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AbstrAct

The efficacy of antioxidant supplementation in the prevention of cardiovascular disease appears equivo-
cal, however the use of more potent antioxidant combinations than those traditionally used may exert a more 
positive effect. We have shown previously that supplementation of vitamin E and α-lipoic acid increases 
cardiac performance during post-ischemia reperfusion in older rats and increases Bcl-2 levels in endothelial 
cells. The purpose of this study was to examine the effects of vitamin E and α-lipoic acid supplementation on 
myocardial gene expression with a view to determine their mechanism of action. Young male rats received 
either a control (n=7) or vitamin E and α-lipoic acid supplemented diet (n=8) for 14 weeks. RNA from myo-
cardial tissue was then amplified and samples were pooled within groups and competitively hybridized to 
5K oligonucleotide rat microarrays. The relative expression of each gene was then compared to the control 
sample. Animals that received the antioxidant-supplemented diet exhibited upregulation (>1.5×) of 13 genes 
in the myocardium with 2 genes downregulated. �pregulated genes include those involved in cell growth and �pregulated genes include those involved in cell growth and�pregulated genes include those involved in cell growth and 
maintenance (LynB, Csf1r, Akt2, Tp53), cell signaling (LynB, Csf1r) and signal transduction (Pacsin2, Csf1r). 
Downregulated genes encode thyroid (Thrsp) and F-actin binding proteins (Nexilin). 
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INTROD�CTION

Th� �ffi��a��� of antioxidant s�������ntation fo� th� ��i�
�a�� �����ntion of ��a�dio�as����a� dis�as� a���a�s �q�i��
o��a�. This �a� b� d��, in �a�t, to th� wid� �an�� of antioxi�
dants st�di�d, dos�s �s�d, and th� �o���ations f�o� whi��h 
st�d� �a�ti��i�ants a�� d�awn and th� �s� of s�n���isti�� 
��o�binations of antioxidant ��o��o�nds. W� ha�� ����i�

o�s�� d��onst�at�d that s�������ntation with �od��at� 
dos�s of �ita�in � and α��i�oi�� a��id in����as�s ��a�dia�� ����
fo��an��� d��in� �ost�is��h��ia �����f�sion in o�d�� �ats 
(1) and �������at�s B����2 ��ot�in �����s in ��ft ��nt�i����a� 
(LV) �ndoth��ia� �����s (2). α��i�oi�� a��id is a �ot�nt wat���
so��b�� antioxidant that is �a�id�� tak�n �� b� th� ����� and 
��d����d to dih�d�o�i�oi�� a��id (DHLA) whi��h is a��ti�� as 
both an int�a�������a� and �xt�a�������a� antioxidant (3). Th� 
s�a�� a�o�nt of DHLA ���ainin� in th� ����� �nhan���s th� 
��������in� of oth�� antioxidants s���h as �ita�in �, ���tathi�
on� and as��o�bat� (3, �). Vita�in � is a �a�o� ��hain�b��ak� �). Vita�in � is a �a�o� ��hain�b��ak��). Vita�in � is a �a�o� ��hain�b��ak�
in�, �i�id so��b�� antioxidant that ��sid�s in �������a� ����
b�an�s th�s, th� ��o�bination of α��i�oi�� a��id and �ita�in 
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� ��o�id�s antioxidant ��ot���tion in both th� aq��o�s and 
�i�id �has�s of th� �����. In addition, both ��o��o�nds ha�� 
�ot�nt non�antioxidant ��o���ti�s in����din� b�ood ���ottin� 
(5�7), �����os� t�ans�o�t s�st�� (8) and �a�io�s ����� si�na��
in� �athwa�s (9�11) that �a� b� �n���at�d to th�i� antioxi�
dant �o��s. Th� ����os� of this st�d� was to �xa�in� th�Th� ����os� of this st�d� was to �xa�in� th� 
�ff���t of �ita�in � and α��i�oi�� a��id s�������ntation on 
��o��a�dia� ��n� �x���ssion in th� ��ft ��nt�i����. 

METHODS

Animals
This �x���i��nt was a���o��d b� Th� Uni���sit� of 

Q���ns�and Ani�a� �thi��s Co��itt�� in a����o�dan��� 
with Nationa� H�a�th and M�di��a� R�s�a���h Co�n��i� 
��id��in�s. Ma�� Wista� �ats, a��d fo�� w��ks obtain�d 
f�o� th� C�nt�a� Ani�a� B���din� Ho�s�, Th� Uni���sit� 
of Q���ns�and, w��� �ando��� assi�n�d to �����i�� �ith�� 
a standa�d �abo�ato�� �od�nt di�t (n=7) o� an antioxi�
dant�s�������nt�d di�t (n=8) fo� 1� w��ks. Ani�a�s that 
�����i��d th� antioxidant di�t w��� f�d th� sa�� �at ��how 
as th� non�s�������nt�d ��o��s b�t with 1000 IU �ita�
�in � (d�α�to��o�h��o� s�����inat�, Co�ito� 1185, Co�nis, 
M��bo��n�, A�st�a�ia) and 1.6 � α��i�oi�� a��id (Li�o���, 
Co�nis, M��bo��n�, A�st�a�ia) add�d ��� k� of di�t. Th� of di�t. Th�of di�t. Th� 
di�ta�� antioxidants and dos� �at�s �s�d in this st�d� 
w��� bas�d on ����io�s ��s��ts f�o� o�� �abo�ato�� (1, 2, 2,2, 
5). Rats w��� ho�s�d 2�3 ��� ��a��, �aintain�d on a 12�
12 h �i�ht/da�k ������� and ��o�id�d with �at ��how and ta� 
wat�� ad libitum.

Microarray
Tota� RNA was �xt�a��t�d f�o� th� ��ft ��nt�i����s �sin� 

th� TRIzo� ��thod (In�it�o��n, M��bo��n�, A�st�a�ia). 
RNA sa����s w��� f��th�� ���ifi�d �sin� an RN�as� 
�ini kit (Qia��n, Don��ast��, A�st�a�ia). Th� �RNA was 
�����s� t�ans���ib�d to ��DNA with di����t in��o��o�ation of 
���anin� d��s. Th� RNA f�o� �a��h tiss�� was ��o��a��d 
to th� �x���ssion ��ofi�� of a “��o��on ��ont�o�” ��onsist�
in� of a �oo� of RNA f�o� s����a� indi�id�a� ani�a�s. 
Fo��owin� �ab���in�, �a��h ��as� sa���� was ��o���titi���� 
h�d�idis�d with th� ��o��on ��ont�o� to 5K MWG o�i�o�
n�����otid� �at �i���oa��a�s (Ra�a��iotti C�nt��, Uni���sit� 
of NSW, A�st�a�ia). Mi���oa��a�s w��� s��ann�d and th� 
data ana��s�d �sin� G�n� S��in� GX softwa�� (A�i��nt 
T���hno�o�i�s, Pa�o A�to, CA). 

Antioxidants
Con���nt�ations of �ita�in � (α�to��o�h��o�) w��� d�t���

�in�d in ��ft ��nt�i����a� tiss�� and ��as�a b� �����s��
�has� hi�h ���fo��an��� �iq�id ��h�o�ato��a�h� (HPLC) 
�sin� th� �iq�id��iq�id �xt�a��tion ��thod of Taibi and 
Ni��ot�a (12). B�i�fl�, ��ot�ins w��� �����i�itat�d and �i��
ids �xt�a��t�d in a sin��� st�� b� in���bation with an �tha�
no����h�o�ofo�� �ixt��� (3:1 �/�). Aft�� s��a�ation of th� 
�����i�itat�d ��ot�in, 50 µ� s����natant w��� in����t�d onto 
a LiCh�os�h�� C18 ��o���n (250 �� � ��, 5 �� � ��, 5�� � ��, 5 µ��� M����k, 
Da��stadt, G���an�) with a flow �at� of 1 ��.�in�1 and 9 
MPa ba��k���ss��� and ana��s�d �sin� fl�o�o��t�i�� d�t����
tion. Sto��k so��tions of d��α�to��o�h��o� (F��ka, B���hs, 
Switz���and) w��� �s�d as �xt��na� standa�ds. In o�� 
hands, th� ��o�ffi��i�nt of �a�iation fo� this assa� is <2%. 

Tiss�� and ��as�a ��on���nt�ations of α��i�oi�� a��id w��� 
not ��as���d as ����io�s data in o�� �abo�ato�� indi��at�d 
that th� ��o��o�nd was �nd�t���tab�� in both ��ont�o� and 
s�������nt�d ani�a�s (2, 5) as ��� ������ ��� α��i�oi�� a��id is �a�id�� 
��on���t�d to �a�io�s ��tabo�it�s a�so with antioxidant 
��o���ti�s (13, 1�). This findin� is ��onsist�nt with ����i� 1�). This findin� is ��onsist�nt with ����i�1�). This findin� is ��onsist�nt with ����i�
o�s st�di�s (15).

Statistical analysis
Th� ���ati�� �x���ssion of �a��h ��n� ��o��a��d to ��o��

�on ��ont�o� was d�t���in�d fo��ow�d b� th� �a�ian��� 
of �a��h ��n�s �x���ssion ���ati�� to th� ��o��on ��ont�o� 
within �a��h ��o�� and fina��� th� statisti��a� diff���n��� 
in ���ati�� �x���ssion b�tw��n th� ��o��s. Initia� fi�t��s 
s�����t�d on�� ��n�s whi��h show statisti��a��� diff���nt 
�x���ssion b�tw��n th� ��o��s with �ith�� o�����x���ssion 
of ���at�� than 1.5 o� ��ss than 0.7 fo�d. P�as�a �a�a��
�t��s w��� ana��s�d �sin� an ind���nd�nt t�t�st and �a���s 
���o�t�d a�� ��ans ± S�M. Si�nifi��an��� was �stab�ish�d 
at P<0.05. 

RES�LTS

Fo��t��n w��ks of antioxidant s�������ntation 
��s��t�d in an in����as� in ��as�a �����s of �ita�in � ��o��
�a��d to non�s�������nt�d ani�a�s (25.1 ± 2.3 �s.. 36.0 ± 
2.6 µM ��s����ti������ P<0.05). No s���h ��han�� was ��id�nt 
in ��o��a�dia� tiss�� (3.70��o��a�dia� tiss�� (3.70 ± 0.32 �s. 3.65. 3.65 3.65 ± 0.�1 �o�/� ��o��o�/� ��o�
t�in�� P>0.05).

Antioxidant s�������ntation �������at�d (>1.5��)��)�� 
��n�s in th� ��o��a�di�� asso��iat�d with ����� ��owth and 
si�na��in� (Tab�� 1). U������at�d ��n�s that n��ati���� 
��ont�o� ����� ��owth in����d� Tp53 (t��o�� s�����sso� (�53) 
��n�), Madh5 (S�ad5), Klf15 (K��������ik� t�ans���i��
tion fa��to�) and Lyn (L�n B t��osin� kinas�) wh���as Akt2 
(��ot�in kinas� B) and Csf1r (CSF�1 ������to�) ��n�s a�� 
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asso��iat�d with ����� ��owth and ��o�if��ation. In addi�
tion, Pacsin2, a known �����ato� of ��ot�in kinas� C, was 
in����as�d. Antioxidant s�������nt�d �ats a�so �xhibit�d 
a si�nifi��ant in����as� in Renbp (��nin�bindin� ��ot�in) 
�nd Lypla1 (��a���i���ind���nd�nt �hos�ho�i�as� A2). 
Down�����at�d ��n�s �n��od� th��oid (Thrsp) and F�a��tin 
bindin� ��ot�ins (Nexilin).

DISC�SSION

R�a��ti�� ox���n s����i�s (ROS) a�� known to ��a� an 
int���a� �o�� in a n��b�� of ����� si�na��in� �athwa�s and 
an i�ba�an��� b�tw��n ROS ��od���tion and antioxidant 
��ot���tion (oxidati�� st��ss) ��an ��a�s� and/o� ��ont�ib�t� 
to �a�io�s dis�as� ��o���ss�s. In addition, s����a� antioxi�
dants ��an f�n��tion in non�antioxidant ��a�a��iti�s whi��h 
��an a�so aff���t ����� ��ot���tion and si�na��in� �athwa�s. 
In this st�d�, w� ha�� shown that �ita�in � andit�min E �nd α��i�oi�� 
a��id s�������ntation a��ti�at�s �a�io�s ����� si�na�in� 
��n�s asso��iat�d with th� Akt �athwa� as Akt2, Tp53, Lyn, 
Csf1r �nd Madh5/Smad5 a�� of whi��h w��� �������at�d in 
th� ��o��a�di�� of s�������nt�d ani�a�s. W� �����nt�� 
���o�t�d an in����as� in B����2 ��ot�in in �ndoth��ia� �����s 
of �ats fo��owin� th� sa�� s�������ntation ���i�� (2), 
s����stin� a ��ot���ti�� �o�� of th� ��o�bination of �ita�

min E �nd α��i�oi�� a��id. Th� Akt �athwa� is known to 
b� ��o�s���i�a� (16) and th� in����as� in Akt2 s���o�ts o�� 
����io�s findin�s. Akt a��ti�ation �hos�ho���at�s M��in� 
do�b�� �in�t� 2 (Md�2), a �ot�nt inhibito� of th� ��o�
a�o�toti�� ��ot�in, �53 (17). �53 �����s ��an b� in����as�d 
di����t�� b� Tp53 �������ation and indi����t�� b� Lyn vi� 
in����as�d t�ans�o��ation of �53 to th� ���to��as� and ������
sa� of Md�2���diat�d d���adation of �53 (18). Si�i�a���, 
th� in����as� in Madh5 is �ik��� ���at�d to th� in����as� 
in Tp53 as th� ��n� ��od���t of Madh5, S�ad5, ��a�s an 
int���a� �o�� in th� TGF�β si�na�in� �athwa� and inhibits 
a�o�tosis �ia a �53���diat�d �athwa� (19). Th� �������a�
tion of Csf1r in th� ��o��a�di�� a�so in����as�s int�a�����
���a� L�n and Akt a��ti�it� (20). W� ha�� ����io�s�� shown 
in����as�s in �i�id ���oxidation in vivo with �ita�in � and 
α��i�oi�� a��id s�������ntation (2) and an in����as� in ��as�
�as��3 a��ti�it� with in����asin� ��on���nt�ations of α��i�oi�� 
a��id with no ��on��o�itant �is� in DNA f�a���ntation (11). 
W� th���fo�� s������at� that th� �������ation of th� ����� 
si�na�in� ��n�s in th� ������nt st�d� is �ik��� th� ��s��t of 
an in����as� in oxidati�� st��ss���diat�d a��ti�ation of �53 
��od���tion a�tho��h as both �ita�in � and α��i�oi�� a��id 
ha�� known non�antioxidant ��o���ti�s, it is a�so �ossib�� 
that th�s� ��han��s a�� ��diat�d �ia oth�� �athwa�s.

Th� �h�sio�o�i��a� si�nifi��an��� of a �od�st in����as� in 
Renbp is �n����a� as th� ��od���t, ��nin�bindin� ��ot�in, is 
a ���to��as�i�� ��ot�in and is �n�ik��� to f�n��tion in bind�
in� ��i�����atin� ��nin. How����, ��nin�bindin� ��ot�in has 
b��n shown to ��ont�o� th� a�ai�abi�it� of b�ta�N�a���t���N�a���t���
�����osa�in� (G���NA��) (21). G����os��ation of ��ot�ins 
b� O��ink�d G���NA�� is a ����� si�na�in� and t�ansd���tion 
�athwa� �nhan���d d��in� h�����������ia and diab�t�s 
that a���a�s to f�n��tion in a si�i�a� �ann�� to �hos�ho���
�ation. α��i�oi�� a��id s�������ntation is known to ��o�id� 
a b�n�fi��ia� �ff���t in diab�ti�� �ati�nts �ia ����hanis�s 
in����din� att�n�ation of h�����������ia (22), s�����ssion 
of ad�an���d �����ation �nd ��od���tion fo��ation (23) and 
i���o��d ins��in s�nsiti�it� (2�). Th�s, th� in����as� in 
Renbp �x���ssion with �ita�in � and α��i�oi�� a��id s������
��ntation �a� ha�� a n��b�� of f�n��tiona� �a�ifi��ations 
in ����� si�na�in� �athwa�s, �a�ti����a��� with diab�t�s.

In this st�d� w� ha�� shown a si�nifi��ant �������a�
tion of ����� si�na�in� ��n�s asso��iat�d with both ��o� and 
anti�a�o�toti�� �athwa�s fo��owin� s�������ntation with 
vit�min E �nd α��i�oi�� a��id. Th�s� antioxidants ha�� b��n 
d��onst�at�d to a��t in a s�n���isti�� �ann�� wh�n �i��n 
to��th�� and w� ha�� ����io�s�� ���o�t�d ��ont�adi��to�� 
findin�s with an in����as� in th� anti�a�o�toti�� ��ot�in B����
2 in vivo and an in����as� in ��as�as��3 a��ti�it� in vitro. 

Table 1. M�o��a�dia� ��n� �x���ssion in �ats fo��owin� 1� 
w��ks of antioxidant s�������ntation�

Gene Product Expression vs. control 
(control = 1)

Csf1r CSF�1 ������to� �.9
Lyn L�n B t��osin� kinas� 3.9
Lypla1 ��so�hos�ho�i�as� 1 3.8
Renbp ��nin�bindin� ��ot�in 3.0
Klf15 K��������ik� fa��to� 15 1.9
Pacsin2 P�ot�in kinas� C and ��as�in 

kinas� s�bst�at� in n���ons 
2 ��ot�in

1.7

Tp53 �53 1.6
Madh5 S�ad5 1.6
Akt2 Akt2 1.6
Nexilin F�a��tin bindin� ��ot�in 

b�N�xi�in
0.58

Thrsp th��oid ho��on� ��s�onsi�� 
SPOT1� ho�o�o�

0.36

� On�� thos� ��n�s whos� �x���ssion was �ith�� ���at�� than 1.5 o� 
��ss than 0.7 fo�d that of th� ��o��on ��ont�o� a�� �ist�d.
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M�o��a�dia� tiss�� is ��o��os�d of fo�� �a�o� ����� t���s, 
��a�dio��o���t�s, fib�ob�asts, �ndoth��ia� �����s and �as����
�a� s�ooth ��s���� �����s, that a�� ��a� a �a�o� �o�� in LV 
f�n��tion. Data f�o� th� ������nt st�d� ��o������nts th� 
findin�s of ����io�s wo�k b� Ha�a�aki and ��o���a���s 
(25, 26) who d��onst�at�d an in����as� in ��o��a�dia� ��o� 26) who d��onst�at�d an in����as� in ��o��a�dia� ��o�26) who d��onst�at�d an in����as� in ��o��a�dia� ��o�
t���tion with �ita�in � and α��i�oi�� a��id s�������ntation 
and w� a�� ������nt�� in��sti�atin� th� �ff���ts of s������
��ntation on indi�id�a� ����� t���s in th� LV. Th� �i�it�d 
a�o�nts of tiss�� a�ai�ab�� fo� f��th�� ana��sis �����nt�d 
�s f�o� �sin� RT�PCR�� f�t��� �x���i��nts in o�� �abo�a�
to�� wi�� s��k to ��onfi�� th�s� findin�s and to d�t���in� 
if th�s� ��n�s ��a� a �o�� in ��o��a�dia� ����� si�na�in� and 
��ot���tion. 

ACKNOWLEDGEMENTS

Th� a�tho�s ��at�f���� a��know��d�� th� t���hni��a� 
ad�i��� and assistan��� of M� Ga�� Wi�son. Th� antioxidant 
s�������nts �s�d in this st�d� w��� a ��n��o�s �ift f�o� 
H���on Pha��a����ti��a�s. This st�d� was f�nd�d b� Th� 
Uni���sit� of Q���ns�and.

REFERENCES

1. Coo�b�s J.S., Pow��s S.K., Ha�i�ton K.L., �t a�. I���o��d ��a�dia�� 
���fo��an��� aft�� is��h��ia in a��d �ats s�������nt�d with �ita�in � 
and a��ha��i�oi�� a��id. A� J Ph�sio� R���� Int��� Co�� Ph�sio�. 2000�� 
279(6), 21�9�55.

2. Ma�sh S.A., La��s�n P.B., Pat B.K., �t a�. B����2 in �ndoth��ia� �����s is 
in����as�d b� �ita�in � and a��ha��i�oi�� a��id s�������ntation b�t not 
�x����is� t�ainin�. J Mo� C��� Ca�dio�. 2005�� 38(3), ��5�51.

3. Jon�s W., Li X., Q� Z., �t a�. U�tak�, ��������in�, and antioxidant a��tions 
of a��ha��i�oi�� a��id in �ndoth��ia� �����s. F��� Radi�� Bio� M�d. 2002�� 
33(1), 83�93.

�. Bi�w�n�a G.P., Ha�n�n G.R., Bast A. Th� �ha��a��o�o�� of th� anti�
oxidant �i�oi�� a��id. G�n Pha��a��o�. 1997�� 29(3), 315�31.

5. Ma�sh S.A., Coo�b�s J.S. Vita�in � and a��ha��i�oi�� a��id s�������n�
tation in����as� b���din� t�nd�n��� �ia an int�insi�� ��oa���ation �ath�
wa�. C�in A��� Th�o�b H��ost. 2006�� 12(2), 169�73.

6. Mo���os M., Bo����a V., Is���ann B., �t a�. �ff���t of a��ha��i�oi�� a��id on 
th� ��o���ssion of �ndoth��ia� ����� da�a�� and a�b��in��ia in �ati�nts 
with diab�t�s ����it�s: an �x��o�ato�� st�d�. Diab�t�s R�s C�in P�a��t. 
2001�� 52(3), 175�83.

7. Fo�d I., Cott�� M.A., Ca���on N.�., �t a�. Th� �ff���ts of t��at��nt with 
a��ha��i�oi�� a��id o� ���nin� ��i��os� oi� on �as����a� h��ostati�� and 
�i�id �isk fa��to�s, b�ood flow, and ���i�h��a� n���� ��ond���tion in th� 
st���tozoto��in�diab�ti�� �at. M�tabo�is�. 2001�� 50(8), 868�75.

8. Ja��ob S., St������ R.S., Fo�t D.L., �t a�. Th� antioxidant a��ha��i�oi�� 
a��id �nhan���s ins��in�sti���at�d �����os� ��tabo�is� in ins��in���sis�
tant �at sk���ta� ��s����. Diab�t�s. 1996�� �5(8), 102��9.

9. M����� C., D�ns��h�d� F., Ko��h �., �t a�. A��ha��i�oi�� a��id �����ondi�
tionin� ��d����s is��h��ia������f�sion in���� of th� �at �i��� �ia th� PI3�

kinas�/Akt �athwa�. A� J Ph�sio� Gast�oint�st Li��� Ph�sio�. 2003�� 
285(�), G769�78.

10. La��ant� M.A., W� R., �� Midao�i A., �t a�. NAD(P)H oxidas� a��ti�a�
tion b� an�iot�nsin II is d���nd�nt on ��2/�� �RK�MAPK �athwa� 
a��ti�ation in �at’s �as����a� s�ooth ��s���� �����s. J H����t�ns. 2003�� 
21(5), 927�36.

11. Ma�sh S.A., Pat B.K., Gob� G.C., �t a�. ��id�n��� fo� a non�antioxidant, 
dos��d���nd�nt �o�� of a��ha ��i�oi�� a��id in ��as�as��3 and �RK2 a��ti�
�ation in �ndoth��ia� �����s. A�o�tosis. 2005�� 10(3), 657�65.

12. Taibi G., Ni��ot�a C.M. D����o���nt and �a�idation of a fast and s�n�
siti�� ��h�o�ato��a�hi�� assa� fo� a���t�ans���tino� and to��o�h��o�s in 
h��an s���� and ��as�a �sin� �iq�id��iq�id �xt�a��tion. J Ch�o�ato�� 
B Ana��t T���hno� Bio��d Lif� S��i. 2002�� 780(2), 261�7.

13. Pa��k�� L., Witt �.H., T�its��h��� H.J. a��ha�Li�oi�� a��id as a bio�o�i��a� 
antioxidant. F��� Radi�� Bio� M�d. 1995�� 19(2), 227�50.

1�. T�i��h��t J., P��iss R. Hi�h����fo��an��� �iq�id ��h�o�ato��a�hi�� assa� 
fo� a��ha��i�oi�� a��id and fi�� of its ��tabo�it�s in h��an ��as�a and 
��in�. J Ch�o�ato�� B Ana��t T���hno� Bio��d Lif� S��i. 2002�� 769(2), 
269�81.

15. Ma�an�on K., D��a�a� S., Ti�osh O., �t a�. Co��a�ison of th� �ff���t of 
a��ha��i�oi�� a��id and a��ha�to��o�h��o� s�������ntation on ��as���s 
of oxidati�� st��ss. F��� Radi�� Bio� M�d. 1999�� 27(9�10), 111��21.

16. B��n�t A., Bonni A., Zi��ond M.J., �t a�. Akt ��o�ot�s ����� s���i�a� 
b� �hos�ho���atin� and inhibitin� a Fo�kh�ad t�ans���i�tion fa��to�. 
C���. 1999�� 96(6), 857�68.

17. S��h�itz K.J., G�ab����s F., Ca��i�s R., �t a�. R��ationshi� and ��o��
nosti�� si�nifi��an��� of �hos�ho�(s��in� 166)����in� do�b�� �in�t� 2 
and Akt a��ti�ation in nod��n��ati�� b��ast ��an���� with ���a�d to �53 
�x���ssion. Vi���hows A���h. 2006�� ��8(1), 16�23.

18. R�n X., Cao C., Zh� L., �t a�. L�n t��osin� kinas� inhibits n�����a� 
�x�o�t of th� �53 t��o� s�����sso�. Can���� Bio� Th��. 2002�� 1(6), 
703�8.

19. S�n Y., Zho� J., Liao X., �t a�. Dis���tion of S�ad5 ��n� ind����s �ito�
��hond�ia�d���nd�nt a�o�tosis in ��a�dio��o���t�s. �x� C��� R�s. 2005�� 
306(1), 85�93.

20. L�� A.W., Stat�s D.J. Both s����d���nd�nt and �ind���nd�nt ����ha�
nis�s ��diat� �hos�hatid��inosito� 3�kinas� �����ation of ��o�on��
sti���atin� fa��to� 1�a��ti�at�d �ito��n�a��ti�at�d ��ot�in kinas�s in 
����oid ��o��nito�s. Mo� C��� Bio�. 2000�� 20(18), 6779�98.

21. Catanza�o D.F. Ph�sio�o�i��a� �����an��� of ��nin/��o��nin bindin� and 
��tak�. H����t�ns R�s. 2005�� 28(2), 97�105.

22. M��h�� M.F., C�a��n P.A., Lia��h�nko J., �t a�. A��ha��i�oi�� a��id 
att�n�at�s h�����������ia and �����nts ��o�����a� ��san�ia� �at�ix 
�x�ansion in diab�t�s. J A� So�� N��h�o�. 2002�� 13(1), 108�16.

23. Bi��ha�s A., Ch��ion S., Ch��ion M., �t a�. Ad�an���d �����ation �nd 
��od���t�ind����d a��ti�ation of NF�ka��aB is s�����ss�d b� a��ha��i�oi�� 
a��id in ����t���d �ndoth��ia� �����s. Diab�t�s. 1997�� �6(9), 1�81�90.

2�. Thi��na��kka�as� V., Anitha Nandhini A.T., An��adha C.V. Li�oi�� 
a��id att�n�at�s h����t�nsion and i���o��s ins��in s�nsiti�it�, ka��
�ik��in a��ti�it� and nit�it� �����s in hi�h f����tos��f�d �ats. J Co�� 
Ph�sio� (B). 200��� 17�(8), 587�92.

25. Ha�a�aki N., Assadnaza�i H., Zi���� G., �t a�. Th� infl��n��� of �ita�
�in � and dih�d�o�i�oi�� a��id on ��a�dia�� �n���� and ���tathion� sta�
t�s �nd�� h��oxia���ox���nation. Bio��h�� Mo� Bio� Int. 1995�� 37(3), 
591�7.

26. Ha�a�aki N., Pa��k�� L., Assadnaza�i H., �t a�. Ca�dia�� ����o���� d���
in� �ost�is��h��i�� �����f�sion is i���o��d b� ��o�bination of �ita�in 
� with dih�d�o�i�oi�� a��id. Bio��h�� Bio�h�s R�s Co���n. 1993�� 
196(3), 1101�7.


