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����� 2 
 

��	
� ��
�������������� 
 

	������ 
 
	������                                                                                                                  ������������� 
 Acrylamide                                                                                                             Merck 
 Ammonium persulfate (NH4)2S2O4                                      Merck 
 Ammonium sulfate (NH4)2SO4                                                                               BDH  
 Aquacide (Carboxymethyl cellulose, Na salt)                                                        Sigma 
 Bromophenol blue                                                                                                  Merck 
 Coomassie brilliant blue R-250                                                                              Fluka 
 3,5 .Dinitrosalicylic acid (DNS)                                                                            Fluka 
 Disodium hydrogen phosphate didecahydrate (Na2HPO4.12H2O)                        Merck 
 Enzyme : Alpha-amylase from human saliva (EC 3.2.1.1)                                    Sigma 
 Ethanol                                                                                                                    Merck 
 Ethyl acetate                                                                                                           Lab-scan 
 Glycerol                                                                                                                  BDH  
 Glycine                                                              Merck 
 Iodine                             J.T.Baker 
 Isopropyl alcohol                                                    Lab-scan 
 Methanol                                                          Carlo Erba 
 N-(1-naphyl) ethylendiamine (C12H16Cl2N2)                                                           Panreae 
 N:,N:,N:,N:-tetramethylene diamine (TEMED)                                                    Sigma 
 Phenylmethyl sulfonyl fluoride (PMSF)                                                                Sigma 
 Potassium iodide                                                                                                     J.T. Baker 
 Sephadex G-25, Sephadex G-75                                                                            Pharmacia 
 Sodium chloride (NaCl)                                                                                          AJAX   
 Sodium dodecyl sulfate (SDS)                          Sigma 
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	������                                                                                                                   ������������� 
Sodium dihydrogen phosphate dihydrate (NaH2PO4.2H2O)                                 Merck  
Sodium potassium tartrate tetrahydrate (NaKC4H4O6.4H2O)                                 Carlo Erba 
Standard molecular weight marker for electrophoresis                                            Sigma  
Standard molecular weight marker for gel filtration chromatography                     Pharmacia 
Starch soluble         AJAX   
Sulfuric acid                                                                                                             Lab-scan  
Tris (hydroxymethyl) amino methane                                                                      Sigma 
   

��
���� 
 

��
����                                                                          ��!��/��#$                              
����%������� 
?@ABCDE?FGHIJAKLKJMDNOPQRNOS (Fraction collector)      Biorad / 2110                         IUANVD?RASFJ 
?@ABCDEWXWYKZDMIJAKLKJM (Micropipette)                    Merck / 4M 1522                   ?MDARNQ 
?@ABCDEY[\R]HHIJMÂW (Peristaltic pump)                      ATTO / SJ-121 1L                 _̂CY`aQ 
?@ABCDEbNWFJAWXWFKBQ]IE (Spectrophotometer)            Shimadzu / UV 160 A           _̂CY`aQ 
?@ABCDEeIRIJAKLKJM  (Vortex)                               Sciencetific Industries/G-560 E IUANVD?RASFJ 
?@ABCDEFbQIJAKLKJM]HH]RZ?UKGF (Magnetic stirrer) Bibby Sterilin / HB 502         DNEFfg 
?@ABCDEbNW@bJR?YhQFAW-WZJE (pH meter)                       Radiometer / PHM G1           ?WQRJAi@ 
?@ABCDEjZJMkl (Power supply)                                        Hoefer / SX 250-230V          IUANVD?RASFJ 
?@ABCDEUR`Q?Ub̂CME@bJR?AGbIXEMSCEMbW (Ultracentrifuge) Beckman /L8-70M                IUANVD?RASFJ 
?@ABCDEUR`Q?Ub̂CME@bJR?AGbIXE (Super speed centrifuge)Beckman /JA-21                    IUANVD?RASFJ 
?@ABCDEUR`Q?Ub̂CME]HHONnEPOoL                                       National Labnet / C-1200      IUANVD?RASFJ 
 (Bench-top refrigerated centrifuge) 
p`WDS?KGFPqAPlÂr^I (Electrophoresis unit)                  ATTO /AE-6450                    _̂CY`aQ 
DZJEQnsJ@bH@`RD̀tUuXRS (Water bath)                            Memmert / WB22                   ?MDARNQ  
?@ABCDEbS?@AJLUiIJAWwbMANEI^DSQlAJ?AW (FT-IR)           Perkin Elmer / Spectrum GX IUANVD?RASFJ 
?@ABCDEpNCEqxQSMR 2 OsJ]UQZE                                         OHAUS / SE 2020                 IUANVD?RASFJ 
?@ABCDEpNCEqxQSMR 4 OsJ]UQZE                                         Sartorius / BP110 S                ?MDARNQ 
?@ABCDEqsJ]UwEWwbM@bJR?MGQ]yGE (Freeze dryer)             Heto drywinner / DW6-85     ?WQRJAi@ 
?@ABCDEAL?UM]HHUR`Q (Rotary evaporator)                 Buchi / R-314                         ?MDARNQ 
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��������
��& 
 

	#�$��� 1 $()� �&����  
 

1.1 �����+�$()� �&����  
 
 ?FGHQnsJMJEFKwbMjJFIZbQ?@ABDyDEFKwbM (Musa sapientum Linn.) IJMzNQ{`iQnsJbwJ YKXFq^C
DsJ?uDQJURZDR jNEUbNWIEyKJ WsJ?QSQFJA|QpZbE?pwJ?bKJ 6.00-10.00 PWMONWIZbQ?@ABDFKwbMWwbM
R^WI]OQ?KI ADEQnsJMJEWwbM}`EzKJIOSFq^CbJEHQQnsJ]yGE WNEAXYq^C 1 YKZDM|UwQnsJMJEkUKjQURW 
YALRJt 10 QJq^ ]KwbONW?@ABDFKwbM|URZ  ?FGHQnsJMJE|UwkWwYASRJOAOJROwDEFJA 
 
 
 
 
 
 
                                 A.                                         B.                                          C.                                                        
                           AXYq^C 1 ]IWEFJA?FGHONbDMZJEQnsJMJEFKwbM?zBCD|pwx~FgJ 
                                       A.  ]IWEuJz?@ABDFKwbMq^C|pw?FGHQnsJMJE?zBCDx~FgJ 
                                       B.  ]IWEFJAADEQnsJMJEFKwbMWwbM}`EzKJIOSFUKNEjJFONW?@ABD 
                                       C.  ]IWEFJAADEQnsJ]yGE?zBCDANFgJIuJzQnsJMJE 
1.2 ������� �	��	��
/��$()� �&����  
 

 QsJQnsJMJEFKwbMq^C?FGHOJRywD 1.1 kY?rQOASl�bjiq^C@bJR?AGbADH 50,000 x g  q^C 4°r ?YhQ?bKJ 
30 QJq^ ]MFIZbQ|Iq^CkWw (IJAIFNWQnsJMJEFKwbM) ]KL]HZE|IZUKDW UKDWKL 10 ]KL 1 RK.  ?FGHq^C 

20 °r ?zBCD|pwx~FgJ|QyNnQODQOZDkY 
 
1.3 ���!�
�����	�� �� �(&��1���	 

                         QsJIJAONbDMZJEkWw]FZ ONbDMZJEIJAIFNWjJFQnsJMJEFKwbMUABD IJAq^CeZJQyNnQODQFJA 
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qsJHASI`q{S�|QyNnQODQOZJE� HZRFNH?DQkrRiDLkR?KIq^CqAJH@ZJFSjFAAR (0.60 . 0.70 unit) ?YhQ?bKJ 

30 QJq^ q^CD̀tUuXRS 37 °r ?zBCD|UwIJAMNHMNnEDLkR?KI|QONbDMZJEjNHFNH?DQkrRiDLkR?KI ?YhQ

IJAYALFDH?pSErwDQ jJFQNnQOAbjbNWFSjFAARyDE?DQkrRiDLkR?KIq^C?UKBD q^C 37 °r 3 QJq^ PWM
|pwQnsJ]Y�E?YhQINHI?OAq OJRbS{ŷDE Bernfeld (1955) WwbMIJAKLKJM 3, 5-dinitrosalicylic acid 
(DNS) bNW@bJR?ywRyDEI^q^C@bJRMJb@KBCQ 540 QJPQ?ROA PWM|pwRDKPOI (1 RF./RK.) ?YhQIJA
RJOAVJQONb]qQQnsJOJKÂWSbrSCE|QFJA@sJQbt@ZJRSKKSFANRRDKPOIyDE]OZKLONbDMZJE  
                         FsJUQW|UwFSjFAARDLkR?KI 1 UQZbM (Unit) URJM}~E jsJQbQ?DQkrRiDLkR?KIq^C

qsJ|Uw?FSWRDKPOI 1 RSKKSFANR |Q 3 QJq^q^CD̀tUuXRS 37°r ]KLFsJUQW|UwFSjFAARFJAMNHMNnEDLkR- 

?KI 1 UQZbM (AI Unit) ?qZJFNHYASRJtRDKPOIq^CUJMkY 1 RSKKSFANR |Q 3 QJq^q^CD̀tUuXRS 37 °r 
UABD QsJkY@sJQbt?YhQ@ZJAwDMKLyDEFJAMNHMNnEWNEQ̂n   
 
AwDMKLyDEFJAMNHMNnEDLkR?KI = FSjFAARDLkR?KIONnEOwQ . FSjFAARDLkR?KIq^C?UKBD  x 100                                                                          
                                                                          FSjFAARDLkR?KIONnEOwQ  
 
1.4 ���!������3��3�$3�&	�� �� �(&��1���	���4!��#���� �� �(&��� �� 50  (IC50) 
 
                         UJFSjFAARFJAMNHMNnEDLkR?KIOJRywD 1.3 PWM?jBDjJEONbDMZJEUKJM � @bJR?ywRywQ
?zBCD|UwkWw@ZJq^C@ADH@K`R@ZJAwDMKLyDEFJAMNHMNnEDLkR?KIq^C 50  QsJ@ZJq^CkWwIAwJEFAJlALUbZJE
FSjFAARFJAMNHMNnEDLkR?KIFNH@ZJ@bJR?ywRywQyDEIJAONbDMZJE UABD @ZJFJA?jBDjJE ( dilution factor) 
ONbDMZJE|Q]FQ y ]KL x OJRKsJWNH  @ZJ@bJR?ywRywQyDEONbDMZJE UABD @ZJFJA?jBDjJEq^CqsJ|Uw
FSjFAARDLkR?KIKWKE@A~CEUQ~CE @BD @ZJ IC50 WNE]IWE|QAXYq^C 2A 
 
1.5 ���!�
�����:
���$ 
 
                         bS?@AJLUiYASRJtPYAÔQyDEONbDMZJEOJRbS{^yDE Lowry ]KL@tL (1951) PWM|pw

IJAKLKJMONbDMZJEeIRFNHIJAKLKJMDNK@JkKQi@DY?YDAi (alkaline copper reagent) (2% Na2CO3 

|Q 0.1 N NaOH : 2% NaKC4H4O6 : 1% CuSO4)   |QDNOAJIZbQ  98 : 1 : 1 v/v |Uw?ywJFNQ]KLONnEqSnE
kbwq^CD̀tUuXRSUwDEQJQ 10 QJq^ jJFQNnQ?OSRIJAKLKJMPlKSQl�QDK (Folin . Ciocalteau:s Phenol 
reagent) @bJR?ywRywQ 1 N eIR|Uw?ywJFNQ]KLONnEqSnEkbwq^CD̀tUuXRSUwDEQJQ 30 QJq^ bNW@ZJFJAWXWFKBQ
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]IEq^C@bJRMJb@KBCQ 500 QJPQ?ROA WwbM?@ABCDE spectrophotometer @sJQbtUJ@bJR?ywRywQyDE
PYAÔQ|QIJAKLKJMPWM?YÂMH?q^MHFNHFAJlRJOAVJQyDE PHb̂Q r^ANR DNKHXRSQ (bovine serum 
albumin, BSA)   
                         FJAUJYASRJtPYAÔQyDEIJAONbDMZJEq^C|Uw@ZJFJAMNHMNnEq^CAwDMKL 50 PWMQsJ@ZJ@bJR
?ywRywQyDEONbDMZJE UABD @ZJFJA?jBDjJEONbDMZJEjJFywD 1.4 RJUJ@ZJYASRJtPYAÔQHQFAJlq^C?y^MQ
ALUbZJE RSKKSFANRPYAÔQ (]FQ y) FNH@ZJ@bJR?ywRywQyDEONbDMZJE UABD @ZJFJA?jBDjJE WNE]IWE|Q
AXY 2B 

 
1.6 ����������!���3����� 
                         |pwPYA]FARqJEI}SOS SPSS : one-way ANOVA q^C@ZJ p-value QwDMFbZJ 0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          AXYq^C 2 FAJl]IWEFJAUJ@bJR?ywRywQyDEIJAMNHMNnEDLkR?KIq^C|Uw@ZJFJAMNHMNnE 50% (IC50) 
                     ]KLYASRJtPYAÔQyDEIJAMNHMNnEDLkR?KIq^C IC50  
          A.  IC50 yDEIJAMNHMNnEDLkR?KI               B.  YASRJtPYAÔQyDEIJAMNHMNnEDLkR?KIq^C IC50           
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1.7 ��
��=���������������$	�� �� �(&��1���	/��$()� �&����  
 
        1.7.1 ���=����:��$� �>���?� 
 
                         QsJIJAIFNWq^CkWwjJFFJA?OÂMROJRbS{^FJAqWKDE ywD 1.2 ?OSR?FKBD]DRPR?Q̂MR
rNK?lO|UwkWw@bJR?ywRywQDSCRONbq^CAwDMKL 0, 40, 60 ]KL 80 QsJOLFDQq^CkWwKLKJM@BQWwbM 0.02 M 
phosphate buffer pH 6.9-0.01 M NaCl (HNl?lDAi A) QsJIJAKLKJMq^CkWwRJUJFSjFAARFJAMNHMNnEDL-
kR?KI]KLYASRJtPYAÔQ @sJQbt@ZJFJAMNHMNnEjsJ?zJLyDEFSjFAARFJAMNHMNnEDLkR?KI  ?YÂMH?q^MH
]KL@NW?KBDFbS{q̂^C|Uw@ZJFJAMNHMNnEjsJ?zJLIXEI`W?zBCDQsJkY|pw|QyNnQODQOZDkY   
 
        1.7.2 �����$�� 
 
                         QsJIJAIFNWQnsJMJEFKwbMRJ?OSR?Dq{JQDK |UwkWw@bJR?ywRywQAwDMKL 20, 40, 60 ]KL 

95  YASRJOA 2 ?qZJyDEIJAONbDMZJE ]KLONnEqSnEkbw 2 pNCbPRE q^C 4 °r QsJIJAKLKJMq^CkWw?rQOASl�bjiq^C 

10,000 x g q^C 4 °r ?YhQ?bKJ 15 QJq ̂ ]MFOLFDQ]KLIZbQ|I KwJEOLFDQWwbM?Dq{JQDK@bJR
?ywRywQ?WSRrnsJD̂F 3 @ANnE KLKJMOLFDQWwbMHNl?lDAi A WwbMYASRJOA?qZJIJAIFNWq^C|pw (1 RK.) IZbQ
|IQsJkYAL?UM?Dq{JQDKDDF jJFQNnQqsJ|Uw]UwEWwbM freeze dryer KLKJM@BQWwbM HNl?lDAi A 
YASRJOA?qZJIJAIFNWq^C?ASCROwQ (1 RK.) QsJIJAKLKJMyDEOLFDQ ]KLIZbQ|Iq^CkWwkYUJFSjFAARFJA
MNHMNnEDLkR?KI YASRJtPYAÔQ ]KL@sJQbt@ZJFJAMNHMNnEjsJ?zJLyDEFSjFAARFJAMNHMNnEDLkR?KI 
 
1.8 ����)����	����A��=(�&��$	�� �� �(&��1���	  
 

        1.8.1 ������� �	��	��
/��$()� �&����   
 
                         WsJ?QSQFJA?pZQywD 1.2  QsJIJAIFNWq^CkWwRJOAbjbNWFSjFAARFJAMNHMNnE?DQkrRiDLkR- 
?KI YASRJtPYAÔQ @sJQbt@ZJFJAMNHMNnEjsJ?zJL ]KLQsJkYOFOLFDQIJAMNHMNnEDLkR?KIWwbM?Dq{J- 
QDKOZDkY    
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        1.8.2 ������$	�� �� �(&��1���	
�� �����$�� 
 
                         QsJIJAIFNWjJFQnsJMJEFKwbM 30 RK. RJOFOLFDQWwbM?Dq{JQDKq^CAwDMKL@bJR

?ywRywQq^C|Uw@ZJFJAMNHMNnEjsJ?zJLIXEI`W jJFywD 1.7.2  @Qq^C 4°r  ]KLONnEqSnEkbw 2 pR. QsJIJAKLKJMq^C

kWwkY?rQOASl�bjiq^C 10,000 x g q^C 4 °r  QJQ 15 QJq^ ?FGHIZbQ|Iq^CkWwAL?UM?Dq{JQDKDDF kWw 
IJAKLKJM B95 (20 RK.) QsJIJAKLKJMQ̂nkYOAbjbNWFSjFAARFJAMNHMNnE?DQkrRiDLkR?KI YASRJt
PYAÔQ @sJQbt@ZJFJAMNHMNnEjsJ?zJL  ]KLQsJkYqsJHASI`q{S�OZDWwbM@DKNRQi Sephadex G-75  
 
        1.8.3 ����)����	����A	�� �� �(&��1���	
�� �/�?B����C��$:����:����?D 
 
                 1.8.3.1 �����$� Sephadex G-75 
 
                         QsJeE Sephadex G-75 RJ]pZ|UwzDEONb|QQnsJFKNCQ ONnEqSnEkbwq^CD̀tUuXRSUwDE ?YhQ?bKJ 
16 pNCbPRE ?YK^CMQQnsJFKNCQ|URZ 2-3 @ANnE?zBCDKwJE?RGW?jK|UwILDJW HAAj̀KE@DKNRQi (yQJW 120 x 1.3 
rR.) YASRJOA 120 RK. kWw@bJRIXEyDE?jK 110 rR. YANHIRẀK@DKNRQiWwbMHNl?lDAi A YASRJOA 5 

?qZJyDEYASRJOA?jKq^CHAAj̀ PWM|pwDNOAJkUK 20 RK. OZD pR. q^C 4°r   

                         QsJ B95 RJ?rQOASl�bjiq^C 5,000 x g q^C 4°r 10 QJq^ QsJIZbQ|Iq^CkWwYASRJOA 3 RK. (R^
YASRJtPYAÔQ 64.35 RF.) RJeZJQ@DKNRQi Sephadex G-75 pL@DKNRQiWwbMHNl?lDAi A WwbMDNOAJ
FJAkUK 20 RK. OZD pR. ?FGHIJAKLKJMUKDWKL 2 RK. OSWOJRFJA]MFPYAÔQPWMFJAbNW@ZJFJA
WXWFKBQ]IEyDEIJAKLKJMq^CpLDDFRJ q^C@bJRMJb@KBCQ 280 QJPQ?ROA jQFALqNCEkRZR^PYAÔQ}XF
pLDDFRJ INE?FOkWwjJF@ZJFJAWXWFKBQ]IEq^C?ywJ|FKwxXQMi ?y^MQFAJlALUbZJE@ZJFJAWXWFKBQ]IEq^C 
280 QJPQ?ROA (A280) FNHjsJQbQUKDWqWKDE]KLUJFSjFAARMNHMNnEDLkR?KI ?pZQ?ŴMbFNHbS{^FJA
qWKDE ywD 1.3 QsJIJAKLKJMq^CkWwjJFFJAAbRIJAKLKJMq^CR^FSjFAARFJAMNHMNnE?ywJWwbMFNQkYqsJ]UwE
WwbM freeze dryer ]KwbKLKJMFKNHWwbMYASRJOAq^CQwDMq^CI`Wq^CKLKJMkWw WwbMHNl?lDAiA (IJAKLKJMq^C
kWw?ÂMF BG-75) QsJkYUJFSjFAARFJAMNHMNnEDLkR?KI YASRJtPYAÔQ ]KL@sJQbt@ZJFJAMNHMNnEjsJ?zJL   
 
       1.8.4 �)�����&�	
&�������	����A3�&	�� �� �(&��$1>����1���	3�($��$�#�& N  
 
                         qsJOJAJE]IWE@bJRHASI`q{S�yDEIJAMNHMNnEDLkR?KIq^CeZJQFJAqsJHASI`q{S�|QyNnQODQ
OZJE � r~CEYALFDHWwbM @ZJFSjFAARFJAMNHMNnEDLkR?KIqNnEURW (Total inhibitory activity) YASRJt
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PYAÔQqNnEURW (Total protein) @ZJFJAMNHMNnEjsJ?zJL (Specific inhibitory activity) AwDMKLyDE
YASRJteKeKSOq^CkWw@BQ (%.Yield) ]KL@ZJ@bJRHASI`q{S�yDEIJAMNHMNnEDLkR?KI (Purification fold) 
PWM@ZJqNnEURWkWwjJFFSjFAARFJAMNHMNnEDLkR?KIq^CAwDMKL 50 ]KLYASRJtPYAÔQq^Cj̀WQNnQ@Xt 
dilution factor ?YhQFSjFAARFJAMNHMNnE]KLYASRJtPYAÔQqNnEURW   
 
1.9 ���!�3$�
:������3�&	�� �� �(&��1���	:
 �/�?B����C��$:����:����?D   
       (Gel filtration chromatography) 
 
                         UJQnsJUQNFPR?KF`KyDEIJAMNHMNnEDLkR?KIPWM|pw@DKNRQir~CEHAAj̀ Sephadex G-75 
YASRJOA 120 RK. yQJW 110 x 1.3 rR. |pw HNl?lDAi A pL@DKNRQi  WwbMDNOAJFJAkUK 20 RK. OZD 

pNCbPREq^C 4°r ?FGHIJAKLKJMUKDWKL 2 RK. bNWYASRJOApLq^CPYAÔQONbMNHMNnEDLkR?KIDDFRJ 
(elution volume, Ve) ?YÂMH?q^MHFNHYASRJOApLyDEPYAÔQRJOAVJQq^CqAJHQnsJUQNFPR?KF`K 
kWw]FZ PHb̂Q r^ANR DNKHXRSQ (Bovine serum albumin, BSA yQJWPR?KF`K 67,000 WJKONQ ) PDbNKHX-
RSQ (Ovalbumin yQJWPR?KF`K 43,000 WJKONQ) ]KL kAPHQSb@K^?DI ?D (Ribonuclease A yQJW
PR?KF`K 13,700 WJKONQ) r~CEeZJQ@DKNRQiq^KLONb PWMPYAÔQRJOAVJQ]OZKLONbR^@bJR?ywRywQ 5 RF. 
OZD RK. pL@DKNRQiWwbMHNl?lDAi DNOAJFJAkUK]KL?FGHIJAKLKJM ?pZQFJApLIJAMNHMNnEDLkR?KI 
QsJIJAq^CkWwjJFFJApL@DKNRQibNWFJAWXWFKBQ]IEq^C@bJRMJb@KBCQ 280 QJPQ?ROA 
                         UJYASRJOAuJMQDF?RGW?jK UABD YASRJOAbDMWi (Void volume, Vo)  WwbM HKX?WGFri-
]qAQ (Blue dextran yQJWPR?KF`K 2,000,000 WJKONQ) @bJR?ywRywQ 5 RF./RK. ]KLUJYASRJOAAbR
yDE@DKNRQi (Total colume, Vt) PWM|pwPz]qI?r^MRkWP@A?RO (Potassium dichromate yQJW
PR?KF`K 247 WJKONQ) PWMeZJQ@DKNRQi?WSR pL@DKNRQi WwbMDNOAJkUK ]KL?FGHIJAKLKJM ?pZQ
ONbDMZJE bNW@ZJWXWFKBQ]IEIJAq^C}XFpLq^C 620 QJPQ?ROAIsJUANHHKX?WGFri]qAQ ]KL 480 QJPQ?ROA 
IsJUANHPz]qI?r^MRkWP@A?Rq  @sJQbt@ZJINRYALISq{S�FJAFALjJM (Distribution coefficient, Kav) 
yDEPYAÔQ]OZKLpQSWOJRIRFJA 
                                             Kav  =    (Ve .V0) 
                                                           (Vt . V0) 
  ?RBCD Kav ]qQ INRYALISq{S�FJAFALjJMyDEPYAÔQ           V0  ]qQ YASRJOAuJMQDF?RGW?jK 
         Vt   ]qQ YASRJOAAbRyDE@DKNRQi                             Ve  ]qQ YASRJOApLyDEPYAÔQ   
                         UJyQJWPR?KF`KyDEIJAMNHMNnEDLkR?KIPWM?YÂMH?q^MH@ZJ KavFNH FAJlyDE
PYAÔQRJOAVJQr~CE?y^MQALUbZJE log QnsJUQNFPR?KF`K FNH@ZJ Kav yDEPYAÔQRJOAVJQ 
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1.10 ������/	���������	����A	�� �� �(&��1���	����#�$3�($��$����)����	����A 
 
                         OAbjIDH@bJRHASI`q{S�yDEIJAMNHMNnEDLkR?KIq^CeZJQyNnQODQFJAqsJHASI`q{S�PWMbS{^
?jKDS?KG@PqAPlÂr^I]HHkRZ]YKEIuJz (Native polyacrylamide gel electrophoresis, Native-
PAGE) ?zBCDWX]HH]eQyDEPYAÔQDE@iYALFDH ]KLqWIDHFSjFAARFJAMNHMNnE?DQkrRiDLkR?KI 
yDEONbDMZJEWwbMbS{^ Starch .PAGE 
 
        1.10.1 �/�����+�:��:?��>�	���1�#�
�&	[�\        
     
                         OAbjIDH@bJRHASI`q{S�yDEIJAMNHMNnEDLkR?KI PWMQsJONbDMZJE|QyNnQODQOZJE � 
yDEFJAqsJHASI`q{S�RJ?OÂMR?YhQIJAKLKJMONbDMZJEPWMeIRIJAKLKJMONbDMZJE 3 IZbQ eIRFNH
HNl?lDAiONbDMZJE (sample buffer) IsJUANH Native-PAGE 1 IZbQ r~CER^DE@iYALFDHWNEOJAJE A.1 
(uJ@eQbF) ?OÂMR]eZQ?jK OJRbS{^WNW]YKEyDE Davis (1964) r~CER^PzK^DL@ASKJkRWi?jK@bJR
?ywRywQ 3% |Q 0.063 M Tris-HCl, pH 6.8 ?YhQ?jKpNnQHQ (stacking gel) PzK^DL@ASKJkRWi?jK @bJR
?ywRywQ 10% |Q 0.75 M Tris-HCl, pH 8.8 ?YhQ?jKpNnQKZJE (separating gel) PWMR^DE@iYALFDHyDE
?QBnD?jK WNEOJAJE A.2 (uJ@eQbF) QsJIJAKLKJMONbDMZJEq^C?OÂMRkWw]KLR^YASRJtPYAÔQYALRJt 
7.5-10 kRP@AFANR |IZKE|Q]OZKLpZDE?jK ]MFPYAÔQ|Q]eZQ?jKWwbMHNl?lDAi 0.025 M Tris, 0.192 
M glycine, pH 8.3 FAL]Ikll�J 15 mA/?jK 1 ]eZQ QJQYALRJt 3 pR. ?RBCDI^PHAPRl�QDKHKX
?@KBCDQq^CjQkY}~EyDHKZJEyDE]eZQ?jK Y�WFAL]Ikll�J QsJ?jKkYMwDR]}HPYAÔQWwbMrSK?bDAikQ-
?OAq OJRbS{^yDE Morrissey ]KL@tL (1981) WNEQ̂n  
                         QsJ]eZQ?jKKE]pZ|Q 40% ?Rq{JQDK-10% FAWQnsJIwR QJQ 30 QJq^ ?zBCDOA~EPYAÔQ
|Q]eZQ?jK jJFQNnQQsJ?jKKE]pZ|QIJAKLKJM 5% ?RqJQDK-7.5% FAWQnsJIwR QJQ 30 QJq^ QsJ]eZQ
?jK]pZQnsJFKNCQ 16 pNCbPRE ?RBCD@AH?bKJj~EQsJ?jK]pZ|QIJAKLKJM DTT (dithiothreitol) q^CR^@bJR
?ywRywQ 500 kRP@AFANR/RK. QJQ 30 QJq^  jJFQNnQQsJ?jK]pZIJAKLKJMrSK?bDAikQ?OAq 0.1 % QJQ 
20 QJq^ ]KwbQsJ?jKKwJEQnsJFKNCQ?zBCDFsJjNWrSK?bDAikQ?OAqIZbQ?FSQDDF QsJkY]pZIJAq^CqsJ|Uw?FSWI^ 
(3% sodiumcarbonate-37% formaldehyde) ?yMZJjQYAJF�]}HPYAÔQ UM`WY�SFSASMJWwbMFAWQnsJIwR 
50% 
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        1.10.2 ������/��/����	�� �� �(&��1���	4$��#$�/�[� !��&���� �:
���$:
 ����+�:��- 
                   :?��>�	��� Starch-PAGE 
 
                         ?zBCDzSIXjQi|UwpNW?jQy~nQbZJ]}HPYAÔQyQJW?qZJ|W?YhQIJAMNHMNnEDLkR?KI QsJONb 
DMZJEqWIDH WwbMbS{^ Starch-PAGE r~CEWNW]YKEjJFbS{^yDE Giri ]KL Kachole (1996) r~CER^UKNFFJA
WNEQ̂n         
                         ]MFPYAÔQIuJz{AARpJOS|Q]eZQPzK^DL@ÂKJkRWi?jK 10 % q^CR^QnsJ]Y�EeIRDMXZ 
0.1% ?zBCD?YhQINHI?OAqyDE?DQkrRiDLkR?KI uJMUKNEFJAqsJDS?KGFPqAPlÂr^I QsJ]eZQ?jK]pZ|Q
IJAKLKJM?DQkrRiDLkR?KIq^CD̀tUuXRS 37°r QJQ 30 QJq^ ?zBCD|Uw?DQkrRiMZDM]Y�E|Q?QBnD?jK IZbQ
HAS?bt?QBnD?jKq^CR^IJAMNHMNnEDLkR?KIDMXZjLjNHFNQFNH?DQkrRiDLkR?KI IZEeK|UwDLkR?KIMZDM]Y�E
HAS?btQNnQkRZkWw ?RBCDMwDRWwbMIJAKLKJMkDPDŴQj~EYAJF�]}HI^QnsJ?ESQOAE]}HyDEIJAMNHMNnEDL
kR?KI 
                         WsJ?QSQFJAqWKDEPWM?OÂMR]eZQPzK^DL@ASKJkRWi?jK@bJR?ywRywQ 3% IsJUANH?jK
pNnQHQ ]KL?jKpNnQKZJEq^CR^@bJR?ywRywQ 10% r~CEeIRQnsJ]Y�Eq^CR^@bJR?ywRywQ?YhQ 0.1% OZD 1 ]eZQ?jK 
IZbQeIRyDE?jK]IWE|QOJAJE A.3 (uJ@eQbF) qsJDS?KGFPqAPlÂr^I OJRbS{^FJA|QywD 1.10.1 
UKNEqsJDS?KGFPqAPlÂr^I QsJ]eZQ?jKq^CkWw]pZ|QHNl?lDAi A ?YhQ?bKJ 5 QJq^?zBCDYANHIRẀK|Q?jK 
jJFQNnQQsJKE]pZIJAKLKJMDLkR?KI q^CR^FSjFAAR 0.6  UQZbM HZRq^CD̀tUuXRS 37°r ?YhQ?bKJ 30 QJq^ 
UKNEjJFQNnQKwJEDLkR?KIIZbQ?FSQHQ]eZQ?jKDDFWwbMQnsJFKNCQ ]Kwb]pZ?jK|QIJAKLKJMkDPDŴQ 
0.3 % q^C?OÂMR|URZ � ?yMZJjQ?FSW]}HI^QnsJ?ESQyDE]}HPYAÔQIJAMNHMNnEDLkR?KI ?YÂMH?q^MH]}H
PYAÔQMNHMNnEDLkR?KIFNH]}HPYAÔQq^CMwDRWwbMrSK?bDAi (ywD 1.10.1) ?zBCDWXbZJ]}HPYAÔQ|W?YhQ
]}HyDEIJAMNHMNnEDLkR?KI 
 
1.11 ���!�3$�
:������
�� :\���������1�
��/�����+�:��:?��>�	����
�&	[�\����1��>�$ 
   (Tricine sodium dodecyl sulphate-polyacrylamide gel electrophoresis, Tricine SDS-PAGE) 
 
                         qsJPzK^DL@ASKJkRWi?jK]HHR^ SDS WNW]YKEOJRbS{^yDE Shagger ]KL Von Jagow 
(1987) PWM?OÂMRPzK^DL@ASKJkRWi?jKq^CR^@bJR?ywRywQ 3% ?YhQ?jKIZbQHQ ]KLPzK^DL@ASKJkRWi
?jKq^CR^@bJR?ywRywQ 14-17 % ?YhQ?jKpNnQKZJE PWMIZbQeIRyDE?jK]KLHNl?lDAiONbDMZJE]IWE
AJMKL?D̂MW|QOJAJE A.4 ]KL A5 OJRKsJWNH (uJ@eQbF)  
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                         QsJONbDMZJEq^CeZJQFJAqsJHASI`q{S� (BG-75 ) ]KLqWIDH@bJRHASI`q{S�WwbM Native-
PAGE ]KL Starch-PAGE ]Kwb 3 IZbQeIRFNHHNl?lDAiONbDMZJEIsJUANH SDS-PAGE 1 IZbQ 
(HNl?lDAiONbDMZJER^ 2 ]HH@BD]HHq^CeIR]KLkRZeIR β-mercaptoethanol)  OwRONbDMZJEq^CkWwq^C 100°r 
QJQ 5 QJq^ ]MFPYAÔQ|Q]eZQ?jKWwbMHNl?lDAi 0.1 M Tris, 0.1 M Tricine, 0.1% SDS, pH 8.25 
(HNl?lDAiyNnbKH) ]KL 0.21M Tris, pH 8.9 (HNl?lDAiyNnbHbF)  |pwFAL]Ikll�J 20 mA/?jK 1 ]eZQ 
QJQYALRJt 3 pR. ?RBCDI^PHAPRl�QDKHKX?@KBCDQq^CjQkY}~EyDHKZJEyDE]eZQ?jKY�WFAL]Ikll�J
?FGH]KLQsJ?jKkYMwDR]}HPYAÔQWwbMrSK?bDAi OJRbS{^q^CFKZJb]Kwb|QUNbywDq^C 1.10.1 
                         @sJQbQALMLqJEFJA?@KBCDQq^CINRzNq{i (Rf) yDE]}HPYAÔQONbDMZJE]KLPYAÔQ
RJOAVJQjJF@bJRINRzNQ{iWNEQ̂n 
 
                                FJA?@KBCDQq^CINRzNq{i  =          ALMLqJEFJA?@KBCDQq^CyDEPYAÔQ 
                                                                       ALMLqJEFJA?@KBCDQq^CyDEI^PHAPRl�QDKHKX 
 
                         ?y^MQFAJlRJOAVJQALUbZJE log QnsJUQNFPR?KF`K FNH@ZJFJA?@KBCDQq^CINRzNq{iyDE
PYAÔQRJOAVJQ 6 pQSW kWw]FZ lDIlDÂ?KI H^ (phosphorelase b, yQJWPR?KF`K 97,000 WJKONQ), 
PHb̂Q r^ANR DNKHXRSQ (bovine serum albumin, yQJWPR?KF`K 67,000 WJKONQ), PDbNKHXRSQ 
(ovalbumin, yQJWPR?KF`K 45,000 WJKONQ), @JAiHDQSF]DQk�?WAI (carbonic anhydrase, yQJW
PR?KF`K 30,000 WJKONQ), rDMH^QqASYrSQDSQ�SHS?ODAi (soybean trypsin inhibitor, yQJWPR?KF`K 
20,000 WJKONQ) ]KL ]DKlJ-]K@qNKHXRSQ (α -lactalbumin, yQJWPR?KF`K 14,000 WJKONQ) QsJ@ZJ
FJA?@KBCDQq^CINRzNq{iyDEPYAÔQONbDMZJE?q^MHFNHFAJlRJOAVJQ?zBCD@sJQbQUJQnsJUQNFPR?KF`KMZDM
]KLAbRyDEIJAMNHMNnEDLkR?KI 
 
1.12 ���/)��$�C$�
3�&	�� �� �(&��1���	���1�#�
d$:
���$ 
 
                         FJAOAbj?DFIJAzHbZJ IJAYALFDHzbFl�QDK?YhQIJAMNHMNnEDLkR?KIq^CkRZ?YhQ
PYAÔQkWw (McCue ]KL@tL 2004; Correia ]KL@tL 2004) EJQbSjNMQ̂nj~EDDF]HHFJAjsJ]QFpQSW
yDEIJAMNHMNnEDLkR?KIq^CkRZ?YhQPYAÔQbZJ?YhQIJAFK`ZRl�QDKUABDkRZWwbMbS{^WNEQ̂n 
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        1.12.1 �)�
e����� ���� ferric chloride (FeCl3)  
  
                         IJAKLKJM FeCl3 IJRJA}?FSWY�SFSASMFNHIJAYALFDHl�QDK |UwIJAKLKJMI^QnsJ?ESQ-
WsJ UABD ?y^MbDRQnsJOJK   
                         FJAqWIDHqsJPWMUMWIJAKLKJM FeCl3 q^CR^@bJR?ywRywQ 0.1% w/v  2-3 UMW|Q
IJAKLKJMONbDMZJEq^COwDEFJAqWIDHYASRJOA 1 RK.  INE?FÒFJA?YK^CMQ]YKE PWM?YÂMH?q^MHFNH
IJARJOAVJQ @BD gallic acid ]KL tannin 
 
        1.12.2 �)�
g����� ����	������  sodium hydrogen carbonate (NaHCO3) ������� 
 
                         IJAKLKJM NaHCO3 ?RBCD?FSWY�SFSASMJFNHIJAYALFDHq^CR^URXZ .COOH jL?FSWFoJr
@JAiHDQkWDDFkrWiYAJF�?YhQlDEDJFJxe`Wy~nQpNW?jQ|QIJAKLKJM  
                         FJAqWIDHqsJPWMUMWIJAKLKJM NaHCO3 DSCRONb 2-3 UMWKE|QIJAKLKJM
ONbDMZJEq^COwDEFJAqWIDHYASRJOA 1 RK.  INE?FÒFJA?YK^CMQ]YKE PWM?YÂMH?q^MHFNHIJARJOAVJQ 
@BD gallic acid ]KL tannin PWM|pw acetic acid ?YhQ positive control FJAWXlDEFoJr 
       
        1.12.3 ���!�
�����?D:$���:
 
e����� ����	������ :?��$ (Folinls  reagent)  
   
                         bS?@AJLUiUJYASRJtIJAYALFDHl�QDK (phenolic compound) yDEONbDMZJEOJRbS{^
yDE Slinkard ]KL Singleton (1977) PWM|pwIJAKLKJMONbDMZJEeIRFNHIJAKLKJMPlKSQ @bJR
?ywRywQ 1 N eIR|Uw?ywJFNQONnEqSnEkbwq^CD̀tUuXRSUwDEQJQ 10 QJq^ jJFQNnQ?OSRIJAKLKJM 20% (w/v) 
Pr?ŴMR@JAiHD?QOeIR|Uw?ywJFNQ]KwbONnEqSnEkbw 2 pR. bNW@ZJFJAWXWFKBQ]IEq^C@bJRMJb@KBCQ 765 QJ-
PQ?ROA @sJQbtUJ@bJR?ywRywQyDEIJAYALFDHl�QDK|QIJAKLKJMPWMQsJ@ZJq^CkWwkY?YÂMH?q^MH
FNHFAJlRJOAVJQyDE gallic acid 
                         UJYASRJtIJAYALFDHl�PQKS@yDEIJAONbDMZJEq^C|Uw@ZJFJAMNHMNnEq^CAwDMKL 50 PWM
QsJ@ZJ@bJR?ywRywQyDEONbDMZJE UABD @ZJFJA?jBDjJEONbDMZJEjJFywD 1.4 RJUJ@ZJYASRJt
IJAYALFDHl�QDKHQFAJlq^C?y^MQALUbZJERSKKSFANR gallic acid (]FQ y) FNH@ZJ@bJR?ywRywQyDE
ONbDMZJE UABD @ZJFJA?jBDjJE ?pZQ?ŴMbFNHFJAUJYASRJtPYAÔQq^C|Uw@ZJFJAMNHMNnEq^CAwDMKL 50 |Q
bS{^FJAqWKDE ywD 1.5 
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        1.12.4 %m�����
��� bathochromic shift 3�&	�
�����C#�& UV-Vis 3�&���� #�& 
 
                         IJAYALFDHl�PQKS@R^@`tIRHNOSyDEbE]UbQ aromatic IJRJA}WXWFKBQ]IEpZbE 
UV kWwŴ ]KL?RBCD?OSRWZJEKEkY|QIJAKLKJMl�PQKS@ jL?FSWFJA?YK^CMQ]YKE]HH bathochromic 
shifts yDEI?Y@OANRr~CE?YhQKNFgtL?�zJLyDEIJA 
                         QsJONbDMZJEjJFQnsJMJEFKwbMq^CeZJQFJAqsJHASI`q{S�|QyNnQODQOZJE� UABDONbDMZJEq^COwDE 
FJAqWIDH RJWsJ?QSQFJAqWKDE WNEQ̂n   
                         QsJONbDMZJEq^COwDEFJAqWIDHYASRJOA 0.1 RK. RJ?OSRQnsJFKNCQjQ@AH 2 RK. ?yMZJ|Uw
?ywJFNQ bNW@ZJFJAWXWFKBQ]IE|QpZbE@bJRMJb@KBCQ 200 . 500 QJPQ?ROA ?OSR 6 M NaOH jsJQbQ 2 
UMW KE|QUKDWONbDMZJE?zSCR ?yMZJ|Uw?ywJFNQ ]KLbNW@ZJFJAWXWFKBQ]IEq^CpZbE@bJRMJb@KBCQ?WSR 
                         ?YÂMH?q^MHAXY]HHFJAWXWFKBQ]IEyDEONbDMZJEFNHIJARJOAVJQ gallic acid ]KL 
tannin r~CEWsJ?QSQFJAqWKDE?pZQ?ŴMbFNQFNHONbDMZJE 
 
        1.12.5 %m���!��#?p&��C�$$��
�� ��&	���$?����
 
                   (Fourier transform infrared spectrometer, FT-IR spectrometer) 
 
                         IR-spectroscopy ?YhQ?q@QS@UQ~CEq^C|pwjsJ]QF (identify) IJAYALFDHkWwHQzBnQVJQ
yDEFJAOAbjUJURXZq^CR^IRHNOS?�zJLONbq^C?ÂMFbZJURXZl[E@ipNQQNK (functional group) yDEIJAQNnQ� 
@`tIRHNOSIsJ@N_yDE IR-spectroscopy q^CjLHDFURXZyDEl�PQKS@ kWw]FZ @ZJMZJQjsJQbQ@KBCQ (cm-1)  
C=C, C=O ]KL O-H stretching ]KL C-H bending     
                         ?OÂMRIJAONbDMZJEq^C|pwHNQq~F IR-spectrum PWMQsJIJAONbDMZJEq^CIQ|jkYqsJ|Uw]UwE
?YhQeERJHWeIRFNHeEPY]OI?r^MRPHAkRWi (KBr) |QINWIZbQ ONbDMZJE OZD KBr  1:4 (w/w) |Q
PFAZEUMF ]KwbQsJkYDNWq^C]AEDNW 5 ONQ |UwkWw]eZQONbDMZJEyQJW?IwQeZJxXQMiFKJEYALRJt 1.5 rR.  
QsJ]eZQFKRq^CkWwHAAj̀|QD̀YFAti|IZONbDMZJEbS?@AJLUiWwbM?@ABCDE FT-IR M^CUwD Perkin Elmer ÀZQ   
Spectrum GX PWM|pw@bJRMJb@KBCQDSQlAJ?AW|QpZbE 400 . 4000 rR-1  
                         QsJ IR spectrum q^CkWwkYDZJQeK OAbjURXZl[E@ipNCQQNKyDEIJAYALFDH?q^MHFNHIJA
RJOAVJQ gallic acid ]KL tannin  ]KLywDRXKjJF?DFIJADwJEDSEAXY]HH IR spectrum   
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        1.12.6 ���/)��$�	��
�� ����:����:����?D�����#$��&  
                   (Thin layer chromatography, TLC) 
 
                         QsJIJAKLKJMONbDMZJEq^CIQ|jx~FgJ RJMZDMWwbMFAW HCl @bJR?ywRywQ 2 M WwbM
INWIZbQALUbZJEONbDMZJE]KLFAW 1:1 (v/v) ?YhQ?bKJ@A~CEpNCbPREq^CD̀tUuXRSUwDE QsJIJAKLKJMq^CkWwkY
?rQOASl�bjiq^C 5,000 x g ?YhQ?bKJ 10 QJq^ jJFQNnQ]MFIZbQ|IIFNWIJAYALFDHl�QDKWwbMD̂?qDAi 
(ether ) WwbMINWIZbQONbDMZJE]KLD̂?qDAi 1:1 (v/v) KwJEpNnQD̂?qDAiWwbMQnsJFKNCQjQURW@bJR?YhQFAW 
(qWIDHFNHFALWJgKSORNI) jJFQNnQAL?UMD̂?qDAijQ]UwE]KLKLKJMFKNHWwbMD̂?qDAi (ether 
hydrolysate) ?zBCDQsJkYjsJ]QFIJADE@iYALFDHWwbM TLC ?q^MHFNHIJARJOAVJQ 5 pQSW kWw]FZ 
hydroxybenzoic acid, gallic acid, hydroquinone, 2,5-dihydroxy benzoic acid ]KL salicylic acid 
@bJR?ywRywQ 1 RF. / RK. |Q?Dq{JQDK                  
                          qsJ@bJRILDJWzBnQeSb]eZQFALjFyQJW 7x 7 rR. WwbM acetone ?@KBDH]eZQFALjF
WwbMrSKSFJ?jK pQSW 60 ĵ?Dl (silica gel 60 GF) r~CEeIRFNHQnsJFKNCQ|QINWIZbQ eErSKSFJ 10 FANR|Q

QnsJ 25 RK. q^CR^@bJRUQBW?URJLIR ONnEqSnEkbw|Uw]UwE ]KwbDHq^CD̀tUuXRS 80°r ?YhQ?bKJ 24 pR. ONnEqSnE
kbwq^CD̀tUuXRSUwDE 
                         QsJONbDMZJE|QD̂?qDAiYASRJOA 1 kRP@AKSOA spot HQ]eZQ TLC WwbMUKDW]FwbyQJW
?KGF (capillary) UZJEjJFyDH 1 rR. ONnEqSnEkbw|Uwj̀WONbDMZJE]UwEIQSq ]Kwbj~EQsJkY]MFWwbMALHH 
TLC ]HH 2 qSxqJE (2-dimensional TLC) PWMALHHq^C 1  |pw acetic acid : chloroform |QINWIZbQ  
1 : 9 ( v/v) ]KLALHHq^C 2 |pw ethyl acetate : benzene |QINWIZbQ 9 : 11 (v/v)                                                 
                         OAbjUJOsJ]UQZEFJA?@KBCDQq^CyDEIJAHQ]eZQ TLC UKNEFJAzZQWwbMIJAKLKJMPl-
KSQl�QDK @bJR?ywRywQ 1 N ]KLUKNEFJADNEkD]DRPR?Q̂M  
                         uJMUKNEFJAzZQWwbMIJAKLKJMPlKSQl�QDK IJAYALFDHl�QDKzbF gallic acid, 
hydroquinone ]KL 2,5-dihydroxybenzoic acid jL?FSWY�SFSASMJFKJM?YhQI^QnsJ?ESQ  UKNEjJFkYDNEkD
]DRPR?Q̂M IJAYALFDHl�QDKzbF hydroxybenzoic acid ]KL salicylic acid jL?FSWI^QnsJ?ESQ 
?YÂMH?q^MH@ZJFJA?@KBCDQq^CINRzNq{i (Rf) yDEIJAONbDMZJEFNHIJARJOAVJQ?YÂMH?q^MHOsJ]UQZEFJA
?@KBCDQq^CFNHIJARJOAVJQq^C]MFWwbMALHHqSxqJE?ŴMb |QALHHONbqsJKLKJMq^C 1 ]KL 2 @ZJFJA
?@KBCDQq^CINRzNq{iUJkWwjJFIXOAywJEKZJE 
                                                FJA?@KBCDQq^CINRzNq{i (Rf) =           ALMLFJA?@KBCDQq^CyDEONbDMZJE 
                                                                                                ALMLqJEFJA?@KBCDQq^CyDEONbqsJKLKJM 
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	#�$��� 2 $()� �&������ 
 

2.1 �����+�$()� �&������ 
 
 ?FGHQnsJMJEjJFeKRLKLFD (Carica papaya) IJMzNQ{`i ]yFWsJ YKXFq^CDsJ?uD QJURZDR 
jNEUbNWIEyKJ WsJ?QSQFJA|QpZbE?pwJ?bKJ 6.00-10.00 PWMFÂWeKWSHWwbMR^WPFQ I]OQ?KI K~F
YALRJt 0.1 rR. ADEQnsJMJEWwbMUKDWzKJIOSFq^CbJEHQQnsJ]yGE WNEAXYq^C 3 YKZDM|UwQnsJMJEkUKjQ
URW YALRJt 5 QJq^ ]KwbFÂWADM|URZ ?FGHQnsJMJE|UwkWwYASRJOAOJROwDEFJA  
 
 
 
 
 
 
 
  
                                        A                                   B                                   C 
                        AXYq^C 3  ]IWEFJA?FGHQnsJMJERLKLFD?zBCDQsJQnsJMJEkYx~FgJ 
                                     A ]IWEKNFgtLyDEOwQRLKLFD 
                                     B ]IWEFJA?FGHQnsJMJERLKLFDPWMFJAFÂWeKOJR]QbONnE 
                                     C ]IWEFJAFÂWeKrnsJ?RBCDADM?WSRkRZR^QnsJMJEkUK 
2.2 ������� �	��	��
/��$()� �&������ 
 
 IFNWQnsJMJERLKLFDq^C?FGHOJRbS{^qWKDEywD 2.1 OJRbS{^WNW]YKEyDE Grant ]KL@tL 
(1995) PWMeIRQnsJMJERLKLFD FNHHNl?lDAi 0.02 M Phosphate buffer pH 6.9 . 0.15 M NaCl  WwbM

INWIZbQQnsJMJERLKLFD OZD HNl?lDAi 1:1 (w/v) |pw]qZE]RZ?UKGF@Q?YhQ?bKJ 16 pR. q^C 4°r UKNEjJF

QNnQQsJkY?rQOASl�bjiq^C@bJR?AGbADH 10,000 x g  q^C 4°r ?YhQ?bKJ 10 QJq^  ]MFIZbQ|IkYqsJ]UwE
WwbM?@ABCDE freeze dryer FZDQq^CjLKLKJM@BQWwbMQnsJFKNCQ|UwR^YASRJOAKWKE@A~CEUQ~CEjJFYASRJOA

?ASCROwQ ]HZEMZDM|IZUKDWq^CR^�JY�W UKDWKL 10 ]KL 1 RK. ?FGHkbwq^C -20 °r ?zBCD|pwx~FgJ|QyNnQODQ
OZDkY 
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2.3 ���!�
�����	�� �� �(&��1���	 

 

                         UJYASRJtIJAMNHMNnEDLkR?KI|QONbDMZJEIJAIFNWjJFQnsJMJERLKLFD UABD IJAq^C
eZJQyNnQODQFJAqsJHASI`q{S�|QyNnQODQOZJE � ?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM 
ywD 1.3 
 
2.4 ���!������3��3�$3�&	�� �� �(&��1���	���4!��#���� �� �(&��� �� 50  (IC50) 
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.4  
2.5 ���!�
�����:
���$ 
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{F̂JAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.5 
2.6 ����������!���3����� 
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.6 
 
2.7 �
�� ���� ������+�$()� �&������4$	[�\�#�& N 
 

                         |QQnsJMJERLKLFDR^PYAÔQDMXZjsJQbQRJF PWM?�zJLDMZJEMSCEzbF?DQkrRiMZDM
PYAÔQr~CEDJjMZDMPYAÔQq^CIQ|j?I^MUJMkWw ?zBCDANFgJIuJzyDEQnsJMJERLKLFD|UwR^@bJR@EONb
RJFq^CI`WkWwR^FJAx~FgJbSjNM?OSRIJAHJEONbKEkYeIRFNHQnsJMJERLKLFDytL?FGHQnsJMJE     
                         FJAqWKDE : qsJFJA?FGHQnsJMJE 3 ]HHWNEQ̂n 
(1) ?FGHQnsJMJERLKLFDeIRQnsJFKNCQ|QINWIZbQ 1:1 v/v 
(2) ?FGHQnsJMJERLKLFDeIRIJAKLKJM MMTS q^CR^@bJR?ywRywQ 5 mM ytL?FGH|QINWIZbQ 1:1 v/v 
(3) ?FGHQsJMJERLKLFDeIRHNl?lDAi A 

                         QsJQnsJMJEqNnE 3 ]HH?FGH|IZUKDWzKJIOSF]KL]pZQnsJ]yGEkbwALUbZJEFJAyQIZEIXZ

UwDEqWKDE ?zBCD?OÂMRIJAIFNWUMJHPWMFJA?rQOASl�bIiq^C@bJR?AGbADH 40,000 x g q^C 4°r ?YhQ
?bKJ 30 QJq ̂OJRbS{^yDE Akarzarn ]KL@tL (2004) ]MFIZbQ|Iq^CkWwjJFFJA?OÂMRqNnE 3 ]HH|pw
?YhQIJAIFNWUMJH?zBCD|pwqWIDHFSjFAARFJAMNHMNnEDLkR?KI (OJRbS{^FJAqWKDEywD 2.3)  
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2.8 ��3�&�����������3�&���:��$� �>���?��#����������$	�� �� �(&��1���	 /��    
      $()� �&������ 

@NW?KBDFAwDMKL@bJRDSCRONbyDE?FKBD]DRPR?Q̂MRrNK?lOq^C|Uw@ZJFJAMNHMNnEjsJ?zJL
yDEFSjFAARFJAMNHMNnEDLkR?KIyDEOLFDQIXEq^CI`WPWM QsJIJAIFNWq^CkWwjJFFJA?OÂMROJRbS{^FJA
qWKDE ywD 2.2 ?OSR?FKBD]DRPR?Q̂MRrNK?lO|UwR^@bJR?ywRywQAwDMKL 0, 40, 60 ]KL 80 yDE@bJR

DSCRONb QsJOLFDQq^CKLKJM@BQWwbMHNl?lDAi A ]KLkWDLkKriWwbMQnsJFKNCQq^C 4 °r ?YhQ?bKJ 16 pR. 
(Azarkan ]KL@tL 2004) qsJ?ywRywQPWMFJAWXWQnsJWwbM CM cellulose QsJIJAKLKJMq^CkWwRJUJ
FSjFAARFJAMNHMNnEDLkR?KI ]KLYASRJtPYAÔQ @sJQbt@ZJFJAMNHMNnEjsJ?zJLyDEFSjFAARFJA
MNHMNnEDLkR?KI @NW?KBDFAwDMKL@bJRDSCRONbyDE]DRPR?Q̂MRrNK?lOq^C|Uw@ZJFJAMNHMNnEjsJ?zJLyDE
FSjFAARFJAMNHMNnEDLkR?KIIXEI`WkY|pw|QyNnQODQOZDkY 
 

2.9 ����)����	����A��=(�&��$	�� �� �(&��1���	  
 

        2.9.1 ������� �	��	��
/��$()� �&������  
 

                         WsJ?QSQFJA?pZQywD 2.2  QsJIJAIFNWq^CkWwRJOAbjbNWFSjFAARFJAMNHMNnE?DQkrRiDLkR- 
?KI YASRJtPYAÔQ ]KL@sJQbQ@ZJFJAMNHMNnEjsJ?zJL ]KLQsJkYOFOLFDQPYAÔQWwbM]DRPR?Q̂MR
rNK?lOOZDkY        
      

        2.9.2 ������$	�� �� �(&��1���	
�� ���=����:��$� �>���?� 
 

                         QsJIJAIFNWjJFQnsJMJERLKLFD 100 RK. RJOFOLFDQWwbM?FKBD]DRPR?Q̂MRrNK?lO

q^CAwDMKL@bJRDSCRONbq^C|Uw@ZJFJAMNHMNnEjsJ?zJLIXEI`W jJFywD 2.8  @Qq^C 4°r  ]KLONnEqSnEkbw 2 pR. QsJ

IJAKLKJMq^CkWwkY?rQOASl�bjiq^C 10,000 x g q^C 4 °r  QJQ 15 QJq^ ?FGHOLFDQKLKJM|QHNl?lDAi A 

WwbMYASRJOAq^CQwDMq^CI`Wq^COLFDQKLKJMkWwURW QsJkYkWDLkKriWwbMQnsJFKNCQq^C 4 °r  jJFQNnQqsJ
?ywRywQPWMFJAWXWQnsJWwbM CM cellulose IJAKLKJMq^CkWw?ÂMF P80 (25 RK.)  QsJIJAq^CkWwkYOAbjbNW
FSjFAARFJAMNHMNnE?DQkrRiDLkR?KI YASRJtPYAÔQ @sJQbQ@ZJFJAMNHMNnEjsJ?zJL  ]KLQsJkYqsJ
HASI`q{S�OZDWwbM@DKNRQi Sephadex G-75   
 

        2.9.3 ����)����	����A	�� �� �(&��1���	
�� �/�?B����C��$:����:����?D 
                 2.9.3.1 �����$� Sephadex G-75 
                         ?OÂMR@DKNRQi (yQJW 120 x 1.3 rR.) ?zBCDHAAj̀ Sephadex G-75 ?pZQ?ŴMbFNHbS{^FJA
qWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.8.3.1 |pwDNOAJkUK 10 RK. OZD pR. q^C 4°r   
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                         QsJ P80 RJ?rQOASl�bjiq^C 5,000 x g q^C 4°r 10 QJq^ ]MFIZbQ|IYASRJOA 4 RK. (R^
YASRJtPYAÔQ 75 RF.) RJeZJQ@DKNRQi Sephadex G-75 pL@DKNRQiWwbMHNl?lDAi A WwbMDNOAJFJA
kUK 10 RK. OZD pR. ?FGHIJAKLKJMUKDWKL 2 RK.      OSWOJRFJA]MFPYAÔQ]KLUJFSjFAARMNHMNnE 
DLkR?KI ?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.8.3.1 UKNEjJFAbRIJAKLKJM
q^CR^FSjFAARFJAMNHMNnE ]KLqsJ]UwEWwbM freeze dryer ]KwbKLKJMFKNHWwbMYASRJOAq^CQwDMq^CI`Wq^CKLKJM
kWw WwbMHNl?lDAiA (IJAKLKJMq^CkWw?ÂMF PG-75) QsJkYUJFSjFAARFJAMNHMNnEDLkR?KI YASRJtPYAÔQ 
]KL@sJQbQ@ZJFJAMNHMNnEjsJ?zJL   

 

        2.9.4 �)�����&�	
&�������	����A3�&	�� �� �(&��$1>����1���	3�($��$�#�& N  
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.8.4   
 

2.10 ���!�3$�
:������3�&	�� �� �(&��1���	:
 �/�?B����C��$:����:����?D   
         (Gel filtration chromatography) 
                         UJQnsJUQNFPR?KF`KyDEIJAMNHMNnEDLkR?KIPWM|pw@DKNRQir~CEHAAj̀ Sephadex G-75 
YASRJOA 120 RK. yQJW 110 x 1.3 rR. |pw HNl?lDAi A pL@DKNRQi  WwbMDNOAJFJAkUK 10 RK. OZD 
pNCbPRE ?FGHIJAKLKJMUKDWKL 2 RK. WsJ?QSQFJAUJyQJWPR?KF`K?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 
1 yDEQnsJMJEFKwbM ywD 1.9 
 

2.11 ������/	���������	����A	�� �� �(&��1���	����#�$3�($��$����)����	����A             
        2.11.1 �/�����+�:��:?��>�	���1�#�
�&	[�\             
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.10.1 
        2.11.2 ������/��/����	�� �� �(&��1���	4$��#$�/�[� !��&���� �:
���$:
 ����+�:��- 
                   :?��>�	��� Starch-PAGE 
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.10.2 
 

2.12  ���!�3$�
:������
�� :\���������1�
��/�����+�:��:?��>�	����
�&	[�\����1��>�$ 
   (Tricine sodium dodecyl sulphate-polyacrylamide gel electrophoresis, Tricine SDS-PAGE) 
 

                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.11 PWM|pw
ONbDMZJEq^CeZJQFJAqsJHASI`q{S� (PG-75 ) RJqWIDH@bJRHASI`q{S�WwbM Native-PAGE ]KL Starch-PAGE 
FZDQ ]Kwbj~EQsJONbDMZJERJbS?@AJLUi   
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	#�$��� 3 $()� �&\��� 
 

3.1 �����+�$()� �&\��� 
 

 ?FGHQnsJMJEzJAJjJFOwQMJE (Hevea brasiliensis) IJMzNQ{`i RRIM 600 YKXFq^CDsJ?uD QJ
URZDR jNEUbNWIEyKJ WsJ?QSQFJA|QpZbE?pwJ?bKJ 3.00-7.00PWMFÂWKsJOwQWwbMR^WFÂWMJE K~F
YALRJt 0.5 ?rQOS?ROA ADEQnsJMJEWwbM}wbMFAL?HBnDEq^CbJEHQQnsJ]yGE WNEAXYq^C 4 YKZDM|UwQnsJMJEkUK
YALRJt 4-5 pNCbPRE ?FGHQnsJMJE|UwkWwYASRJOAOJRq^COwDEFJA 
 
 
 
 
 
                                                      A                                                B 
                                  AXYq^C 4 ]IWEFJA?FGHONbDMZJEQnsJMJEzJAJ?zBCD|pwx~FgJ 
                                            A ]IWEuJzIbQMJEzJAJq^C|pwx~FgJ 
                                            B ]IWEuJzFJA?FGHQnsJMJEzJAJPWM]pZ|QQnsJ]yGE?zBCDANFgJIuJzQnsJMJE 
 

3.2 ������� � C-serum /��$()� �&\��� 
 

 QsJQnsJMJEzJAJq^C?FGHOJRywD 3.1 kY?rQOASl�bji (centrifuge) q^C@bJR?AGbADH  

50,000 x g  q^C 4°r ?YhQ?bKJ 2 pNCbPRE  ]MFIZbQ|I (C-serum)PWMQsJzJI?jDAiY�?YOIDWeZJQpNnQ
?QBnDMJEKEkY QsJ C-serum q^CkWwkY?rQOASl�bjiq^C@bJR?AGbADH?WSRD̂F@ANnE ]HZE C-serum |IZUKDWq^CR^

�JY�W UKDWKL 1 RK. ?FGHkbwq^C -20 °r ?zBCD|pwx~FgJ|QyNnQODQOZDkY 
 

3.3 ���!�
�����	�� �� �(&��1���	 

 

                         UJYASRJtIJAMNHMNnEDLkR?KI|Q C-serum UABD IJAq^CeZJQyNnQODQFJAqsJHASI`q{S�|Q
yNnQODQOZJE � ?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.3     
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3.4 ���!������3��3�$3�&	�� �� �(&��1���	���4!��#���� �� �(&��� �� 50  (IC50) 
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.4                         
3.5 ���!�
�����:
���$ 
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.5 
3.6 ����������!���3����� 
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.6 
 
3.7 �
�� ���� ������+�$()� �&\���4$	[�\�#�& N 
 
                         |QQnsJMJEzJAJR^IJAOZJE � YLYQDMXZ?YhQjsJQbQRJF qNnEDQ̀uJ@?QBnDMJE yDE?UKb
OZJE � ]KLPYAÔQjsJQbQRJF ]OZPYAÔQWNEFKZJbjL?FSWFJAIKJMONb r~CEDJj?FSWjJF?DQkrRiq^C
YLYQDMXZ WNEQNnQ?zBCD?YhQFJAANFgJIuJzyDEQnsJMJEzJAJ|UwR^@bJR@EONbRJFq^CI`Wj~EqsJFJA?OSRIJA
HJEONbKEkYeIRFNHQnsJMJEzJAJytL?FGHQnsJMJE ?pZQ glycerinated buffer r~CEYALFDHWwbM sodium 
bicarbonated  0.1 PRK OZD KSOA glycerol 50% w/v ]KL cysteine 5  RSKKSPRK OZD KSOA (Akasawa 
]KL@tL 1995)  
                         FJAqWKDE : qsJFJA?FGHQnsJMJE 2 ]HHWNEQ̂n 
(1) ?FGHQnsJMJEOJRYFOS OJRbS{^ywD 3.1 
(2) ?FGHQnsJMJEeIR glycerinated buffer  PWMqNQq^q^C?FGHQnsJMJEkWw OJRbS{^ywD 3.1 RJ?OSR glycerinated 
buffer |QINWIZbQ 1:2 v/v  
                         QsJQnsJMJEq^CkWwqNnE 2 ]HH|IZ}`EzKJIOSF ]pZQnsJ]yGE ?zBCDQsJkYUwDEqWKDE?zBCD?OÂMR 
C-serum (OJRbS{^ywD 3.2) ?RBCDkWw C-serum ]Kwb  ?OSR glycerol KE|Q C-serum q^CkWwjJFQnsJMJEeIR 
glycerinate buffer |QINWIZbQ 1:1 v/v jJFQNnQQsJONbDMZJE C-serum q^CkWwqNnE 3 pQSW kYOAbjbNW@ZJ
FSjFAARDLkR?KI ?pZQ?ŴMbFNHbS{^FJAqWKDE|QIZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.3 
 

3.8 ��3�&��� �������������3�&���:��$� �>���?��#����������$	�� �� �(&��1���	 /��    
       C-serum 

@NW?KBDFAwDMKL@bJRDSCRONbyDE?FKBD]DRPR?Q̂MRrNK?lOq^C|Uw@ZJFJAMNHMNnEjsJ?zJL
yDEFSjFAARFJAMNHMNnEDLkR?KIyDEOLFDQIXEq^CI`W  WNEQ̂n  

QsJ C-serum RJ?OSR?FKBD]DRPR?Q̂MRrNK?lO|UwR^@bJR?ywRywQAwDMKL 0, 20, 40, 60 

]KL 80 yDE@bJRDSCRONb @Q|Uw?FKBDKLKJM ]KLONnEqSnEkbw 2 pNCbPRE q^C 4 °r QsJIJAKLKJMq^CkWwkY



 

36 

?rQOASl�bjiq^C 10,000 x g q^C 4 °r ?YhQ?bKJ 15 QJq^ ]MFIZbQ|IqSnE QsJOLFDQq^CkWwRJKLKJM|Q 
HNl?lDAi 0.02 M Phosphate buffer pH 6.9- 0.01 M NaCl (HNl?lDAiA) @BQYASRJOA?WSRyDE C-serum 
QsJIJAKLKJMq^CkWwRJUJFSjFAARFJAMNHMNnEDLkR?KI ]KLYASRJtPYAÔQ @sJQbt@ZJFJAMNHMNnE
jsJ?zJLyDEFSjFAARFJAMNHMNnEDLkR?KI @NW?KBDFAwDMKL@bJRDSCRONbyDE]DRPR?Q̂MRrNK?lOq^C|Uw@ZJ
FJAMNHMNnEjsJ?zJLyDEFSjFAARFJAMNHMNnEDLkR?KIIXEI`WkY|pw|QyNnQODQOZDkY 
         

3.9 ����)����	����A��=(�&��$	�� �� �(&��1���	  
 
        3.9.1 ������� � C-serum  
 
                         WsJ?QSQFJA?pZQywD 3.2  QsJ C-serum q^CkWwRJOAbjbNWFSjFAARFJAMNHMNnE?DQkrRiDL-
kR?KI YASRJtPYAÔQ @sJQbt@ZJFJAMNHMNnEjsJ?zJL ]KLQsJkYOFOLFDQPYAÔQWwbM]DRPR?Q̂MR
rNK?lOq^C@NW?KBDF]KwbOZDkY    
                   
        3.9.2 ������$	�� �� �(&��1���	
�� ���=����:��$� �>���?� 
 
                         QsJ C-serum  100 RK. RJOFOLFDQWwbM?FKBD]DRPR?Q̂MRrNK?lOq^CAwDMKL@bJR

DSCRONbq^C|Uw@ZJFJAMNHMNnEjsJ?zJLIXEIẀ jJFywD 3.8  @Qq^C 4°r  ]KLONnEqSnEkbw 2 pR. QsJIJAKLKJMq^CkWw

kY?rQOASl�bjiq^C 10,000 x g q^C 4 °r  QJQ 15 QJq^ ?FGHOLFDQKLKJM|QHNl?lDAi A WwbMYASRJOAq^C
QwDMq^CI`Wq^COLFDQKLKJMkWwURW (25 RK.) IJAKLKJMq^CkWw?ÂMF C80  QsJIJAq^CkWwkYUJFSjFAARFJA
MNHMNnE?DQkrRiDLkR?KI YASRJtPYAÔQ @sJQbt@ZJFJAMNHMNnEjsJ?zJL  ]KLQsJkYqsJHASI`q{S�OZDWwbM
@DKNRQi Sephadex G-75  

  
        3.9.3 ����)����	����A	�� �� �(&��1���	
�� �/�?B����C��$:����:����?D 
 
                 3.9.3.1 �����$� Sephadex G-75 
 
                         ?OÂMR@DKNRQi (yQJW 120 x 1.3 rR.) ?zBCDHAAj̀ Sephadex G-75 ?pZQ?ŴMbFNHbS{^FJA
qWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.8.3.1 YANHIRẀKMiyDE@DKNRQi|pwDNOAJkUK 20 RK. OZD pR. 
q^C 4°r                          
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                         QsJ C80 RJ?rQOASl�bjiq^C 5,000 x g q^C 4°r 10 QJq^ QsJIZbQ|Iq^CkWwYASRJOA 5 RK.(R^
YASRJtPYAÔQ 94 RF.) RJeZJQ@DKNRQi Sephadex G-75 pL@DKNRQiWwbMHNl?lDAi A WwbMDNOAJFJA
kUK 20 RK. OZD pR. ?FGHIJAKLKJMUKDWKL 1 RK. OSWOJRFJA]MFPYAÔQPWMFJAbNW@ZJFJA
WXWFKBQ]IEyDEIJAKLKJMq^CpLDDFRJ q^C@bJRMJb@KBCQ 280 QJPQ?ROA jQFALqNCEkRZR^PYAÔQ}XF
pLDDFRJ INE?FOkWwjJF@ZJFJAWXWFKBQ]IEq^C?ywJ|FKwxXQMi ?y^MQFAJlALUbZJE@ZJFJAWXWFKBQ]IEq^C 
280 QJPQ?ROA(A280) FNHjsJQbQUKDWqWKDE  
                         QsJIJAKLKJMq^C?FGHq`F 5 UKDWkYUJ@ZJFSjFAARFJAMNHMNnEDLkR?KI ?y^MQFAJl 
ALUbZJE@ZJFSjFAARFJAMNHMNnEDLkR?KI]KLjsJQbQUKDW AbRIJAKLKJMq^CR^FSjFAARFJAMNHMNnEIXE
?ywJWwbMFNQ QsJkYqsJ]UwEWwbM?@ABCDE freeze dryer KLKJMFKNHWwbMYASRJOAq^CQwDMq^CI`Wq^CKLKJMkWw 
WwbMHNl?lDAi A (IJAKLKJMq^CkWw?ÂMF CG-75) QsJkYUJFSjFAARFJAMNHMNnEDLkR?KI YASRJtPYAÔQ 
@sJQbt@ZJFJAMNHMNnEjsJ?zJL  ]KLQsJkYqsJHASI`q{S�OZDWwbM@DKNRQi Sephadex G-25 
 
                 3.9.3.2 �����$� Sephadex G-25 
 

QsJeE Sephadex G-25 RJ]pZ|UwzDEONb|QQnsJFKNCQ ONnEqSnEkbwq^CD̀tUuXRSUwDE ?YhQ?bKJ 
16 pNCbPRE ?YK^CMQQnsJFKNCQ|URZ 2-3 @ANnE?zBCDKwJE?RGW?jK|UwILDJW HAAj̀KE@DKNRQi (yQJW 120 x 1.3 
rR.) YASRJOA 120 RK. kWw@bJRIXEyDE?jK 110 rR. YANHIRẀK@DKNRQiWwbMHNl?lDAi A YASRJOA 5 

?qZJyDEYASRJOA?jKq^CHAAj̀ PWM|pwDNOAJkUK 20 RK. OZD pR. q^C 4°r   
                         QsJONbDMZJE CG-75 YASRJOA 5 RK. ( R^YASRJtPYAÔQ 5 RF.)  RJeZJQ@DKNRQi 
Sephadex G-25 pL@DKNRQiWwbMHNl?lDAi A WwbMDNOAJFJAkUK 20 RK. OZD pR. ?FGHIJAKLKJMUKDW
KL 2 RK. OSWOJRFJA]MFPYAÔQPWMFJAbNW@ZJFJAWXWFKBQ]IEyDEIJAKLKJMq^CpLDDFRJ q^C@bJR
MJb@KBCQ 280 QJPQ?ROA jQFALqNCE@ZJFJAWXWFKBQ]IEq^C?ywJ|FKwxXQMi ?y^MQFAJlALUbZJE@ZJFJA
WXWFKBQ]IEq^C 280 QJPQ?ROAFNHjsJQbQUKDWqWKDE  
                         QsJIJAKLKJMq^C?FGHq`F 5 UKDWkYUJ@ZJFSjFAARFJAMNHMNnEDLkR?KI ?y^MQFAJl 
ALUbZJE@ZJFSjFAARFJAMNHMNnEDLkR?KIFNHjsJQbQUKDW AbRIJAKLKJMq^CR^FSjFAARFJAMNHMNnEIXE?ywJ
WwbMFNQ QsJkYqsJ]UwEWwbM?@ABCDE freeze dryer KLKJMFKNHWwbMYASRJOAq^CQwDMq^CI`Wq^CKLKJMkWw WwbM
HNl?lDAi A (IJAKLKJMq^CkWw?ÂMF CG-25) QsJkYUJFSjFAARFJAMNHMNnEDLkR?KI YASRJtPYAÔQ]KL
@sJQbt@ZJFJAMNHMNnEjsJ?zJL   
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        3.9.4 �)�����&�	
&�������	����A3�&	�� �� �(&��$1>����1���	3�($��$�#�& N 
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.8.4   
                        
3.10 ���!�3$�
:������3�&	�� �� �(&��1���	:
 �/�?B����C��$:����:����?D   
         (Gel filtration chromatography) 
 
                         UJQnsJUQNFPR?KF`KyDEIJAMNHMNnEDLkR?KIPWM|pw@DKNRQir~CEHAAj̀ Sephadex G-75 
YASRJOA 120 RK. yQJW 110 x 1.3 rR. |pw HNl?lDAi A pL@DKNRQi  WwbMDNOAJFJAkUK 20 RK. OZD 
pNCbPRE ?FGHIJAKLKJMUKDWKL 2 RK. WsJ?QSQFJAUJyQJWPR?KF`K?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 
1 yDEQnsJMJEFKwbM ywD 1.9 
                          
3.11 ������/	���������	����A	�� �� �(&��1���	����#�$3�($��$����)����	����A 
                                                                                                                                 
        3.11.1 �/�����+�:��:?��>�	���1�#�
�&	[�\             
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbM ywD 1.10.1                      
        3.11.2 ���/��/����	�� �� �(&��1���	4$��#$�/�[� !��&���� �:
���$:
 ����+�:��:?��-   
                   >�	��� Starch-PAGE 
                         WsJ?QSQFJA?pZQ?ŴMbFNHbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbMywD 1.10.2      
 

3.121���!�3$�
:������3�&	�� �� �(&��1���	 
�� �/�����+�:��:?��>�	����
�&	[�\   
         ����1��>�$  (Tricine sodium dodecyl sulphate - polyacrylamide gel   
          electrophoresis, Tricine SDS-PAGE)  
 

                         HZRIJAKLKJM CG-25 q^CR^YASRJtPYAÔQ 160 kRP@AFANR YASRJOA 1 RK.  FNH
IJAKLKJMDLkR?KIq^CR^PYAÔQ 160 kRP@AFANR YASRJOA 1 RK.  q^C 37°r QJQ 30 QJq ̂  ]MF
IJAYALFDHDLkR?KIFNHIJAMNHMNnE  DDFjJFPYAÔQDBCQ�|Q CG-25 WwbM Sephadex G-25  (yQJW 25 
x 1.0 rR.) pL@DKNRQiWwbMHNl?lDAi A  DNOAJkUK 15 RK. OZD pR. q^C 4°r     QsJONbDMZJEq^CYASRJOA
bDMWi (Vo) kY]MF]}HPYAÔQWwbM Native-PAGE OJRbS{^ywD 3.11.1 jsJQbQ 2 ]eZQ ]eZQ]AFMwDR
WwbM rSK?bDAi  ]eZQq^CIDEMwDRWwbMIJAKLKJMyDE Bradford (1976) (IZbQeIR]IWE|QOJAJE A6 
|QuJ@eQbF)  QsJ]eZQq^CMwDRWwbMIJAKLKJM Bradford  RJONW]}H?jKyDEIJAMNHMNnE  HWKL?D̂MW|Q



 

39 

HNl?lDAi A    ?rQOASl�bji  ?FGHIZbQ|I  qsJ]UwEWwbM freeze dryer  KLKJMFKNHWwbMQnsJFKNCQYASRJOA 
100 kRP@AKSOA qWIDH@bJRHASI`q{S�yDEPYAÔQIJAMNHMNnE (15 kRP@AKSOA) D̂F@ANnEWwbM Native-
PAGE 10 % ?jK (?pZQywD 3.11.1)   jJFQNnQ QsJkYUJyQJWPR?KF`KWwbM ?jKDS?KGFPqAPlÂr^I]HH
]YKEIuJzALHHkOAr^Q  OJRbS{^FJAqWKDE IZbQq^C 1 yDEQnsJMJEFKwbMywD 1.11  qNnEq^CR^ ]KLkRZR ̂
β-mercaptoethanol  
 

 


