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ABSTRACT
Introduction: Aspartame is the most widely used artificial sweeteners. Stevia is a worldwide natural sweetener plant with 
medicinal and commercial importance. Stress responses are mediated both in the central and peripheral nervous system. The 
principal effectors of the stress response are localized in the hypothalamus, the anterior lobe of the pituitary gland, and the 
adrenal gland. This is commonly referred to as the hypothalamic-pituitary-adrenal axis.
Aim: To compare the effect of aspartame and stivea on the pituitary adrenal axis.
Material and Methods: A total of 30 adult male albino rats were equally  divided into three groups. Group I was the Control 
Group. Group II (ASP Group) received aspartame (ASP), at daily oral dose 250 mg/kg   for 4 weeks. .Group III (stevia Group) 
received stevia at daily oral dose 250 mg/kg for 4 weeks.
Results: : In aspartame-treated group there was apoptosis of zona fasciculata cells with subsequent corticotrophic hyperplasia. 
In stevia treated groups minimal changes were observed with no significant changes in number of corticotrophes.
Conclusion: As a natural sweetener, stevia is safer than aspartame on the adrenal pituitary axis.
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INTRODUCTION                                                                 

Aspartame (ASP) is the most widely used artificial 
sweetener. It is a methyl ester of a dipeptide (L-aspartyl-
L-phenylalanine methyl ester). It is a component in many 
foods. It had about 200 folds higher sweetness than                                                                                                         
sucrose[1]. ASP is hydrolyzed in the intestine to its 
components; phenylalanine, aspartate and methanol. Each 
one of these components is toxic and affects different 
body organs[2]

Stevia is a natural sweetener plant having medicinal 
and commercial importance .It is frequently used all 
over the world.[3]. Stevia is formed of sweet diterpene 
glycosides: rebaudioside A, rebaudioside C, stevioside 
and dulcoside in its leaf tissue[3].

Stress response is mediated by sweeteners in the 
central nervous system and peripheral tissues, both. The 
principal effectors of the stress response are localized in 
the para-ventricular nucleus (PVN) of the hypothalamus, 
the anterior lobe of the pituitary gland, and the adrenal 
gland. This collection of structures is commonly 
referred to as the hypothalamic-pituitary-adrenal (HPA)                           
axis [4, 5]. 

AIM OF THE WORK                                                                             

This work aimed to compare the effect of aspartame 
and stivea on the pituitary adrenal axis.

MATERIAL AND METHODS                                                                               

Animals used:

A total of 30 adult male albino rats (200250-g) 
brought from the animal house of the Faculty of 
Medicine, Assiut. They were reared under-the standard 
conditions of feeding, light-dark ratio and temperature, 
at Faculty of Medicine animal house, Sohag, Egypt.

The animals were divided into three equal groups, ten 
rats each:

Group I (Control Group) received 250 ml D.W             
for 4 weeks 

Group II (ASP Group) received ASP, at daily dose 
250 mg/kg dissolved in distilled water and given orally 
to the animals by intra-gastric tube for 4 weeks (6).

ASP tablets, each one containing 20 mg, were 
obtained from Al-Ameriya Pharma Company. This dose 
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was calculated according to the human dose, which                     
is 4050- mg/kg per day, after species factor correction [7].

Group III (stevia Group) received stevia obtained 
from pyure company, at a daily oral-dose of 250mg/kg 
by intra gastric tube for 4 weeks.

The extract was prepared by boiling 25g of stevia 
leaf powder in 500ml D.W for one and a half hour till 
reduced to 150 ml (8).

Methods:

At the end of the experiment, the rats were 
anesthetized using ether inhalation, sacrificed, carefully 
dissected, and adrenal ad pituitary gland were taken for 
light , immunohistochemical and electron microscopic 
examination .

Preparation of the specimens for light 
microscopic examination (9):

Perfusion fixation is used and the specimens was 
fixed in 10% neutral buffered formalin and processed for 
light microscopic study to get paraffin sections of 6μm 
thickness for general and immunohistochemical stains 

Immunohistochemical methods:

Immunohistochemical staining was carried by 
avidin biotin peroxidase complex method. Specimens 
from pituitaries and adrenals were processed.   
Adrenocorticotropic hormone (ACTH) Ab-1 and 
caspase-3 (purchased as anti-ACTH, mouse monoclonal 
antibody and anti-cleaved caspase-3 rabbit polyclonal 
antibody, Neomarkers Fermont, CA 94539, USA) were 
used for detection of corticotrophs and apoptotic cells 
respectively. The reaction appeared brownish either 
cytoplasmic or nuclear.

Sections were then counterstained with Mayer’s 
hematoxylin, dehydrated, cleared, and mounted. Tonsils 
were used as the positive-control tissues. Negative 
control lacked the primary antibody[10]. 

Electron microscopic technique:

At the end of the experiment, the rats were 
anesthetized using ether inhalation, Perfusion fixation 
is used, sacrificed, carefully dissected, and adrenal and 
pituitary glands were fixed in 2.5% glutaraldehyde                                                                                                  
at 4°C, washed in three to four changes of cacodylate 
buffer (pH 7.2) for 20 min at every change, and post-
fixed in 1% osmium tetroxide for 2 h. They were 
then dehydrated in ascending grades of ethanol. After 
immersion in propylene oxide, the specimens were 

embedded in epoxy resin mixture. These samples 
were kept in an incubator at 35°C for 1 day, then                                                                            
at 45°C for another day, and finally at 60°C for 3 days. 
Semithin sections (1-µm-thick) were prepared using 
an LKB (Bromma, Sweden) ultramicrotome, stained                                                                  
with 1% toluidine blue, and examined by means of a 
light microscope. Ultrathin sections (500–800 Å) were 
stained with uranyl acetate and lead citrate and examined 
using an electron microscope Jeol JEM 1010 (Tokyo, 
Japan) at 80 kV at an electron microscopic unit, at the 
Faculty of Medicine, Sohag University, Egypt. [11].

Histomorphometric and statistical studies:

1-Thickness of zona fasciculata was measured.

2-The number of corticotrophs positive immunoreactive 
cells was counted.

3-The number of caspase 3 positive immunoreactive 
cells was counted.

All measurements were taken using the image 
analyzer (Leica Q 500 MC program, Wetzlar, Germany) 
in the Histology Department, Faculty of Medicine, 
Sohag University, Egypt. Examinations were performed 
in 5 high-power fields X400/five different sections 
of each rat. Histological statistical analyses were 
performed using Paired t test SPSS program, version 17, 
(IBM Corporation, Somers, New York, USA). P values                               
of < 0.05 regarded as statistically significant.

RESULTS                                                                             

Adrenal gland:

Light microscope of semi thin sections:

In group I, zona fasciculata appeared in the form 
of cords of polygonal cells with well defined cell 
boundaries. These cells contained rounded vesicular 
nuclei with prominent nucleoli. The cytoplasm was 
rich in lipid droplets. The cell cords were separated by 
sinusoidal capillaries (Fig. 1). 

In group II, ill defined cell boundaries were observed. 
Many deeply stained shrunken cells were noted with 
pyknotic nuclei and few unstained lipid droplets. Other 
cells appeared with destructed membranes (Fig. 2) 

In group III, most of the cells had vesicular nuclei 
and many unstained lipid droplets. Few shrunken 
deeply stained cells with deeply stained nuclei were                        
observed (Fig. 3).
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Immunohistochemical stain:

Anticaspase-3:

In group I, anti caspase-3 immunopositive cells were 
detected by their brownish cytoplasm and nuclei (Fig. 4). 

In group II, there was apparent marked increase in 
number of anti caspase-3 immunopositive cells (Fig. 5). 

In group III, there was apparent mild increase in 
number of anti caspase-3  immunopositive cells (Fig. 6). 

Electron microscopic examination:

Ultrastructrally, in group I, the cells contained 
numerous lipid droplets, numerous rounded mitochondria 
and smooth endoplasmic reticulum. The nuclei were 
euchromatic with prominent nucleoli (Fig. 7). In group 
II, the cells appeared shrunken with irregular small 
heterochromatic nuclei. Their electron dense cytoplasm 
contained fused lipid droplets and lysosomes. (Fig. 8). 
Other cells had electron dense cytoplasm crowded with 
numerous lipid droplets (Fig.. 9). In group III, most of 
the cells had euchromatic nuclei with prominent nucleoli 
(Fig. 10). Numerous mitochondria and lipid droplets 
were observed. 

Pituitary gland:

Light microscope of semi thin sections:

Toluidine blue:

In group I, corticotrophs had rounded nuclei with 
peripheral arranged small granules (Fig. 11) In group 
II, some pars distalis cells had deeply stained nuclei and 
vacuolated cytoplasm. Others had rarified cytoplasm 

(Fig. 12). In group III pars distalis cells were more 
or less similar to control apart from some cells with 
vacuolated cytoplasm. Congested dilated blood vessels 
were observed (Fig. 13).

Immunohistochemical stains:

Anti ACTH

In group I, anti ACTH immunopositive cells were 
detected by their brownish granulated cytoplasm                      
(Fig. 14). In group II, there was apparent marked increase 
in number of anti ACTH immunopositive cells (Fig.,15) 
.In group III, there was apparent mild increase in number 
of anti ACTH immunopositive cells (Fig. 16).

Electron microscopic examination:

Ultrastructrally, in group I corticotrophs had 
euchromatic nuclei. The cytoplasm contained 
mitochondria, rER and peripherally arranged granules 
(Fig. 17). In group II, the nuclei were euchromatic. The 
cytoplasm had prominent Golgi body, mitochondria, 
destructed cristae, dilated RER cisternae and numerous 
variable sized vacuoles. There was apparent decrease in 
secretory granules (Fig. 18). In group III, corticotrophs 
appeared more or less similar to the control apart from 
few vacuoles (Fig. 19).

Statistical results:

There was a significant decrease in the thickness 
of zona fasciculate in group II in comparison with 
the control group. There was a significant increase 
in the number caspase-3 immunopositive cells and 
ACTH immunopositive cells in group II and group III 
in comparison with the control group (Table 1) and 
(Histograms 1- 3).

Table 1: Mean ±SEM of the mean thickness of zona fasciculata, caspase-3 immunopositive cells and the number of ACTH cells and of 
different groups.

Group IIIGroup (II)Control group I

9.6± 3.77.5±2.99.23± 4.8Mean thickness of zona 
fasciculata

17.6 ±0.43*#29.8 ±0.57*5.6 ±0.31Number of caspase-3 
positive cells

8.32±2.620.45±1.7**6.71±0.9Number of ACTH 
positive cells

P** highly significant ≤ 0.001
* P < 0.01 in comparison with group I
 #P < 0.01 in comparison with group II
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Histogram 1: A histogram showing, mean thickness of zona 
fasciculata of different groups

Histogram  3: A histogram showing the number of 
immunopositive corticotrophs cells of different groups.

Histogram 2: A histogram showing, the number of Caspase 3 
immunopositive cells of different groups

Fig. 1: A photomicrograph of a semithin section in zona 
fasciculata of adrenal cortex, group I showing., well defined cell 
boundaries (arrow), rounded vesicular nuclei with prominent 
nucleoli (arrowhead) and lipid droplets (L). The cords of cells are 
separated by blood sinusoids (S) 
                                                          Toluidine blue stain X 1000.

Fig. 2: A photomicrograph of a semithin section in zona 
fasciculata of  adrenal cortex, group II showing, ill defined cell 
boundaries, many deeply stained shrunken cells (arrow), deeply 
stained nuclei (arrowhead) and vacuolated cytoplasm  (L). Other 
cells have destructed cell membrane and rarified cytoplasm (D).                                       
                                                           Toluidine blue stain X 1000.

Fig. 3: A photomicrograph of a semithin section in zona 
fasciculata of adrenal cortex, group III, showing, vesicular nuclei 
(arrowhead) and many unstained lipid droplets (L). Few shrunken 
deeply stained cells with deeply stained nuclei (arrow).
                                                           Toluidine blue stain X 1000.
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Fig. 4: A photomicrograph of immune histochemical staining 
of caspase-3 in the adrenal gland of control group I showing 
negative immune reaction. 
                                                                                               X400.

Fig. 5: A photomicrograph of immunohistochemical staining 
of caspase-3 in the adrenal gland of group II showing, high 
expression of both nuclear (arrow) and cytoplasmic positive cells 
(arrowhead).                                                                          X400.

Fig. 6: A photomicrograph of immunohistochemical staining of 
caspase-3 in the adrenal gland of group III showing moderate 
expression of caspase-3 positive cells.               X400.

Fig. 7: An electron micrograph of zona fasciculata cells of 
group I showing euchromatic nucleus with prominent nucleolus 
(N), numerous mitochondria (M), lipid droplets (LD) and SER 
(arrow).                                                                                   x600.

Fig. 8: An electron micrograph of zona fasciculata cells of 
group II showing shrunken apoptotic cell with irregular small 
heterochromatic nucleus (N); lipid droplets (L) and numerous 
lysosomes (arrow).                                                              X 600.

Fig. 9: An electron micrograph of zona fasciculata of group 
II showing apoptotic cell has heterochromatic nucleus (N), 
electron dense cytoplasm crowded with numerous lipid droplets                                       
(L).                                                                                                   x600.
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Fig. 10: An electron micrograph of zona fasciculata cell of group 
III showing euchromatic nucleus (N), numerous mitochondria (M) 
and lipid droplets (LD).                                                                  X600.

Fig. 11: A photomicrograph of a semithin section in pars distalis 
of group I showing pars distalis cells. Corticotrophs have rounded 
nuclei and peripheral arranged granules (C)
                                                Toluidine blue stain X 1000.× 400.

Fig. 12: A photomicrograph of a semithin section in pars distalis 
of group II showing some pars distalis cells  have deeply stained 
nuclei and vacuolated cytoplasm (arrow) while others have 
rarified cytoplasm (*)                            Toluidine blue stain X 1000.

Fig. 13: A photomicrograph of a semithin section in pars distalis 
of group III showing pars distalis cells are more or less similar 
to control © apart from few cells with vacuolated cytoplasm 
(arrow). Note: congested dilated blood vessels (arrowhead)
                                                                  Toluidine blue stain X 1000.

Fig. 14: A photomicrograph of pars distalis cells of group I 
showing anti-ACTH immunopositive cells appeared mainly 
cytoplasmic reaction (arrow).                                                x400.                                                                                                      

Fig. 15: A photomicrograph of pars distalis cells of group II 
showing numerous anti-ACTH  immunopositive cells (arrow).
                                                                                               x400.  
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Fig. 16: A photomicrograph of pars distalis cells of group III 
showing mild increase in anti-ACTH immunopositive cells 
(arrow).                                                                                  X400.

Fig. 17: An electron micrograph of pars distalis of group I 
showing two adjacent corticotrophs have euchromatic nucleus 
(N). Their cytoplasm contains peripheral arranged granules 
(arrow) under plasmalemma, mitochondria (arrowhead) and                                     
RER.                                                                                        X 6000.

Fig. 18: An electron micrograph of pars distalis of group II 
showing corticotrophs with euchromatic nucleus (N), prominent, 
numerous variable sized vacuoles, mitochondria with destructed 
cristae (M) and dilated RER cisternae. Note, decrease in secretory 
granules  .                                                                           X 6000.  

Fig 19: An electron micrograph of pars distalis of group III 
showing corticotrophs are more or less similar to the controls 
apart from some vacuoles (V).                                           X 6000.

DISCUSSION                                                                  

Aspartame is hydrolyzed in the intestine to its 
components; phenylalanine, aspartate and methanol. Each 
one of these components is toxic to different body organs. 
About 50% of ASP is composed of phenylalanine which 
acts as a precursor of catecholamines. While, 40% of ASP 
is comprised of aspartate (or aspartic acid), which is an 
excitatory neurotransmitter. Methanol, forming 10% of 
the broken down products of ASP, is a toxic compound 
converted in the liver to formaldehyde which is considered 
carcinogenic [2]. Phenylalanine can follow one of the 
two pathways of uptake in the body; part is converted 
into tyrosine (a nonessential amino acid) in the liver by 
the enzyme phenylalanine hydroxylase[2]. The remaining 
portion of phenylalanine will bind to a large neutral 
amino acid transporter to be carried over the blood–brain                   
barrier [12]. Formaldehyde is further broken down into 
formic acid, which accumulates in the brain, kidneys, 
spinal fluid, and other organs and can lead to excess acid in 
body fluids, which is known as acidosis[2]. 

In the present study aspartame treatment led to 
apoptotic changes in the zona fasciculata detected by both 
light and electron microscope and immunohistochemical 
stains. Mechanism of apoptosis induced by aspartame is 
through apoptotic factors such as cytochrome c, apoptosis-
inducing factor, and caspase family proteins as aspartame 
exposure increased the expressions of caspases 8 and 9, 
so aspartame induced apoptosis mainly via mitochondrial 
pathway involved in apoptosis due to free radicals[13]. 
Aspartame led to increased lipid peroxidation products 
concomitant with depletion of antioxidant parameters. 
ASP might induce redox and lipid imbalance in rats via 
mechanism that involves oxidative stress and depletion of 
glutathione-dependent system. Reactive oxygen species 
is known to activate nuclear factors which interfere with 
glucocorticoid-releasing function[14]. In this research, there 
were increased lipid droplets in apoptotic shrunken cells os 
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cortical cells with subsequent adrenal insufficiency which 
subsequently led to positive feedback on the corticotroph 
cells. Stivea was of little effect on the pituitary adrenal axis 
and therefore, is better to be used as sweetener. 
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 Aspartame may be hazardous for the zona fasciculata



224

EFFECT OF ASPARTAME AND STEVIA ON THE ADRENAL- PITUITARY AXIS OF ADULT MALE ALBINO RATS

10.	 Remick, A. K., Wood, C. E., Cann, J. A., Gee, 
M. K., Feiste, E. A., Kock, N. D., & Cline, J. M. 
(2006): Histologic and immunohistochemical 
characterization of spontaneous pituitary 
adenomas in fourteen cynomolgus macaques 
(Macaca fascicularis). Veterinary Pathology 
Online, 43(4), 484 -493.‏).

11.	 Bozzola J.J. and Russel L.D. (1992): Electron 
Microscopy principles and techniques for 
biologists Jones and Bartlett. Publishers, Boston, 
Ch.2; pp.16- 24.

12.	 Young P. A.; Young P. H. and Tolbert Daniel 
(2008): Clinical neuroscience, 2nd edition Chapter 
9 cerebellum; Ataxia, pp103120-.edited by 
Wolters Kluwer Lippicott, Williams and Wilkins 
health. London

13.	 Horio Y, Sun Y, Liu C, Saito T, Kurasaki M .Environ 
(2013):.Aspartame-induced apoptosis in PC12 
cells. Toxicol Pharmacol. 2014 Jan;37(1):158 -65.

14.	 Koichi Asaba, Yasumasa Iwasaki, Masanori 
Yoshida, Masato Asai, Yutaka Oiso, 
Toyoaki Murohara, and Kozo Hashimoto( 
2013): Attenuation by Reactive Oxygen 
Species of Glucocorticoid Suppression on 
Proopiomelanocortin Gene Expression in Pituitary 
Corticotroph Cells .Endocrinology . 13 -27 

15.	 Finegold, M. J. and Green, L. E. (1970): 
Mitochondrial damage inexperimental congenital 
adrenal hyperplasia. J. Cell Biol., 455- 461.

16.	 Hall, P. F. (1995): The roles of microfilaments 
and intermediate filaments in the regulation 
of steroid synthesis. J. Steroid Biochem. Mol.                                    
Biol., 55(5605-601:)6-

17.	 Vahouny, G. V.; Chanderbhan, R.; _oland, B. 
J. and Scallen, T. J. (1985):Cholesterol ester 
hydrolase and sterol carrier proteins. Endocrin.                 
Res.,10(3505-473:)4-.

18.	 Alleva R1, Borghi B, Santarelli L, Strafella E, 
Carbonari D, Bracci M, Tomasetti M. (2011) : In 
vitro effect of aspartame in angiogenesis induction. 
Toxicol In Vitro.  Feb;25(1):286- 93.

19.	 Wang SM, Wu JC, Lue CM, Liu CL, Lin HS.: 
An immunoelectron microscopic study of 
corticotrophs in the golden hamster. Anat Embryol 
(Berl). 1990;182(6):539 -45. 

20.	 JEFCA( 2007): Steviol glycosides. In: Combined 
Compendium of Food Additive Specifications, 
68th Meeting of the Joint FAO/WHO Expert 
Committee on Food Additives [Online Edition]. 
Rome: Food and Agriculture Organization of the 
UnitedNations (FAO), Rome, Italy, FAO/JECFA 
Monograph 4, pp. 61 -64.

21.	 Geuns, J.M.C., Malheiros, R.D., Moraes, 
V.M.B., Decuypere, E.M.-Ghosh, S, Subudhi 
E, Nayak S (2008 ): Antimicrobial assay of 
Stevia rebaudianaBertoni leaf extracts against 10 
pathogens. Intern JIntegratBiol; 2: 27- 31.

22.	 Brusick, DJ:(2008): A critical review of the 
genetic toxicity of steviol and steviol glycosides. 
Food ChemToxicol 2008; 46 Suppl7:S83- 91.

23.	 Nunes AP M, Ferreira-Machado SC, Nunes RM, 
Dantas FJ S, De MattosJCPandCaldeira-de-
Araújo A(2007):Analysis of genotoxic potentiality 
of steviosidebycomet assay. Food ChemToxicol; 
45:662–666.

24.	 Matsui T, Sofuni M, NohmiT(1996):Regionally-
targeted mutagenesis bymetabolically-activated 
steviol: DNA sequence analysis of steviol-induced 
mutants of guanine phosphoribosyltransferase 
(gpt) gene of Salmonella typhimurium TM677. 
Mutagenesis; 11:565–572.

25.	 Braguini WL, Gomes MA B, de Oliveira BH, 
Carnieri EG S, Rocha ME M, deOliveira MB 
M(2003).Activity of isosteviol lactone on 
mitochondrial metabolism.ToxicolLett; 143:83–
92

26.	 Krejci ME, KoechelDA(1992):. Acute effects of 
carboxyatractyloside and stevioside,inhibitors 
of mitochondrial ADP/ATP translocation, on 
renal function andultrastructure in pentobarbital-
anesthetized dogs. Toxicology; 72:299–313.



225

Abdelhaliem and Mohamed 

الملخص العربى

دراسة مقارنة لأمان الاسبرتام و الاستيفيا على محور اتصال الغدة النخامية  والكظرية فى ذكور 
الجرذ الأبيض: دراسة هستولوجية وكيمياء نسيجية مناعية

 ضحى صابر محمد أحمد ، نسرين جمال الدين عبد الحليم  

قسم الهستولوجى، كلية الطب جامعة سوهاج

المقدمة:يعتبر أسبرتام الأوسع استخداما كمنتج صناعي  للتحليه. وتعتبر الأستيفيا منتج طبيعى للتحليه له أهميه طبية وتجاريه 
ويستخدم في معظم دول العالم . ويتم تنظيم الاستجابة للضغط العصبي عن طريق كل من الجهاز العصبي المركزي والطرفي . 
وتعتبر نواة ما حول البطين المؤثر الأساسي فى الاستجابة للضغط العصبي هذا التجمع يسمى محور الاتصال مابين الغدة النخامية 

والكظرية والمهاد . 
الهدف من البحث: المقارنه بين تأثير الاسبرتام واستفيا على محور اتصال الغدة النخامية والكظرية.

أدوات وطرق البحث: تم تقسيم  ثلاثون جرذ إلى  ثلاث مجموعات المجموعة الأولى تم استخدامها كمجموعه ضابطه. المجموعه 
الثانية تم إعطاءها الاسبرتام عن طريق الفم بجرعة 250مج/كجم . المجموعة الثالثة تم إعطاءها الاستفيا عن طريق الفم بجرعة 

250مج /كجم. 
النتائج: لوحظت مظاهر الموت المبرمج في المجموعة التي تلقت الاسبرتام وبالتالي زيادة في عدد الخلايا المفرزه للكورتيزون 
المفرزه  الخلايا  عدد  في  ملحوظة  زيادة  بدون  الاستفيا  تلقت  التي  المجموعة  في  طفيفة  التغيرات  وكانت  النخامية  الغدة  فى 

للكورتيزون في الغدة النخامية.
الخلاصة: مقارنة بالاسبرتام يعتبر استخدام استفيا كمحلى طبيعي أكثر أمانا على محور الاتصال مابين الغدة النخامية والكظرية.       


