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Abstract 

In this research, a comparison was made between 

the concentration of secondary metabolites of 

Hibiscus sabdariffa content in its leaves and 

induced transgenic hairy roots. The levels of 

anthocyanins and flavonoids and total phenol were 

measured in both samples. In the next step, 

polyphenols were measured by HPLC. The 

concentration of catechin flavonoids in the 

transgenic hairy root extract was 22.8 mg/g dry 

matter which was several times higher than that of 

0.9 mg/g in leaf extract of dry matter. The obtained 

results clearly demonstrated that, the rate of 

concentration of secondary metabolites during the 

process of induction of transgenic hairy root was 

increased. Then, the extracts of leaf and transgenic 

hairy root samples at various concentrations of 0, 

25, 50, 50, 100, 200, 400 mg / ml were added to 

HepG2 liver cancer cell lines and the percentage of 

cell survival was calculated by MTT method. The 

cell survival rate in the sample treated with 

transgenic hairy roots samples was less than the 

leaf extract samples, which was most likely due to 

the higher concentration of Catechin in the 

transgenic hairy roots extract. The best 

concentrations of extracts of transgenic hairy root 

extract showed that, the highest percentage of cell 

apoptosis was 100 mg/ ml. 

 

Keywords: Catechin, HepG2 cancer cells, 

Hibiscus sabdariffa, HPLC, Secondary 

metabolites, Transgenic hairy roots.  
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,�� �'0� ��, �(�@-� HepG2 	�'+ ���-� � 

������� ��-] .2H-8  

  

�
� � 8�� �%  
"#��$ ���� ���� 

�%��� /('( ��, `-� ��, \-� ���/3 '+��M 

��-��/�; :/ /� \�� {�X0� �� ���-8<:-��I' ���Z(w�Z 

���/ �%� 	'� �	 ��< 3AK �%� � O[� /('( �� 

�	'� .%�	-8 %B� �� �	�+< ���, /('( �� /� 2W�( 1:40 

�� j< |�	 /H�d� %� � O[� �	 I�= M� ��+, 

Memert �%+ WB14 �� �+	, 95 ��(�� /7�	  	�-8

�-�, �	 26�� ��-] �	�	 .%� O[� ���Q6 ��< /� 

\�� 2a� ~A �� ��m��	 �����, Heidolph �%+ 

4001 �	 �+	, 85 ��(�� /7�	  	�-8;W��- � O[� 

H�-�0 .%� ���Q6 ��, ]����%(� �� \�� -H�Z ��	�- � 

/� /0��� ��m��	 ScanVac �%+ CoolSafe VR+�: 

3AK %� � �	'� /� 2�	 �%+< �� ��+� �	�9��� �	 

���_; �� �+	,20- ��%�m(, .%�	-8   

  
%	� ��� &'���$ "��(�  

�	 �%��� 2F0N /� �'( �	�+ ->?+� �	 /('( ��, \-� 

���/3 '+��/& �< lW@ \�� ��, ��- ���%(� ,-�8 .%�  

  
��� )�* ��  

2F0N �0� �&H ��, :� lW@ \�� Folin-Ciocalteau 

)Kundu et al., 2018 (���%(� ,-�8 %�. %��M E�'C 

:/ 1/0 I-8 �	�+ 3AK �� �	 1 �0�+ -��G j< -kX+ �= 

�%� � O[� 5/0 �0�+ -��G �'0a+ ��2&1 N Folin-

Ciocalteau 2 /H�d� �%� � /� �'@ :�+� �'0;+ %�. 

O� �� K� /9]� /� ]	�/X �, 3 �0�+ -��G �'0a+ 2 

%C�	 Na2CO3 /� �< /H�d� � �'0;+ %� � �-�, 15 

]	�/X /� �'@ j��&�+ /� �� �	� �%� � �	 /+�	� ��:M 

/���^8 .%� j^7 �'0a+ /('( � ��	��%(����, ���% 

G�8K� �	 �'@ y'+ 750 -�+'(�( �� ��m��	 ���%(� ,-�8 

[���-�+'�H�-� 2W> �%� � &a&+� 	��%(���� ��� � 

2F0N �0� �&H �� B���M .%� �&a&+ �'���-W�G�: �C�= 

�� l��Z� x'k� J0�;+ �'0a+ ��, 	��%(���� ���% 

G�8K� �	 ��� 1 ��3( �	�	 �%� .2�� M�� �&a&+ 

���	, /G	�B+ uA Y=389.64X-14.341 � -d�U 

m��W�� R²=0.9483 �+ ���%.  

  
��+'���	,*  

 ,�-����%(� '(�RH ,-�8%��\�� �� �: ,�� 

Zhishen et al. )1999 (/�  �	�9��� 	��%(���� ��'&6
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 �%��� �	 .%�5/0 �0�+ -��G  ���Q6 �'0a+ ��1 �0�+  I-8

�0�+ -�  �� /:-��G25/1 �0�+ �= -kX+ j< -��G  �%�

/���	-� 
75  �'0a+ �� -��G�-��+NaNO2 5  /� %C�	

 �� %B� .%�	-8 /H�d� �'0;+6  /X�]	150  -��G �-��+

 �'0a+AlCl3.6H2O 10  � �%� /H�d� �'0a+ /� %C�	

 ,�-�p&� O[� .%� I�1(� �'����'�(� /X�]	 5/0 

�0�+ �'0a+ �� -��G NaOH 1  � �b'+5/2 �0�+  j< -��G

 /0C�HR� �< j^7 � %�	-8 �'0;+ � �%� /H�d� -kX+

 y'+ �'@ �	 /��� �� O�510 .%� 2g�-] -�+'(�(  �&a&+

�'0a+ J0�;+ x'k� l��Z� �� �C�= �'���-W�G�:  ,��

 	��%(���� ��� �	1  �&a&+ M�� .2�� �%� �	�	 ��3(

B+ ,���	 /G	� uAY=673.06X+0.6751  U�-d �

 �m��W�R²=0.9483 �+ %���.   

  
-'��'��.�$ ��  

�-� ,B���M ��%X+ �'�(<�(��M ��: ,� �� \�� Fuleki 

& Francis )1968( �	�9��� �+ '�.	 �	 ��M \�� 10 

�0�+  -��G�� ���Q6 1 �0�+  I-8-� �0�+  -��G�� �� 50 

�0�+  �� -H�� -��GpH 1 � 5/4 �+ �'0;+  � 	'�j^7 

�< �� �	 535 -�+'(�( 2g�-] �+ '�.	 PR�A� j^7 

/� 2�	  �%+<�� E��9� j^7 pH 1 � 5/4  ��%X+

�'�(<�(��M :� �� B���M �+ &:%.  

  

  
Absorbance 

)/� 1. �&a&+ �'���-W�G�: �C�= �� l��Z� x'k� J0�;+ �'0a+ ��, 	��%(���� ���% G�8K� ,�-� M��B� 2F0N �0� �&H �� 

  

  
Absorbance 

)/� 2. �&a&+ �'���-W�G�: �C�= �� l��Z� x'k� J0�;+ �'0a+ ��, 	��%(���� ,�-� M��B� 2F0N '(�RH%����  
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������� 	 3�''- �'45& 67��'- 8��� "�9.�# HPLC  

:_���M �� -@�l ���+ 	������ ��, 	��< 
SX( �+� �	 

��m3�-, �� ,���� ��, M+Z+ �� /07 ��@-� .%(��	 

	������ ��, 	��< �� /0= /� �3N, ���R�'�� �'0� � 

	'��(:�	- �< 
/� DNA �A�	 �'0� �-��	� �+ ���%& � 

�� -@�l z���- DNA r6�� ����, ��@-� �+ '�%(. -� 

�%] 	�%B� ��-8 ��, ����%:��� ��-�3 %��� 
�(�'��� 

��(< (�%��:�� �0� �&H �� �ZH��S �+ ���%. 

�� �	�9��� �� ��m��	 HPLC �%+ )Knauer, 

Berlin, Germany( 
Z�1+ /� �������< )UV–Vis 

photodiode-array( �%+ )DAD 2. one 

langmuir, Knauer( � �� LC �%+ )P 6.1L( 

,����%7 �0� �&H �� �� �	�9��� �� �'�� ��H Y'�B+ 

ODS35 +��-�+�- )250×4.6 mm; Phenomenex, 

USA( I�1(� .%� �R= A /j< K���� %��� 
/� 2W�( 

3:97 
)v/v( � �R= B �'(��+ M��B� %�. ���%(� ,-�8 

�2a u��-� ���	�-8 �	 ,�+	 25 /7�	 ��(�� 	�-8 


26-� ���-7 � �1= l��Z� /� U��-� 1 �0�+ -��G �	 

/X�]	 � 20 +���- -��G 	'�. J�@ ,�� UV �	 �-��8 

�'@ y'+ 190 �� 700 -�+'(�( 2W> %(%� .�����&� K�� 

�&�W+ -� /���X+ ��+� ,��	��� � �	�	 ,�� �9�@ �� 

,��	��%(���� vG�A 	'�. ,�-� %��D� 2�'� K�� 
���Q6 

��, \-� ���/3 '+��M ��-��/�; �� -�	�X+ U��&+ �� -� 

	��%(���� S��ZH� �2H� �� \�� �ZH��S 	��%(���� �	 

:�-�& 0A�	� 2aC :�� ��m��	 �	�9��� �%� 2�� .

�	�%a+ 2F0N M�� ��	��%(���� �� 20 �� 120 +���-I-8 

-� �0�+ -��G �+ ���.% M�� ���%(� ,-�8 �� /� ��� ��-�� 

I�1(� %� .p���( �� �	�9��� �� I-( ��ZH� minitab � Excel 

���-� %� � {k� �&B+ ��	�	'� PR�A� 05/0<P �	 

-F( /�H-8 %�.  

 

 
Time[min] 

)/� 3. ����%7, 10 �'( �0� �&H ):/ +���� ��(< �	 ��%7 1 �%+< .2��(  

  
;	+� 1.  �+���10 �0� 	��%(���� �'( ��m��	 u�'� /: �&HHPLC �%� ,����%7 %(�  

Compounds Peak Reten. Time [min] λmax 

Phloroglucinol 1 4.833 280 

Gallic acid 2 6.283 268 

Protocatechuic acid 3 11.917 260 

4-hydroxybenzoic acid 4 19.667 280 

Catechin 5 24.067 280 

Vanillic acid 6 28.017 260 

Chlorogenic acid 7 29.817 280 

Epicatechin 8 34.483 280 

Eriodictyol-7-O 9 45.250 280 

Naringin 10 53.183 280 
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��'�9   
-''3� �<�= ��� )�* ��  

E�6R@� /� 2�	 �%+< �� M��B� 2F0N E�W�:-� J0�;+ 

�	 ��%7 2 /g��� �%� .2�� 2F0N �0� �&H �� �	 `-� 

��, \-� 66/45 �0�+ I-8 -� I-8 ���%(� -�8, %� � 

��%X+ /� 2�	 �%+< �	 ��/3 '+��/& ��-��/�; Z�( 81/8 

�0�+ I-8 -� I-8 .	'� E��9� 2F0N �0� �&H �� �	 `-� 

,�� \-� � /3�� M�g'+ /�;���-� E��9� �&B+ ��	, 

%(��	 
05/0P< �+ ���.% �+� �� /7'� /� y��( /g��� �%� /� 

-F( +� %�� G'��% '���+2�G ��, '(�>�/ �� /07 �0� �&H �� 

�	 ��/3 '+��/& ��-��/�; lXa+ �%� -� %( 2F0N �< 

2W�( /� 8��� 0C�� :-� 2�� �+� �+ ��'� Y���-� ��M 

Xa��l I�1(� �%� 298 :/ ���-8�:-��I' ���Z(w�Z r6�� 

�ZH��S 2F0N 	�%B� Q;3+� �� �0� �&H �� �%� 2��.  

  
-''3� �<�= ��	,*+'���  

��� �'@ :/ �	 ��%7 2 �%+< 2�� 2F0N �0� �&H �� �	 

`-� ��, \-�34/36 �0�+ I-8 -� I-8 �+ ���%:/ 

��%X+ �< �	 ��/3 '+��/& ��-��/�; 23/3 �0�+ I-8 -� 

I-8 �+ ���%. E��9� 2F0N '(�RH%���� �	 `-� ,�� 

\-� � /3�� M�g'+ /�;���-� E��9� �&B+ ��	, %(��	 


05/0P< �+ ���.% �+� �� /7'� /� y��( /g��� �%� /� -F( 

+� %�� G'��% '���+2�G ��, '(�>�/ �� /07 �0� �&H �� �	 

��/3 '+��/& ��-��/�; lXa+ �%� -� %&� 2F0N �< 

2W�( /� 8��� 0C�� :-� 2�� 
�+� �+ ��'� Y���-� ��M 

Xa��l I�1(� �%� �+ ��'� 298 :/ ���-8�:-��I' ���Z(w�Z 

r6�� �ZH��S 2F0N 	�%B� Q;3+� �� '(�RH%���� �%� 

.2��  

  
-''3� �<�= �'��.�$-'� �� 

Y���-� p���( /g��� �%� �	 ��%7 2 2F0N �'�(<��M�( �� 

�	 `-� ��, \-� 055/0 �0�+ I-8 -� I-8 �+ ���% � 

��%X+ �< �	 ��/3 '+��/& ��-��/�; 004/0 �0�+ I-8 -� 

I-8 	��<-� �%� .2�� E��9� 2F0N ���'�(<M�( �� �	 

`-� ,�� \-� � /3�� M�g'+ /�;���-� E��9� 

�&B+ ��	, %(��	 
05/0P< �+ ���.% �+� �� /7'� /� p���( 

/g��� �%� /� -F( +� %�� G'��% '���+2�G ��, '(�>�/ �� /07 

�'�(<��M�( �� �	 ��/3 '+��/& ��-��/�; I�1(� �%� %&�-� 

2F0N �< 2W�( /� 8��� 0C�� :-� .2�� �+ ��'� 

/1��( 2H-8 :/ \�� ���Q6 8�-, �� j< |�	 �-�, 

����%7, � S��ZH� ����� /� �'�(<�(��M �� \�� 

:0+�� .%��W(  

  
�'����.� ����� >��.�  %	� �� �����? ���

 	 ��.�	�./@�5HPLC  

���%(� � ���-� p���( �0� ,-�8 �&H  � ��%��'(�RH � ��

M�(���'�(<  /&��'+ /3�� � \-� ,�� `-� /('( ��

 ��%7 �	 /�;���-�1  u��-� /� /7'� �� /: .2�� �%+<

 /('( ,��%�m( � 2��	-� � 23: u��-� � ���'�� j<

 �0W] E�BG�k+ �	 E�W�:-� M�� ��Z�+ �� ����9�+ -�	�X+

�%� \��Z8  /BG�k+ M�� �	 �0��� ���-� �	 .2��

/('( ���%(� 2a� b�� \�� lW@ ��  ,-�8HPLC  ��-]

�0� � %&�H-8 �&H  ��-] ������� 	�'+ b�� \�� lW@ ��

�0� M�� �	 .%&�H-8 �&H  ���� K�� /: M�_��: ��Z�+ ��

5 �+ I-( K: �� %���  ,��	��%(���� �&a&+ ��:� ��ZH�

2F0N �	 M�_��: ,��  K�� -�� {k� � ��� J0�z+

/('( /('( �	 M�_��: 2F0N � %� �	�	 ��	'( /� ��  ��

/�  ��Z�+ /� M��'+ /3�� /('( �	 M�_��: .%+< 2�	

���]  �	 M�_��: ��Z�+ .	'� �	-: �%�� S��ZH� ��7'�

 
\-� ,�� `-� /('(05/0± 9/0 �0�+  I-8 -� I-8

���'C �	 	'� K3A �	�+ �	 �< ��Z�+ /:  M��'+ /3��

15/0±8/22 �0�+ /� K3A �	�+ I-8 -� I-8 .%+< 2�	 

  
 ;	+�2. '���+ ��'(� ��Z�+ M��B�2�G ��/3�� � `-� �	 /�'(�> , �%��XG� M�g'+ ,��  

Sample 
Total polyphenol (Folin-
Ciocalteu method) mg/g 

Total flavonoid (Jia method) 
mg/g 

Total anthocyanin (Fuleki 
and Francis method) mg/g 

Hibiscus sabdariffa leaf 45.66±0.19 36.34±0.27 0.055±0.008 
Transgenic hairy roots 8.81±0.08 3.23±0.15 0.0040±0.0002 
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E��9� 2F0N M�_��: �	 `-� ,�� \-� � /3�� 

M�g'+ /�;���-� E��9� �&B+ ��	, %(��	 
05/0P< 

�+ ���.% /1��( /� 2�	 �%+< 	'A ���:%, -� �ZH��S 

2F0N '���+2�G ��, '(�>�/ �	 ��/3 '+��/& ��-��/�; 

�+ ���%. :_���M �� ���A�� /X0=%&� ,� )��� 4( �� 

/��	 -��:E�W '(�RH��%, �	'� :/ �	 	�'+ �^N�� 

%&(�+ ��, ZW� 
��ER ���� 
'G�+-A 
��U � �'m(� 

���, \-� 	'7� 	��	. �0� �&H :_���M �� M���	 

��-8 ��, ����%:��� 
��� �� ���p -��M 

��(< ��%��:� ��, 	�'+ �^N�� %&���:/ �� -@�l ���+ 

	������ ��, 	��< 
SX( �+� �	 ��m3�-, �� 

,���� ��, M+Z+ �� /07 ��@-� %(��	 	������ ��, 

	��< �� /0= /� �3N, ���R�'�� �'0� � 

	'��(:�	- �< 
/� DNA �A�	 �'0� �-��	� 

�+ ���%& � �� -@�l z���- DNA r6�� ����, ��@-� 

�+ '�%(. -� �%] 	�%B� ��-8 ��, ����%:��� ��-�3 

%��� 
�(�'��� ��(< (�%��:�� �0� �&H �� (�Z �ZH��S 

�+ ���%.�K� �'�-+ /� /('( ��/3 '+��M ��-��/�; (�Z 

��3( �%&�	 2F0N b��, :_���M �	 ��M /('( 

�+ ���.%  

  

  
)/� 4. ���A�� �G'�G'+ M�_��:  

  

 
Time[min] 

)/� 5. I�-8'��+�-: HPLC ���Q6 �8-� ���8 ,�� \-� )K�� ���� 5 lW@ ��%7 ���� 1 K�� M�_��: �+ ���.%(  
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Time[min] 

)/� 6. I�-8'��+�-: HPLC ���Q6 /3�� M�g'+ ���8 ,�� \-� )K�� ���� 5 lW@ ��%7 ���� 1 K�� M�_��: �+ ���.%( 

  

�.��> ����� "��(� ��� �$� ���� �� 	�� ;��� ��� 

��D��� HepG2 

�	 /+�	� M�� l�Xa� ���Q6 /('( ��, \-� ���/3 

'+��/& ��-��/�; -� ��, �'0� ,�� �(�@-� �	� 

HepG2 	�'+ 2�� M�� �-��� ��-] %&�H-8 �	 ��M 

��-�� �� 2F0N ��,  
-9C25
 50
 100
 200  �400 

�0�+ I-8 -� �0�+ -��G/('( ��, ��, \-� ���/3 

'+��/& ��-��/�; /� �'0� ,�� (�@-�� �'( HepG2 

/H�d� �%� � %C�	 �%(� �%(�+ �'0� �� �� �	�9��� �� 

\�� MTT ������� %� 
Y��� \�� MTT %��M 

E�'C 2�� /: ,�-� -�3�� �'0� ��, �%(� 
2�G�BH 

�����%&:'��+ 2��> .2�� �-��&��M S��ZH� �� S��: �	 

	�%B� �'0� ��, �%(� /� E�'C �kA �'�-+ /� 2�G�BH 

�����%&:'��+ �< �+ ���.% M�� �'+�< /: �6'( �'+�< 

e(� �1&� j'�a+ �+ '�	 � -� /��� , /���� 
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