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ABSTRACT
Introduction: Nicotine is a major toxic component of cigarette smoke. Cigarette smoking alters the levels of endogenous 
steroid hormones. Curcumin is a well known antioxidant agent. 
Aim of the Work: To study the protective role of curcumin against nicotine induced toxic effects on the adrenal cortex. 
Materials and Methods: Thirty adult male mice were used and were divided into three groups (10 animals each): The 
first group (Group I) served as control group. The second group (Group II) received 2.5mg/kg of body weight (daily 
for 4 weeks) of nicotine by subcutaneous injection. The third group (Group III) received curcumin (80 mg/kg) by 
intragastric intubation simultaneously along with nicotine for 4 weeks. Specimens of adrenal cortex were processed for 
histological study by light and electron microscopes. 
Results: In nicotine treated mice, the cells of the three cortical zones (Zona fasciculata in particular) showed apparent 
increase in the cytoplasmic vacuolation, mitochondrial degeneration and increased lipid droplets. The nuclei showed 
abnormalities in the form of shrinkage, pyknosis and chromatin extension. These cellular changes have been found to 
be modulated by curcumin.
Conclusion: Our findings suggested that nicotine has a toxic effect on the adrenal cortex which could be resolved by 
concomitant administration of curcumin.  
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INTRODUCTION                                                                

The health consequences of cigarette smoking and of 
the use of other tobacco products are well known. They 
became an important cause of increased mortality and 
morbidity in developed countries and the prevalence is 
increasing in the developing world as well. Nicotine is 
the main constituent in tobacco and responsible for its 
addiction1. Nicotine is also a major pharmacologically 
active substance in cigarette smoke2. Smoking has an 
effect on the various metabolic and biological processes 
in the body including secretion of hormones. Adrenal 
glands secrete many hormones, including cortisol. 
Cigarette smoking alters the levels of endogenous steroid 
hormones. An acute rise in circulating cortisol is observed 
after smoking3. Cortisol levels drop significantly in 
people who give up smoking especially during the early 
withdrawal process. Smoking also has effects on adrenal 
androgen secretion. Higher levels of androstenedione 
and dehydroepiandrosterone sulfate (DHEAS) are 
found in smokers4. ACTH-stimulated androstenedione, 
17-hydroxyprogesterone and dehydroepiandrosterone 
(DHEA) levels are reported to be higher in male 
smokers5. In mice on the other hand, cortisol seems to 
modulate some of the physiological and behavioural 
effects of nicotine6. It also modulates the responsiveness 
of mice to nicotine7. 

Curcumin (CCM) is a dietary antioxidant derived 
from tumeric (Curcuma longa) and has been known since 
ancient times to possess therapeutic properties. It has been 
reported to be a potent anti-inflammatory, antioxidant 
and anticarcinogenic compound8. Much interest has been 
focused on the effects of curcumin in helping the body to 
resist the adverse influences of a wide range of physical, 
chemical and biological factors and helps the restoration 
of homeostasis. A promising role of curcumin in the 
prevention of Alzheimer’s disease has been suggested9. 
The ability of curcumin to suppress the anti-tumor 
antibiotic bleomycin (BLM) induced pulmonary fibrosis 
in rats has been evaluated10. Moreover, curcumin induced 
apoptosis in the breast cancer cell line MCF-711.

Chemicals inducing cell injury are used in most 
scientific researches to investigate their effects on the 
different tissues of experimental animals. 

The present study was designed to study the effect of 
nicotine on the histological structure of adrenal cortex 
and the possible protective role of curcumin.



Morphological Evaluation on the Protective Effect of Curcumin on Nicotine Induced Histological Changes of the Adrenal Cortex in Mice

553

MATERIALS AND METHODS                                     

Chemicals:

Nicotine and curcumin (CCM) were used in the 
present study and were purchased from Sigma chemical 
company in the form of powder. Nicotine was dissolved 
in distilled water and was used as 2.5 mg/kg/day. 
Curcumin was dissolved in a solution of gum acacia and 
was used as 80mg/kg/day. Toxicity studies performed at 
2000 mg/kg, which is 25-fold greater than our low-dose 
curcumin treatment (80 mg/kg), revealed no mortalities 
in any group of mice tested; the compound also had a low 
ulcerogenic index12.

Animals and treatment;  

The Institutional Animal Care and the Research 
Ethics Committee of the Faculty of Medicine, Sohag 
University, Egypt, approved the experimental protocol.

Healthy male mice weighing 30-40 g were housed 
in clean properly ventilated cages under the same 
environmental conditions, fed a standard laboratory food 
and water ad libitum. The animals were divided into 
three groups (10 mice each). 

Group I (Control Group): That served as a control 
group and received the same volume of saline by 
subcutaneous injection. 

Group II (Nicotine Treated Group): Where animals 
were injected subcutaneously with Nicotine in a dose of 
2.5mg/kg b.wt.  

Group III (Nicotine and Curcumin Treated 
Group): The animals of the third group were injected 
subcutaneously with the same dose of Nicotine as in 
group II and simultaneously given gavage administration 
of curcumin at a dose of 80 mg/Kg b.wt. All treatments 
were carried out daily for 4 weeks. 

At the end of the experiment the mice were 
anaesthetized using ether inhalation and then sacrificed, 
carefully dissected and the suprarenal glands on both 
sides were picked up. Some of the specimens were used 
for preparation of paraffin blocks. Six micrometer thick 
sections were cut and stained with haematoxylin and 
eosin. Small pieces of the adrenal gland were fixed in 
2.5 % 0.1 M phosphate buffered glutaraldehyde at 4ºC 
for two hours, rinsed in 0.1M phosphate buffer and 
post fixed in phosphate-buffered 1% osmium tetroxide 
for one hour at room temperature then dehydrated in 
ascending grades of ethanol. After immersion propylene 
oxide, the specimens were embedded in epoxy resin 
mixture. Semithin sections (1µm thick) were obtained 
and stained with 1% toluidine blue and examined by light 
microscope. Ultrathin sections (80-90nm) were stained 
with uranyl acetate and lead citrate to be examined 

by a JEOL electron microscope at 80 KV in Electron 
Microscopic Unit, Sohag University13 and in Faculty of 
Medicine, Tanta University.

RESULTS                                                                              

Light Microscopic Results:  

Examination of both haematoxylin and eosin and 
toluidine blue stained sections from control group revealed 
the normal histological architecture of the adrenal cortex. 
The cells of zona glomerulosa were separated by blood 
sinusoids and arranged in the form of rounded or arched 
clusters beneath the adrenal gland capsule (Fig.1). The 
cells of zona fasciculata were arranged in long straight 
cords separated by blood sinusoids. These cells were 
large and polyhedral with pale vacuolated cytoplasm and 
vesicular rounded nuclei (Figs. 1 &5). Zona reticularis 
cells were disposed in the form of cords anastomosing 
with one another.  Some cells appeared with pale nuclei 
and others with dark nuclei and blood sinusoids were 
observed in-between the cords (Fig. 1). 

In group II which received nicotine, zona glomerulosa 
showed irregular orientation of the cells (Fig. 2). Most 
of zona fasciculata cells showed swelling and marked 
increase in cytoplasmic vacuolation (Figs. 2, 3) and lipid 
droplets (Figs. 6, 7). The nuclei appeared either pyknotic 
shrunken (Fig. 6) or very faintly stained (Fig. 7).  

Examination of different sections from group III that 
received nicotine with curcumin revealed that most of the 
changes which were observed in the group II decreased. 
Zona fasciculata cells were revealing more or less a 
picture similar to those of the control (Figs. 4, 8).

Electron Microscopic Results: 

Transmission electron microscopic examination of 
ultrathin sections from control group revealed the normal 
ultrastructure of the cells of the three zones of the adrenal 
cortex. Zona fasciculate cells appeared with spherical 
nuclei having both euchromatin and heterchromatin 
and well apparent nucleolus. Their cytoplasm contained 
numerous mitochondria and some lipid droplets (Fig. 9). 

In group II which received nicotine, most of the 
changes were well apparent in the Zona fasciculata cells. 
These cells showed marked increase in the cytoplasmic 
vacuolation and lipid droplets (Fig. 10). They showed 
nuclear changes that included either shrinkage with 
condensation of their chromatin and widening of 
perinuclear space (Figs. 10-12, 14) or rounded nucleus 
with overextended chromatin (Fig. 13). The mitochondria 
were swollen with destroyed cristae (Fig.10-12). Dilated 
smooth endoplasmic reticulum also found (Fig. 11) 

In group III most of the changes observed in group 
II were improved. Most of the cells of the three zones of 
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adrenal cortex appeared more or less similar to those of 
the control with much decrease in the lipid droplets and 
normal nuclear appearance (Figs. 15, 16). 

Fig. 1: Photomicrographs of a section of the adrenal gland of 
control group showing the capsule (C) and underlying arches of 
zona glomerulosa (G), parallel cell cords of zona fasciculate (arrow) 
separated by blood sinusoids(S) and zona reticularis cells (R) with 
anastomosing cords. (M) is part from the medulla.              H&E X400 

Fig. 2: Photomicrographs of a section of the adrenal cortex of nicotine 
treated group showing irregular orientation of cells of zona glomerulosa 
(G) swelling and vacuolation of some of the cells of zona fasciculata 
(arrows).                                                                                   H &E X400 

Fig. 3: Photomicrographs of a section of the adrenal gland of nicotine 
treated group showing swelling and vacuolation of the cells of zona 
fasciculate (arrows) and dilated blood sinusoids (S).          H &E X400 

Fig. 4: Photomicrographs of a section of the adrenal gland of nicotine 
and curcumin treated group exhibited that most of the cells of the zona 
fasciculata are like those of the control group (arrows). Some cells are 
binucleated (arrow heads).                                                    H &E X400 

Fig. 5: A photomicrograph of a semithin section in adrenal cortex 
of control mouse showing parallel cell cords of zona fasciculata 
separated by blood sinusoids (S). The cells are large and polyhedral 
with vacuolated cytoplasm and rounded nuclei with prominent nucleoli.                                                                     

Toludine blue, X1000

Fig. 6: A photomicrograph of a semithin section in adrenal cortex 
of mouse from the nicotine treated group showing the cells of zona 
fasciculata with increased lipid droplets in the cytoplasm (L). Most 
of the nuclei appeared indented and shrunken (oval arrows). Few of 
them appeared large rounded with prominent nucleolus (arrows).                                              

Toludine blue, X1000
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Fig. 7: A photomicrograph of a semithin section in adrenal cortex of mouse 
from the nicotine treated group showing the cells of zona fasciculata with 
increase in the cytoplasmic vacuolation (arrows) and very pale staining 
nuclei.                                                                         Toludine blue, X1000

Fig. 8: A photomicrograph of a semithin section in adrenal cortex of 
mouse from nicotine and curcumin treated group showing zona fasciculata 
having few lipid droplets (L). Many of the nuclei appeared large rounded 
with prominent nucleolus (arrow heads) and few of them appeared dark 
(arrows).                                                                     Toludine blue, X1000

Fig. 9: An electron micrograph of a section of  mouse adrenal cortex from 
control group showing cells of zona fasciculata  having rounded nucleus 
(N) with prominent nucleolus and both extended and condensed chromatin, 
numerous mitochondria (m) and lipid droplets (L).           Mic. Mag X6000

Fig. 10: An electron micrograph of a section of mouse adrenal cortex from 
nicotine treated group showing cells of zona fasciculata cells revealing 
shrunken nucleus (N) marked increase in lipid droplets (L) and numerous 
mitochondria with destroyed cristae (arrows).                  Mic. Mag X8000

Fig. 11: An electron micrograph of a section of mouse adrenal cortex from 
nicotine treated group showing cells of zona fasciculata cells revealing 
shrunken pyknotic nucleus (N), obvious increase in lipid droplets (L), 
numerous mitochondria with destroyed cristae (arrow) and dilated smooth 
endoplasmic reticulum (oval arrow). Mic. Mag X10000

Fig. 12: An electron micrograph of a section of mouse adrenal cortex from nicotine 
treated group showing cells of zona fasciculata cells having  nucleus (N) with 
dilated perinuclear space, increased lipid droplets (L), numerous mitochondria 
(arrow heads ) some of them appeared swollen (m). Mic.                    Mag X12500
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Fig. 13: An electron micrograph of a section of mouse adrenal 
cortex from nicotine treated group showing cells of zona fasciculata 
having rounded nuclei with markedly extended chromatin (arrows).                                                            

Mic. Mag X3000

Fig. 14: An electron micrograph of a section of mouse adrenal cortex from 
nicotine treated group showing cells of zona fasciculata cells revealing 
many indented nuclei (arrow) and marked increase in lipid droplets (L). 

Mic. Mag X3000

Fig. 15: An electron micrograph of a section of mouse adrenal cortex 
in curcumin and nicotine treated group showing zona fasiculata cells 
revealing that most of the cells are similar to those of the control having 
rounded nuclei with extended chromatin and prominent nucleolus (N) and 
cytoplasm showed few lipid droplets (L). Blood sinusoid (S) containing 
RBCs was also shown                                                        Mic. Mag X3000

Fig. 16: An electron micrograph of a section of mouse adrenal cortex 
in curcumin and nicotine treated group showing zona fasciculata cells 
revealing the cells are similar to those of the control having rounded nuclei 
with extended chromatin (N) prominent nucleolus is also appeared. The 
cytoplasm showed few lipid droplets (L) and many mitochondria (m).                                                                             

Mic. Mag X10000
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These changes lead eventually to cell degeneration with 
appearance of cytoplasmic vacuolation, degeneration of 
the mitochondria and nuclear changes as indentation and 
pyknosis that were observed in this work.  

Nicotine is one of the compounds that induce 
intracellular oxidative stress and recognized as the 
important agents involved in the damage of biological 
molecules. Experiments using animal and cell culture 
model systems suggested that moderately higher 
concentrations of some forms of ROS like NO and H2O2 
can act as signal transducing agents. Nuclear transcription 
factor kappa B (NF-κB) an inducible transcription 
factor detected in neurons found to be involved in 
many biological processes such as inflammation, innate 
immunity, development, apoptosis and antiapoptosis24.

In the present study, curcumin was found to be effective 
in protecting the adrenal cortex from the damaging effect 
of nicotine as most of the morphological changes induced 
by nicotine were greatly improved. This was consistent 
with the results of some researchers who reported that 
curcumin therapy modulated ion channels and cortisol 
secretion from bovine adrenal zona fasciculata cells25. It 
is well known that curcumin is an antioxidant alternative 
for vitamin E26. Curcumin is several times more potent 
than vitamin E as a free radical scavenger27, protects the 
brain from lipid peroxidation28 and scavenges NO-based 
radicals29. Furthermore, curcumin can inhibit nuclear 
factor Kappa B (NF-κB) mediated transcription of 
inflammatory cytokines30.

CONCLUSION                                                                 

In conclusion, the present study indicated that 
curcumin suppressed nicotine induced oxidative stress 
in adrenal cortex. The multiple beneficial effects make 
curcumin a promising dietary supplement, especially by 
people who smoke, in order to prevent nicotine-induced 
oxidative stress.
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الملخص العربى

تقييم مورفولوجى للتأثير الوقائى للكركم على التغيرات النسيجية التى يسببها النيكوتين فى قشرة الغدة الكظرية فى الفئران

حكمت عصمان عبد العزيز 

قسم الهستولوجيا - كلية الطب - جامعة سوهاج

إن النيكوتين هوالعنصرالرئيسي من العناصر الضارة فى دخان السجائر. كما أن التدخين يغير مستويات هرمونات الستيرويد 

الوقائي للكركم من الآثار  الدور  الذاتية و يعتبر الكركم عامل معروف من مضادات الأكسدة. و إستهدف هذا البحث دراسة 

السمية التي يسببها النيكوتين على القشرة الكظرية. و لقد تم إستخدام ثلاثون من الفئران الذكور البالغين حيث قسمت الى ثلاث 

مجموعات رئيسية )10 فئران لكل مجموعة(: المجموعة الضابطة. ومجموعة تم علاجها بالنيكوتين عن طريق الحقن تحت 

الجلد بجرعة 2.5 مجم من وزن الجسم )يوميا لمدة 4 أسابيع( و مجموعة تم علاجها بالكركم )80 مجم / كجم( مع النيكوتين 

بنفس الجرعة السابقة لمدة 4 أسابيع. تم تجهيز عينات من قشرة الغدة الكظرية لفحصها بالميكرسكوبين الضوئى و الإلكتروني

وقد أوضحت النتائج: أن خلايا الثلاث طبقات في قشر الكظر في المجموعة المعالجة بالنيكوتين قد تكدست بالفجوات السيتوبلازمية 

و الأنوية غير منتظمة و متكثفة الصبغيات او الأنوية ذات الكروماتينات المتحللة. و عند إضافة الكركم فإن معظم هذه التغيرات 

التركيبية قد تم تجنبها. و من هذا تم إستنتاج أن النيكوتين له تأثير ضار على الغدة الكظرية و الذى يمكن تجنبة بإستخدام الكركم.


