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Abstrac,   Piperazine compounds mediate their anthelmintic action by generally paralyzing parasites, 

allowing the host body to easily remove or expel the invading organism. It is an anthelmintic drug in 
human as well as in veterinary medicine. This review article represents the various analytical methods 
which have been reported for estimation of piperazine. Colorimetric , spectrophotometric techniques 

and chromatographic methods like high-pressure liquid chromatography [HPLC] and revered phase 
high-pressure liquid chromatography [RP HPLC], gas chromatography [GC], liquid chromatography–
mass spectrometry [LC-MS] and another methods  were reported. 
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Introduction  

    Piperazine is an organic compound that consists of a six-membered ring containing two 
opposing nitrogen atoms. 

 

 

 

                            

piperazine hexa hydrate 

          

       Piperazine exists as small white crystals with a saline taste. Piperazine is freely   soluble in water 

and ethylene glycol, but insoluble in diethyl ether. It is a weak base with two pKb of 5.35 and 9.73 at 25° C 

.  piperazine can be synthesized by reacting alcoholic ammonia with 1,2-dichloroethane,by the action 

of sodium and  ethylene glycol on ethylene diamine hydrochloride, or by reduction of pyrazine with 

sodium in ethanol[1,2]. 

  First, it used as a solvent for uric acid to produce a soluble urate  , the use of piperazine as an 

anthelmintic agent was first introduced in 1953. Upon entry into the systemic circulation, the drug is partly 

oxidized and partly eliminated as an unchanged compound. Piperazine are used in the treatment of worm 
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infections (common roundworms; ascariasis and pinworms ;  oxyuriasis) . It’s an action to paralyze the 

worms and then passed in the stool [3]. 

 

 

Analytical Methods 
 

A. The official method: 

   The official method, used for the determination of piperazine in its formulations, is the gravimetric 

method with 2,4,6-trinitrophenol (picric acid) in the latest editions of most Pharmacopoeia [4].  

 

B. Reported Method: 
I. Colorimetric and Spectrophotometric methods: 

      Colorimetric methods were developed for the determination of piperazine in pharmaceutical 

formulations and commercial preparations [5,6,8] . Charge transfer reaction also was applied for the 

spectrophotometric determination of piperazine in pharmaceuticals [7,9-14]. Coupling reaction was 

developed for the determination of piperazine in pharmaceutical formulations [15]. Complex formation 

reaction were applied to real piperazine samples [16-18 , 21 ] .Table (1)   

 

 

Table 1: Summary of colorimetric and spectrophotometric methods 

Title Reaction Reagent Wave 
Length 

(nm) 

Linearity or 
LOD  

pH Ref. 

 

Colorimetric  
determination in  

pharmaceutical 
formulations 

 

 

Charge transfer 

 

aqueous 1,2-naphthoquinone-
4-sulphonate 

 

490 

 

20-120 
µg/ml 

 

7.5 

 

5 

Spectrophotometric 
determination in 
pharmaceutical 

preparations 

Coupling    
reaction    

2,6-
dichloroquinonechlorimide 

525 6.4-51.2 
µg/ml 

 15 

 

Spectrophotometric 

determination of 
piperazine and its salts 

in pharmaceuticals. 

 

 

 

- 

 

nitrous acid 

 

239 

 

1-15  

µg/ml 

 

2.3-

2.6 

 

19 

Utility of chloranil in 
assay of piperazine 

Charge 
transfer 

Chloranil 540 2.5-12.5 mg 
% 

 7 

 

Colorimetric 

 

Condensation 

 

Folin's amino acid 

 

490 

 

0-200 

 

 

 

8 
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determination of 
piperazine in 

pharmaceutical 

formulations 

reaction  µg/ml  

 

Determination of pure 

and dosage forms of 
piperazine 

 

Charge 

transfer 

 

benzoquinone and its halo 

derivatives 

 

506 

 

13-120 

µg/ml  

  

9 

 

Colorimetric 
determination of 

piperazine 

 

Charge 
transfer 

 

p-benzoquinone 

 

516 

 

2–10 

 μg/ml 

 

5.4 

 

6 

Spectrophotometric 

method for the 
determination of 

piperazine 

Oxidative 

coupling 

phenothiazine and N-

bromosuccinimide in aqueous 
methanol 

 

595 0.5–5  

μg/ml 

 20 

The use of dichlone as a 
reagent in 

pharmaceutical analysis  

Charge 
transfer 

Dichlone 505 3.06  

μg/ml 

  

10 

 

Spectrophotometric  
determination of some 

chlorobenzoquinones 
with   piperazine 

 

Charge 
transfer 

 

2,5-dichloro-, 2,6-dichloro- 
and 2,3,5,6-tetrachloro-1,4-

benzoquinones 

 

387-409 

 

2-15 

 μg/ml 

 

  

11 

 

Spectrophotometric  

estimation of piperazine 
in dosage forms 

 

Charge 

transfer 

 

2,3-dichloro-1, 4-

naphthoquinone 

 

580 

 

0.5- 3  

μg/ml  

  

12 

 

Spectrophotometric 

analysis of certain drugs  

 

Charge 

transfer 

 

o-chloranil 

 

540 

 

10-400  

μg/ml 

  

13 

spectrophotometric 
methods for the 

determination of amino 

compounds 

 

Complex 
formation 

 

Cu-nitrilotriacetic acid 

  

0.1-2.6 

μg/ml 

  

21 

 

Gravimetric  and 
spectrophotometric  

methods  for the  

determination of  
piperazine 

 

Ion pair 
complex 

 

picrolonic acid 

 

343 

 

1∗10
–6

 to 
7∗10

–5
  

mol l
–1

 

 

7.5 

 

16 

 

Spectrophotometric 

determination of 
piperazine 

 

Complex 

formation 

 

chloranilic acid 

 

345 

 

1-10 

 μg/ml 

  

17 
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Spectrophotometric 
determination of 

piperazine 

 

Charge 
transfer 

 

3,5-dibromo-2-methyl-p-
benzoquinone 

 

642 

 

2-8  

μg/ml 

  

14 

 

Spectrophotometric 
Assay of Piperazine 

Hexahydrate 

 

Proton 
transfer 

 

3,5- Dinitrosalicylic Acid 

 

410 

 

0.5-20 

μg/ml 

  

18 

 

 

 

II. Chromatographic Methods : 

      Separation and identification of piperazine is showed by the paper chromatography [22]. Separation 

and identification of piperazine by thin – layer chromatography [23,24] . The HPLC for piperazine 

estimation [25-33,40-42]. GC method for the determination piperazine in pharmaceutical drug substances, 

chicken and pig tissues [34,35,42] . RP HPLC for analysis of trace quantities of piperazine in aqueous 

solutions and in human plasma [36,37] . Capillary GC for the determination of piperazine in working 

atmosphere, human urine and pharmaceuticals [38,39] . Table (2) 

 

 

Table 2: Summary of chromatographic methods for piperazine determination 

 

Title 

 

Method 

 

Mobile phase 

 

Stationary phase 

 

Wave 

length 

 

Ref. 

 

Separation and 

identification of 
piperazine 

 

Paper chromatography 

 

Propanol-ethanol-

water (1:6:4) 

   

22 

Separation and 

identification of 
piperazine 

Thin-Layer 

chromatographic 
Separation 

Acetic acid – 

methanol – ethanol 
(3:1:1) 

Silica gel  23 

 

Separation  and 
determination of 

piperazine  

 

Thin-Layer 
chromatographic 

Separation 

 

n-butanol-acetic acid-
water  

(4 : 1 :I) 

 

Silica gel 60 F-254 
pre-coated TLC 

plates (E. Merck, 

Darmstadt, 
G.F.R.), 20 x 20 

cm, layer 

thickness 0.25 
mm, 

 

254 

 

24 

Analysis of trace 
quantities of 

piperazine in 
aqueous solutions 

Reversed –phase high – 
performance liquid 

chromatography 

Acetonitrile/ultrapure 
water 

- 254 36 

 

Determination of 

 

Capillary gas 

  

A Duran 50 

  

38 
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piperazine in working 
atmosphere and in 

human urine 

chromatography with 
Nitrogen and mass-
selective detection 

borosilicate glass 
capillary column 
(15 m x 0.32 mm 

I.D.) coated with 
PS-255 as 

stationary phase 

(film thickness 
0.75 μm) 

Determination of 

piperazine ferulate in 
human plasma 

Reversed –phase high – 

performance liquid 
chromatography 

Phosphate buffer - 

methanol 

Ultrasphere ODS 

column 

254 37 

Determination of 
piperazine in human 

plasma 

High-performance 
liquid chromatography-

electrospray ionization 
tandem mass 
spectrometry 

10 mM ammonium 
acetate solution (pH 

3.0)-methanol (50: 
50, v/v). 

Agilent ZORBAX 
SB-C (18) column 

 25 

Determination of 
Piperazine in 
Vortioxetine 

Hydrobromide 

High-performance 
liquid chromatography–

mass spectrometry 

formic acid and 
acetonitrile 

Waters SunFire 
C8 column 

 26 

Determination of 
piperazine residues 

in whole eggs, 

albumen, and yolk 

High-performance 
liquid chromatography 

– fluorescence 

detection 

Acetonitrile/ultrapure 
water 

a Waters Athena 
C18 column 

(2.1 mm  250 mm, 

5 mm) at 25 C. 

 27 

 

Determination of 

piperazine in 
pharmaceutical drug 

substances 

 

 

Gas chromatography 

 

The carrier gas used 

was Helium at a flow 
of 2 mL/min 

 

DB-17, 30 m, 0.53 

mm and 1m film 
thickness 

 34 

Piperazine in an 
active 

pharmaceutical 

ingredient 

High-performance 
liquid chromatography -

UV 

A mixture of 
Acetonitrile, 

Methanol and diethyl 

amine in the ratio of 
90:10:0.1(v/v/v) 

Chiralpak IC 
(Diacel) of 

dimensions 250 

X4.6 mm, 5µm 

340 28 

Determination of 

Piperazine Residues 
in the Presence of 

other Secondary and 

Primary Amines 

 High-performance 

liquid chromatography 
with diode array 

detection 

hexane-2-propanol 

mixture in 
the gradient 90:10–

70:30% v/v 

SG-MIX (125  4.6 

mm I.D.; dp ¼ 5 
mm particle size 

335 and 

365 

29 

 

Quantification of 

piperazine in animal 
products 

 

 High-performance 

liquid chromatography 
with fluorescence 

detection 

 

acetonitrile 

 

C18 129 column 

(Waters Xbridge; 
4.6 mm × 250 

mm, particle size, 
5 µm; 

 

338 and 

523 

 

30 

Quantification of 
piperazine in chicken 

and pig tissues 

Gas chromatography–
electron onization 

tandem mass 

spectrometry 

The carrier gas used 
was Helium at a flow 

of 1 mL/min 

Amine(30mx0.25
mm i.d.0.25 
µm)column 

 35 

 

Detection of 

piperazine in chicken 

 

High-performance 

liquid chromatography-
fluorescence detector 

 

ultrapure water and 

acetonitrile (5:95, 

 

Athena C18 (4.6 

mm × 250 mm, 

 

330 and 

531 

 

31 
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tissues and pork 

 

(HPLC-FLD) V/V) id.: 5 μm) column 

Determination of 

Piperazine in 
Pharmaceutical drug 

substances 

High performance 

liquid chromatography 
(HPLC) with evaporative 

light scattering 

detection (ELSD). 

acetonitrile , 

deionized water and 
0.1% trifluoroacetic 

acid  

An Alltech Alltima 

Cyano (250 4.6 
mm) column6 

 32 

Determination of 
residual  

piperazine used in 
bulk drugs 

High-performance 
liquid chromatography- 

UV detection 

0.01 M KH2PO4 
(PH7.3) , Acetonitrile 

Nucleosil C18 254 33 

 

Determination of 

residual piperazine in 
pharmaceuticals 

 

 

 

Capillary gas 

chromatography 

  

30 m x 0.3 mm i.d 

fused silica 
column coated 

with a 3.0 μm film 

of 5% cross linked 
Ph-Me silicone 

  

39 

Assay of piperazine in 
some pharmaceutical 

formulations 

Cation-exchange high-
performance liquid 

chromatography 

0.07 M 
KH2PO4 (pH 3.0) 

buffer-triethylamine 
(100:0.01) 

A 250x4.6 mm I.D. 
10 /xm Ultrasil CX 

cation-exchange 
column 

254 04 

 

Quantification of 

Piperazine in Chicken 
Muscle 

Ultra-performance 

liquid chromatography  

electrospray ionization 
mass spectrometry 

ammonia water/ 

acetonitrile = 1:9, 
v/v). 

UPLC HSS 

T3 column (100 × 
2.1 mm; 1.8 μm) 

 

 

 

 

41 

 

Determination of 
aliphatic and alicyclic 

amines in water 

Gas chromatography helium as carrier gas 
(1.0 ml/min) 

DB-5 fused-silica 
capillary column 
(30 mx0.25 mm 
I.D., 1μ m film 

thickness, 
 

 

 

04 

 

Determination of 

aliphatic and alicyclic 
amines in water 

High-performance 

liquid chromatography 
/fluorescence detection 

acetonitrile a Macherey-Nagel 

ET 150 mm/8 
mm/4 mm 

Nucleosil packed 

with 5 lm C18 
material. 

280 

and 

335 

42 

 

III. Alternative Methods : 

          Various methods have been employed for the determination of piperazine or its salts in 

pharmaceutical preparations, such as non-aqueous titration [43-45], gravimetric [46,47,16], polarographic 

[48] , volumetric [49], infrared spectrophotometry [46,50] and capillary electrophoresis [51]. 

 

Conclusion 

 

       Presented systematic review covers the current analytical methods for the determination of piperazine 

and its salts in pharmaceutical and biological samples like plasma, tissues, human urine. HPLC method 
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were found to be most widely used for piperazine .  The presented information is useful for the future 

study for researcher involved in formulation development and quality control of piperazine. 

 

References 

[1] Barton, S. D., Ollis , W. D.  1979 " Comprehensive Organic Chemistry" Pergamon, Oxford,     England  

Vol. II, p. 87 

[2] Mjos, K. 1968 " Encycl. Chem. Technol."  2nd edn., Vol. XV,  p. 638 

[3] Blacow , N.W. 1973  ״ Martindale the extra pharmacopoeia  "  3rd edn. , Royal Pharmaceutical 

Society of Great Britain , London , pp. 153 – 154 . 

[4]  "United State Pharmacopoeia"1990 ,  XXII and NF XVII,  p. 1090 

[5] Dessouky, Y. M.  and Ismaiel,  S. A. 1974 ״Colorimetric determination of piperazine in  

pharmaceutical formulations ״  . Analyst , 99 :482- 486 . 

[6] Wahbi, A.A.M. , Abounassif, M.A.  and Gad-kariem ,E.A. 1986 ״Colorimetric determination of 

piperazine with p-benzoquinone ״ .  Talanta ,33(2) : 179 – 181 . 

[7] Belal, S.   , El-Sayed , M. A., Abdel-Hamid, M. E.  and Abdine, H.   1981 ״Utility of chloranil in assay 

of naphazoline  , clemizole , benzyl pencilline sodium and piperazine ״. J. Pharm. Sci. , 70(2) :127- 

130 . 

[8] Hanna, S. and Tang, A. 1973 " Human Urinary Excretion of Piperazine Citrate from Syrup  

Formulations ". Journal of Pharmaceutical Sciences , 62(12):2024-2025 . 

[9] Muralikrishna, U.,  Krishnamurthy, M. and Rao, N.S. 1984 ״Analytical uses of charge-transfer 

complexes :Determination of pure and dosage forms of piperazine ״ . Analyst , 109(10) : 1277-

1279 . 

[10] Filip׳eva, S.A. , Peternko, V.V.  , Strelets,  L.N. and Buryak, V.P.  1989 ״The use of dichlone as a 

reagent in pharmaceutical analysis ״ . Khim. Farm .Zh. , 1 : 42-45 . 

[11] Muralikrishna, U . , Babu, K.S. and Krishnamurthy, M. 1990  ״A simple spectrophotometric  

determination of some chlorobenzoquinones with  morpholine , thiomorpholine and piperazine ״ 

. Talanta  , 37(3) : 353-355 . 

[12] Shishoo, C.J ., Suhagia,  B.N. , Rathod,  I.S. and Thakore, S.S. 1996 ״Spectrophotometric  

estimation of piperazine in dosage forms using dichlone  and acetaldehyde as reagent ״ . Indian 

J. Pharm. Sci. , 58(6) :219 -221 . 

[13] Al-Jabri , F.M.  and Fayadh,  R.H. 1998 ״Sensitive spectrophotometric analysis of certain  drugs as 

molecular charge transfer complexes with 3,4,5,6-tetrachloro-1,2-benzoquinone (o-chloranil) ״ . 

Basrah J.Sci. , 16: 85 – 90 . 

[14] Mohamed,   H. A.,  Khashaba , P. Y.,  Mohamed, A. I. and   El-Shorbagi,   A. A. 1993                   " 

Spectrophotometric determination of piperazine using 3,5-dibromo-2-methyl-p-enzoquinone" . 

Bull.Pharm.Sci.,16(2):125-130 . 

[15] Baggi ,T.R.   , Mahajan,  S.N. and Rao, G.R. 1974   ״ Spectrophotometric determination of 

piperazine in pharmaceutical preparations ״ .  J.Assoc.Off . Anal . Chem . ,57(5):1144-1146 . 

[16] Prodromidis, M. I., Veltsistas, P. G.   and Karayannis, M. I.  1994 " Gravimetric  and   

spectrophotometric  methods  for the  determination of  piperazine, picrolonic vs  picric acid". 

Models in Chemistry ,131 (5): 621-626 . 

[17] Rizk, M. , Walash, M. I.   and  Ibrahim,  F. 1984 " Spectrophotometric determination of piperazine, 

piperazine salts and diethylcarbamazine citrate with chloranilic acid". Spectroscopy Letters , 

17(8): 423-440 . 

[18] Al-Neaimy, U.I.  and  Al-Ghabsha, T.S. 2020 " Spectrophotometric Assay of Piperazine 

Hexahydrate in its Pharmaceutical Formulation(syrup) with 3,5- Dinitrosalicylic Acid Reagent " .  

Journal of Education and Science , 29(3): 46- 57 . 

https://journals.ekb.eg/?_action=article&au=159762&_au=H.+A.+Mohamed
https://journals.ekb.eg/?_action=article&au=159888&_au=P.+Y.+Khashaba
https://journals.ekb.eg/?_action=article&au=154503&_au=A.+I.+Mohamed
https://journals.ekb.eg/?_action=article&au=159034&_au=A.+A.+El-Shorbagi
https://journals.ekb.eg/issue_10638_10642_.html
https://www.tandfonline.com/author/Rizk%2C+M
https://www.tandfonline.com/author/Walash%2C+M+I
https://www.tandfonline.com/author/Ibrahim%2C+F
https://www.tandfonline.com/toc/lstl20/current


NTU JOURNAL OF PURE SCIENCES                                                              RESEARCH ARTICLE  

EISSN: 2789- 1097                                                                                            Open Access    

                                                                                                                                                                                                        

8 
 

NTU Jornal of Pure Sciences          EISSN: 2789- 1097    Year(2022)       Vol.1    No.3          P(1-9) 

 

[19] Abou-Ouf,   A.M.  , Walash, M. I.   ,  Rizk, M. S.  and Ibrahim,  F. A. 1979 ״Spectrophotometric 

determination of piperazine and its salts in pharmaceuticals״. J.Assoc.off.Anal.Chem.,62(5):1138-

1140 .  

[20] El-Shabouri, S.R. , Mohamed, F.A. and Mohamed, A.M.I. 1987 ״A rapid spectrophotometric 

method for determination of piperazine ״  .  Talanta , 34(11) : 968 – 970 . 

[21] Al-Abachi,  R.Y.  2000 , ״Development of  spectrophotometric methods for the determination of 

amino compounds and their pharmaceutical preparations in aqueous solutions ״ . M.Sc.Thesis , 

Mosul University . 

[22] Wang, R.T., Yen, H.C. and Tsai, Y. H. 1971״Separation and identification of anthelmintics by paper 

chromatography ״  . Chemistry  Taipei , 1: 24-27 . 

[23] Wang, R.T., Yen, H.C. and Lou, C.C.  1971 ״ Separation and identification of anthelmintics by thin – 

layer chromatography״. Chemistry  Taipei , 4:107- 110 . 

[24] Rao, G.S. 1977 ״Thin-layer chromatographic separation of piperazine and its carcinogenic N-

nitroso derivatives״  .  Sep.Sci. , 12(5) :569- 571 . 

[25] Lin, H. , Tian, Y. , Zhang, Z. , Wu, L. and  Chen, Y.  2010 "Quantification of piperazine  phosphate in 

human plasma by high-performance liquid chromatography-electrospray ionization tandem mass 

spectrometry employing precolumn derivatization with dansyl chloride  " .  Anal.Chim.Acta , 

664(1) :40 – 48 . 

[26] Dong, S. , Yan, Z. and Yang, H.  2016 " A Sensitive Precolumn Derivatization Method for 

Determination of Piperazine in Vortioxetine Hydrobromide Using a C8 Column and High-

Performance Liquid Chromatography–Mass Spectrometry  " . Analytical Sciences , 32 : 1333 – 

1338 . 

[27] Bu, X. ,  Pang, M. ,  Wang, B. ,  Zhang, Y. ,  Xie ,K. and  Zhao, X.  2019 " Determination of Piperazine    

in Eggs Using Accelerated Solvent Extraction (ASE) and Solid Phase Extraction (SPE) with High-

Performance Liquid Chromatography – Fluorescence Detection (HPLC-FLD) and Pre-Column 

Derivatization with Dansyl Chloride   " . Journal Analytical Letters,  53(1):53- 73 .   

[28] Navaneeswari, R. and  Reddy, P.R.  2012 " Analytical method for piperazine in an active 

pharmaceutical ingredient using chemical derivatization and HPLC-UV ". Journal of Chemical and 

Pharmaceutical Research, 4(6):2854- 2859 . 

[29] Gadzała - Kopciuch, R.M.  2007 " Accurate HPLC Determination of Piperazine Residues in the 

Presence of other Secondary and Primary Amines " . Journal of Liquid Chromatography & Related 

Technologies , 28(14):2211- 2223 . 

[30] Park, J.A.  ,  Zhanga, D. , Kima ,D.S. , Kima, S.K. , Choa, S.H. ,  Jeonga, D. , Kima, J.S. , Shimb, J.H. , 

Abd El-Atya, A. M.   and  Shina , H.C.   2015 " Development of a high-performance liquid 

chromatography with fluorescence detection method for quantification of piperazine in animal 

products by using precolumn derivatization "  .Food Chemistry , 196(1):1331 – 1352 . 

[31] Liu, C. ,  Xie, X. , Wang, B. ,  Zhao, X. ,  Guo, Y. ,  Zhang, Y. ,  Bu, X. ,  Xie, K. ,  Wang, Y. ,  Zhang ,T. 

, Zhang, G. , Liu, X. ,  Dai, G. and  Wang, J. 2019 " Optimization of ASE and SPE conditions for the 

HPLC-FLD detection of piperazine in chicken tissues and pork" .  Chairality , 31(10):   , 845 – 855 . 

[32] McClintic, C. , Remick, D.M. ,  Peterson, J.A. and  Risley, D.S. 2003 " Novel Method for the 

Determination of Piperazine in Pharmaceutical Drug Substances Using Hydrophilic Interaction 

Chromatography and Evaporative  Light Scattering Detection"  .  J. Liq. Chromatogr., 26(18) : 

3093- 3104 . 

[33] Morely, J.  , Elrod, L. , Linton, C. , Shaffer, D. and Krogh, S. 1997 ״Determination of residual amines 

used in bulk drug synthesis by pre-column derivatization with 3,5-dinitrobenzoyl  chloride and 

high-performance liquid chromatography ״ . J.Chromatogr.,766 :77- 83 . 

[34] Raj, S., Kumari, K.S. and  Bhaskar, B.V. 2011 " Development and validation of GC method for the 

determination of piperazine, 1-methyl piperazine and 1-ethyl piperazine in pharmaceutical drug 

substances  ". Analytical Chemistry An Indian Journal (ACAIJ), 10(7) :453- 457 . 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20226930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20226930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=20226930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20226930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20226930
https://www.tandfonline.com/author/Bu%2C+Xiaona
https://www.tandfonline.com/author/Pang%2C+Maoda
https://www.tandfonline.com/author/Wang%2C+Bo
https://www.tandfonline.com/author/Zhang%2C+Yangyang
https://www.tandfonline.com/author/Xie%2C+Kaizhou
https://www.tandfonline.com/author/Zhao%2C+Xia
https://www.researchgate.net/profile/Renata_Gadzala-Kopciuch2?_sg%5B0%5D=zom-r5B-b_Cy77iWdP6BprHv1mRptznXX8RRhSJY4xAqLPMaFH98jnCJZQMMQnrDsVWOzyE.aoosX-JtVY2m6N6Vkz_i6pmUh-wOzLG-xlkD0O7W83quv_sR7xLXOTvQm_s2NJmzL2OEatjgWR2OVDXbV8QPkA&_sg%5B1%5D=CYgZxVuQBWSw6TyjDF9-ryqPG9YxxtpD2lnZ2qndMh9TuTdSU9dYJKzyQY7CJBYaxYgKQ07OCIm1S2M.aIskJgqUyjtLMkVu62wmN-6i2ySSsc9dkHPySO-OaLV1OBzjBQ4r5uiO1HUj69GNWt7LzrXQE98szefw9pROQA&_sg%5B2%5D=rJUT_qXOrvdqg5N_uk_cqHkJ2gvpLkbPh74g9G5510e3vv8Ckq9GRVXN6Qyepqr9jqqqrgE.NKUFBuCPvRFBJxNNI746AyKA-ER9FFa4fFIl-bYII6YTWZaxFY8ucTgwfTFdR-PwxNrpL8ZbFONQ-xz6gTNoMg
https://www.sciencedirect.com/science/journal/03088146
https://www.sciencedirect.com/science/journal/03088146/196/supp/C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Liu%2C+Chujun
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Xie%2C+Xing
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wang%2C+Bo
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhao%2C+Xia
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Guo%2C+Yawen
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhang%2C+Yangyang
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bu%2C+Xiaona
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Xie%2C+Kaizhou
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wang%2C+Yajuan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhang%2C+Tao
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhang%2C+Genxi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Liu%2C+Xuezhong
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Dai%2C+Guojun
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wang%2C+Jinyu
https://onlinelibrary.wiley.com/toc/1520636x/2019/31/10


NTU JOURNAL OF PURE SCIENCES                                                              RESEARCH ARTICLE  

EISSN: 2789- 1097                                                                                            Open Access    

                                                                                                                                                                                                        

9 
 

NTU Jornal of Pure Sciences          EISSN: 2789- 1097    Year(2022)       Vol.1    No.3          P(1-9) 

 

[35] Wang, B., Pang, M., Xie, X., Xie, K., Zhang, Y., Cu, L., Zhao, X., Wang, Y., Shi, H. , Guoa, Y. , Wang, 

R., Zhang, G.,Dai, G. and Wang, J. 2017 " Quantification of piperazine in chicken and pig tissues by 

gas chromatography–electron ionization tandem mass spectrometry employing pre-column 

derivatization with acetic anhydride " .  J. Chromatogr. A,1519: 9 -18 . 

[36] Edward, C. M.   and Farquharson,  R.A.  1979 ״ Analysis of trace quantities of ammonia and 

amines in aqueous solutions by     reversed –phase high – performance liquid chromatography 

using m-toluoyl derivatives ״. J. Chromatogr. A , 178: 358 – 363 . 

[37] Huange, Y. , Zeng, J. and Liang, M.1989  ״ Determination of piperazine ferulate in human plasma 

by reversed – phase  HPLC״ .Yaowu Fenxi Zazhi , 9 :194 -198 . 

[38] Skarping, G. and Bellander, T. 1986 ״Determination of piperazine in working atmosphere and in 

human urine using derivatization and capillary gas chromatography with nitrogen and mass-

selective detection ״ . J.Chromatogr . A  , 370: 245 -258 . 

[39] Ramachandran, K.M.  and Kumar, G.S. 1996 ״A new method for the determination of residual 

piperazine in pharmaceuticals by capillary gas chromatography ״ . Talanta , 43 : 1269-1273 . 

[40] Tan,  H., Xu,  J. and Zheng,  Y. 1995" Cation-exchange high-performance liquid chromatographic 

assay of piperazine in some pharmaceutical formulations". J.    Chromatogr. A, 693:307-314 . 

[41] Xie, K. , Liu, Y. ,  Sun, L. , Pang ,M. , Xie, X. , Gao, Q. ,  Wang ,B. , Zhang, Y.,  Wang, R. , Zhang,  G. ,  

Dai,  G.  and   Wang,  J. 2017 "Quantification of piperazine in chicken muscle by ultra-performance 

liquid chromatography-electrospray ionization tandem mass spectrometry ". Food Anal. Methods  

, 10: 1736–1744 . 

[42] Pietsch, J., Hampel, S. , Schmidt, W., Brauch, H. and  Worch, E. 1996 " Determination of aliphatic 

and alicyclic amines in water by gas and liquid chromatography after derivatization by 

chloroformates " .  Fresen .J. Anal. Chem., 355: 164 -173 . 

[43] Pifer,  C. W., and Wollish, E. G.  1952 " Potentiometric titration of salts of organic     bases in acetic 

acid ". Analytical Chemistry 24(2):300-306 . 

[44] European Pharmacopoeia 1985 , 2nd edn,  p. 425 

[45] The Parmacopoeia of Japan 1971, 8th edn, Vol. I, p. 605 

[46] Maynard,  W.R.  1959 "Gravimetric and infrared spectrophotometric determination of piperazine 

". J. Assoc. Offic. Agr. Chem., 42: 610-612 . 

[47] Kondos, G.C.   1977 " Determination of piperazine in solutions containing 1,1,4,4-

tetramethylpiperazinium diiodide, thiamine and pyridoxine ". Analyst, 102:59 -62 . 

[48] McLean, J.D. and Daniels, O.L. 1971" Polarographic determination of piperazine in animal feeds". 

JAOC, 54 (3): 555 -557 . 

[49] Ismaiel, S.A. and Yassa, D.A. 1976 " Volumetric determination of hexamine in some 

pharmaceutical preparations containing peperazine ". Pharmazie, 31(11):821-822 . 

[50] Mohn,  L. 1965" Piperazine in drugs by near infrared spectrophotometry". J. Assoc. Offic. Agr. 

Chem., 48: 590 -592 . 

[51] Denis, C.M. and Baryla, N.E. 2006 " Determination of piperazine in pharmaceutical drug 

substances using capillary electrophoresis with indirect UV detection " .  J. Chromatogr. A, 

1110:268-271 . 

 

 

https://www.sciencedirect.com/science/journal/00219673/1519/supp/C

