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6. SUMMARY AND CONCLUSIONS 

Type 2 diabetes mellitus is a metabolic disorder of fuel homoeostasis characterized 
by hyperglycemia and altered lipid metabolism caused by insulin secretion and actions. 
Over the last 50 years diabetes is growing rapidly. The estimated worldwide prevalence of 
diabetes among adults was 285 million (6.4%) in 2010, and this value is predicted to rise to 
around 439 million (7.7%) by 2030 and Egypt will be ranked as the 10th country 
worldwide which has the highest number of people with diabetes, making it one of the 
most serious diseases of humankind. The frequent association of diabetes with obesity has 
led many investigators to propose that obesity and associated insulin resistance may be 
responsible for up to 90% of type 2 diabetes. Since skeletal muscle is a key metabolic 
tissue, accounting for about 80% of total glucose disposal under insulin-stimulated 
conditions, also adipose tissues and liver play important role in glucose homeostasis, 
defects of insulin action in these tissues are central to the pathogenesis of type 2 diabetes. 
Identifying the etiology and the early detection of type 2 diabetes are keys to prevention. 
Among the trace elements essential for human health, selenium (Se) stands out for its 
unique biochemistry, its antioxidant capacity and its narrow therapeutic window.  

An anti-diabetic impact of dietary selenium supplementation would be expected given 
both the long track of selenium as insulin – mimetic micronutrient and it's antioxidant 
capacity as constituent of ROS- detoxifying selenoenzymes, suggesting a protective role 
against oxidative stress – related chronic complications in the progression of diabetes. 
Contrarily to those expectations, recent epidemiological and intervention studies revealed a 
surprising association between high plasma selenium levels and type 2 diabetes. The 
mechanism of the potential diabetogenic effect of excess selenium is not completely 
understood. Consumers frequently misuse antioxidant supplements containing selenium in 
the belief that these will protect them from cancer and other diseases of civilization or just 
improve their general health. Data from literature have increasingly reported on the 
inefficacy or even adverse effects of vitamins and trace element supplements on health. The 
benefits and risks of Se supplements for the prevention of obesity and Type II diabetes are 
currently the subject of controversial discussion. So, this study was designed to explore the 
suggestion that selenium and selenoproteins may interfere with the insulin secretion from 
pancreas and/or insulin signaling in peripheral tissues which may cause insulin resistance 
and subsequently type 2 diabetes and/or obesity. To achieve this aim the study was 
conducted on 90 male Wister rats weight (150-200 grams). The rats were divided into 3 
groups: Group I (Control group); included 10 healthy male rats. Group II (sodium selenate 
treated group); this group was subdivided into 4 subgroups (10 rats each) each group was 
daily orally supplemented with different concentrations of Sodium selenate (5, 10, 50 and 
100 µg ⁄ kg) for three months. Group III (Selenocysteine treated group); this group was 
subdivided into 4 subgroups (10 rats each) each group was daily orally supplemented with 
different concentrations of Selenocysteine (5, 10, 50 and 100 µg ⁄ kg) for three months. 

After three months the overnight fast animals were scarified and the blood samples 
were collected and the liver, muscle and white visceral adipose tissues were processed for 
measurements of lipid profile, serum glucose, insulin level, insulin resistance by HOMA-IR, 
kidney functions, tissue level of phospho- insulin receptor β subunits (P-IR), tissue level of 
glucose transporter 4 (Glut4), activity of glutathione peroxidases (GPx) , and tissue level of 
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selenoprotein  P (SeP) . As expected the results of this experimental study indicated that the 
Se supplementation cause a dose-dependent elevation in the tissues levels of GPx1 activity 
and SeP. Also, the long-term supplementation of rats with seleno-compounds result 
significant dose-dependent increase in fasting blood sugar compared to control. This 
increase in fasting blood glucose is associated with significant dose-dependent decline in 
fasting insulin level in the rats treated with sodium selenate while those rats treated with 
selenocysteine showed no significant change in the insulin level compared to untreated rats. 
There is a dose-dependent increase in HOMA-insulin resistance index in the rats 
supplemented with Se compounds which indicate an insulin resistance state in these rats that 
was associated with a dose-dependent decline in the phospho-insulin receptor (active 
fraction of insulin receptor) and glucose transporter4(Glut4) in the peripheral tissues 
especially liver and muscle.  

The disturbed glucose and insulin homeostasis as a result of long-term 
supplementation with Se compounds is associated with mild change in the lipid profile. 
While very mild change in the total cholesterol level was observed with the two Se 
compounds, only sodium selenate significantly decrease triglycerides level at low dose 
(10µg/kg) and significantly increase its level at the highest dose (100 µg/kg). Also, the two 
Se compounds have no significant effects on the LDL-cholesterol but significantly increase 
the level of HDL-cholesterol which imply a mild or even a good effect of long-term Se 
supplementation on the lipid profile.  

From the results of the present study we can concluded that: 

1- Long term selenium supplementation is associated with increased risk of type 2 
diabetes 

2- Inorganic selenium (Sodium selenate) is more effective in inducing the diabetic 
phenotype than organic selenium (selenocysteine) 

3- Sodium selenate can impair the insulin secretion and insulin sensitivity in liver, 
skeletal muscle and adipose tissues. While selenocysteine act only on the insulin 
sensitivity in the peripheral tissues 

4- Se-dependent glutathione peroxidase and selenoprotein P in the peripheral tissues interfere 
with the normal insulin signaling and play an important role in the mechanism of diabetes 
induction by seleno compounds 

5- The long-term selenium supplementation have mild or even good effects on  
components of the lipid profile especially HDL-cholesterol level 
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7. RECOMMENDATIONS 

1- Selenium must be taken under the supervisions of physicians where the dose not 
exceeds 400 µg/day.  

2- It's better that the food which contain selenium must be not taken randomly and we 
must know the food which containing selenium to management while eating . 

3- Different drugs which contain selenium must be known to the populations .     
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١ 

NOPQRا TUVWRا 

 �� إ��از ا���tr|� ��ر���ع اw� ���t ا�tم ا����st~|� � اytي �� داء ا���tي هr ا���اب ا�t~{|} اyztاwx  ٢اrstع 
�|�  أ���ء ا�t�°t �¯�ر �w �~|® ­آ�ن ا��¡�رو. �ª� §���� r~sن ��ض ا�������t اt~��|§  �٥٠¤£ ��ى .  �¡�}  |� ��|�

�|zt�²tن  ٢٨٥ ب اr|¤�)٦.٤٪ ( م�� wو�٢٠١٠ ،~tا ��®¸r� ���� أن  ­yه§~|¯tا  wtاr¹ £tن  ٤٣٩إr|¤�)ل ��م ) ٪٧.٧r¤��
�Å��t أآ�² ��د ا��ÄÁص اr��°� ��ytن �� ��ض  Â|¹ أن  ا�t�°t �� دولاw�  ­�Á�°t اr� �À�  §²��~tنو¿rف � ٢٠٣٠

أن ا�²tا�§ و�¯�و�§ ي واs~�t§ ��ض ا���t و¸� أدى اÉ��t اt~���ر �|�. ا���tي، �~� ��Å¤°È وا�¹ة �� أ��Æ ا���اض
 �� §tوÊ�� نr�� �¸ §�²��~tا �|tr��Ë�¹وث ا £tإ {À� ع ��٩٠rstي �� ا���tأن. ٢٪ �� داء ا Â|¹و ÍÎ°tا{�|Åtت وا 

w�|x�tا wÎا�� Ð|�� rه w~Ñ°tا� rوه ، wtاr¹ {}~� ام�٨٠�Ä�¿ع اr~È� �� ٪  ،�|trوف ��¹ ا����Ò {Ò w� زrآr¤Ètا
¸� ��rن اw� �|tr��Ô ه­y ا���È§  اÓ|�|x�t �~} ورا ه��� �r� wازن اr¤Ètآrز، �ªن ��م د أ��Î ا���È§ ا�tهs|§ واÅt �²�t~�و

�� �� w��}tع اrst�¹وث ا w� Õ²�tيا���tض ا .  

­�ÖÊ~tا ���s°tو�� �|� ا t §ور��Îtي اr|�tا wx�|~|�tا Ó²|آ�� w� ����tم اr|s|¤|�tن ا���Ôا §�Àو ،  Ót ×tyآ
و�rد ار��²ط  آ¡�Ú ا�tرا¿�ت ا�Æ|�ة �����§ ا���tي و �ÖÙ� w|� أن ��rن Ót �� اr�~t¸®و. اt¯�رة ا�Î~tدة Øtآ��ة
اÖÙ� §|t|� اr|s|¤|�tم �¤£ إ�¹اث ا���tي  �� زاÚtو.٢اrstع   وا���tي �� �w اÍ²tز�� ا��r��� �|� Ó|t�°tت اr|s|¤|�tم
  . |� ��Ó�rÅ �¹£ اÜن 

 Óده� أ��¯��Ô مr|s|¤|�tا £¤� Ó�r��~tآ��­ اØt د­�Î~tا Ó|xاyztت اÍ~�~tام ا�Ä�¿ون اÊ|�� £��~tآ{|� �� ا
~t ى أو�Æا� Ó��À°tن وا���اض ا�Ý��tا �� �Å|~�� فr¿§��°tا �Å��� �|��� د�È. تÍ~�~t¹|� ان ا w�

اyztاÓ|x اÓ�r��~t �¤£ اr|s|¤|�tم Ó��¸r¤t �� اÓs~�t و��ض ا���tي �� اrstع اw��}t ه�r� w® �¯�ش �{|� �È¤tل 
، ÓÈس او �� ا�������s²tا �� �|tr��Ëا��از ا ®� {Æا��tا w� مr|s|¤|�tف دور ا�¡��¿Ë Ó¿را�tا ­yه �|~À� �� ×tyt
  . �Æى �® درا¿§ ا�ÁÔرات اÕ²�� �¸ w�t �¯�و�§ اtr��Ô|� و��ض ا���tي �� اrstع اw��}t او اÓs~�t ا�

�� �¯�|� ).  �ام ٢٠٠- ١٥٠( ووز��Å ) و����(ا�â�tان  �� ذآrر ٩٠ا�Åtف أ���Ú ا�tرا¿§ �¤£ à|¯��t هyا 
 £tان إ�â�tت ٣ا��r~È� : £tا�و §�r~È~tا)§�r~È� ن ا����ء�â�tا(Ú¤~Á ر ١٠ ؛rان ا����ء �� ذآ�â�tا .

 §|��}tا §�r~È~tا)   Ó�r~Èم�rد�rÀtت ا�s|¤|¿( £tإ §�r~È~tا ­yت ���|§  ٤؛ و¸� �� �¯�|� ه��r~È� )ان  ١٠�â�
�Ås� {�t ( ��tا à��Ý �� �|�r� §�r~È� {آ Ú|م  وأ��rد�rÀtت ا�s|¤|¿ �� §�¤�Ä� آ|�ات��)و  ٥٠و  ١٠و  ٥
؛ و¸� �� �¯�|� ه­y ا�r~È�s|¤|�r�|��|¿( §�r~È~t§ اt(ا�r~È~t§ اÖÍ . §}t�}t§ أt�ÅÁ~�ة Ö) آ�È/ �|��و �ام  ١٠٠
£tت ���|§   ٤إ��r~È� )١٠ �Ås� {�t ان�â� (Ú|وأ��  ��tا à��Ý �� �|�r� §�r~È� {آ �� §�¤�Ä� آ|�ات��
s|¤|¿r �|��|¿)و �ام  ١٠٠و  ٥٠و  ١٠و  ٥��|� /�Èآ (ÍÖ ة�~t�ÅÁأ §Ö .� �ÅÁأ §ÖÍÖ �°ان��â�tو�� �~®  � ذ�� ا

، واr¤Ètآrز �w ا�tم، و���rى ا���t ،�|tr¯|�س ا�tهrن  وا���È§ ا�tهs|§ ا�²�t واÍÎ°tت �|�sت ا�tم و�� ا¿���Ùل
 اÍ²¯��� ��βØt�|tr��  ­����~tت  ا���r���§Èى ، وäx�Ò ا�t¤£ وHOMA -IRو�¯�و�§ اr� �|tr��Ëا¿�§ 

)phosphor insulin receptor β subunit(  ىrا�و���§È�� �� �� زrآr¤Èt٤¸} ا )GLUT4(ط�¡� ، 
  .  È�� �� selenoprotein  P§ا�، و���rى �|�وآ�|���ات اr|Ö��r¤Ètن 

°�~� �¤£ ا��r��� w� §��Ètت ا²��È�t|§ أن ��~Íت اr|s|¤|�tم ��Õ²  ار���ع �أ�Áرت ���Ðx ه­y ا�tرا¿§ 
�w ��²§ آ²|�ة ز��دة اt£ ¸� أدت  ¿¤|�sت اrÀtد�rم �آ�²تأ�ª� ،�Îن �و.  selenoproteinو )È�� �� )GPX-1§ا�

���tم  ا�tا wا�yه É²و��� Ó��Èt²§ ا�� £¤� ­�~�°�  w� ر���عËا ���tى  اr��� w� ض��Äم �® ا��tا w� �|tr��Ëا 
أي �r~¤� �|zس �s|¤|¿ ®�r�|��|¿  w اÓ¤��°~tا�â�tان �s|¤|� �ÅÑ� �tت اrÀtد�rم �w�­��°~t t �|¹ w ا�â�tان ا

�¤£  �HOMA¤£ ا�ÁÊ� w� §��Èt �¯�و�§  ­°�~�وو�� ز��دة �. اÓ�r~È~t اr���Ó���Îtى ا���tr|� �¯�ر�§ �® 
) GLUT4( ٤¸} اr¤Ètآrز �و�) ~��¯Í²ت ا���t�|tr ��ء اÉ¡st (ا���tr|� ا���tr|� �® ا���Äض �Í²¯��� wت 

 §|���tا §Èا��� wت�ÍÎ°t�² وا�tا §��Æو .  

w� {¤Ätز و اrآr¤Ètازن اr��|trمآ�ن آ ا���r|s|¤|�tت اÍ~�~t §È|�s Ó¤�rÝ ­�~t z� ®�Ý �|| w� ä|ى�r��� 
tها�r¹|� . ن w��ÅÒ  w¤�tول ا���tr�tى اr��� w� ل��°� �|z� �|��r~È~tا Íآ w�(sodium selenate and 

selenocystine) ،� مrد�rÀtت ا�s|¤|¿ ى وو�� أنr��� �� آ{|�ا {¤¯ §Î�Äs� §��� w� §|ÖÍ}tن اrه�tا
)١٠µg/kg (وز��دة آ²|�ة ®� tا §��È)و �ام  ١٠٠��|� /åآ .(  
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îe†ÃÖ]<“~×¹]îe†ÃÖ]<“~×¹]îe†ÃÖ]<“~×¹]îe†ÃÖ]<“~×¹] 

٢ 

XVY Z[ جZ]^]_ا Z^^`WY a_راcRا deه ghZ]i j[ :  

    .Íæææææææ~�� É²��æææææææ�٢ت اr|s|¤|æææææææ�tم æææææææ¤�rÝ§ ا��æææææææ� {æææææææ® ز��æææææææدة �æææææææ�Æ داء ا��æææææææ�tي ��æææææææ اræææææææstع      .١
ا��æææææ�tي ��æææææt   �æææææاء �wæææææ إ�æææææ¹اث اÉ~sæææææt ا�æææææÑtه�ي    ���¤|Óæææææأآ{�æææææ   ه�s|¤|æææææ¿(wæææææت اræææææÀtد�rم ( - ٢
)s|¤|¿r�|��|¿ (. 

٣-  ��~�tمrد�rÀtت ا�s|¤|� � ان w~Ñ°tا {�|Åtت واÍÎ°t�² وا�tا w� �|tr��Ít §|¿���tوا �|tr��Ëا��از ا ä°Î
§|sه�tا §Èوا��� .s|¤|¿ �~s|�r §|���tا §Èا��� w� �|tr��¹¿|§ ا��� £¤� É¯� {~°� �|��|¿. 

و�¤°Õ  �اÆ} �® إ�Áرات اw� �|tr��Ë ا���È§ اselenoprotein P  �� §|���t  �|�وآ�|�از واr|Ö��r¤Ètن  -٤
  .اr|s|¤|�tم دورا ه��� �ç���� §|tè w ا���tي �rا¿�§ ��آ�²ت 

�tهrن وr��� §��Æى ا£ �|�ة �¤£ ����rت اr|s|¤|�tم �rÝ¤§ ا��} �Öè �Åtر �Æ|�§ أو Í~���¹ت  -٥
 - HDLا���tr�tول 
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NiZkRع اm^Rا j[ ىP`oRض اP[ وثcs atRu Nv wW`WRم اmt^tVtoRدور ا ztt{| 

  
  

  
 §t�¿ر  

  
§��¯�  £t²|§إ�tث اr�²tا �Å°�– §ر��s�¿Ôا §°���  

  ا���ءا ��t �|x¡�وط اrÀ�tل �¤£ در�§
  

  

  
dراm]آcRا  

  
  
Nv  
  
  

aYmt~Rء اZtWt`Rا  
  

  
j[ a[c{[  
  

  

�Zدق ��c اN^�R اZ�^RرRا cWsأ 
   ١٩٩٦ - ���°§ اrÀs~tرة - آ¤|§ اr¤°tم - )r|¹ان وآ|~|�ء(���rtر�rس �¤rم 

 w� �|�����§|²�tء ا�|~|�t²|¯|§ ا��t²|§ - ا�tث اr�²tا �Å°�-  §°���§ر��s�¿Ô٢٠٠٧-  ا  

  
  
  

at��Rث اm~�Rا c�Q[ 
aYرc^`_ا� aQ[Z� 

٢٠١٥  
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NiZkRع اm^Rا j[ ىP`oRض اP[ وثcs atRu Nv wW`WRم اmt^tVtoRدور ا ztt{|  
  

  
j[ a[c{[ 

�Zدق ��c اN^�R اZ�^RرRا cWsأ 
   ١٩٩٦ - ���°§ اrÀs~tرة - اr¤°tمآ¤|§  - )r|¹ان وآ|~|�ء(���rtر�rس �¤rم 

 w� �|�����§|¯|²��t²|§ ا�tء ا�|~|�t²|§ - ا�tث اr�²tا �Å°�-  §°���§ر��s�¿Ô٢٠٠٧-  ا  
  

aدر� NV� لm�~VR  

  
dراm]آcRا  

  
 Nv  

aYmt~Rء اZtWt`Rا  
 

  

aRZ_PRا NV� z`~Rوا a��Z^WRا a^�R نm{vاm[ 
 

 

  ]NWVs jos a~Yc . د.أ

 §�r|�tء ا�|~|�tأ¿��ذ ا  

  ا�Å°�§|²�t اr�²tث 

  ���°§ ا�s�¿Ôر�§

......................... 

  �Zدن ]ZQوmW~[ N�^s aYد. د.أ

  وا�rtr|²t|� اâ��Èt|§ ا�t|~|�ء ا�r|�t§ أ¿��ذ

§�r|�tا �|�rtrs��tوا §|Öراrtا §¿�sÅtث اr�� �Å°�  

  ���°§ ���s§ ا��tدات

......................... 

  �cW~[ ZYP داوود. د.أ

   ا�r|�t§ا�t|~|�ء  أ¿��ذ

§|²�tث اr�²tا �Å°�  

  ���°§ ا�s�¿Ôر�§

......................... 
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  ا�t�m]R                 اmvP�WRن                                          اZoRدة

  ...........................  PYZi أmO رواش/ د.أ

§�r|�tء ا�|~|�tا¿��ذ ا  

§|²�tث اr�²tا �Å°�  

  ���°§ ا�s�¿Ëر�§

  ...........................  ]NWVs jos a~Yc/ د.أ

Ó�r|�tء ا�|~|�tا¿��ذ ا  

�Å°� §|²�tث اr�²tا  

  ���°§ ا�s�¿Ëر�§

 ...........................  ]c�Zة إ_mY wt�ZW_�/ د.أ

 آ|~|�ء و�|�rtr|� ا��ÍÄt وا���È§¿��ذ أ

§|²�tث اr�²tا �Å°�  

  ���°§ ا�s�¿Ôر�§
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