systems associated in appropriate physiological processes like apoptosis and 

intracellular signal transduction.
[26] 

 

More to the point, several studies described crosstalk between inflammatory mediators and 

apoptosis.
[27, 28]

  According to the results which obtained in our previous study;
[12]

, aspartame 

increased TNF-α level which is one of the important factors that affect apoptotic action by 

aspartame, once gets activated by the oxidative stress TNF-α releases and  binds to TNF 
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receptor-1 which leads to the initiation of cleaving pro-caspase-8 to caspase-8 that activates 

caspase-3 and initiates apoptosis. 

 

On opposite side, IL-10 is considered as inhibitory factor; it has ability to inhibit production 

of pro-inflammatory cytokines as TNF-α.
[29]

 Additionally, IL-10 is considered to be the 

essential immunosuppressive cytokine, and its capability to resolve inflammation, 

autoimmune disorders, inflammatory diseases, and cancer through regulation of innate 

immunity, and promotion of tissue repairing mechanisms.
[30] 

 

Therefore, the elevation of IL-10 by rosemary in this study confirmed the marked anti-

inflammatory activity of this nature plant. Recent articles reviewed that rosemary targets 

several deregulated pathways related with cancer, inflammation and apoptotic related 

proteins.
[8, 9]

 Moreover, carnosic acid and carnosol in rosemary have powerful synergistic 

activities on anti-inflammation and anti-cancer.
[10] 

 

Table 1: Effects of rosemary (Rose) on the apoptotic and anti-apoptotic markers as well 

as IL-10 in liver of aspartame (Asp)-treated rats. 

Parameters 

Group 

Caspase-3 

Relative exp. 

Bax 

Relative exp. 

Bcl2 

Relative exp. 

IL-10 

Relative exp. 

Con 1.09±0.05 1.00 0.03 0.83 0.15
 

1.10  

Rose 
1.18±0.06 1.04 0.02 0.93 0.08

 
1.06 0.05 

N.S N.S N.S N.S 

Asp 
4.82±0.08

 2.93 0.04
 

0.23 0.13
 

0.17 0.04 

a
***

 a
***

 a
***

 a
***

 

Rose +Asp 
3.23±0.04

 1.99 0.03
 

0.54 0.07
 

0.38 0.02
 

b
***

 b
***

 b
*
 b

***
 

Rose  then Asp 
2.72±0.03

 1.84 0.02
 

0.66 0.05
 

0.61 0.01 

b
***

 b
***

 b
**

 b
***

 

Asp then Rose 
1.87±0.11 1.56 0.03 0.71 0.08 0.83 0.05 

b
***

 b
***

 b
***

 b
***

 

The results are presented as Mean ± SE (n=10).  N.S= non- significant comparing to control (Con).  

a: Significant change from Con.   b: Significant change from Asp.   

*: p<0.05, **: p<0.01, ***: p<0.001.      
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*: p<0.05, **: p<0.01, ***: p<0.001. 

Figure (1): Changes of apoptotic and anti-apoptotic markers as well as IL-10 in liver of 

male rats after rosemary treatments comparing to ASP. 
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CONCLUSION AND RECOMMENDATION 

On sight of the results obtained in the current study, it can be concluded that the leaf extract 

of R. officinalis reduces the apoptotic effect of aspartame via the scavenger capacity for free 

radicals and anti-inflammatory effect in liver tissue of rats. Therefore, it may be 

recommended to include rosemary in healthy lifestyle. 
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