
13 

2. ����� 	�
��
� ���������� 
 

����� 

 ��
������� 

 ������	
�� 

�� S. platensis �����������
������������������
���
����� ��!�� 2001 
$. 
�!�� �.��
� �.��&	� 

 

��������	� 

 �
�&�� �� '�
(�� Spraque-Dawley !�5����!678
�8
��
����  ������9�
����$��!�	��
:���
�$� �����! �	� ����	 :	����;��
���'����<�����<����������� ����<���8
�
��$��!�	�� �����! �	� ��&	�
���
!�� �	&!67 =(. 1210/713 

 

������� 
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����<A�'��������� (analytical grade) ��J�
�!6 ��!�� 

 
 !"	������� M.W. %��&��'�('��� 

Acetic acid  (glacial) 60.05 J.T. Baker 
Benzoic acid 183.19 Fluka 
Bilirubin 584.70 Sigma 
Bovine serum albumin - Sigma 
Bromcresol green  698.0 Sigma 
Chloroform 119.37 Lab Scan 
Copper (II) sulfate (CuSO4.5H2O) 249.68 J.T. Baker 
Creatinine 113.20 Sigma 
Diacetylmonoxime 101.10 Sigma 
DL-Alanine 89.09 Merck 
2,4-Dinitrophenylhydrazine 198.10 Sigma 
L-Aspartic acid 133.10 Merck 
Ferric chloride (FeCl3) 162.20 Sigma 
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��������	
� M.W. ������������� 

D-Glucose 180.16 Fluka 
Glycine 75.07 Merck 
Hydrochloric acid (37% w/v) 36.46 J.T. Baker 
α-Ketoglutaric acid 146.1 Sigma 
L-Lactic acid 112.06 Fluka 
Lithium carbonate (Li2CO3) 73.89 Fluka 
Magnesium chloride (MgCl2.6H2O) 203.31 Fluka 
Methanol (absolute) 32.04 Lab Scan 
p-Nitrophenylphosphate disodium salt 371.16 Sigma 
p-Nitrophenol 139.11 Aldrich 
o-Phosphoric acid (85% w/v) 98 Fisher Scientific 
Picric acid 229.11 Merck 
Potassium iodide (KI) 166.01 J.T. Baker 
Potassium dihydrogen phosphate (KH2PO4) 136.09 Fluka 
Sodium azide (NaN3) 65.01 Fluka 
Sodium carbonate (Na2CO3) 105.99 Carlo Erba 
Sodium chloride (NaCl) 58.44 Merck 
Sodium hydroxide 40 Lab Scan 
Disodium hydrogen ortho phosphate (Na2HPO4) 141.96 APS 
Sodium nitrite (NaNO2) 69 Merck 
Sodium potassium tartrate 282.23 Carlo Erba 
Sodium pyruvate 110.04 Sigma 
Sodium tungstate (Na2WO4.2H2O) 329.86 Sigma 
Sulfanilic acid 173.19 BDH 
Sulfuric acid 98.08 Lab Scan 
Thiosemicarbazide 91.14 J.T. Baker 
Thiourea 72.12 Fluka 
Toluene 92.13 Lab Scan 
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��������	
� M.W. ������������� 

o-Toluidine 107.16 Sigma 
Tween-20 1,228 APS 
Urea 60.06 Fluka 
Uric acid 168.11 J.T. Baker 
 
������� 

1. ?@ABCDEFGHIJAHKHILBMNOE (UV-VIS recording spectrophotometer) AQRM UV160A SDE 
Shimadzu, Japan 

2. ?@ABCDEFGHIJAHKHILBMNOE (UV-VIS recording spectrophotometer) AQRM 8453 SDE Hewlett-
Packard, USA 

3. ?@ABCDETUQM?TFVCWENXXYGZE[Y\]NL]@FX@QUDQ^T_KU`aHb (refrigerated bench-top centrifuge) 
AQRM 5804R SDE Eppendorf, Germany 

4. ?@ABCDETUQM?TFVCWENXXYGZE[Y\] (bench-top centrifuge) AQRM 18/80 MSE SDE Sanyo-Harrier, 
Japan 

5. ?@ABCDEdGCE 4 YeJNTMRE AQRM H10 SDE Mettler, Switzerland 
6. ?@ABCDEdGCE 2 YeJNTMRE AQRM PG5002-S SDE Mettler, Switzerland 
7. ?@ABCDEFGH pH SDEOJAL]LJW (pH-meter) AQRM PHM61 SDE Radiometer, Denmark 
8. ?@ABCDEIFMOJAL]LJW (magnetic stirrer) AQRM PC-410 SDE Corning, USA 
9. ?@ABCDEfOUOJAL]LJW (vortex mixer) AQRM K-550-GE SDE Scientific Industries, USA 
10. DRJEMZeJ@FX@QUDQ^T_KU` (unstirred digital bath) AQRM TW20 SDE Julabo, Germany 
11. ILbDEgQLhAAiMjNXXkLKDD?AO?lMOj (fluorescense microscope) AQRM DML SDE Leica, 

Germany mAbDUDQnIA^joRJW_JmH̀g̀YDL AQRM Coolpix 4500 SDE Nikon, Japan 
12. ?@ABCDEFGHIJAHKHILBMNOEOeJTAGXOJAL]LJWnÀUJ^MbDW (automated microplate reader) 

AQRM ELx808 SDE Biotek Instrument, USA  
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2.1  �������!
����!"�# 

 MeJYGFDWRJEOanAKaLMRJOHgJIkJAjU?mJ]?LVZWESDETbJETQbMORFMOJUGpWDHhDE UJqdbhHLDE
[HWYAE ORFMOanAKaLMRJNTbE?YAVWUqMTbDE?YAVWUWJ ^ _J@F̀dJ?_OGd?FhNL]?_OGdmrIsiJOYAj 
@^]?_OGdiJOYAj [HW?hOanAKaLMRJOHhVCaHbUJqTUR t (MZeJTMGInA]UJ^ 2 I`[LIAGU) LEqMoJH 
ONYM?LOhVCLbJEO]DJHNLbFNL]fRJMIJAuRJ?dBZDHbFWIJA?dvHHbFWNDLIDwDLj 70% (v/v)  TLGEgJIMGZM
qdbdbDMhVCfRJMIJAuRJ?dBZDHbFWNDLIDwDLjNLbF nJHqTbUV@FJUTMJnA]UJ^ 3-4 U`LL`?UYAhGCFhGZEoJH 
?mBCDqTbOanAKaLMRJoKIDXgMNTbEDWRJEOUCeJ?OUD TLGEgJIMGZM gxEMeJoJH?SbJYKbDX (hot air oven) hVC
DQ^T_KU` 55-60 0l ?nyM?FLJnA]UJ^ 24 dGCF[UE LDIOanAKaLMRJlxCEDXNTbENLbFDDIUJ?nyMNfRM t 
gJIMGZMMeJanXHqM[IAREXHWJ  MeJfEOanAKaLMRJhVCXHaHbUJARDMHbFWNARE?XDAj 45 ?mBCDqTbaHbSMJH
?LvIOUCeJ?OUD (aHbOanAKaLMRJNTbEMZeJTMGInA]UJ^ 270 IAGU) gJIMGZMgxEMeJqORSFHNIbFhVCUVzJn{H
U`Hd`HNL]fRJMIJAuRJ?dBZD (sterile) ?AVWXAbDWNLbF NL]?IvXfEOanAKaLMRJNTbEaFbhVCDQ^T_KU` 4-8 0l 
NL]n|DEIGMNOE 
 
2.2  �������!
������$��# 

 IRDMheJIJAhHLDEnA]UJ^ 1 OGnHJTj MeJTMKSJF OJWmGM}Qj Spraque-Dawley hGZE?mifKb NL]?mi
?UVW DJWQnA]UJ^ 5 OGnHJTj UVMZeJTMGInA]UJ^ 150-300 IAGU UJ?LVZWEqMIAE[LT]O?YM?LO SMJH 
24 x 45 x 15 l.U. (IFbJE x WJF x OKE) lxCEUVhVCqORDJTJANL]SFHMZeJmAbDUTLDH?OVWXDWKRXMzJIAE 
NL]qdbSVZ?LBCDWhVCfRJMIJAuRJ?dBZDHbFWF̀}V autoclave NLbF ?nyMFGOHQADEMDMXMmBZMIAE SMJHXAAgQIAE
L] 6 YGF NWIYGFfKbIGXYGF?UVW NL]?LVZWEDWKR_JWqMTbDESDEOoJMOGYFjhHLDE_J@qYb 
UTJF̀hWJLGWOESLJM@ÀMhAjlxCE@FX@QUDQ^T_KU`nA]UJ^ 25 ± 2 ol @FJUdBZMOGUmGh}j 55 ± 5 % 
NL]aHbAGXNOEOFRJEFGML]nA]UJ^ 12 dGCF[UE (?FLJ 6.00 � 18.00 M.) TMKhQIYGFaHbAGXDJTJA?UvH
OeJ?AvgAKnSDEXÀsGh CP Mice Feed NL]MZeJIADE DWRJEaURgeJIGH (ad libitum) qMNYRL]FGM 
 
2.3  ����$���&'������$��# 

 hHODXfLSDEOanAKaLMRJhGZENXXOHNL]NXXNTbEqMTMKSJF [HWqMIJAhHODXOanAKaLMRJ
NYRL]NXXnA]IDXHbFWTMK 4 ILQRU NYRL]ILQRUNXREDDI?nyMTMK?mifKb 6 YGF NL]?mi?UVW 6 YGF ILQRU
@FX@QUn|DM?�mJ]YGFheJL]LJWlxCEaHbNIRMZeJILGCMqMnÀUJ^ 5 U`LL`L`YAYRDI`[LIAGUSDEMZeJTMGIYGF 



17 

(5 ml/kg) ORFMTMKqMNYRL]ILQRUhHLDEn|DMHbFWOJAL]LJWOanAKaLMRJ (5 ml/kg) qMSMJH@FJU
?SbUSbM (dose) YRJE t IGM HGEMVZ 

(��()*# (���$ 

���"
	��	�
 ?�mJ]MZeJILGCM ���"
	��	�
 ?�mJ]MZeJILGCM 

���"
 1 SMJH 30 mg/kg ���"
 1 SMJH 300 mg/kg 

���"
 2 SMJH 60 mg/kg ���"
 2 SMJH 600 mg/kg 

���"
 3 SMJH 120 mg/kg ���"
 3 SMJH 1200 mg/kg 
 
 qMhQI t ?dbJ ?FLJnA]UJ^ 10.00 � 12.00 M. heJIJAdGCEMZeJTMGIYGF NL]n|DMOanAKaLMRJqTbTMK
NYRL]YGFYJUSMJHhVCIeJTMH mAbDUIGXOGE?IYDJIJAhJE@L`M̀I AFUhGZE@FJUfH̀nIỲDBCM t ỲHYRDIGM
MJM 3 ?HBDM 
 ?UBCD?OAvgO`ZMIJAhHLDE uRJTMKhQIYGF[HWF̀}VHxE@D (cervical dislocation) NLbFdeJNTL]im?mBCD
?IvXYGFDWRJEDFGWF]_JWqM (vital organs) aHbNIR YGX aY UbJU NL]TGFqg UJdGCEMZeJTMGI NL]OGE?IY
@FJUf`HnIỲYRJE t HbFWYJ?nLRJ gJIMGZMgxE?IvXaFbqMMZeJWJ 10% (v/v) formalin ?mBCDF̀?@AJ]TjhJE
mWJ}`F̀hWJ?MBZD?WBCDYRDan ORFMlJIhVC?TLBDoKI?fJIeJgGHYJUSGZMYDMSDETMRFW?ABDM?LVZWEOGYFjhHLDE 
@^]F̀hWJiJOYAj 

 

2.4  �����,�����!"�#����$ 

 YLDHIJAhHLDE TMKNYRL]YGFoKI?IvXYGFDWRJE?LBDHhGZETUH 4 @AGZE @BD IRDMIJAhHLDE A]TFRJE
aHbAGXOanAKaLMRJ?nyM?FLJ 1 ?HBDM 2 ?HBDM NL] 3 ?HBDM YJULeJHGX [HWIRDMIJA?IvXYGFDWRJE?LBDH
NYRL]@AGZE EHqTbDJTJATMKnA]UJ^ 12 dGCF[UE TLGEgJIOLXHbFWDV?}DAj gxE?gJ]?LBDHgJINDRELKI
YJTMK (occular bed puncture) [HWqdbTLDHNIbF (capillary tube) hVCUV heparin ?@LBDXDWKRHbJMqM MeJ
YGFDWRJE?LBDHhVC?gJ]aHbanTUQM?TFVCWE (centrifuge) ?mBCDNWImLJOUJDDIUJ HbFWADXNAE?TFVCWEhVC 
1,500 x g ?nyM?FLJ 7 MJhV hVC 4 0l ?IvXmLJOUJhVCNWIaHbaFbhVC -20 0l OeJTAGXhHODXYRDan 
 
2.5  �����$�.$���������	
��"�# / &'����$ 

 2.5.1  ���)�	"�(�	������0�#��'12
� Aspartate Aminotransferase (AST) (�. Alanine  

  Aminotransferase (ALT) 

 HGHNnLEgJIF̀}VSDE Mohun NL] Cook (1957) [HWDJiGWTLGIIJA@BD ?DMalUj aspartate 
aminotransferase (AST) NL] alanine aminotransferase (ALT) ?AREn�`I`ÀWJIJAWbJWTUKRD]U[̀MgJI 



18 

aspartate NL] alanine YJULeJHGX anqTbIGX α-ketoglutarate aHbfLfL`Y (product) SDEn�`I`ÀWJ@BD 
oxaloacetate qMIA^VSDE AST NL] pyruvate qMIA^VSDE ALT lxCELbFMheJn�`I`ÀWJIGX 
dinitrophenylhydrazine qTb hydrazine lxCEUVOVMZeJYJLNHEqMHRJE 
 IJATJND@ỲF̀YVSDE?DMalUj AST ?ÀCUYbMgJI ?ỲUOJAL]LJWOGXO?YAh (substrate) SDE  
AST (ORFMnA]IDXDWKRqM_J@fMFI) nÀUJYA 0.5 U`LL`L`YA LEqMTLDHhHLDE NLbFMeJanDQRMqM
DRJEMZeJ@FX@QUDQ^T_KU` (water bath) hVC 370l nA]UJ^ 5 MJhV gJIMGZM ?ỲUYGFDWRJEmLJOUJnÀUJYA 
0.1 U`LL`L`YA LEan YGZEh`ZEaFbqMDRJE@FX@QUDQ^T_KU`YRDanDVI 60 MJhV mDHV NLbFgxE?ỲUOJAL]LJW 
2,4-dinitrophenyl hydrazine (ORFMnA]IDXDWKRqM_J@fMFI) nÀUJYA 0.5 U`LL`L`YA LEan YGZEh`ZEaFb
hVCDQ^T_KU`TbDE MJM 20 MJhV ?UBCD@AX?FLJ gxE?ỲUOJAL]LJW 0.4 N NaOH nÀUJYA 5 U`LL`L`YA 
fOUqTb?SbJIGM YGZEh`ZEaFbDVI 5 MJhV NLbFgxEMeJanFGH@RJIJAHKHILBMNOEhVC@FJUWJF@LBCM 505 MJ[M
?UYA [HWqdbMZeJILGCM?nyM blank  
 OeJTAGXIJATJND@ỲF̀YV?DMalUj ALT MGZM UVF̀}VIJAhHLDE?TUBDMIGXSDE?DMalUj AST 
NYRqdbOJAL]LJWOGXO?YAh?�mJ]SDE ALT (ORFMnA]IDXDWKRqM_J@fMFI) NL]A]W]?FLJqMIJA
heJn�`I`ÀWJA]TFRJE?DMalUjIGXOGXO?YAh?mVWE 30 MJhV ?hRJMGZM 
 TJ@RJND@ỲF̀YVSDE?DMalUj AST NL] ALT qMmLJOUJYGFDWRJEaHb [HWMeJ@RJIJAHKHILBM
NOESDE hydrazine hVC?I`HSxZMan?nAVWX?hVWXIGXIAJkUJYA�JMSDE hydrazine lxCE?hVWX?nyM@RJND@Ỳ
F̀YVSDE?DMalUj AST ?hRJIGX 0, 36, 92, 171 NL] 285 TMRFWYRDL`YA (U/L) YJULeJHGX NL]IAJk
UJYA�JMSDE?DMalUj ALT lxCE?hVWX?nyM 0, 24, 48 NL] 82 U/L YJULeJHGX 
 ND@ỲF̀YVSDE?DMalUj AST NL] ALT 1 TMRFW (Unit) TUJWoxE nÀUJ^?DMalUjhVC
OJUJAo?AREn�`I`ÀWJIJA?nLVCWMNnLE 1 µmole SDE aspartate NL] alanine YJULeJHGX aHb qM?FLJ 1 
MJhV hVC pH 7.4 NL]DQ^T_KU` 370l 
 
 2.5.2  ���)�	"�(�	������0�#��'12
� Alkaline Phosphatase (ALP) 

 HGHNnLEgJIF̀}VSDE King NL] Amstrong (1980) [HWqdbTLGIIJA@BD alkaline 
phosphatase OJUJAo?AREIJAOLJW (hydrolyse) p-nitrophenyl phosphate qTb p-nitrophenol lxCEUVOV
?TLBDEqMHRJE  
 heJIJATJ@RJND@ỲF̀YVSDE?DMalUjMVZ[HW MeJTLDHhHLDEUJ 2 TLDH qMTLDHNAI     
qOROJAL]LJW alkaline buffer substrate (ORFMnA]IDXDWKRqM_J@fMFI) nÀUJYA 0.5 U`LL`L`YA LE
an NLbFMeJanDQRMqMDRJEMZeJ@FX@QUDQ^T_KUh̀VC 370l MJM 5 MJhV gJIMGZM?ỲUMZeJILGCMnÀUJYA 0.05 
U`LL`L`YA LEan YGZEh`ZEaFbqMDRJE@FX@QUDQ^T_KU`YRDDVI 30 MJhV mDHV NLbFgxEMeJDDIUJ?ỲU
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OJAL]LJW 0.02 N NaOH nÀUJYA 5 U`LL`LỲA fOUqTb?SbJIGM ?OAvgNLbFMeJanFGH@RJIJAHKHILBMNOE
hVC@FJUWJF@LBCM 410 MJ[M?UYA (O.D. 1)  TLGEgJIMGZMgxE?ỲUOJAL]LJWIAH?ILBD?SbUSbM (37% w/v 
HCl) LEannA]UJ^ 1 TWH fOUqTb?SbJIGM NLbFMeJILGXanFGH@RJIJAHKHILBMNOEhVC@FJUWJF@LBCM 
410 MJ[M?UYA DVI@AGZE (O.D. 2) ORFMTLDHhVC 2 heJF̀}VIJA?HVWFIGMIGXTLDHNAI ?mVWENYR?nLVCWMgJI
MZeJILGCM?nyMYGFDWRJEmLJOUJNL]qdbTLDHhVC 1 ?hVWX?nyM blank qMSGZMYDMIJAFGHIJAHKHILBMNOE 
 TLGEgJIMGZM MeJ@RJhVCaHbgJIIJATGILX@RJ O.D. 2 gJI@RJ O.D. 1 SDETLDHhVC 2 an
?nAVWX?hVWX?nyM@RJND@ỲF̀YVSDE?DMalUj gJIIAJkUJYA�JM p-nitrophenol lxCE?hVWX?nyM@RJND@ỲF̀
YVSDE?DMalUj alkaline phosphatase ?hRJIGX 0, 17, 34, 68, 102 NL] 136 TMRFWYRDL`YA (U/L) 
YJULeJHGX 
 ND@ỲF̀YVSDE?DMalUj 1 TMRFW (Unit) TUJWoxE nÀUJ^?DMalUjhVCOJUJAo?AREn�`I`ÀWJ
IJA?nLVCWM 1 µmole SDE p-nitrophenyl phosphate an?nyM p-nitrophenol aHb qM?FLJ 1 MJhV hVC pH 
10.5 NL]DQ^T_KU` 370l 
 
 2.5.3  ���)����
�� Total Bilirubin (�. Direct Bilirubin 

 HGHNnLEgJIF̀}VSDE Malloy NL] Evelyn (1937) [HWDJiGWTLGIIJA@BD bilirubin heJ
n�`I`ÀWJIGX diazotized sulfanilic acid qTb azobilirubin lxCE?nyMOJAOVURFENHEhVCHKHILBMNOE@FJUWJF
@LBCM 540 MJ[M?UYA 
 MDIgJIMVZ IJAhVC conjugated bilirubin UVOUXGỲL]LJWMZeJaHbHV HGEMGZMqMIJATJnÀUJ^ 
conjugated bilirubin gxEFGHOVURFENHEhVC?I`H_JWTLGEIJAheJn�`I`ÀWJA]TFRJE bilirubin qMmLJOUJIGX 
diazotized sulfanilic acid N@R 1 MJhV HbFWF̀}VIJAFGHnÀUJ^HGEILRJF XJEhVgxE?AVWI conjugated 
bilirubin FRJ direct bilirubin 
 OeJTAGX unconjugated bilirubin MGZM aUROJUJAoL]LJWMZeJaHb HGEMGZM _JWTLGEFGH@RJ 
conjugated bilirubin NLbF gxE?ỲU?U}JMDL (methanol) LEan NLbFh`ZEaFbqTbn�Ì`ÀWJ?I`H?YvUhVCMJM 30 
MJhV OVhVC?I`HSxZM?nyMfLAFUSDEnÀUJ^ azobilirubin hVC?I`HgJI conjugated NL] unconjugated 
bilirubin lxCEaHbNIR total bilirubin MGCM?DE 
 heJIJATJnÀUJ^ total NL] direct bilirubin [HW?ỲUYGFDWRJEmLJOUJnÀUJYA 0.1 
U`LL`L`YA NL]MZeJILGCM 0.9 U`LL`L`YA LEanqMTLDHhHLDE 2 TLDH gJIMGZM ?ỲU 1.5% (v/v) HCl 
nÀUJYA 0.25 U`LL`L`YA LEqMTLDHNAI ORFMTLDHhVC 2 ?ỲUOJAL]LJW diazo reagent 
(ORFMnA]IDXDWKRqM_J@fMFI) nÀUJYA?hRJIGM LEanNhM fOUqTb?SbJIGM YGZEaFbhVCDQ^T_KU`TbDE 
MJM 1 MJhV mDHV NLbFgxEMeJanFGH@RJIJAHKHILBMNOEhVC@FJUWJF@LBCM 540 MJ[M?UYA [HWqdbTLDH
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hVC 1 ?hVWX?nyM blank @RJIJAHKHILBMNOEhVCaHboBD?nyM@RJ O.D. 1 YRDgJIMGZM MeJTLDHhHLDEhGZE 2 
TLDH UJ?ỲU?U}JMDLnÀUJYA 1.25 U`LL`L`YA YGZEh`ZEaFbhVCDQ^T_KU`TbDEMJM 30 MJhV NLbFgxEMeJanFGH
@RJIJAHKHILBMNOEhVC@FJUWJF@LBCM 540 MJ[M?UYA ?TUBDMIGX@AGZENAI @RJIJAHKHILBMNOEhVCFGHaHb
qTURMVZoBD?nyM@RJ O.D. 2 
 TJnÀUJ^ direct bilirubin qMYGFDWRJEmLJOUJgJI IJATJA@RJ O.D. 1 HbFW 2 NLbFMeJ@RJhVC
TJAaHban?hVWX?nyMnÀUJ^gJIIAJkUJYA�JM blirubin @FJU?SbUSbM 1, 2, 3 NL] 4  U`LL`IAGUYRD 
100 U`LL`L`YA (mg/dL)  YJULeJHGX ORFM total bilirubin aHbgJIIJAMeJ@RJ O.D. 2 UJ?hVWX?nyM@RJ
nÀUJ^gJIIAJkUJYA�JM[HWYAE 
  

 2.5.4  ���)����
��M����' (Total Proteins) 
  qMF̀}VIJASDE Biuret mGM}]?nnahHj (peptide bond) SDE[nAYVMg]gGXIGX Cu++ ?I`H?nyM
OJAnA]IDX?d`ElbDMOVURFENHE qMOJAL]LJWHRJElxCEUV sodium potassium tartrate DWKRHbFW @FJU?SbU
SDEOVhVC?I`HSxZMFGHaHbhVC 540 MJ[M?UYA NL]NnAYJUnÀUJ^SDEmGM}]?nnahHjhVCUVDWKRqMYGFDWRJE 
(Doumas, 1978) 
  SGZMYDMIJAhHLDEnA]IDXHbFW MeJTLDHhHLDEUJ 3 TLDH TLDHhVC 1 ?ỲUMZeJILGCM 
0.05 U`LL`L`YA TLDHhVC 2 ?ỲUOJAL]LJW[nAYVM (albumin) @FJU?SbUSbM 7 g/dL nÀUJYA 0.05 
U`LL`L`YA NL]TLDHhVC 3 ?ỲUYGFDWRJEmLJOUJ 0.05 U`LL`L`YA TLGEgJIMGZM ?ỲUOJAL]LJW Biuret 
(ORFMnA]IDXDWKRqM_J@fMFI) nÀUJYA 2 U`LL`L`YA LEanqMhQITLDH fOUqTb?SbJIGM YGZEh`ZEaFbhVC
DQ^T_KU`TbDE 30 MJhV NLbFMeJanFGH@RJIJAHKHILBMNOEhVC@FJUWJF@LBCM 540 MJ[M?UYA [HWqdb
TLDHhVC 1 ?hVWX?nyM blank MeJ@RJIJAHKHILBMNOESDETLDHYGFDWRJEan?hVWXIGXSDETLDH[nAYVM
UJYA�JM ?mBCD@eJMF^?nyMnÀUJ^[nAYVMqMYGFDWRJEmLJOUJYRDan  
  
 2.5.5  ���)����
�� Albumin 
  IJAhHODXTJnÀUJ^ albumin qdbOV bromcresol green lxCEOJUJAogGXgeJ?mJ]IGX[nAYVM
dM̀HMVZaHbHVhVC pH 4.2 NLbF?I`H?nyMOJAnA]IDX?d`ElbDMOVk|J (Doumas, 1978)  [HWMeJTLDHhHLDE
UJ 3 TLDH TLDHhVC 1 ?ỲUMZeJILGCM 0.01 U`LLL̀`YA TLDHhVC 2 ?ỲUOJAL]LJW albumin ?SbUSbM 4 g/dL 
nÀUJYA 0.01 U`LL`L`YA NL]TLDHhVC 3 ?ỲUYGFDWRJEmLJOUJ 0.01 U`LL`L`YA NLbFMeJTLDHhHLDE
hGZETUHUJ?ỲUOJAL]LJW bromcresol green (ORFMnA]IDXDWKRqM_J@fMFI) nÀUJYA 3 U`LL`L`YA 
fOUqTb?SbJIGM gJIMGZMMeJanFGH@RJIJAHKHILBMNOEhVC@FJUWJF@LBCM 650 MJ[M?UYA [HWqdbTLDHhVC 1 
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?hVWX?nyM blank MeJ@RJIJAHKHILBMNOESDETLDHmLJOUJan?hVWXIGXSDETLDH albumin UJYA�JM 
?mBCD@eJMF^?nyMnÀUJ^ albumin qMYGFDWRJEmLJOUJYRDan  
 

 2.5.6  ���)����
�� Blood Urea Nitrogen (BUN) 

  DJiGWTLGIIJA@BD WK?AVW (urea) AFUYGFIGXTUKR diacetyl hVCDQ^T_KU` 100 0l qMO_JF]hVC?nyM
IAH ?I`H?nyMOJAOV?TLBDENHESDE diazine derivative lxCEg]UVOV?SbUSxZM ?UBCDUV thiosemicarbazide DWKR
HbFW  (Sampson and Baird, 1979)  HGEOUIJA 

 
         H2N 

CH3    CH3  C=O  CH3 
C=O        H2O  C=O     NH2   C=N 
C=N-OH   -----------------------> C=O   ----------------------->  C=O 
CH3     HONH2 CH3        H+     2H2O  C=N 
                 CH3 

 Diacetyl monoxime            Diacetyl     Diazine derivative 

 
 heJIJAhHLDE[HWMeJTLDHhHLDEUJ 6 TLDH TLDHhVC 1 ?ỲUMZeJILGCM 0.05 U`LL`L`YA 
TLDHhVC 2, 3, 4 NL] 5 ?ỲUOJAL]LJWWK?AVW@FJU?SbUSbM 3, 6, 12 NL] 24 mg/dL YJULeJHGX LEan
TLDHL] 0.05 U`LL`L`YA ORFMTLDHhVC 6 ?ỲUYGFDWRJEmLJOUJnÀUJYA 0.05 U`LL`L`YA gJIMGZM?ỲU
OJAL]LJW diacetylmonoxime (ORFMnA]IDXDWKRqM_J@fMFI) 3 U`LL`L`YA NL]OJAL]LJW acid 
ferric chloride (ORFMnA]IDXDWKRqM_J@fMFI) 2.5 U`LL`LỲA YJULeJHGX LEanqMhQITLDH  fOUqTb
?SbJIGM NLbFMeJanYbUqMMZeJ?HBDH?nyM?FLJ 10 MJhV mDHV  TLGEgJINdRqMMZeJqTb?WvMLE gxEMeJanFGH@RJ
IJAHKHILBMNOEhVC@FJUWJF@LBCM 520 MJ[M?UYA [HWqdbTLDHhVC 1 ?hVWX?nyM blank MeJ@RJIJA
HKHILBMNOESDEWK?AVWqMTLDHhVC 2 oxE 5 anOAbJEIAJkUJYA�JMOeJTAGXTJnÀUJ^WK?AVWqMTLDH
mLJOUJYRDan 
 
 2.5.7  ���)����
�� Creatinine 
  TJnÀUJ^ creatinine qMmLJOUJ[HWDJiGW Jaffe�s reaction ILRJF@BD creatinine heJ
n�`I`ÀWJIGXOJAL]LJW?ILBD  picrate qMHRJE qTb creatinine picrate lxCEUVOVObUNHE?I`HSxZM (Jaffe, 1886)
  heJIJAhHLDE[HWMeJTLDHhHLDEUJ 6 TLDH TLDHhVC 1 ?ỲUMZeJILGCM 1 U`LL`L`YA TLDH



22 

hVC 2. 3. 4 NL] 5 ?ỲUOJAL]LJW creatinine ?SbUSbM 10 aU[@AIAGUYRDU`LL`L`YA (µg/ml) nÀUJYA 0.2, 
0.6, 1 NL] 2 U`LL`L`YA NLbF?ỲUMZeJILGCMnÀUJYA 1.8, 1.4, 1 NL] 0 U`LL`L`YA LEan YJULeJHGX ORFM
TLDHhVC 6 qTb?ỲUOJAL]LJW protein free filtrate lxCE?YAVWUgJIYGFDWRJEmLJOUJYJUF̀}VIJAhVCA]XQDWKR
qM_J@fMFI nÀUJYA 1 U`LL`L`YA TLGEgJIMGZM ?ỲUOJAL]LJW 0.04 M picric acid nÀUJYA 0.5 
U`LL`L`YA NL] 0.75 N NaOH nÀUJYA 0.5 U`LL`L`YA LEanYJULeJHGX fOUqTb?SbJIGM YGZEh`ZEaFbhVC
DQ^T_KU`TbDE 15 MJhV NLbFgxEMeJanFGH@RJIJAHKHILBMNOEhVC@FJUWJF@LBCM 500 MJ[M?UYA [HWqdb
TLDHhVC 1 ?hVWX?nyM blank NL]MeJ@RJIJAHKHILBMNOESDE creatinine qMTLDHhVC 2 oxE 5 lxCE?hVWX
?nyM@RJnÀUJ^ creatinine qMmLJOUJaHb 1, 3, 5 NL] 10 mg/dL YJULeJHGX anOAbJEIAJkUJYA�JM
OeJTAGXTJnÀUJ^ creatinine qMTLDHmLJOUJYRDan 
 
 2.5.8  ���)����
�� Uric Acid 

  DJiGWTLGIIJA@BD uric acid OJUJAoheJn�`I`ÀWJIGX?ILBD phosphotungstate qMOJAL]LJW
HRJE aHbOJAnA]IDXOVMZeJ?E`M (tungsten blue complex) (Hegazi, 2001) HGEOUIJA 
     O2 
             OH- 

 +   H3PW12O40 ------------->     +   Tungsten blue complex 
             CO2 
         Uric acid            Phosphotungstic acid                   Allantoin 

 
 MeJTLDHhHLDEUJ 6 TLDH TLDHhVC 1 ?ỲUMZeJILGCM 1.5 U`LL`L`YA TLDHhVC 2, 3, 4 NL] 5 
?ỲUOJAL]LJW uric acid ?SbUSbM 2 mg/dL LEan 0.15, 0.45, 0.75, NL] 1.05 U`LLL̀`YA NLbF?ỲUMZeJ
ILGCMnÀUJYA 1.35, 1.05, 0.75 NL] 0.45 U`LLL̀`YA YJULeJHGX ORFMTLDHhVC 6 ?ỲUOJAL]LJW protein 
free filtrate nÀUJYA 1.5 U`LL`L`YA gJIMGZMMeJTLDHhHLDEhGZETUHUJ?ỲUOJAL]LJW 14% (w/v) 
sodium carbonate nÀUJYA 0.3 U`LL`L`YA NL]OJAL]LJW working phosphotungstic acid  
(ORFMnA]IDXDWKRqM_J@fMFI) nÀUJYA 0.3 U`LL`L`YA LEanYJULeJHGX fOUqTb?SbJIGM YGZEh`ZEaFbhVC
DQ^T_KU`TbDE 15 MJhV NLbFgxEMeJanFGH@RJIJAHKHILBMNOEhVC@FJUWJF@LBCM 710 MJ[M?UYA [HWqdb
TLDHhVC 1 ?hVWX?nyM blank NL]MeJ@RJIJAHKHILBMNOESDE uric acid qMTLDHhVC 2 oxE 5 lxCE?hVWX?nyM
@RJnÀUJ^ uric acid qMmLJOUJaHb 2, 6, 10 NL] 14 mg/dL YJULeJHGX anOAbJEIAJkUJYA�JM
OeJTAGXTJnÀUJ^ uric acid qMTLDHmLJOUJYRDan 
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 2.5.9  ���)����
��'WX���� 

  TUKR aldehyde qM[U?LIQLSDEMZeJYJLILK[@OOJUJAo@FXNMRM (condense) IGXOJAILQRU
aromatic amines ?dRM o-toluidine qMOJAL]LJWIAH hVCDQ^T_KU`OKE NLbF?I`HOJAfOUSDE 
glycosylamine NL] Schiff �s base lxCEUVOV?SVWF  (Ceriotti, 1971) HGEOUIJA 

 
          CH3            H-C=O         CH3  -H2O     CH3 
        ��NH2    + H-C-OH     ��NH-CH-OH   ��N=CH 
                H-C-OH        H-C-OH 
 
 o-Toluidine  Glucose             Glycosamine            Schiff s  base 

 

 heJIJAhHLDE[HWMeJTLDHhHLDEUJ 6 TLDH TLDHhVC 1 ?ỲUMZeJILGCM 20 aU[@AL`YA 
TLDHhVC 2, 3, 4 NL] 5 ?ỲUOJAL]LJWILK[@OhVCUV@FJU?SbUSbM 50, 100, 200 NL] 400 mg/dL
YJULeJHGX nÀUJYA 20 aU[@AL`YA NL]TLDHhVC 6 ?ỲUYGFDWRJEmLJOUJnÀUJYA 20 aU[@AL`YA 
gJIMGZMMeJTLDHhHLDEhGZETUHUJ?ỲUOJAL]LJW o-toluidine (ORFMnA]IDXDWKRqM_J@fMFI) 
nÀUJYA 3 U`LL`L`YA NLbFYbUqMMZeJ?HBDH?nyM?FLJ 10 MJhV  TLGEgJIMeJanNdRMZeJqTb?WvMLE gxEFGH@RJ
IJAHKHILBMNOEhVC@FJUWJF@LBCM 630 MJ[M?UYA [HWqdbTLDHhVC 1 ?hVWX?nyM blank NL]MeJ@RJIJA
HKHILBMNOESDETLDHhVC 2 oxE 5 anOAbJEIAJkUJYA�JMOeJTAGXTJnÀUJ^MZeJYJLqMmLJOUJSDE
TLDHhVC 6 YRDan 
 
 2.5.10    ���)����
��	���������� (Total Cholesterol) 

 TJnÀUJ^@D?LO?hDADL[HWAFU (total cholesterol) qMmLJOUJ[HWqdbdQHhHODX
OeJ?AvgAKnSDEXÀsGh CPT Diagnostics lxCEDJiGWn�`I`ÀWJhVC?AREHbFW?DMalUj 3 dM̀H aHbfLfL`YOQHhbJW
@BD quinoneimine lxCEUVOVdUmK  HGENOHESbJELRJE  
         esterase 

 cholesterol ester + H2O   cholesterol + fatty acid 
     oxidase 

 cholesterol + ½ O2 + H2O           cholestenone + H2O2 
      peroxidase 

 2H2O2 + 4-aminoantipyrine + phenol   quinoneimine + 4H2O 
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 heJIJAhHLDE[HWMeJTLDHhHLDEUJ 3 TLDH TLDHhVC 1 ?ỲUMZeJILGCM 10 aU[@AL`YA 
TLDHhVC 2 (standard) ?ỲUOJAL]LJW@D?LO?hDADL 200 mg/dL nÀUJYA 10 aU[@AL`YA LEan ORFM
TLDHhVC 3 (sample) ?ỲUYGFDWRJEmLJOUJnÀUJYA 10 aU[@AL`YA gJIMGZM?ỲUOJAL]LJW cholesterol 
reagent hVCUJmAbDUIGXdQHhHODXLEan 1 U`LL`L`YA (nA]IDXHbFW Pipes 35 mM, sodium cholate 
0.5 mM, phenol 28 mM, cholesterol esterase 200 units/L, cholesterol oxidase 100 units/L, 
peroxidase 800 units/L NL] 4-aminoantipyrine 0.5 mM, pH 7.0) fOUqTb?SbJIGM YGZEh`ZEaFbhVC
DQ^T_KU`TbDE 10 MJhV gJIMGZMMeJanFGH@RJIJAHKHILBMNOE (O.D.) hVC@FJUWJF@LBCM 490 MJ[M?UYA 
[HWqdbTLDHhVC 1 ?hVWX?nyM blank  @eJMF^TJ@RJnÀUJ^@D?LO?hDADL[HWAFUqMmLJOUJ aHbgJI
OKYA 
 

Total Cholesterol qMmLJOUJ (mg/dL)  =  (O.D. sample ÷ O.D. standard)  x  200 
 

 2.5.11    ���)����
�� Triglycerides 

  TJnÀUJ^ triglycerides qMmLJOUJ[HWqdbdQHhHODXOeJ?AvgAKnSDEXÀsGh CPT 
Diagnostics lxCEDJiGWn�`I`ÀWJhVC?AREHbFW?DMalUj 4 dM̀H aHbfLfL`YOQHhbJW@BD quinoneimine HGE
NOHESbJELRJE  
             lipase 

triglycerides + H2O  glycerol + fatty acids 
    glycerol kinase 

glycerol + ATP   glycerol-3-P + ADP 
            glycerol-3-P-oxidase 

glycerol-3-P + O2  dihydroxyacetone-P + H2O2 
             peroxidase 

2H2O2 + 4-aminoantipyrine + 4-chlorophenol  quinoneimine + 4H2O 
 
 heJIJAhHLDE[HWMeJTLDHhHLDEUJ 3 TLDH TLDHhVC 1 ?ỲUMZeJILGCM 10 aU[@AL`YA 
TLDHhVC 2 (standard) ?ỲUOJAL]LJW glycerol 200 mg/dL nÀUJYA 10 aU[@AL`YA LEan ORFM
TLDHhVC 3 (sample) ?ỲUYGFDWRJEmLJOUJnÀUJYA 10 aU[@AL`YA gJIMGZM?ỲUOJAL]LJW 
triglycerides reagent hVCUJmAbDUIGXdQHhHODXLEan 1 U`LL`L`YA (nA]IDXHbFW magnesium 
chloride 5 mM, PIPES 45 mM, 4-chlorophenol 6 mM, peroxidase 800 units/L, glycerol-3-
phosphate oxidase 4,000 units/L, glycerol kinase 1,500 units/L, lipase 100,000 units/L, ATP 0.9 
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mM, 4-aminoantipyrine 0.75 mM, pH 7.0) fOUqTb?SbJIGM YGZEh`ZEaFbhVCDQ^T_KU`TbDE 15 MJhV gJIMGZM
MeJanFGH@RJIJAHKHILBMNOEhVC@FJUWJF@LBCM 490 MJ[M?UYA [HWqdbTLDHhVC 1 ?hVWX?nyM blank 
@eJMF^TJ@RJnÀUJ^ triglycerides qMmLJOUJaHbgJIOKYA  
 

Triglycerides qMmLJOUJ (mg/dL)  =  (O.D. sample ÷ O.D. standard)  x  200 
 
 2.5.12    ���)����
��	����������&'�[� High Density Lipoprotein (HDL-C) 
  TJnÀUJ^ HDL-C qMmLJOUJ[HWqdbdQHhHODXOeJ?AvgAKnSDE XÀsGh CPT 
Diagnostics lxCEnA]IDXHbFWSGZMYDMYIY]IDM VLDL NL] LDL HbFWOJAL]LJW 
phosphotungstate hVCUV Mg2+ DWKRHbFW gJIMGZMNWI?DJORFMqO (supernate) hVCUV HDL DWKR UJTJnÀUJ^
@D?LO?hDADLqM HDL [HWDJiGWTLGIIJA?HVWFIGXIJATJnÀUJ^@D?LO?hDADLqMTGFSbD 2.5.10
  SGZMYDMNAI heJIJAYIY]IDM LDL NL] VLDL [HW MeJTLDHhHLDEUJ?ỲUmLJOUJ
nÀUJYA 0.1 U`LL`L`YA NL]OJAL]LJW HDL cholesterol precipitating reagent hVCUJmAbDUIGXdQH
hHODX nÀUJYA 0.1 U`LL`L`YA (nA]IDXHbFW 20% w/v polyethylene glycol 6000 qM glycine 
buffer hVC pH 10) LEan gJIMGZMfOUqTb?SbJIGM NLbFMeJanTUQM?TFVCWEHbFWADXNAE?TFVCWEhVC 2,000 x g 
?nyM?FLJ 10 MJhV gJIMGZM NWI?�mJ]ORFMqOanTJ@RJ HDL-C YRDan 
  qMIJATJnÀUJ^ HDL-C qdbF̀}VIJA?HVWFIGMIGXSDE@D?LO?hDADLqMTGFSbD 2.5.10 
?mVWENYRqMTLDHhVC 3 (sample) ?nyMORFMqOnÀUJYA 20 aU[@AL`YA NhM mLJOUJ 10 aU[@AL`YA 
@eJMF^TJ@RJ HDL-C qMmLJOUJaHbgJIOKYA 
 

HDL-C qMmLJOUJ (mg/dL)  =  (O.D. sample ÷ O.D. standard)  x  200 
 

 MDIgJIMVZ @RJ HDL-C hVCTJaHbMVZ WGEMeJUJqdb@eJMF^TJ@RJnÀUJ^@D?LO?hDADLqMAKn 
low density lipoprotein (LDL-C) DVIHbFW (Stein, 1986) gJIOKYA 
 
LDL-C (mg/dL)  =  total cholesterol (mg/dL) � HDL-C (mg/dL) � triglycerides/5 (mg/dL) 
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 2.5.13    ���)����
�� Na+ (�. K+  

 HeJ?M̀MIJA[HW TMRFW?@UV@L`M̀@ _J@F̀dJmWJ}`F̀hWJ @^]NmhWiJOYAj 
UTJF̀hWJLGWOESLJM@ÀMhAj HbFW?@ABCDETJnÀUJ^D̀DDMqMOJAL]LJWNXXDGY[MUGỲ AQRM CX-3 
Delta SDE Beckman, USA [HWqdb ion selective electrode qMIJAYAFgFGH 
 
 2.6  ����$�����#M�)�����!� 

  MDIgJIIJATJA]HGXOJAdVF?@UVYRJE t HGEILRJFSbJEYbMNLbF WGEHeJ?M̀MIJAYAFgFGH@RJ
?nDAj?lMYj?UvH?LBDHNHEDGHNMRM (% Hematocrit) AFUhGZEOGHORFM?UvH?LBDHSJFNYRL]dM̀H (% 
Differential WBC) qMYGFDWRJE?LBDHhVC?IvXgJITMKhHLDENYRL]ILQRUDVIHbFW 
 
 2.7  ������	��.)�	"���#�`��� 

 SbDUKLhGZETUHhVCaHbNOHE@RJqMAKnSDE Mean ± S.E.M. NL]MeJUJF̀?@AJ]TjTJ@FJUNYIYRJE
hJEOo`Ỳ[HWqdb oneway ANOVA hVCA]HGX@FJU?dBCDUGCM 95% (95% confidential) [HWqdb[nANIAU 
SPSS for Window 11 (SPSS Inc., USA) gJIMGZMgxEheJIJAhHODXHbFW LSD test (Least Significant 
Difference Test) ?mBCD?nAVWX?hVWX@FJUNYIYRJEA]TFRJEILQRUhHLDEIGXILQRU@FX@QU 


