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Although demonstration of a clinically significant effect, quantification of pharmacologic effect have been used to predict the 
therapeutic potential of a drug, however, because of their limitations, the current method to assess the clinical performance of a drug 
involves measurement of the drug concentrations in the biological fluids [2]. Biological fluids are very vital to life and help maintain body 
homeostasis. Such biological fluids include blood (whole blood, serum or plasma); urine; cerebrospinal fluid (CSF); amniotic fluid; ocular 
fluid; pleural fluid (from the sac surrounding the lungs); pericardial fluid (from the sac surrounding the heart); peritoneal fluid (also 
called ascitic fluid; from the abdomen); saliva and synovial fluid (fluid that is found in joint cavities). Out of these fluids, the biological fluid 
of choice is mostly blood and is based on the assumption that there is a direct relationship between the concentration of drug in blood or 
plasma and the concentration of drug at the site of action. Thus, by monitoring the drug concentration in the blood, it is possible to obtain 
an indirect measure of drug response. 

Drug concentrations are determined in biological fluids mostly by clinical laboratory tests involving the use of instrumental methods 
such as spectroscopic and chromatographic methods. Ion pair chromatography (IPC) is one of the chromatographic methods that effectively 
and efficiently separate organic and inorganic ions using ion-pair reagents. The method enables the control of selectivity in the separation 
of ionic samples and has increased retention of weakly retained ionized acids and bases. The stationary phase could be normal or reverse. 
In normal phase operation, the pairing-ion is coated as an aqueous solution onto a support and only elutes from the column when paired 
with solute ions. However, in reverse phase operation, the pairing-ion is always added to the mobile phase permitting the hydrophobic 
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Human disease is a deviation from normal mental, physical and social well-being leading to disruption or loss of homeostasis. 
Human diseases can be classified as congenital, hereditary, degenerative, inflammatory, metabolic and neoplastic etc [1]. Various 
methods utilized to diagnose diseases and conditions may be invasive or noninvasive. Such methods include clinical laboratory tests, 
cytologic or histologic tests, electrical activity tests, endoscopy, laparoscopy, computer tomography (CT), magnetic resonance imaging 
(MRI), positron emission tomography (PET), radioisotope tests, ultrasound tests and X-ray examination etc. Following diagnosis, 
best treatment options for the patient are considered and one of those options very often will involve the use of therapeutic agents 
(drugs).
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tail of the reagent to get retained by the stationary phase and resulting in an ion exchange group forming on the surface of the stationary 
phase. The mobile phase consists of water-rich eluent that may contain organic modifiers such as acetonitrile and/or methanol; additives 
such as ethylenediaminetetraacetic acid EDTA or potassium tetrakis (1H-pyrazolyl) borate. Some of the ion-pair reagents (IPR) include: 
alkyl sulfonates R-SO3

- (R-); tetraalkylammonium salts R4N+ (R+); tetrabutylphosphonium salts R4P+ (R+); tributylsulfonium salts R3S+ (H+); 
strong carboxylic acids (trifluoroacetic acid, TFA; pentafluoropropanoic acid PFA; heptafluorobutyric acid, HBA); polarizable chaotropic 
anions (perchlorate ClO4

-; thiocyanate SCN-, iodide I-). Negatively charged reagent (IPR) can be used to retain positively charged ionic 
bases while positively charged reagent can be used to retain negatively charged ionic acids. The retention mechanism of this analytical 
method has been explained mainly by partition model [3] and adsorption model [4] respectively. 

In the present article, efforts were made to provide some of the therapeutic agents used in the treatment of human diseases that have 
been determined in biological fluids by ion pair chromatography. A number of such determinations include:

(i)	 Quantification of amphetamine, methamphetamine in urine [5].

(ii)	 Assay of methadone in human plasma [6].

(iii)	 Pramipexole determination in plasma and urine [7].

(iv)	 Analysis of quaternary ammonium anti-cholinergics dugs in whole blood [8]. 

(v)	 Assay of cephamycins in human serum and urine [9].

(vi)	 Neomycin and bacitracin determination in human serum [10]. 

(vii)	 Anthracyclines antibiotics assay in plasma and urine [11]. 

(viii)	Oxomemazine determination in human plasma [12]. 

(ix)	 Methotrexate determination in plasma [13]. 

(x)	 Ceftriaxone and other cephalosporins assay (cefotaxime, cefoperaz) in serum, urine, cerebrospinal fluid [15].

(xi)	 Ketanserin assay in plasma [16]. 

Conclusion

Treatment of human diseases is very vital once diagnosis has been established. The use of therapeutic agents (drugs) is one the 
treatment options in disease management. The efficacy of the therapeutic agents against any disease state can be verified by determining 
its maximum plasma concentration. Ion pair chromatography is one of those analytical methods that can be employed in such 
determinations. Ion pair chromatography is an accurate, reliable, selective and sensitive analytical method. It is a technique of choice 
for most analysts because of its versatility in analyzing both polar and non-polar chemical compounds, usefulness for the analysis at 
low concentrations, the determination of analytes in a wide concentration range and the ease of hyphenation with other spectroscopic 
methods. Finally, in addition to the analytical qualities in terms accuracy, precision, sensitivity, selectivity, ion pair chromatography is one 
of the most analytical techniques to offer substantial retention and versatile detection to ionizable analytes.

Bibliography

1.	 Loscalzo J., et al. “Human disease classification in the postgenomic era: a complex systems approach to human pathobiology”. 
Molecular Systems Biology 3 (2007): 124-128.

2.	 Wartak J. “Clinical Pharmacokinetics”. Praeger, New York (1983): 154.

3.	 Horvath C., et al. “Enhancement of retention by ion-pair formation in liquid chromatography with nonpolar stationary phases”. 
Analytical Chemistry 49.14 (1997): 2295-2305.

https://www.ncbi.nlm.nih.gov/pubmed/17625512
https://www.ncbi.nlm.nih.gov/pubmed/17625512
https://pubs.acs.org/doi/abs/10.1021/ac50022a048
https://pubs.acs.org/doi/abs/10.1021/ac50022a048


580

Citation: Chika J Mbah. “Human Diseases and Therapeutic Agents: The Role of Ion Pair Liquid Chromatography in the Analysis of 
Therapeutic Agents in Biological Fluids”. EC Emergency Medicine and Critical Care 4.8 (2020): 578-580.

Human Diseases and Therapeutic Agents: The Role of Ion Pair Liquid Chromatography in the Analysis of Therapeutic Agents in 
Biological Fluids

Volume 4 Issue 8 August 2020
©All rights reserved by Chika J Mbah.

4.	 Cantwell FF. “Retention model for ion-pair chromatography based on double-layer ionic adsorption and exchange”. Journal of 
Pharmaceutical and Biomedical Analysis 2.2 (1984): 153-164.

5.	 Fuh MR., et al. “Determination of amphetamine and methamphetamine in urine by solid phase extraction and ion-pair liquid 
chromatography-electrospray-tandem mass spectrometry”. Talanta 68.3 (2006): 987-991.

6.	 Gao S., et al. “Evaluation of volatile ion-pair reagents for the liquid chromatography-mass spectrometry analysis of polar compounds 
and its application to the determination of methadone in human plasma”. Journal of Pharmaceutical and Biomedical Analysis 40.3 
(2006): 679-688.

7.	 Lau YY., et al. “Determination of pramipexole (U-98,528) in human plasma and urine by high performance liquid chromatography 
with electrochemical and ultraviolet detection”. Journal of Chromatography B 683.2 (1996): 217-223.

8.	 Ariffin MM and Anderson RA. “LC/MS/MS analysis of quaternary ammonium drugs and herbicides in whole blood”. Journal of 
Chromatography B 842.2 (2006): 91-97.

9.	 Garcia-Glez JC., et al. “Quantitative determination of semisynthetic cephamycins in human serum and urine by ion-exchange, reversed-
phase and ion-pair chromatography”. Journal of Chromatography A 812.1-2 (1998): 197-204.

10.	 Mascher DG., et al. “Determination of neomycin and bacitracin in human or rabbit serum by HPLC-MS/MS”. Journal of Pharmaceutical 
and Biomedical Analysis 43.2 (2007): 691-700.

11.	 Emara S., et al. “Utility of ion-pair chromatography for analysis of some anthracyclines in plasma and urine”. Journal of Liquid 
Chromatography and Related Technologies 21.5 (1998): 681-692.

12.	 Saber AL., et al. “Determination of oxomemazine in human plasma by capillary LC-ESI-MS”. Journal of Liquid Chromatography and 
Related Technologies 30.3 (2007): 393-403.

13.	 Yuand Z and Westerlund D. “Ion-pair chromatography of methotrexate in a column-switching system using an alkyl-diol silica 
precolumn for direct injection of plasma”. Journal of Chromatography A 742.1-2 (1996): 113-120.

14.	 Troja E., et al. “Ion pair HPLC method for the quantification of metformin in human urine”. Journal of Applied Bioanalysis 2.1 (2016): 
16-24.

15.	 Granich GG and Krogstad DJ. “Ion pair high performance liquid chromatographic assay for ceftriaxone”. Antimicrobial Agents and 
Chemotherapy 31.3 (1987): 385-388.

16.	 Kurowski M. “Simultaneous determination of ketanserin and ketanserinol in biological fluid (plasma) using ion pair liquid 
chromatography and fluorometric detection”. Journal of Chromatography 341 (1985): 208-212.

https://www.sciencedirect.com/science/article/abs/pii/0731708584800667
https://www.sciencedirect.com/science/article/abs/pii/0731708584800667
https://www.ncbi.nlm.nih.gov/pubmed/18970421
https://www.ncbi.nlm.nih.gov/pubmed/18970421
https://www.ncbi.nlm.nih.gov/pubmed/16029944
https://www.ncbi.nlm.nih.gov/pubmed/16029944
https://www.ncbi.nlm.nih.gov/pubmed/16029944
https://www.ncbi.nlm.nih.gov/pubmed/8891918
https://www.ncbi.nlm.nih.gov/pubmed/8891918
https://www.ncbi.nlm.nih.gov/pubmed/16716776
https://www.ncbi.nlm.nih.gov/pubmed/16716776
https://www.ncbi.nlm.nih.gov/pubmed/9691318
https://www.ncbi.nlm.nih.gov/pubmed/9691318
https://www.ncbi.nlm.nih.gov/pubmed/16971085
https://www.ncbi.nlm.nih.gov/pubmed/16971085
https://www.tandfonline.com/doi/abs/10.1080/10826079808005850
https://www.tandfonline.com/doi/abs/10.1080/10826079808005850
https://www.tandfonline.com/doi/abs/10.1080/10826070601084860
https://www.tandfonline.com/doi/abs/10.1080/10826070601084860
https://www.ncbi.nlm.nih.gov/pubmed/8817888
https://www.ncbi.nlm.nih.gov/pubmed/8817888
https://pdfs.semanticscholar.org/efaf/df4c6672405dd29d26aa90a4a4713de8fcba.pdf
https://pdfs.semanticscholar.org/efaf/df4c6672405dd29d26aa90a4a4713de8fcba.pdf
https://aac.asm.org/content/31/3/385
https://aac.asm.org/content/31/3/385
https://www.sciencedirect.com/science/article/pii/S037843470084030X
https://www.sciencedirect.com/science/article/pii/S037843470084030X

