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Abstract

Mass spectrometry alone or in combination with liquid chromatography has become the analytical tool 
by choice to achieve therapeutic peptide quantitation in biological samples. Because of the challenge that 
entails to embrace more than 85% of the concentration time curve during pharmacokinetics studies, 
all strategies involving the peptide quantitation in biological fluids are still a difficult task and need to 
be tailored. We present here our recent experiences in the development and validation of customized 
bioanalytical methods applied to pharmacokinetic studies included in phase I clinical trials. All 
methodologies were optimized case by case for CIGB-500, CIGB-300 and CIGB-814 therapeutic peptide 
candidates developed at the Centre for Genetic Engineering and Biotechnology, from Havana (Cuba). 
The three bioanalytical methods were fully validated according to the FDA guidelines for industry. It was 
possible to obtain the PK profiles and main PK parameters for all of the assessed candidates.

Introduction

Because of their low oral bioavailability and propensity to be rapidly metabolized, 
peptides were considered as poor drug candidates [1]. However, the perspective is currently 
changing. With the improvement in peptide synthesis strategies, and the new approaches 
beyond its traditional design, peptide-based therapeutics are currently experiencing a 
renaissance in the global market [2]. The epidemic increase in clinical indications like obesity, 
type II diabetes along with complex diseases like cancer and autoimmune disorders, that can’t 
be approached by traditional therapies, conduct to rethink in the use of peptide therapeutics 
as an attractive approach [3]. This market growth is mainly driven by the increasing research 
and development expenditure by pharmaceutical companies in the peptide industry leading 
to a rapid entry of multiple peptide-based drug in clinical trials [4]. 

One of the main goals of phase I clinical trials are the safety and pharmacokinetics 
assessment of the drug, so the development and validation of bioanalytical methods with this 
purpose became crucial to this stage. Talking of therapeutic peptides, it is also a huge challenge, 
because they are chemically and physically instable, prone to hydrolysis and oxidation 
and have a short half-life and fast elimination, what causes more than one inconvenience 
regarding peptide recovery from the biological sample and quantitation. Mass Spectrometry 
(MS) has impressive capabilities in terms of sensitivity, resolving power, mass accuracy and 
different scan-modes versatility. Either alone or in combination with liquid chromatography 
it is the analytical tool of choice for synthetic therapeutic peptide characterization [5,6,7]. 
Nevertheless, for peptide quantitation in human plasma or other biological sample, the 
design of the Internal Standard (IS) and the optimization of the sample processing and LC-MS 
analysis are also key elements for a successful outcome. In general, all strategies involving the 
peptide quantitation in biological fluids are challenging and need to be tailored. 

To date, our experience in the development and validation of customized bioanalytical 
methods applied to pharmacokinetic studies of therapeutic peptide candidates, included in 
phase I clinical trials, its diverse. We briefly present here the bioanalytical approaches for the 
absolute quantitation of three therapeutic peptides, where different alternatives to the AQUA® 
methodology [8,9] were used. However, the design of the IS, sample processing and mass 
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spectrometry techniques were optimized case by case for CIGB-
500, CIGB-300 and CIGB-814 peptide candidates. For instance, the 
IS for CIGB-500 [10] and CIGB-814 [11] were synthetic peptides 
labelled with stable isotopes (13C and/or 15N) in specific residues 
within the amino acids sequence, instead of IS for CIGB-300 that 
was a N-terminus acetylated peptide [12]. On the other hand, 
sample processing, mainly based on plasma proteins organic or acid 
precipitation was adapted according to the peptide recovery. In the 
particular case of CIGB-300, no liquid chromatography separation 
was needed before MS analysis by MALDI-TOF MS [5]. 

In the case of CIGB-500, also known as GHRP-6 [13], it was 
applied the LC-MS analysis with Simultaneous Ion Monitoring 
(SIM) in full scan mode. The cytoprotective effect of this therapeutic 
peptide was widely demonstrated in animal models of ischemia 
reperfusion [14,15], fact that strongly support the hypothesis of its 
use for the treatment of cardiovascular diseases [16]. Concerning 
bioanalytical method, the three Daltons mass shift between the 
analyte and its internal standard was sufficient for its absolute 
quantitation. Protein precipitation via acetone and positive full 
scan mode acquisition provided an adequate selectivity and 
sensitivity to analyse this peptide in human plasma. Besides the 
calibration range was from 5 up to 50 ng/mL, the dilution integrity 
was demonstrated. Sample stability evaluations showed that both 
the peptide and the IS were stable under the assayed conditions. 
Regarding the PK study, it was carried out after peptide single 
intravenous administration in nine men healthy volunteers (three in 
each dose level: 100, 200 and 400µg/kg of body weight). Confident 
results were obtained from the analysis of clinical samples that 
required dilution at the early monitored times. LLOQ was reached in 
all cases after 12h post-administration, so the method is sufficiently 
sensitive for modelling the pharmacokinetic profile of the peptide, 
as it includes more than 85% of AUC0→∞. CIGB-500 exhibited a 
biphasic pharmacokinetic profile of plasma concentration vs. time, 
with a very fast distribution phase, as it is typical for peptide-based 
drugs. The clearance was very similar among the three dose levels, 
instead of Cmax and AUC, that shown an important rise with the 
increment of the administered dose [17]. 

The CIGB-814, originally named as E18-3 APL1 or APL1 
in preclinical experiments [18] is a novel therapeutic peptide 
candidate for Rheumatoid Arthritis (RA). It is an altered peptide 
ligand containing a novel CD4+T-cell epitope from human 
heat shock protein 60 that significantly inhibits the course 
of adjuvant induced arthritis (AA) in Lewis rats and collagen 
induced arthritis (CIA) in DBA/1 mice [19]. For CIGB-814 it was 
used the LC-MS analysis in Single Reaction Monitoring Mode 
(SRM). All parameters of the bioanalytical method developed 
for the absolute quantitation of this peptide in human plasma 
met the acceptance criteria according to FDA guidelines [20]. 
The analysis of clinical samples during the phase I clinical trial 
in RA patients, enabled the reliable estimation of the main PK 
parameters after single sub cutaneous   administration   (1,2.5  
and 5mg doses),  monitoring more than 85% of the total AUC0→∞. 

Although dose dependence was not established, there was a 
trend of the Cmax and consequently the AUC, to increase when the 

dosages augmented. It was found that CIGB-814 was rapidly cleared 
from plasma, for all dose’s levels, with an average clearance half-life 
of 0.74±0.34 hours. In terms of safety, this result is very promising 
for an immunomodulatory drug candidate, because long-lasting 
self-peripheral tolerance would probably require repeated doses. 
In general, the PK study in the phase I clinical trial, reinforce the 
therapeutic potential of CIGB-814 as immunomodulatory drug 
candidate [11]. On the other hand, for the pro-apoptotic CIGB-300 
antitumor peptide, which mechanism implies CK2 phosphorylation 
impairment [21], the PK study was carried out in patients with solid 
tumours. In this case report, the bioanalytical method for peptide 
quantitation in plasma was achieved by MALDI-TOF MS analysis. 
The bioanalytical method was fully validated according to the FDA 
guidelines [20]. Despite the narrow range of the calibration curve 
(from 0.5 to7.5µg/ml), dilution integrity tests demonstrated that 
more concentrated samples could be successfully analysed. 

Stability studies confirmed that both the peptide and its 
internal standard were stable under the assay conditions. The 
method was successfully applied to the analysis of CIGB-300 in 
clinical samples from pharmacokinetic study with this peptide after 
intravenous  infusion  (1st  and  5th  daily  administration  of  1.6mg/
kg dose). Main pharmacokinetics parameters were not statistically 
different (p>0.05) to those obtained by a competitive ELISA 
analysis, except for Cmax and AUC that were significantly different 
due to the intrinsic divergence between the selectivity of both 
bioanalytical methods [22]. It has been confirmed through this 
paper that bioanalytical methods for therapeutic peptides based 
on mass spectrometry need to be customized depending mostly, 
but not only, on their physicochemical properties. It’s also very 
important to consider the sample where the quantitation will 
take place, the route of administration as well as the adequate 
sensitivity to rich the proper limits of quantitation. In order to 
characterize adequately the PK of the drug substance during phase 
I clinical trials, it is crucial to embrace more than 85% of the AUC 
with therapeutic entity quantitation by the bioanalytical method 
previously developed and validated.  

Acknowledgement

This work is dedicated to the memory of Eduardo Fernández-
Sánchez (1940-2016), Professor Emeritus of Havana University, for 
his valuable contributions to the pharmacokinetics characterization 
of the drugs in

the Cuban Biotechnology and in the Food and Pharmacy 
Institute. The authors are indebted to the healthy volunteers and 
patients involved in this phase I clinical trials, who kindly provided 
the biological samples analysed throughout this work.

Conflict of Interest

The funding for this work was fully provided by the Centre 
for Genetic Engineering and Biotechnology. There’s not conflict of 
interest with the results were published.

References
1.	 Vlieghe P, Lisowski V, Martinez J, Khrestchatisky M (2010) Synthetic 

therapeutic peptides: science and market. Drug Discov Today 15(1-2): 
40-56.

https://www.ncbi.nlm.nih.gov/pubmed/19879957
https://www.ncbi.nlm.nih.gov/pubmed/19879957
https://www.ncbi.nlm.nih.gov/pubmed/19879957


Advancements Bioequiv Availab       Copyright © Cusack PTE

ABB.MS.ID.000549. 2(5).2019 195

2.	 Fosgerau K, Hoffmann T (2015) Peptide therapeutics: current status and 
future directions. Drug Discov Today 20(1): 122-128.

3.	 Riyasat A, Richa R, Sudhir K Advances in protein chemistry. In Ghulam 
Md Ashraf, Sheikh IA) new peptide based therapeutic approaches. Omics 
Group eBooks, UK, pp: 15.

4.	 Kaspar AA, Reichert JM (2013) Future directions for peptide therapeutics 
development. Drug Discov Today 18(17-18): 807-817.

5.	 Peng J, Gygi SP (2001) Proteomics: the move to mixtures. J Mass 
Spectrom 36(10): 1083-1091.

6.	 Aebersold R, Mann M (2003) Mass spectrometry-based proteomics. 
Nature 422(6928): 198-207.

7.	 Tamvakopoulos C (2007) Mass spectrometry for the quantification of 
bioactive peptides in biological fluids. Mass Spectrom Rev 26(3): 389-
402.

8.	 Barr JR, Maggio VL, Patterson DG, Cooper GR, Henderson LO, et  al. 
(1996) Isotope dilution-mass spectrometric quantification of specific 
proteins: model application with apolipoprotein A-I. Clin Chem 42(10): 
1676-1682.

9.	 Li X, Zhang H, Ranish JA, Aebersold R (2012) Automated statistical 
analysis of protein abundance ratios from data generated by stable-
isotope dilution and tandem Mass Spectrometry. Anal Chem 75(23): 
6648-6657.

10.	Gil J, Cabrales A, Reyes O, Morera V, Betancourt L, et al. (2012) 
Development and validation of a bioanalytical LC–MS method for the 
quantification of GHRP-6 in human plasma. J Pharm Biomed Anal 60: 
19-25.

11.	Cabrales Rico A, Ramos Y, Besada V, Domínguez MC, Lorenzo N, et al. 
(2017) Development and validation of a bioanalytical method based on 
LC–MS/MS analysis for the quantitation of CIGB-814 peptide in plasma 
from Rheumatoid Arthritis patients. J Pharm Biomed Anal 143: 130-140.

12.	Cabrales Rico A, de la Torre BG, Garay HE, Machado YJ, Gómez JA, et 
al. (2015) Bio-analytical method based on MALDI-MS analysis for the 
quantification of CIGB-300 anti-tumor peptide in human plasma. J 
Pharm Biomed Anal 105: 107-114.

13.	Deghenghi R, Cananzi MM, Torsello A, Battisti C, Muller EE, et al. (1994) 
GH-releasing activity of hexarelin, a new growth hormone releasing 
peptide, in infant and adult rats. Life Sciences 54(18): 1321-1328.

14.	Locatelli V, Rossoni G, Schweiger F, Torsello A, Colonna VG, et. al. (1999) 
Growth hormone-independent cardioprotective effects of hexarelin in 
the rat. Endocrinology 140(9): 4024-4031.

15.	Tivesten A, Bollano E, Caidahl K, Kujacic V, Sun XY, et al. (2000) The 
growth hormone secretagogue hexarelin improves cardiac function in 
rats after experimental myocardial infarction. Endocrinology 141(1): 
60-66.

16.	Cibrián D, Ajamieh H, Berlanga L, León OS, Alba JS, et al. (2006) Use of 
Growth-Hormone-releasing peptide-6 (GHRP-6) for the prevention of 
multiple organ failure. Clin Sci (Lond) 110(5): 563-573.

17.	Cabrales A, Gil J, Fernández E, Valenzuela C, Hernández F, et. al. (2013) 
Pharmacokinetic study of Growth Hormone-Releasing Peptide 6 (GHRP-
6) in nine male healthy volunteers. Eur J Pharm Sci 48(1-2): 40-46.

18.	Domínguez MC, Lorenzo N, Barberá A, Darrasse Jeze G, Hernández MV, 
et. al. (2011) An altered peptide ligand corresponding to a novel epitope 
from heat-shock protein 60 induces regulatory T cells and suppresses 
pathogenic response in an animal model of adjuvant-induced arthritis. 
Autoimmunity 44(6): 471-482.

19.	Domínguez MC, Lorenzo N, Barberá A, Padrón G, Torres AM, et. al. 
(2013) Therapeutic effect of two altered peptide ligands derived from 
the human heat shock protein 60 in experimental models of rheumatoid 
arthritis. Biotecnología Aplicada 30(2): 153-156.

20.	(2018) Bioanalytical method validation guidance for industry. USA, p. 
44.

21.	Perea SE, Reyes O, Baladron I, Perera Y, Farina H, et. al. (2008) CIGB-300, 
a novel pro-apoptotic peptide that impairs the CK2 phosphorylation and 
exhibits anticancer properties both in vitro and in vivo. Molecular and 
Cell Biochemistry 316: 163-167.

22.	Gee SJ, Hommock BD, Van Emon JM (1996) A user’s guide to 
environmental immunochemical analysis. Noyes Publications Westwood 
New Jersey, USA, pp. 9-10.

For possible submissions Click below: 

Submit Article

https://www.ncbi.nlm.nih.gov/pubmed/25450771
https://www.ncbi.nlm.nih.gov/pubmed/25450771
https://www.ncbi.nlm.nih.gov/pubmed/23726889
https://www.ncbi.nlm.nih.gov/pubmed/23726889
https://www.ncbi.nlm.nih.gov/pubmed/11747101
https://www.ncbi.nlm.nih.gov/pubmed/11747101
https://www.ncbi.nlm.nih.gov/pubmed/12634793
https://www.ncbi.nlm.nih.gov/pubmed/12634793
https://www.ncbi.nlm.nih.gov/pubmed/17160998
https://www.ncbi.nlm.nih.gov/pubmed/17160998
https://www.ncbi.nlm.nih.gov/pubmed/17160998
https://www.ncbi.nlm.nih.gov/pubmed/8855153
https://www.ncbi.nlm.nih.gov/pubmed/8855153
https://www.ncbi.nlm.nih.gov/pubmed/8855153
https://www.ncbi.nlm.nih.gov/pubmed/8855153
https://www.ncbi.nlm.nih.gov/pubmed/14640741
https://www.ncbi.nlm.nih.gov/pubmed/14640741
https://www.ncbi.nlm.nih.gov/pubmed/14640741
https://www.ncbi.nlm.nih.gov/pubmed/14640741
https://www.ncbi.nlm.nih.gov/pubmed/22154075
https://www.ncbi.nlm.nih.gov/pubmed/22154075
https://www.ncbi.nlm.nih.gov/pubmed/22154075
https://www.ncbi.nlm.nih.gov/pubmed/22154075
https://www.ncbi.nlm.nih.gov/pubmed/28595106
https://www.ncbi.nlm.nih.gov/pubmed/28595106
https://www.ncbi.nlm.nih.gov/pubmed/28595106
https://www.ncbi.nlm.nih.gov/pubmed/28595106
https://www.ncbi.nlm.nih.gov/pubmed/25546027
https://www.ncbi.nlm.nih.gov/pubmed/25546027
https://www.ncbi.nlm.nih.gov/pubmed/25546027
https://www.ncbi.nlm.nih.gov/pubmed/25546027
https://www.ncbi.nlm.nih.gov/pubmed/7910650
https://www.ncbi.nlm.nih.gov/pubmed/7910650
https://www.ncbi.nlm.nih.gov/pubmed/7910650
https://www.ncbi.nlm.nih.gov/m/pubmed/10465272/
https://www.ncbi.nlm.nih.gov/m/pubmed/10465272/
https://www.ncbi.nlm.nih.gov/m/pubmed/10465272/
https://www.ncbi.nlm.nih.gov/pubmed/10614623
https://www.ncbi.nlm.nih.gov/pubmed/10614623
https://www.ncbi.nlm.nih.gov/pubmed/10614623
https://www.ncbi.nlm.nih.gov/pubmed/10614623
https://www.ncbi.nlm.nih.gov/pubmed/16417467
https://www.ncbi.nlm.nih.gov/pubmed/16417467
https://www.ncbi.nlm.nih.gov/pubmed/16417467
https://www.ncbi.nlm.nih.gov/pubmed/23099431
https://www.ncbi.nlm.nih.gov/pubmed/23099431
https://www.ncbi.nlm.nih.gov/pubmed/23099431
https://www.ncbi.nlm.nih.gov/pubmed/21370936
https://www.ncbi.nlm.nih.gov/pubmed/21370936
https://www.ncbi.nlm.nih.gov/pubmed/21370936
https://www.ncbi.nlm.nih.gov/pubmed/21370936
https://www.ncbi.nlm.nih.gov/pubmed/21370936
http://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=48194
http://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=48194
http://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=48194
http://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=48194
https://europepmc.org/abstract/med/18575815
https://europepmc.org/abstract/med/18575815
https://europepmc.org/abstract/med/18575815
https://europepmc.org/abstract/med/18575815
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php

	Therapeutic Peptide Quantitation in Human Plasma: The Challenge of Develop an Adequate Strategy Acco
	Abstract
	Introduction
	Acknowledgement
	Conflict of Interest
	References

