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11-Dec-2020

Dear Dr Permana:

TITLE: New and sensitive HPLC-UV method for concomitant quantification of combination of antifilariasis drugs in rat
plasma and organs after simultaneous oral administration

Thank you for your submission to Analytical Methods, published by the Royal Society of Chemistry. This is an
automatic acknowledgement that you have uploaded your files to our online submission system. Your manuscript ID
is: AY-ART-12-2020-002258

Your manuscript will be passed to an editor for initial assessment as soon as possible. If there are any problems with
your submission we will contact you.

Please indicate the above manuscript ID when you contact us about this submission.

Do you have an ORCID iD?  ORCID (Open Researcher and Contributor iD) is a unique researcher identifier that
allows you to link your research output and other professional activities in a single record. We therefore encourage
each researcher to sign up for their own ORCID account. Please edit your user account to link your ORCID iD or
create a new one, ensuring that you have not linked your account to another researcher’s ORCID iD. Please note that
we are unable to do this on your behalf. If your article is accepted, you may choose to have your ORCID record
updated automatically with details of the publication.

We already have the following information for authors of this manuscript: Permana, Andi Dian - No ORCID iD
Available, Wahyudin, Elly - No ORCID iD Available, Ismail, Ismail - No ORCID iD Available, Amir, Muh. Nur - No
ORCID iD Available, Raihan, Muh. - No ORCID iD Available, Anjani, Qonita - No ORCID iD Available, Utomo, Emilia -
No ORCID iD Available, Layadi, Patricia - No ORCID iD Available, Donnelly, Ryan - No ORCID iD Available
If this is not how you want your name to appear on an Accepted Manuscript, please amend your ScholarOne account.

The Royal Society of Chemistry is a member of CrossCheck. Your submission may be compared against the
CrossCheck database using the iThenticate plagiarism detection software. For further information, please see here:
https://www.rsc.org/Publishing/Journals/guidelines/EthicalGuidelines/CrossCheck/CrossCheck.asp

This journal has a policy of sharing reviewer reports. Please note that the Editor’s decision and copies of the reports
will be shared with all reviewers who provide a recommendation on your manuscript.

Please contact us if we can be of any assistance.

Yours sincerely,
Analytical Methods Editorial Office
methods@rsc.org

If you need to contact the journal, please use the email address methods@rsc.org
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DISCLAIMER:

This communication is from The Royal Society of Chemistry, a company incorporated in England by Royal Charter
(registered number RC000524) and a charity registered in England and Wales (charity number 207890). Registered
office: Burlington House, Piccadilly, London W1J 0BA. Telephone: +44 (0) 20 7437 8656.

The content of this communication (including any attachments) is confidential, and may be privileged or contain
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copyright material. It may not be relied upon or disclosed to any person other than the intended recipient(s) without
the consent of The Royal Society of Chemistry. If you are not the intended recipient(s), please (1) notify us
immediately by replying to this email, (2) delete all copies from your system, and (3) note that disclosure, distribution,
copying or use of this communication is strictly prohibited.

Any advice given by The Royal Society of Chemistry has been carefully formulated but is based on the information
available to it. The Royal Society of Chemistry cannot be held responsible for accuracy or completeness of this
communication or any attachment. Any views or opinions presented in this email are solely those of the author and do
not represent those of The Royal Society of Chemistry. The views expressed in this communication are personal to
the sender and unless specifically stated, this e-mail does not constitute any part of an offer or contract. The Royal
Society of Chemistry shall not be liable for any resulting damage or loss as a result of the use of this email and/or
attachments, or for the consequences of any actions taken on the basis of the information provided. The Royal
Society of Chemistry does not warrant that its emails or attachments are Virus-free; The Royal Society of Chemistry
has taken reasonable precautions to ensure that no viruses are contained in this email, but does not accept any
responsibility once this email has been transmitted. Please rely on your own screening of electronic communication.
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Reply-To: methods@rsc.org
To: andi.dian.permana@farmasi.unhas.ac.id

28-Dec-2020

Dear Dr Permana:

Manuscript ID: AY-ART-12-2020-002258
TITLE: New and sensitive HPLC-UV method for concomitant quantification of combination of antifilariasis drugs in rat
plasma and organs after simultaneous oral administration

Thank you for your submission to Analytical Methods, published by the Royal Society of Chemistry. I sent your manuscript
to reviewers and I have now received their reports which are copied below.

I have carefully evaluated your manuscript and the reviewers’ reports, and the reports indicate that major revisions are
necessary.

Please submit a revised manuscript which addresses all of the reviewers’ comments. Further peer review of your revised
manuscript may be needed. When you submit your revised manuscript please include a point by point response to the
reviewers’ comments and highlight the changes you have made. Full details of the files you need to submit are listed at
the end of this email.

Analytical Methods strongly encourages authors of research articles to include an ‘Author contributions’ section in their
manuscript, for publication in the final article. This should appear immediately above the ‘Conflict of interest’ and
‘Acknowledgement’ sections. I strongly recommend you use CRediT (the Contributor Roles Taxonomy from CASRAI) for
standardised contribution descriptions. All authors should have agreed to their individual contributions ahead of
submission and these should accurately reflect contributions to the work. Please refer to our general author guidelines
http://www.rsc.org/journals-books-databases/journal-authors-reviewers/author-responsibilities/ for more information.

Please submit your revised manuscript as soon as possible using this link:

*** PLEASE NOTE: This is a two-step process. After clicking on the link, you will be directed to a webpage to confirm. ***

https://mc.manuscriptcentral.com/ay?URL_MASK=8507ea0409534cd7ad1053e26086410c

(This link goes straight to your account, without the need to log on to the system. For your account security you should
not share this link with others.)

Alternatively, you can log in to your account (https://mc.manuscriptcentral.com/ay) where you will need your case-
sensitive user ID and password.

You should submit your revised manuscript as soon as possible; please note you will receive a series of automatic
reminders. If your revisions will take a significant length of time, please contact me. If I do not hear from you, I may
withdraw your manuscript from consideration and you will have to resubmit. Any resubmission will receive a new
submission date.

While our publishing services are running as usual, we also know that this is a very challenging time for everyone, for
many different reasons. If any aspect of the publishing process is worrying you – for example you think you may struggle
to meet a pre-determined deadline – please let us know, and we will work out an answer together.

The Royal Society of Chemistry requires the submitting author to provide their ORCID iD when they submit a revised
manuscript. This is quick and easy to do as part of the revised manuscript submission process. We will publish this
information with the article, and you may choose to have your ORCID record updated automatically with details of the
publication.

http://www.rsc.org/journals-books-databases/journal-authors-reviewers/author-responsibilities/
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Please also encourage your co-authors to sign up for their own ORCID account and associate it with their account on our
manuscript submission system. Please note that we are unable to do this on behalf of your co-authors. For further
information see: https://www.rsc.org/journals-books-databases/journal-authors-reviewers/processes-policies/#attribution-
id.

I look forward to receiving your revised manuscript.

Yours sincerely,
Professor Dr Jonas Bergquist
Associate Editor Analytical Methods
Methods@rsc.org

************

REVIEWER REPORT(S):
Referee: 1

Comments to the Author
Manuscript ID AY-ART-12-2020-002258
The manuscruipt reports novel methodology to differentially estimate few compounds in solution as well as in plasma or
organs with HPLC. Although the method is novel and is to estimate all these compounds simultaneously with precision, it
lacks some error and needs revision prior to acceptance by Analytical methods. The comments are as hereunder:
1) No internal standard is used during the analysis. It should be used to authenticate the parameters' robustness in the
method. Please report the elution and 2-3 validation parameters with internal standard.
2) The extraction methodology of compounds/metabolites from organs are not clear. In which solvent did you homogenize
the sample? What are the conditions?
3) Why did you choose so many gradients and elution times in Table 1? I suppose each quarter is for one analyte.
Describe what are they specifically.
4) Which HPLC column did use? which HPLC also did you use? Please mention in the Materials and Methods section.
5) The discussion part is poorly written. How do you compare your methods with existing methods? explain in more
details. The pharmacokinetics and concomitant tissue distribution of each of the drug or metabolite may hint at drug's
metabolism and tissue protein binding together with their correlation when administered orally. You may add on
discussion with this.
6) Is there any drug-drug interaction or synergism you have got? please refere to other published papers and compare
your data to cast a light on this. If yes, this could interesting to optimize the doses.
7) Discuss a bit more how did you calculate t1/2 from your pharmacokinetic data. Without semilog plot or using statistical
software, it could be interesting to have a light on this.
Altogether I recommend major revision of the manuscript before acceptance for publication in Analytical methods

Referee: 2

Comments to the Author
Ms. Ref. No.: AY-ART-12-2020-002258
Title: New and sensitive HPLC-UV method for concomitant quantification of combination of antifilariasis drugs in rat
plasma and organs after simultaneous oral administration
Journal: Analytical Methods

REFEREE'S COMMENTS

The manuscript describes, a HLPC-UV method for simultaneous quantification of drugs (used for lymphatic filariasis
treatment) such as ivermectin, albendazole, albendazole metabolites and doxycycline in plasma and tissues. The method
was validated according to ICH and FDA guidelines and applied to quantify the plasma and tissue concentrations after
oral administration to Wistar rats. A simple, one-step protein precipitation was used to extract both plasma and tissues.
The method is described as selective, precise and accurate. The subject may result of interest to Analytical Methods. In
general, the experimental design has been carried out correctly except in the aspects discussed below. Then, major
revision needs to be made for a suitable presentation of the manuscript.

The following specific comments must be considered to prepare a revised version of this manuscript.

•       Since diethylcarbamazine drug is used in the filariasis treatment, why was it not included in the method?

•       Page 6: Different analytical portions are proposed for plasma and tissues in the calibration and in the extraction

https://www.rsc.org/journals-books-databases/journal-authors-reviewers/processes-policies/#attribution-id
mailto:Methods@rsc.org


3/13/23, 9:18 PM Universitas Hasanuddin Mail - Decision on submission to Analytical Methods - AY-ART-12-2020-002258

https://mail.google.com/mail/u/0/?ik=66e8994863&view=pt&search=all&permthid=thread-f%3A1687310928963016935&simpl=msg-f%3A1687310928… 3/4

process, how is that explained?

Line 8: “20 μL of mixed standard working solution into a 180 μL of blank rat plasma…..”
Line 29: “200 μL of drug stock solutions into a 1.8 g of blank organs to achieve the same as plasma concentrations…”
Line 42: “100 μL rat plasma samples or 100 mg of organ samples...”

•       Page 6: Different injection volumes are proposed, which is the correct one?
Line 57: “10 μL was injected onto the HPLC-column…”
Line 16: “The injection volume of all samples was 50 μL”

•       Page 6: Taking into account the recommended doses for these drugs and the expected concentrations, why the
calibration range includes excessively high concentrations, such as 50 and 100 µg/mL? Why did the authors use that
range? Especially taking into account previous works published with the same molecules (Permana et al., Journal of
Pharmaceutical and Biomedical Analysis 170 (2019) 243–253). In fact, most of concentrations obtained in the present
work do not reach 1 µg/mL-g, the highest being 3 µg/mL-g.

•       Page 7:  The meaning of this sentence is not understood, please rewrite.

Line 30: “In order to evaluate the dilution integrity, spiked plasma and organs with the analyte concentrations above the
highest concentration of calibration standard solutions.

•       Page 9: The authors report good low limits of quantification and selectivity in both plasma and tissues. Plasma is a
simple matrix to extract, in which low limits of quantification are easily reached. However, tissues such as kidney and liver
are much more complicated matrices, where interferences are frequent especially at low concentration levels for poorly
selective detection methods such as UV. The authors report good selectivity, recovery, accuracy and precision in all the
LLOQs without sample cleaning. The figure 2 shows the peak areas for all molecules in tissues, at high concentrations of
2.5 (IVM) and 5 µg/g (the rest of molecules). Then to arrive at the LLOQs values, these peaks areas have to be divided
by 250 (2.5:0.01) or 166 (5:0.03). In this context, Could the authors guarantee the selectivity, precision, accuracy of the
peaks in the LLOQs? If so, it is recommended to report the chromatograms obtained for LLOQs. If not, the LLOQs must
be recalculated.

Page 7: The result and discussion section is mostly presentation of results with poor discussion that should be completed.

************
FILES TO PROVIDE WITH YOUR REVISED MANUSCRIPT:
IMPORTANT: Your original files are available to you when you upload your revised manuscript. Please delete any
redundant files before completing the submission. Please carefully check the spelling and format of all author names,
affiliations and funding information.  If your paper is accepted for publication, it is important this information is accurate to
ensure your article is correctly indexed, which may affect citations and future funding evaluation.  Please note that if you
have selected Accepted Manuscript publication, the author list will appear as provided in the ScholarOne submission
details until your Advance Article is published and this information is updated from your article.
• A point-by-point response to the comments made by the reviewer(s)
• Your revised manuscript with any changes clearly marked (.doc(x) or.pdf file)
• Your revised manuscript as a .doc(x) file including figures, without highlighting, track changes, etc.  (If providing in TeX
format instead, please also provide a final PDF version including figures). Please note that we cannot proceed with
publication using a .pdf file only.
• A table of contents entry: graphic maximum size 8 cm x 4 cm and 1-2 sentence(s) of text, with a maximum of 250
characters, highlighting the key findings of the work. See our Author Guidelines for more details:
https://www.rsc.org/journals-books-databases/author-and-reviewer-hub/
• High quality figures
EITHER
embedded in a doc(x) file
OR
as numbered figures in separate files in .tif, or .eps format, with a resolution of 600 dpi or greater and structures
preferably as ChemDraw files. Chemwindow files (.cwg/.cw2), ISIS/Draw exported in sketch format (.skc) and
ChemSketch exported in ChemDraw format (.cdx) may also be supplied.

AND

• Your revised Electronic Supplementary Information (if any)
• Your revised CheckCIF reports (if any). Please ensure that any revised cif files have been deposited with the Cambridge
Crystallographic Data Centre (CCDC) via https://deposit.ccdc.cam.ac.uk/ before you submit your revised manuscript.

https://www.rsc.org/journals-books-databases/author-and-reviewer-hub/
https://deposit.ccdc.cam.ac.uk/
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For Feature Articles/Review-type articles only:
• A photograph and biography of yourself and your co-authors. Separate photographs of each author may be supplied or if
you prefer, a group photograph, saved as a .tif, .pdf or .jpeg file. The resolution of the photographs should be 600 dpi or
higher. The dimensions of the photograph in the printed journal will be 4 cm wide x 5 cm high (individual photograph) or
8.3 cm wide x 5 cm high (group photograph). Individual photographs should be accompanied by a maximum of 100
words; a group photograph by a maximum of 200 words. There can be a maximum of 6 individual biographies per article.
• Copies of permissions required from other publishers to reproduce figures. Please ensure that necessary permissions
are acknowledged in the figure captions in accordance with the publishers’ instruction. Information on how to obtain
permissions and rights that we require are given on our website at
https://www.rsc.org/journals-books-databases/journal-authors-reviewers/licences-copyright-permissions

************

If you need to contact the journal, please use the email address methods@rsc.org

************************************

DISCLAIMER:

This communication is from The Royal Society of Chemistry, a company incorporated in England by Royal Charter
(registered number RC000524) and a charity registered in England and Wales (charity number 207890). Registered
office: Burlington House, Piccadilly, London W1J 0BA. Telephone: +44 (0) 20 7437 8656.

The content of this communication (including any attachments) is confidential, and may be privileged or contain copyright
material. It may not be relied upon or disclosed to any person other than the intended recipient(s) without the consent of
The Royal Society of Chemistry. If you are not the intended recipient(s), please (1) notify us immediately by replying to
this email, (2) delete all copies from your system, and (3) note that disclosure, distribution, copying or use of this
communication is strictly prohibited.

Any advice given by The Royal Society of Chemistry has been carefully formulated but is based on the information
available to it. The Royal Society of Chemistry cannot be held responsible for accuracy or completeness of this
communication or any attachment. Any views or opinions presented in this email are solely those of the author and do not
represent those of The Royal Society of Chemistry. The views expressed in this communication are personal to the
sender and unless specifically stated, this e-mail does not constitute any part of an offer or contract. The Royal Society of
Chemistry shall not be liable for any resulting damage or loss as a result of the use of this email and/or attachments, or
for the consequences of any actions taken on the basis of the information provided. The Royal Society of Chemistry does
not warrant that its emails or attachments are Virus-free; The Royal Society of Chemistry has taken reasonable
precautions to ensure that no viruses are contained in this email, but does not accept any responsibility once this email
has been transmitted. Please rely on your own screening of electronic communication.

More information on The Royal Society of Chemistry can be found on our website: www.rsc.org

https://www.rsc.org/journals-books-databases/journal-authors-reviewers/licences-copyright-permissions
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Abstract: A combination treatment comprising ivermectin (IVM), albendazole (ABZ) and
doxycycline (DOX) is often prescribed for lymphatic filariasis patients. Nevertheless,
there has not been an analytical method established and documented to determine
these compounds simultaneously. Herein, we reported a new high-performance liquid
chromatographic method coupled with UV detector (HPLC-UV) to quantify these drugs
in plasma and organs. This developed analytical method was validated according to
International Conference on Harmonization (ICH) and the US Food and Drug
Administration (FDA). The validated method was successfully employed to analyze
IVM, ABZ along with its metabolites (albendazole sulfoxide (ABZ-OX) and albendazole
sulfone (ABZ-ON)), as well as DOX in the plasma and organs of Wistar rats after
simultaneous oral administration. An Xselect CSH™ C  18  HPLC column was utilized
as a stationary phase, with a mobile phase consisting of 0.1% v/v trifluoracetic acid in
water and acetonitrile with a run time of 20 min. The calibration curves in biological
samples were found to be linear across the concentration range of 0.01–50 µg/mL for
IVM, ABZ and ABZ metabolites; 0.025–100 µg/mL for DOX with an R value ≥ 0.998 in
each case. The validated method was found to be selective, precise and accurate.
Finally, the method developed in this study was deployed to assess the
pharmacokinetic profiles and biodistribution the combination of drugs after oral
administration to Wistar rats. The validated HPLC-UV method in this study provides an
extensive range of prospective applications of pharmacokinetic-based studies,
therapeutic drug monitoring and toxicology.
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The Editor 

Journal of Pharmaceutical Analysis 

 

7th December 2020 

 

 

Dear Sir/Madam, 

 

I wish you to consider our manuscript entitled “New and sensitive HPLC–UV method for 

concomitant quantification of antifilariasis drugs in rat plasma and organs after 

simultaneous oral administration” for publication in your journal. This article describes, for 

the first time, the HLPC-UV method for a simultaneous quantification of plasma and organs 

concentration of three therapeutic agents that are widely used in treatment of lymphatic 

filariasis (LF), namely ivermectin, albendazole, albendazole metabolites and doxycycline. 

The method was validated according to ICH and FDA guidelines and successfully applied to 

quantify DOX, DEC and ABZ metabolites in the plasma and organs of Wistar rats after oral 

concomitant administration of the previously mentioned therapeutic drugs. In addition, a 

simple, one-step protein precipitation and extraction method was used to extract the four 

compounds efficiently. Overall, the method developed was selective, precise and accurate. 

 

We believe that this article will be of great importance to scientists working on pharmaceutical 

analysis and clinical pharmacokinetic-based studies. This manuscript has not been previously 

published in any language anywhere and that it is not under simultaneous consideration by 

another journal. Should this manuscript be accepted for publication we transfer copyright to 

your publisher as appropriate. 

 

We hope that you consider this manuscript worthy of publication in your journal. 

 

Yours Sincerely, 

 

 

 

Andi Dian Permana (on behalf of all authors) 

Faculty of Pharmacy 

Hasanuddin University 

Indonesia 

Email: andi.dian.permana@farmasi.unhas.ac.id 
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ABSTRACT 79 

A combination treatment comprising ivermectin (IVM), albendazole (ABZ) and doxycycline 80 

(DOX) is often prescribed for lymphatic filariasis patients. Nevertheless, there has not been an 81 

analytical method established and documented to determine these compounds simultaneously. 82 

Herein, we reported a new high-performance liquid chromatographic method coupled with UV 83 

detector (HPLC-UV) to quantify these drugs in plasma and organs. This developed analytical 84 

method was validated according to International Conference on Harmonization (ICH) and the 85 

US Food and Drug Administration (FDA). The validated method was successfully employed 86 

to analyze IVM, ABZ along with its metabolites (albendazole sulfoxide (ABZ-OX) and 87 

albendazole sulfone (ABZ-ON)), as well as DOX in the plasma and organs of Wistar rats after 88 

simultaneous oral administration. An Xselect CSH™ C18 HPLC column was utilized as a 89 

stationary phase, with a mobile phase consisting of 0.1% v/v trifluoracetic acid in water and 90 

acetonitrile with a run time of 20 min. The calibration curves in biological samples were found 91 

to be linear across the concentration range of 0.01–50 µg/mL for IVM, ABZ and ABZ 92 

metabolites; 0.025–100 µg/mL for DOX with an R value ≥ 0.998 in each case. The validated 93 

method was found to be selective, precise and accurate. Finally, the method developed in this 94 

study was deployed to assess the pharmacokinetic profiles and biodistribution the combination 95 

of drugs after oral administration to Wistar rats. The validated HPLC-UV method in this study 96 

provides an extensive range of prospective applications of pharmacokinetic-based studies, 97 

therapeutic drug monitoring and toxicology. 98 

 99 

 100 

Keywords: Albendazole, Ivermectine, Doxycycline, HPLC-UV, Validation, Pharmacokinetic 101 
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1. Introduction 119 

Lymphatic filariasis (LF) is a parasitic, infectious, neglected tropical disease (NTD), and it is  120 

vector-borne, being triggered by several nematodes, mainly Wuchereria 121 

bancrofti or Brugia spp. filarial nematodes [1]. This disease is an enervating, mutilating 122 

disease, affecting impairment to the lymphatic system. Additionally, LF also results in 123 

hydrocoele and lymphoedema [2]. Initially, in 1997, LF was found to be endemic in 73 124 

countries worldwide with more than 120 million people infected [3,4], leading to the Global 125 

Program to Eliminate Lymphatic Filariasis (GPELF) to set a program of elimination as a public 126 

health problem in 2000.  LF is also a leading cause of long-term and permanent disability. It 127 

has been estimated that approximately 5.25 million disability-adjusted-life years are caused by 128 

LF. Around U$ 5.7 billion has been used annually to overcome this health issue before the 129 

establishment of the GPELF [5,6]  130 

The GPELF elimination approach comprised two main purposes. Firstly, it was established to 131 

prevent the spread of transmission. This purpose was carried out by using the treatment of the 132 

combination of two drugs diethylcarbamazine citrate (DEC) or ivermectin (IVM) and 133 

albendazole (ABZ) to the whole population living in zones where LF is endemic, called mass 134 

drug administration (MDA). Secondly, it was launched to reduce the mobirdity of affected 135 

populations and to control morbidity. This was done by presenting basic methods, such as 136 

better-quality hygiene and skin care, particularly for infected people with lymphoedema and 137 

by performing surgery for men patient having hydrocoele [2]. With respect to the medications, 138 

specifically, IVM is an effective anti-filarial to eliminate microfilariae but not against adult 139 

filarial. Meanwhile, DEC is reported to have an ability to kill both micro and macrofilariae. 140 

Furthermore, when the combination of ABZ and either IVM or DEC is used, the treatment has 141 

been reported to improve the efficacy of MDA against LF [3] 142 

The treatment of LF has been hampered by the fact that endosymbiotic Wolbachia bacteria 143 

possess a substantial responsibility in the physiology of filarial nematodes. Several studies 144 

have shown Wolbachia spp. infects all LF nematodes. Furthermore, it has been reported that 145 

the presence of Wolbachia is able to support the fertility of the nematodes by building a critical 146 

mutualistic symbiosis with the LF nematodes  [7,8]. To solve this problem, although not 147 

included in MDA, it has been recommended to include doxycycline (DOX) in the treatment of 148 

LF as an antibiotic to target the bacteria endosymbiont. Therefore, by killing the bacteria, this 149 

would also decrease the viability of the adult nematodes [1]. Clinical study has revealed that in 150 
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addition to the elimination of Wallbachia in the LF patients, the incorporation of the use of 151 

DOX in LF therapy was able to reduce the viability of both microfilaria and adult nematodes 152 

[9,10]. Accordingly, the use of antibiotic in combination with anti-filariasis drugs is also 153 

utilized in the LF therapy.  154 

The correlation of drug doses with response of therapeutic effect, failure of therapy, and side 155 

effects related to the combination of antibiotic and anti-filariasis is not presently discovered 156 

[11]. As a consequence, it is crucial to develop a selective and sensitive analytical method to 157 

quantify those drugs in the clinical samples. Chromatographic techniques show the prospective 158 

benefits for better reproducibility, selectivity and sensitivity in regular analysis process. 159 

Therefore, this technique is favored to analyze numerous drugs in various samples, including 160 

clinical samples. In literatures, several chromatographic techniques have been developed to 161 

analyze IVM [12–14], DEC [15,16], ABZ  [17,18] and DOX [19,20] separately in different 162 

biological matrices. High performance liquid chromatography (HPLC) combined with mass 163 

spectrometric detection (MS/MS) has been widely used due to its high sensitivity [11,21]. 164 

Nevertheless, this technique involves sophisticated and high-priced instrumentation. 165 

Additionally, the samples which can be analyzed using this method are limited and some 166 

problems may occur because of ion suppression [22]. Accordingly, UV detector would be 167 

beneficial to be coupled with HPLC as it has been reported to show simplicity of 168 

instrumentation process and excellent response stability. 169 

Chhonker et al. has reported a sensitive and selective method to clinically analyze DEC, ABZ 170 

and ABZ metabolites simultaneously in human plasma [23].  Following oral administration, 171 

ABZ is directly metabolized to its active metabolite, albendazole sulfoxide (ABZ-OX) [24]. 172 

This metabolite is further metabolized to albendazole sulfone (ABZ-ON) [25]. Therefore, in 173 

the latest study, we have also developed a novel analytical method to separate and quantify 174 

DOX, DEC, ABZ-OX and ABZ-ON in the samples obtained from rat organs and plasma [11]. 175 

However, there has been no bioanalytical method developed for simultaneous of IVM, ABZ 176 

and DOX in plasma and organ samples. Therefore, in this study, we present a new and sensitive 177 

HPLC-UV method to simultaneously quantify IVM, ABZ, ABZ metabolites and DOX in 178 

plasma as per the International Conference on Harmonization (ICH) and the US Food and Drug 179 

Administration (FDA) guidelines. The validated HPLC-UV method was then employed to 180 

assess the pharmacokinetics of the aforementioned drugs and metabolites, as well as 181 

biodistribution in body organs following simultaneous oral administration to Wistar rats.  182 
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2. Materials and methods 183 

2.1. Chemicals and materials 184 

Albendazole (ABZ) (purity, ≥98%), albendazole sulfone (ABZ-ON) (purity, ≥98%), 185 

doxycycline monohydrate (DOX) (purity, ≥98%) and ivermectin (IVM) (purity, ≥98%) of 186 

analytical grade were purchased from Alfa Aesar (Lancashire, UK). Albendazole sulfoxide 187 

(ABZ-OX) (purity, ≥99.9%), trifluoracetic acid of analytical grade and HPLC grade Methanol 188 

(MeOH) were purchased from Sigma–Aldrich Pte Ltd, (Singapore). HPLC column Xselect 189 

CSH™ C18 (Waters, 3.0 x 150 mm, 3.5 µm particle size) were purchased from Waters (Dublin, 190 

Ireland). All other chemical reagents were purchased from Sigma–Aldrich Pte Ltd, 191 

(Singapore). All other reagents were of analytical grade and purchased from standard 192 

commercial suppliers. 193 

2.2. Preparation of stock, calibration standard and quality control samples 194 

Stock solutions of IVM, ABZ, ABZ-OX, ABZ-ON and DOX were separately prepared by 195 

dissolving 50 mg of each drug in methanol and making up to 50 mL in a volumetric flask, 196 

obtaining a concentration of 1 mg/mL. Afterwards, the working standard solutions were 197 

prepared by diluting the stock solutions in the mobile phase. The calibration standards, and 198 

quality control (QC) solutions were prepared by serially diluting the working standard solutions 199 

obtained. A plasma calibration standard was obtained by spiking a 20 μL of mixed standard 200 

working solution into a 180 μL of blank rat plasma to achieve serial plasma concentration in 201 

the range of 0.010-50 μg/mL for IVM and 0.025-100μg/mL for ABZ, ABZ-OX, ABZ-ON and 202 

DOX, respectively. Furthermore, QC solutions in the plasma samples were prepared in three 203 

different concentrations using the same process as the calibration standards in six replicates. 204 

QC concentrations used in this study were 0.03 g/mL (low QC), 15 g/mL (medium QC) and 205 

37.5 g/mL (high QC) for IVM and 0.08 g/mL (low QC), 25 g/mL (medium QC) and 75 206 

g/mL (high QC) for ABZ, ABZ-OX, ABZ-ON and DOX. 207 

To prepare the calibration standards of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat organs, 208 

several organs (liver, spleen and kidney) were separately homogenized for 10 min using 209 

UltraTurrax homogenizer (IKA, model T25, impeller 10 G, Germany). The calibration 210 

standards and QC solutions were prepared by spiking a 200 μL of drug stock solutions into a 211 

1.8 g of blank organs to achieve the same as plasma concentrations. The calibration standards 212 
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and QC solutions in organs were prepared in the same concentrations with the drug 213 

concentrations in by using ng/g as a unit. All samples were stored at −20 °C. 214 

2.3. Sample preparation and analytes extraction 215 

Sample preparation and analyte extraction were carried out using one-step protein precipitation 216 

with methanol. Briefly, methanol was added to 1.5 mL centrifuge tubes which contained 100 217 

μL rat plasma samples or 100 mg of organ samples. The volume of methanol used to extract 218 

the drugs was optimized by varying the volume added, namely 100 μL, 300 μL, 500 μL, 700 219 

μL and 900 μL. The mixtures were then vortexed for 10 min and centrifuged for 15 min at 220 

14,000 × g. The supernatant obtained was placed into a glass vial. Subsequently, the solvent 221 

was evaporated in a fume hood for 3 h to obtain dry residue. The residue was then reconstituted 222 

in a 100 μL of mobile phase and transferred into a 0.5 mL centrifuge tube. The mixture was 223 

vortex mixed for 30 s and spun at room temperature for 15 min at 14,000 × g. The supernatant 224 

obtained was collected and a 10 μL was injected onto the HPLC-column. 225 

2.4. Instrumentation and optimization of HPLC–UV conditions 226 

The simultaneous analysis of all analytes was implemented utilizing a HPLC (Shimadzu 227 

Prominence, Shimadzu, Kyoto, Japan) system with LC-20AT quaternary gradient pump and 228 

Shimadzu LC solution software (ver. 1.21 SP1). All analyte separation was performed using 229 

Xselect CSH™ C18 column (Waters, 3.0 x 150 mm) with the particle size of 3.5 µm, fitted 230 

with a guard cartridge. The mobile phase consisted of a mixture of 0.1% v/v of trifluoracetic 231 

acid in water (mobile phase A) and methanol (MeOH) (mobile phase B). The analysis was run 232 

in the gradient condition for 20 min, as detailed in Table 1. The injection volume of all samples 233 

was 50 μL, and the column temperature was maintained at 25°C with the flow rate of 234 

0.5 mL/min.  235 

Table 1. Gradient conditions for HPLC-UV mobile phase. 236 

Time 
A 

(%) 

B 

(%) 

UV detection 

(nm) 

0-5 75 25 270 

5-12 75 25 290 

12-14 30 70 245 

14-18 5 95 245 

18-20 75 25 270 

 237 
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2.5. Bioanalytical method validation 238 

The bioanalytical method developed was then validated, as per the ICH and the US FDA 239 

guidelines [26,27]. Several parameters were validated, namely selectivity, linearity, lower 240 

limits of quantification (LLOQ), carry over, dilution integrity, accuracy, precision, extraction 241 

recovery and stability. 242 

 2.5.1. Selectivity 243 

Selectivity of the method was evaluated by analyzing six different sources of blank plasma and 244 

organ samples from rats and corresponding samples spiked with all analytes. All preparations 245 

were carried out according to the extraction procedure. 246 

2.5.2. Linearity, LOD and LLOQ 247 

Linearity was assessed by preparing the calibration curves from the plasma and organ samples 248 

with working standard solution in the concentration range mentioned previously. The 249 

calibration curves were constructed at seven level concentrations on three separate times.  250 

Lower limit of quantitation (LLOQ) and limit of detection (LOD) were calculated using the 251 

following Equations, after obtaining the standard deviation (SD) of the response and the slope 252 

of the calibration curve. 253 

LOD = 3.3σ/S     (Equation 1) 254 

LLOQ = 10σ/S    (Equation 2) 255 

Where σ = the SD of the response of the data and S = the slope of the calibration curve.  256 

 257 

2.5.3. Accuracy and precision 258 

Accuracy and precision were evaluated for the LLOQ, QC samples at low, medium and high 259 

concentration, as mentioned above, in six replicates. The precision was evaluated by observing 260 

the relative standard deviation (RSD) of the responses of all solutions and the accuracy was 261 

evaluated by calculating the relative errors (RE). In this study, the intra-day and inter-day of 262 

accuracy and precision were evaluated. The RSD and RE of each replicate of all samples 263 

should be ±15 % [26,27]. 264 
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2.5.4. Carry-over and dilution integrity 265 

Carry-over evaluation was performed by initially injecting high concentration of QC samples. 266 

Afterwards, a blank solution was injected. The area of blank solution was observed, and the 267 

area should not be more than 20% of the area of a sample solution at LLOQ concentration [27]. 268 

In order to evaluate the dilution integrity, spiked plasma and organs with the analyte 269 

concentrations above the highest concentration of calibration standard solutions. In this study, 270 

all analytes spiked plasma was prepared at the concentration of 250 μg/mL for IVM and 500 271 

μg/mL for ABZ, ABZ-OX, ABZ-ON and DOX, respectively. For organ samples, the samples 272 

were prepared in the same concentrations by using ng/g as a unit. The solutions were diluted 5 273 

and 10 times with plasma and organs in six replicates. The accuracy and precision were finally 274 

calculated. 275 

2.5.5. Extraction recovery  276 

Extraction recovery of all analytes from the plasma and organ matrices were obtained by 277 

comparing the measured value of all the analytes from extracted QC samples at LLOQ, low, 278 

medium and high concentrations with the same sample concentrations prepared in the mobile 279 

phase. 280 

2.5.6. Stability studies 281 

Stability studies of IVM, ABZ, ABZ metabolites and DOX were carried out in rat plasma and 282 

various organ matrices under different storage conditions and treatment circumstances. The 283 

stabilities of all analyte solutions in the autosampler were evaluated for 48 h. Bench-top 284 

stability of all analytes was performed at room temperature for 24 h and long-term stability 285 

was performed at -20°C for 2 weeks. Finally, freeze-thaw stability was evaluated following 286 

freeze/thaw cycles to room temperature from -20°C storage (three cycles). The response after 287 

stability studies were compared to the initial responses of each solution. 288 

2.6 Evaluation of the pharmacokinetics and biodistribution after oral administration of the 289 

three therapeutic agents 290 

The animal studies were approved by the ethical Committee of the Faculty of Medicine, 291 

Hasanuddin University. Healthy male Wistar rats with an average mass of 239 ± 12 g (n=18), 292 

were acclimatized for 1 week before experimentation. The rats were administered orally 1 mL 293 
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of an aqueous suspension of 0.5% w/v carboxymethylcellulose containing three drugs which 294 

equal to a dose of 0.4 mg/kg, 15 mg/kg and 10 mg/kg of IVM, ABZ and DOX, respectively. 295 

Following oral administration of the drugs, blood samples (maximum 200 μL) were collected 296 

at pre-defined time intervals: 0.25, 0.5, 1, 2, 3, 4, 6, 24 and 48 h via tail vein bleeds. The blood 297 

collected was placed into a 1.5 heparinized Eppendorf tube and were centrifuged for 10 min at 298 

4°C at 3,000 x g. The plasma samples were obtained from the supernatant and stored at -20 °C 299 

before analysis. 300 

For biodistribution study in rat organs, following 2 and 24 h oral administration of the drugs, 301 

6 rats were sacrificed and liver, spleen and kidney of the rats were collected. The plasma and 302 

organ samples collected were handled according to the validated method described in Section 303 

2.3.  304 

2.7. Statistical analysis 305 

The data were presented as means ± standard deviation (SD). The calculation of mean, SD, 306 

%RSD and %RE were performed using Microsoft Excel® 2016 (Microsoft Corporation, 307 

Redmond, USA). For pharmacokinetic parameter calculation, PKSolver (add-in program of 308 

Microsoft Excel) was used applying non-compartmental pharmacokinetic analysis [28]. The 309 

curve of drug concentration vs time profiles was constructed. To analyze the data statistically, 310 

GraphPhad Prism® version 8.3.0 (GraphPad Software Inc., San Diego, California) was utilized, 311 

with p < 0.05 was indicated as a significant difference.  312 

 313 

3. Results and Discussion 314 

3.1. Instrumentation and optimization of HPLC–UV conditions 315 

In this study, an RP-HPLC method with gradient method was applied. Separation of all analytes 316 

was carried out on a reverse phase C18 column owing to its versatility and suitability for 317 

analyzing and separating a varied range of compounds [11]. This was beneficial for the 318 

application in our study, as the compounds possessed a wide range of polarity from polar 319 

(DOX) to non-polar (IVM). 320 

With respect to the mobile phase selection, it is important to note all compounds analyzed in 321 

this study have ionizable groups in their structures. Therefore, it is crucial to set a specific pH 322 
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value to result in desirable separation. In liquid chromatography, sometimes, broad peak 323 

becomes an issue when the mobile phase is used with the pH similar to, or close to, the pKa of 324 

the compounds analyzed. Not only that, a broad peak is usually followed by long tailing, 325 

reducing accuracy of the method [11]. Therefore, the pH of the mobile phase should be at least 326 

± 1 pH from the pKa of the compounds analyzed. The pKa of the analytes are 12.47 for IVM, 327 

9.60 for ABZ, 7.07 for ABZ-OX, 6.88 for ABZ-ON and 3.5 for DOX. Accordingly, 0.1% v/v 328 

of trifluoracetic acid in water with a pH of 2.5 was used in this study. Since pH 2.5 is one unit 329 

different from the pKa of DOX as the lowest pKa value, this pH was considered as a suitable 330 

selection because all compounds would be at a constant rate of ionization. 331 

3.2. Sample preparation and analytes extraction 332 

In this study, the sample preparation and the analyte extraction from biological matrices were 333 

performed using protein precipitation with methanol due to its speed and simplicity, as 334 

previously developed [11]. To maximize the extraction efficiency with minimum time 335 

processing, several volumes of methanol were tried. It was found that 500 μL was the optimum 336 

volume that was able to extract all compounds simultaneously. The increase of methanol 337 

volume to 700 μL and 900 μL did not show any significant improvement in extraction 338 

efficiency (p > 0.05) (data not shown). Accordingly, this volume was used in all sample 339 

preparation processes.  340 

3.3 Method validation 341 

3.3.1. Selectivity 342 

In order to evaluate the presence of interference of endogenous substances in rat plasma and 343 

organs which can affect the separation of all analytes, a selectivity test was performed. The 344 

chromatograms of a blank plasma, liver, spleen and kidney as well as the biological matrices 345 

samples spiked with IVM, ABZ, ABZ-OX, ABZ-ON and DOX are presented in Figure 1 and 346 

Figure 2. The developed method showed that the retention time of IVM, ABZ, ABZ-OX, ABZ-347 

ON and DOX were 15.8 min, 6.13 min, 7.98 min, 10.92 min and 4.87 min, respectively. 348 

Importantly, there was no significant interference found from endogenous substances in rat 349 

plasma and organs at the retention times of the compounds analyzed. Therefore, the method 350 

developed in this study was selective. 351 

 352 
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 353 

Figure 1. Representative HPLC-UV chromatograms of blank plasma (a) and blank liver (b), plasma spiked with 354 
standard solution (c) and liver spiked with standard solution (d) of IVM (2.5 g/mL) (1), ABZ (5 g/mL) (2), 355 
ABZ-OX (5 g/mL) (3), ABZ-ON (5 g/mL) (4) and DOX (5 g/mL) (5) 356 
 357 
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 358 

Figure 2. Representative HPLC-UV of chromatograms blank spleen (a) and blank kidney (b), spleen spiked with 359 
standard solution (c) and kidney spiked with standard solution (d) of IVM (2.5 g/mL) (1), ABZ (5 g/mL) (2), 360 
ABZ-OX (5 g/mL) (3), ABZ-ON (5 g/mL) (4) and DOX (5 g/mL) (5) 361 
 362 

3.3.2. Linearity, LOD and LLOQ 363 

In order to obtain the LOD and LLOQ of this method, a set of concentration for each analyte 364 

was measured using optimized HPLC condition mentioned above. From this measurement, a 365 

calibration curve was then generated, and the equations of all compounds were used to assess 366 

the linearity and to calculate the LOD and LLOQ. The results are summarized in Table 2.  367 

The data showed that the responses had an acceptable linear correlation within concentrations 368 

as shown by the average determination constant of > 0.998. The range of LLOQ of all analytes, 369 

when measured in plasma, was found to be 0.013 μg/mL to 0.029 μg/mL and the LLOQ values 370 

in organs exhibited relatively similar range which is between 0.010 μg/g and 0.029 μg/g. This 371 

suggested that the method has an adequate sensitivity to examine all analytes in the plasma and 372 

organs. 373 
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Table 2. Properties of the calibration curve for quantification of all analyes with LOD and LLOQ values. 374 

 375 

 Analyte Slope 
y-

intercept 
R 

LOD 

(μg/mL) 

LLOQ 

(μg/mL) 

Plasma 

IVM 1036.8 -8.43 0.999 0.006 0.01 

ABZ 409.03 -6.77 0.999 0.01 0.03 

ABZ-OX 432.54 -8.75 0.998 0.009 0.03 

ABZ-ON 414.52 -7.32 0.998 0.008 0.03 

DOX 403.76 -8.16 0.999 0.01 0.03 

Liver 

IVM 1102.4 -8.26 0.999 0.007 0.01 

ABZ 414.98 -6.63 0.998 0.009 0.03 

ABZ-OX 403.19 -8.93 0.998 0.009 0.03 

ABZ-ON 423.42 -7.47 0.998 0.009 0.03 

DOX 418.32 -8.32 0.998 0.01 0.03 

Spleen 

IVM 1021.2 -7.35 0.999 0.007 0.01 

ABZ 419.71 -5.90 0.998 0.009 0.03 

ABZ-OX 409.12 -7.94 0.999 0.01 0.03 

ABZ-ON 432.12 -7.62 0.999 0.008 0.03 

DOX 411.10 -8.49 0.998 0.009 0.03 

Kidney 

IVM 1114.2 -7.50 0.999 0.006 0.01 

ABZ 400.34 -6.03 0.999 0.009 0.03 

ABZ-OX 419.12 -7.79 0.998 0.009 0.03 

ABZ-ON 409.13 -7.47 0.998 0.01 0.03 

 DOX 403.42 -8.32 0.999 0.01 0.03 

 376 

3.3.2. Carry-over and dilution integrity  377 

No carry-over effect was observed in the examined blank after the injection of high 378 

concentration of QC samples in the HPLC systems. This was indicated by the absence of peak 379 

that was higher than 20% of the LLOQ of the blank chromatogram. Therefore, we are confident 380 

that the interference of the analytes to a consecutive measurement was insignificant. 381 

In order to investigate the effect of dilution on the integrity of the analyte concentration, we 382 

diluted a high concentration solution at a dilution factor of 5 and 10 times. Our finding 383 

suggested that the dilution integrity for all dilution factors were found to be satisfactory as the 384 

results exhibited values between 98.91 ± 8.65% and 102.98 ± 9.87% with precision of 9.98%-385 

12.18%. These results indicated that the dilution integrity fell comfortably within the standard 386 

range for accuracy (between 85% and 115%) and ± 15% for precision. 387 
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3.3.3. Accuracy and Precision 388 

The intra- and inter-day measurements of this method were accurate, since the calculated bias 389 

exhibited values within the range acceptance of ± 15% for plasma (Table 3), liver (Table 4), 390 

spleen (Table 5) and kidney (Table 6). The intra- and inter- day precisions were also reported 391 

to be acceptable. Our data showed that the %RSD in intra-day measurement were between 1.35 392 

and 14.32 and the inter-day measurement revealed values between 2.18 and 13.26. The results 393 

of intra- and inter-day measurement are less than the standard of ± 15% bias and thus proved 394 

that the method was precise.395 
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Table 3. Intra- and Inter-day precision and accuracy of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat plasma (n = 6). 396 

    Intra-day Inter-day 

Analyte 
Concentration added 

(μg/mL)  

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

IVM 

0.01 0.01 ± 0.00 2.32 3.21 0.01 ± 0.00 3.25 3.65 

0.03 0.03 ± 0.00 3.12 6.67 0.03 ± 0.00 7.14 -6.67 

15 15.32 ± 0.53 3.46 2.13 14.12 ± 0.41 2.90 -5.87 

37.5 39.91 ± 1.21 3.03 6.43 35.95 ± 2.02 5.61 -4.13 

ABZ 

0.03 0.03 ± 0.00 4.17 6.97 0.03 ± 0.00 8.13 -7.62 

0.08 0.07 ± 0.00 2.74 -2.67 0.07 ± 0.01 8.45 -5.33 

25 23.01 ± 1.03 4.48 -7.96 27.53 ± 1.54 5.59 10.12 

75 76.08 ± 2.87 3.77 1.44 77.01 ± 3.81 4.95 2.68 

ABZ-OX 

0.03 0.03 ± 0.00 5.12 4.91 0.03 ± 0.00 3.15 -2.61 

0.08 0.08 ± 0.00 2.47 8.00 0.08 ± 0.01 6.10 9.33 

25 26.45 ± 1.87 7.07 5.80 27.09 ± 2.12 7.83 8.36 

75 74.21 ± 3.02 4.07 -1.05 77.25 ± 2.19 2.83 3.00 

ABZ-ON 

0.03 0.03 ± 0.00 5.42 4.91 0.03 ± 0.00 3.18 -4.12 

0.08 0.07 ± 0.00 1.35 -1.33 0.08 ± 0.01 4.94 8.00 

25 26.43 ± 2.01 7.60 5.72 27.41 ± 2.91 10.62 9.64 

75 76.92 ± 3.81 4.95 2.56 77.01 ± 3.33 4.32 2.68 

DOX 

0.03 0.03 ± 0.00 9.41 4.31 0.03 ± 0.00 2.58 -3.92 

0.08 0.08 ± 0.00 2.5 6.67 0.08 ± 0.01 5.06 5.33 

25 27.12 ± 1.15 4.24 8.48 23.11 ± 2.15 9.30 -7.56 

 75 74.98 ± 3.21 4.28 -0.03 77.18 ± 4.21 5.45 2.91 

 397 
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Table 4. Intra- and Inter-day precision and accuracy of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat liver (n = 6). 398 

    Intra-day Inter-day 

Analyte 
Concentration added 

(μg/mL)  

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

IVM 

0.01 0.01 ± 0.00 4.12 2.81 0.01 ± 0.00 2.78 4.13 

0.03 0.03 ± 0.00 4.09 -3.33 0.03 ± 0.00 5.03 -10.7 

15 13.98 ± 0.63 4.53 -6.80 12.98 ± 0.72 5.58 -13.5 

37.5 33.16 ± 1.32 3.97 -11.57 34.09 ± 1.66 4.88 -9.1 

ABZ 

0.03 0.03 ± 0.00 4.11 3.92 0.03 ± 0.00 3.73 8.12 

0.08 0.07 ± 0.01 3.59 -2.67 0.07 ± 0.00 4.41 -10.1 

25 23.91 ± 1.40 5.87 -4.36 25.75 ± 1.86 7.22 3 

75 73.12 ± 3.61 4.94 -2.51 81.90 ± 4.98 6.07 9.2 

ABZ-OX 

0.03 0.03 ± 0.00 6.15 3.21 0.03 ± 0.00 4.32 5.32 

0.08 0.08 ± 0.01 3.24 9.33 0.07 ± 0.01 3.98 -10.7 

25 27.09 ± 2.51 9.26 8.36 22.95 ± 2.61 11.39 -8.2 

75 72.98 ± 3.89 5.33 -2.69 84.75 ± 5.56 6.56 13 

ABZ-ON 

0.03 0.03 ± 0.00 3.21 3.41 0.03 ± 0.00 4.11 -3.41 

0.08 0.07 ± 0.00 1.77 -8.00 0.07 ± 0.00 2.18 -9.8 

25 27.67 ± 2.76 9.96 10.68 27.45 ± 3.36 12.25 9.8 

75 72.72 ± 4.72 6.48 -3.04 67.43 ± 5.38 7.98 -10.1 

DOX 

0.03 0.03 ± 0.00 8.11 3.18 0.03 ± 0.00 3.12 6.17 

0.08 0.07 ± 0.00 3.28 -2.67 0.07 ± 0.00 4.03 -1.8 

25 26.19 ± 1.46 5.55 4.76 22.80 ± 1.56 6.83 -8.8 

 75 73.21 ± 4.11 5.61 -2.39 81.90 ± 5.65 6.90 9.2 

  399 
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Table 5. Intra- and Inter-day precision and accuracy of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat spleen (n = 6). 400 

    Intra-day Inter-day 

Analyte 
Concentration added 

(μg/mL)  

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

IVM 

0.01 0.01 ± 0.00 8.10 2.82 0.01 ± 0.00 1.89 3.83 

0.03 0.03 ± 0.00 6.74 1.50 0.03 ± 0.00 5.85 -14.63 

15 14.68 ± 1.09 7.48 -2.14 13.21 ± 1.66 12.53 -11.93 

37.5 34.82 ± 2.28 6.55 -7.15 32.43 ± 1.84 5.68 -13.52 

ABZ 

0.03 0.03 ± 0.00 4.17 -5.15 0.03 ± 0.00 4.17 -5.19 

0.08 0.08 ± 0.01 5.92 2.20 0.06 ± 0.00 5.14 -14.67 

25 25.11 ± 2.43 9.68 0.42 24.05 ± 2.02 8.40 -3.80 

75 76.78 ± 6.26 8.15 2.37 76.49 ± 5.41 7.07 1.99 

ABZ-OX 

0.03 0.03 ± 0.00 7.16 4.02 0.03 ± 0.00 -8.23 9.13 

0.08 0.09 ± 0.01  5.34 14.80 0.07 ± 0.00 4.63 -8.00 

25 28.44 ± 4.07 14.32 13.78 21.44 ±2.84 13.26 -14.26 

75 76.63 ± 6.74 8.80 2.17 79.16 ± 6.04 7.63 5.54 

ABZ-ON 

0.03 0.03 ± 0.00 4.19 -4.16 0.03 ± 0.00 4.19 -7.73 

0.08 0.07 ± 0.00 2.92 -3.40 0.07 ± 0.01 2.53 -13.33 

25 28.05 ± 3.18 11.33 12.20 25.64 ± 2.16 8.43 2.55 

75 76.36 ± 10.70 10.70 1.81 68.64 ± 6.37 9.28 -8.48 

DOX 

0.03 0.03 ± 0.00 8.18 -4.75 0.03 ± 0.00 5.19 -8.19 

0.08 0.08 ± 0.01 5.40 2.20 0.07 ± 0.00 4.69 -8.28 

25 27.50 ± 2.52 9.16 10.00 21.30 ± 1.69 7.95 -14.82 

 75 76.87 ± 7.11 9.25 2.49 76.49 ± 6.14 8.03 1.99 

 401 
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Table 6. Intra- and Inter-day precision and accuracy of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat kidney (n = 6). 402 

    Intra-day Inter-day 

Analyte 
Concentration added 

(μg/mL)  

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

IVM 

0.01 0.01 ± 0.00 3.42 -1.81 0.01 ± 0.00 4.69 -3.13 

0.03 0.03 ± 0.00 6.83 3.29 0.03 ± 0.00 7.40 13.44 

15 15.98 ± 1.04 6.51 6.56 16.32 ± 0.87 5.32 8.80 

37.5 39.24 ± 1.56 3.98 4.64 35.42 ± 2.54 7.18 -5.55 

ABZ 

0.03 0.03 ± 0.00 3.19 8.28 0.03 ± 0.00 7.13 8.21 

0.08 0.08 ± 0.00 5.15 3.25 0.09 ± 0.01 6.50 13.39 

25 27.43 ± 2.31 8.42 9.72 23.32 ± 2.15 9.21 -6.72 

75 80.98 ± 5.74 7.09 7.97 78.43± 7.01 8.94 4.57 

ABZ-OX 

0.03 0.03 ± 0.00 6.19 -3.11 0.03 ± 0.00 3.19 -4.01 

0.08 0.08 ± 0.01 4.64 11.32 0.08 ± 0.01 5.86 8.00 

25 25.94 ± 3.23  12.46 3.75 28.48 ± 4.77 16.76 13.93 

75 73.21 ± 5.60 7.65 -2.39 80.40 ± 7.76 9.65 7.20 

ABZ-ON 

0.03 0.03 ± 0.00 9.13 -4.11 0.03 ± 0.00 5.11 6.11 

0.08 0.08 ± 0.01 2.54 4.87 0.08 ± 0.01 3.20 10.67 

25 27.87 ± 3.98 14.29 11.48 21.36 ± 2.28 10.66 -14.56 

75 83.05 ± 7.73 9.31 10.74 78.98 ± 9.27 11.73 5.31 

DOX 

0.03 0.03 ± 0.00 8.15 6.15 0.03 ± 0.00 5.43 -7.72 

0.08 0.08 ± 0.01 4.70 10.98 0.07 ± 0.01 5.93 -9.33 

25 25.77 ± 2.06 7.97 3.07 28.30 ± 3.74 13.21 13.19 

 75 81.43 ± 6.55 8.05 8.57 79.09 ± 8.03 10.15 5.45 

403 
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3.3.4. Extraction recoveries 404 

The recovery of analytes upon extraction was obtained by comparing the concentrations of 405 

spiked QC samples at three different concentrations to the concentration resulted from the 406 

measurements of these samples. Table 7-10 shows the results. The absolute mean recoveries 407 

for all control samples were between 65.98 ± 8.05 and 89.15 ± 9.27, between 83.21 ± 6.54 and 408 

99.61 ± 8.46, between 83.41 ± 11.02 and 98.55 ± 13.76, between 79.43 ± 10.24 and 98.68 ± 409 

4.57, between 96.12 ± 7.41 and 101.60 ± 9.71 for IVM, ABZ, ABZ-OX, ABZ-ON and DOX 410 

respectively. Although the yield of IVM in this method was relatively low in comparison with 411 

the recoveries of DOX, ABZ, ABZ-OX and ABZ-ON, the result was consistent with the data 412 

previously reported by a study in which the average recovery was approximately 62.8% [29]. 413 

In addition, the %RSD of all these samples were also calculated and it was found to be within 414 

± 15% across all concentrations. Therefore, the method was considered to be consistent, precise 415 

and reproducible. 416 

 417 

Table 7. Mean extraction recoveries of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat plasma (n=6) 418 

 419 

Analyte 

Concentration 

added 

(μg/mL)  

% Extraction 

Recovery ± SD 

% 

RSD 

IVM 

0.01 67.93 ± 5.98 8.80 

0.03 69.01 ± 6.09 8.82 

15 65.98 ± 8.05 12.20 

37.5 74.91 ± 8.87 11.84 

ABZ 

0.03 93.21 ± 8.32 8.93 

0.08 87.76 ± 7.19 8.19 

25 95.19 ± 6.53 6.86 

75 93.87 ± 8.13 8.67 

ABZ-OX 

0.03 85.33 ± 7.54 8.84 

0.08 87.98 ± 8.43 9.58 

25 83.42 ± 8.34 9.99 

75 91.17 ± 9.52 10.44 

ABZ-ON 

0.03 87.98 ± 5.84 6.64 

0.08 89.92 ± 9.98 11.09 

25 83.19 ± 7.21 9.07 

75 79.45 ± 8.45  10.63 

DOX 

0.03 97.21 ± 9.98 10.27 

0.08 96.12 ± 7.41  7.71 

25 100.32 ± 10.43 10.39 

75 98.23 ± 8.98 9.14 

 420 

 421 

 422 

 423 
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Table 8. Mean extraction recoveries of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat liver (n=6) 424 

 425 

Analyte 

Concentration 

added 

(μg/mL)  

% Extraction 

Recovery ± SD 

% 

RSD 

IVM 

0.01 70.98 ± 5.86 8.26 

0.03 71.03 ± 6.36  8.95 

15 67.93 ± 4.37 6.44 

37.5 73.23 ± 6.36 8.69 

ABZ 

0.03 90.54 ± 8.54 9.43 

0.08 83.21 ± 6.54 7.86 

25 93.24 ± 10.39 11.14 

75 91.98 ± 9.95 10.81 

ABZ-OX 

0.03 90.21 ± 8.92 9.89 

0.08 88.77 ± 6.29 7.09 

25 83.41 ± 11.02 13.21 

75 92.54 ± 10.80 11.67 

ABZ-ON 

0.03 89.54 ± 8.14 9.09 

0.08 91.32 ± 3.54 3.87 

25 79.43 ± 10.24 12.89 

75 81.09 ± 11.51 14.20 

DOX 

0.03 99.21 ± 8.32 8.39 

0.08 98.32 ± 7.05 7.17 

25 99.32 ± 13.00 13.09 

75 101.09 ± 12.41 12.28 

 426 

Table 9. Mean extraction recoveries of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat spleen (n=6) 427 

 428 

Analyte 

Concentration 

added 

(μg/mL)  

% Extraction 

Recovery ± SD 

% 

RSD 

IVM 

0.01 80.43 ± 7.64 9.49 

0.03 73.30 ± 8.86  12.09 

15 74.72 ±5.83 7.80 

37.5 82.02 ± 3.91 4.77 

ABZ 

0.03 93.21 ± 5.43 5.83 

0.08 90.70 ± 5.60 6.17 

25 96.22 ± 9.71 10.09 

75 99.61 ± 8.46 8.49 

ABZ-OX 

0.03 93.18 ± 8.65 9.28 

0.08 91.61 ± 5.10 5.57 

25 85.16 ± 12.71 14.93 

75 96.52 ± 8.85 9.17 

ABZ-ON 

0.03 93.19 ± 9.54 10.23 

0.08 94.61 ± 2.88 3.04 

25 81.97 ± 6.54 7.98 

75 83.60 ± 9.32 11.15 

DOX 

0.03 100.21 ± 9.54 9.52 

0.08 100.68 ± 5.67 5.63 

25 101.60 ± 9.71 9.55 

75 99.07 ± 9.55 9.64 

 429 
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Table 10. Mean extraction recoveries of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat kidney (n=6) 430 

Analyte 

Concentration 

added 

(μg/mL)  

% Extraction 

Recovery ± SD 

% 

RSD 

IVM 

0.01 85.17 ± 8.14 9.56 

0.03 76.45 ± 8.18 10.70 

15 76.29 ± 9.05 11.87 

37.5 89.15 ± 9.27 10.39 

ABZ 

0.03 97.01 ± 8.32 8.58 

0.08 96.23 ± 9.04 9.40 

25 97.47 ± 12.18 12.49 

75 97.62 ± 12.62 12.93 

ABZ-OX 

0.03 94.76 ± 8.32 8.78 

0.08 89.78 ± 7.61 8.47 

25 88.82 ± 7.37 8.30 

75 98.55 ± 13.76 13.96 

ABZ-ON 

0.03 93.43 ± 9.02 9.65 

0.08 98.68 ± 4.57 4.63 

25 82.96 ± 8.42 8.43 

75 86.28 ± 10.53 12.21 

DOX 

0.03 93.18 ± 8.34 8.95 

0.08 98.23 ± 8.42 8.58 

25 99.01 ± 14.40 14.54 

75 97.09 ± 14.25 14.68 

 431 

3.3.5.  Stability 432 

As shown in Table 11, the average recoveries were found to be between 95.89 ± 9.27 and 101 433 

± 8.54%. Importantly, the % RSD values were in the acceptance range of ± 15%. Therefore, lll 434 

samples were found to be stable in all tested conditions. Although our finding suggested an 435 

excellent stability of all analytes in matrices examined in this experiment, it may be important 436 

to note that IVM in blood samples were reported to be unstable after 2-3 month of storage and 437 

when it was tested in a repetitive freezing and thawing condition [30]. 438 

 439 

 440 

 441 

 442 

 443 

 444 

 445 

 446 

 447 

 448 
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Table 11. Mean stability recoveries of IVM, ABZ, ABZ-OX, ABZ-ON and DOX at different storage conditions 449 

(n=3) 450 

 451 

     % Stability recoveries (mean ± SD) 

  
 

Analyte Autosampler (48 h) Bench-top (24 h) Long-term (2 weeks) 
Freeze-thaw 

(3 cycles) 

Plasma 

 IVM 101.03 ± 8.54 98.18 ± 4.65  100.93 ± 9.87 98.92 ± 6.43 

 ABZ 99.43 ± 7.98 97.79 ± 8.27 101.33 ± 8.62 96.27 ± 8.33 

 ABZ-OX 97.98 ± 6.87 98.91 ± 7.98 98.21 ± 8.76 98.21 ± 8.43 

 ABZ-ON 99.87 ± 9.32 98.31 ± 9.98 99.28 ± 8.82 97.32 ± 9.01 

 DOX 98.43 ± 9.11 97.81 ± 2.55 98.89 ± 7.65 97.98 ± 2.49 

Liver 

 IVM 99.98 ± 3.43 98.87 ± 7.32 98.38 ± 7.43 98.91 ± 9.03 

 ABZ 97.81 ± 8.32 95.89 ± 9.27 99.29 ± 7.32 98.13 ± 4.32 

 ABZ-OX 97.18 ± 8.87 97.98 ± 8.98 97.91 ± 7.09 99.28 ± 2.09 

 ABZ-ON 98.81 ± 4.52 99.98 ± 4.32 99.21 ± 4.59 98.81 ± 5.64 

 DOX 100.98 ± 8.12 100.32 ± 5.43 100.31 ± 9.73 99.08 ± 8.45 

Spleen 

 IVM 98.76 ± 8.19 98.92 ± 9.87 99.29 ± 9.04 96.53 ± 4.94 

 ABZ 97.28 ± 8.23 97.21 ± 5.43  97.23 ± 3.43 97.43 ± 9.03 

 ABZ-OX 99.02 ± 6.98 98.91 ± 8.98 96.98 ± 8.43 98.81 ± 9.93 

 ABZ-ON 100.19 ± 10.01 96.45 ± 6.76 97.39 ± 2.98 98.98 ± 5.43 

 DOX 98.81 ± 3.12 99.23 ± 3.91 98.39 ± 8.98 97.87 ± 3.21 

Kidney 

 IVM 97.16 ± 7.62 98.87 ± 7.54 98.93 ± 2.65 98.13 ± 3.98 

 ABZ 96.87 ± 8.09 99.89 ± 9.32 99.09 ± 8.73  97.09 ± 4.08 

 ABZ-OX 99.17 ± 2.39 97.65 ± 3.54 100.32 ± 10.21 98.07 ± 3.89 

 ABZ-ON 100.87 ± 10.01 98.13 ± 3.98 98.82 ± 4.39 96.92 ± 3.54 

  DOX 98.64 ± 8.83 98.91 ± 7.65 99.91 ± 8.65 97.98 ± 6.49 

 452 

 453 

3.5. Application of the method to pharmacokinetic and biodistribution study of IVM, ABZ 454 

and DOX 455 

The LLOQ values obtained using this method were considerably higher than in previous 456 

studies performed using LC MS/MS [23,29,30]. However, the method developed in this study 457 

was successfully applied to investigate the pharmacokinetic profiles and biodistribution of 458 

simultaneous in vivo administration of IVM, ABZ and DOX. Figure 3 gives an overview of 459 

pharmacokinetic profiles of the all substances, while the pharmacokinetic parameters are 460 

shown in Table 12. 461 
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The maximum plasma concentration (Cmax) of the IVM were found to be 0.026 ± 0.01 μg/mL. 462 

The Cmax of this drug was obtained after 24 h of administration. Additionally, the elimination 463 

half-life (T1/2) of IVM was found to be 10.72 ± 2.58 h. The Cmax of ABZ were 0.16 ± 0.03 464 

μg/mL and was achieved after 0.25 h of administration. The Cmax of its metabolites, ABZ-OX 465 

and ABZ-ON, were detected at concentrations of 1.32 ± 0.32 and 0.098 ± 0.023 μg/mL 466 

respectively. The time in which the Cmax of ABZ-OX and ABZ-ON was obtained (Tmax) were 467 

3 and 2 h, respectively. The Cmax of DOX was achieved after 2 h of administration, particularly 468 

at a concentration of 3.05 ± 0.79 μg/mL. A previous study reported Tmax values for ABZ-OX, 469 

ABZ-ON and DOX that were consistent with our findings, even though the study obtained the 470 

Tmax of these metabolites by administering ABZ-OX orally [11]. 471 



 25 

 472 

Figure 3. The mean plasma concentration and time profile of IVM (a), ABZ (b), ABZ-OX (c), ABZ-ON (d) and 473 
DOX (e) after oral administration (means ± SD, n = 6 for each group). 474 
 475 

 476 

 477 

 478 

 479 

 480 

 481 

 482 
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Table 12. Pharmacokinetics parameters of IVM, ABZ, ABZ-OX, ABZ-ON and DOX after oral administration 483 
in Wistar rats (means ± SD, n = 6 for each group). 484 
 485 

Parameters IVM ABZ ABZ-OX ABZ-ON DOX 

Dose (mg/kg) 0.4 15 - - 10 

Cmax (µg/mL) 0.026 ± 0.01 0.16 ± 0.03 1.32 ± 0.32 0.10 ± 0.02 3.05 ± 0.79 

Tmax (h) 24 0.5 1 3 2 

AUC0-t (µg/mLh) 1.08 ± 0.23 0.24 ± 0.05 13.16 ± 3.12 0.99 ± 0.23 26.99 ± 5.67 

AUC0-INF 

(µg/mLh) 
1.08 ± 0.19 0.24 ± 0.05 14.35 ± 2.76 1.34 ± 0.28 27.35 ± 5.98 

T1/2 (h) 10.72 ± 2.58 2.99 ± 0.71 12.69 ± 2.61 10.38 ± 2.98 8.24 ± 1.98 

 486 

 487 

This method was also applicable to measure the concentration of all drugs in rat organs such 488 

as liver, spleen and kidney specifically at 2 and 24 h after oral administration. Figure 4 489 

summarizes the exposure of all drugs and the metabolites of ABZ in the examined organs. IVM 490 

in particular, was not detected in all organs at 2 h but found in the three organs after 24 h. On 491 

the other hand, ABZ was detected in the liver at a relatively higher concentration at 2 h after 492 

delivery and decreased to 0.03 ± 0.01 μg/mL 24 h later, while in the kidney and the spleen, it 493 

was not measurable after 24 h. In 2 h after administration, ABZ-OX was found in the liver, the 494 

spleen and the kidney at a concentration of 0.87 ± 0.22 μg/mL, 0.12 ± 0.03 μg/mL and 0.21 ± 495 

0.04 μg/mL respectively. However, after 24 h, ABZ-OX was not present in spleen and kidney, 496 

while 0.027 ± 0.006 μg/mL was still detected in the liver. ABZ-ON was also found in the liver, 497 

the spleen and the kidney 2 h after administration at a concentration of 0.14 ± 0.04 μg/mL, 0.03 498 

± 0.01 μg/mL, and 0.07 ± 0.02 μg/mL, respectively, but this metabolite was not present in the 499 

spleen and the kidney 24 h later. We also found that DOX was distributed in all organs at a 500 

relatively higher concentration than the other analytes. Therefore, we described the order of 501 

the distribution as follow: liver > kidney > spleen. 502 
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 503 

Figure 4. Biodistribution profile of IVM (a), ABZ (b), ABZ-OX (c), ABZ-ON (d) and DOX (e) in the liver, 504 
the spleen and the kidney after oral administration (n = 6 for each group). 505 

 506 

4. Conclusion 507 

This study was designed to develop and validate a HPLC-UV method for a simultaneous 508 

analysis of the drugs used in the lymphatic filariasis treatment, namely IVM, ABZ and its 509 

metabolites (ABZ-OX and ABZ-ON), as well as DOX. A bioanalytical method was developed 510 

in plasma and different organs, namely liver, spleen and kidney. The developed method was 511 

successfully validated as per ICH and FDA bioanalytical guidelines. The validated method was 512 

found to be linear, accurate, and precise over a reasonable concentration. The method gave 513 

LLOQ values of between 0.01 to 0.03 μg/mL in plasma and between 0.01 and 0.03 μg/g in 514 

organs. The method was selective with consistent recovery, and no intervention was found 515 

from the endogenous compounds of the matrices for all analytes. In conclusion, the novel 516 

validated method enabled the simultaneous quantification of IVM, ABZ, ABZ-OX, ABZ-ON 517 
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and DOX in the pharmacokinetic and biodistribution studies of for the first time in Wistar rats. 518 

Accordingly, this bioanalytical method offers a wide range of the quantification of anti-519 

filariasis drugs in future pharmacokinetic and biodistribution studies, as well as the applications 520 

of therapeutic drug monitoring. 521 
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Figure 1. Representative HPLC-UV chromatograms of blank plasma (a) and blank liver (b), plasma spiked with 

standard solution (c) and liver spiked with standard solution (d) of IVM (2.5 g/mL) (1), ABZ (5 g/mL) (2), 

ABZ-OX (5 g/mL) (3), ABZ-ON (5 g/mL) (4) and DOX (5 g/mL) (5) 
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 2 

 

Figure 2. Representative HPLC-UV of chromatograms blank spleen (a) and blank kidney (b), spleen spiked with 

standard solution (c) and kidney spiked with standard solution (d) of IVM (2.5 g/mL) (1), ABZ (5 g/mL) (2), 

ABZ-OX (5 g/mL) (3), ABZ-ON (5 g/mL) (4) and DOX (5 g/mL) (5) 

 

 

 



 3 

 

Figure 3. The mean plasma concentration and time profile of IVM (a), ABZ (b), ABZ-OX (c), ABZ-ON (d) and 

DOX (e) after oral administration (means ± SD, n = 6 for each group). 
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Figure 4. Biodistribution profile of IVM (a), ABZ (b), ABZ-OX (c), ABZ-ON (d) and DOX (e) in the liver, 

the spleen and the kidney after oral administration (n = 6 for each group). 
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Table 1. Gradient conditions for HPLC-UV mobile phase. 1 

Time 
A 

(%) 

B 

(%) 

UV detection 

(nm) 

0-5 75 25 270 

5-12 75 25 290 

12-14 30 70 245 

14-18 5 95 245 

18-20 75 25 270 
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Table 2. Properties of the calibration curve for quantification of all analyes with LOD and LLOQ values. 34 

 35 

 Analyte Slope 
y-

intercept 
R 

LOD 

(μg/mL) 

LLOQ 

(μg/mL) 

Plasma 

IVM 1036.8 -8.43 0.999 0.006 0.01 

ABZ 409.03 -6.77 0.999 0.01 0.03 

ABZ-OX 432.54 -8.75 0.998 0.009 0.03 

ABZ-ON 414.52 -7.32 0.998 0.008 0.03 

DOX 403.76 -8.16 0.999 0.01 0.03 

Liver 

IVM 1102.4 -8.26 0.999 0.007 0.01 

ABZ 414.98 -6.63 0.998 0.009 0.03 

ABZ-OX 403.19 -8.93 0.998 0.009 0.03 

ABZ-ON 423.42 -7.47 0.998 0.009 0.03 

DOX 418.32 -8.32 0.998 0.01 0.03 

Spleen 

IVM 1021.2 -7.35 0.999 0.007 0.01 

ABZ 419.71 -5.90 0.998 0.009 0.03 

ABZ-OX 409.12 -7.94 0.999 0.01 0.03 

ABZ-ON 432.12 -7.62 0.999 0.008 0.03 

DOX 411.10 -8.49 0.998 0.009 0.03 

Kidney 

IVM 1114.2 -7.50 0.999 0.006 0.01 

ABZ 400.34 -6.03 0.999 0.009 0.03 

ABZ-OX 419.12 -7.79 0.998 0.009 0.03 

ABZ-ON 409.13 -7.47 0.998 0.01 0.03 

 DOX 403.42 -8.32 0.999 0.01 0.03 

 36 
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Table 3. Intra- and Inter-day precision and accuracy of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat plasma (n = 6). 37 

    Intra-day Inter-day 

Analyte 
Concentration added 

(μg/mL)  

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

IVM 

0.01 0.01 ± 0.00 2.32 3.21 0.01 ± 0.00 3.25 3.65 

0.03 0.03 ± 0.00 3.12 6.67 0.03 ± 0.00 7.14 -6.67 

15 15.32 ± 0.53 3.46 2.13 14.12 ± 0.41 2.90 -5.87 

37.5 39.91 ± 1.21 3.03 6.43 35.95 ± 2.02 5.61 -4.13 

ABZ 

0.03 0.03 ± 0.00 4.17 6.97 0.03 ± 0.00 8.13 -7.62 

0.08 0.07 ± 0.00 2.74 -2.67 0.07 ± 0.01 8.45 -5.33 

25 23.01 ± 1.03 4.48 -7.96 27.53 ± 1.54 5.59 10.12 

75 76.08 ± 2.87 3.77 1.44 77.01 ± 3.81 4.95 2.68 

ABZ-OX 

0.03 0.03 ± 0.00 5.12 4.91 0.03 ± 0.00 3.15 -2.61 

0.08 0.08 ± 0.00 2.47 8.00 0.08 ± 0.01 6.10 9.33 

25 26.45 ± 1.87 7.07 5.80 27.09 ± 2.12 7.83 8.36 

75 74.21 ± 3.02 4.07 -1.05 77.25 ± 2.19 2.83 3.00 

ABZ-ON 

0.03 0.03 ± 0.00 5.42 4.91 0.03 ± 0.00 3.18 -4.12 

0.08 0.07 ± 0.00 1.35 -1.33 0.08 ± 0.01 4.94 8.00 

25 26.43 ± 2.01 7.60 5.72 27.41 ± 2.91 10.62 9.64 

75 76.92 ± 3.81 4.95 2.56 77.01 ± 3.33 4.32 2.68 

DOX 

0.03 0.03 ± 0.00 9.41 4.31 0.03 ± 0.00 2.58 -3.92 

0.08 0.08 ± 0.00 2.5 6.67 0.08 ± 0.01 5.06 5.33 

25 27.12 ± 1.15 4.24 8.48 23.11 ± 2.15 9.30 -7.56 

 75 74.98 ± 3.21 4.28 -0.03 77.18 ± 4.21 5.45 2.91 

 38 
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Table 4. Intra- and Inter-day precision and accuracy of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat liver (n = 6). 39 

    Intra-day Inter-day 

Analyte 
Concentration added 

(μg/mL)  

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

IVM 

0.01 0.01 ± 0.00 4.12 2.81 0.01 ± 0.00 2.78 4.13 

0.03 0.03 ± 0.00 4.09 -3.33 0.03 ± 0.00 5.03 -10.7 

15 13.98 ± 0.63 4.53 -6.80 12.98 ± 0.72 5.58 -13.5 

37.5 33.16 ± 1.32 3.97 -11.57 34.09 ± 1.66 4.88 -9.1 

ABZ 

0.03 0.03 ± 0.00 4.11 3.92 0.03 ± 0.00 3.73 8.12 

0.08 0.07 ± 0.01 3.59 -2.67 0.07 ± 0.00 4.41 -10.1 

25 23.91 ± 1.40 5.87 -4.36 25.75 ± 1.86 7.22 3 

75 73.12 ± 3.61 4.94 -2.51 81.90 ± 4.98 6.07 9.2 

ABZ-OX 

0.03 0.03 ± 0.00 6.15 3.21 0.03 ± 0.00 4.32 5.32 

0.08 0.08 ± 0.01 3.24 9.33 0.07 ± 0.01 3.98 -10.7 

25 27.09 ± 2.51 9.26 8.36 22.95 ± 2.61 11.39 -8.2 

75 72.98 ± 3.89 5.33 -2.69 84.75 ± 5.56 6.56 13 

ABZ-ON 

0.03 0.03 ± 0.00 3.21 3.41 0.03 ± 0.00 4.11 -3.41 

0.08 0.07 ± 0.00 1.77 -8.00 0.07 ± 0.00 2.18 -9.8 

25 27.67 ± 2.76 9.96 10.68 27.45 ± 3.36 12.25 9.8 

75 72.72 ± 4.72 6.48 -3.04 67.43 ± 5.38 7.98 -10.1 

DOX 

0.03 0.03 ± 0.00 8.11 3.18 0.03 ± 0.00 3.12 6.17 

0.08 0.07 ± 0.00 3.28 -2.67 0.07 ± 0.00 4.03 -1.8 

25 26.19 ± 1.46 5.55 4.76 22.80 ± 1.56 6.83 -8.8 

 75 73.21 ± 4.11 5.61 -2.39 81.90 ± 5.65 6.90 9.2 

  40 
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Table 5. Intra- and Inter-day precision and accuracy of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat spleen (n = 6). 41 

    Intra-day Inter-day 

Analyte 
Concentration added 

(μg/mL)  

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

IVM 

0.01 0.01 ± 0.00 8.10 2.82 0.01 ± 0.00 1.89 3.83 

0.03 0.03 ± 0.00 6.74 1.50 0.03 ± 0.00 5.85 -14.63 

15 14.68 ± 1.09 7.48 -2.14 13.21 ± 1.66 12.53 -11.93 

37.5 34.82 ± 2.28 6.55 -7.15 32.43 ± 1.84 5.68 -13.52 

ABZ 

0.03 0.03 ± 0.00 4.17 -5.15 0.03 ± 0.00 4.17 -5.19 

0.08 0.08 ± 0.01 5.92 2.20 0.06 ± 0.00 5.14 -14.67 

25 25.11 ± 2.43 9.68 0.42 24.05 ± 2.02 8.40 -3.80 

75 76.78 ± 6.26 8.15 2.37 76.49 ± 5.41 7.07 1.99 

ABZ-OX 

0.03 0.03 ± 0.00 7.16 4.02 0.03 ± 0.00 -8.23 9.13 

0.08 0.09 ± 0.01  5.34 14.80 0.07 ± 0.00 4.63 -8.00 

25 28.44 ± 4.07 14.32 13.78 21.44 ±2.84 13.26 -14.26 

75 76.63 ± 6.74 8.80 2.17 79.16 ± 6.04 7.63 5.54 

ABZ-ON 

0.03 0.03 ± 0.00 4.19 -4.16 0.03 ± 0.00 4.19 -7.73 

0.08 0.07 ± 0.00 2.92 -3.40 0.07 ± 0.01 2.53 -13.33 

25 28.05 ± 3.18 11.33 12.20 25.64 ± 2.16 8.43 2.55 

75 76.36 ± 10.70 10.70 1.81 68.64 ± 6.37 9.28 -8.48 

DOX 

0.03 0.03 ± 0.00 8.18 -4.75 0.03 ± 0.00 5.19 -8.19 

0.08 0.08 ± 0.01 5.40 2.20 0.07 ± 0.00 4.69 -8.28 

25 27.50 ± 2.52 9.16 10.00 21.30 ± 1.69 7.95 -14.82 

 75 76.87 ± 7.11 9.25 2.49 76.49 ± 6.14 8.03 1.99 

 42 
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Table 6. Intra- and Inter-day precision and accuracy of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat kidney (n = 6). 43 

    Intra-day Inter-day 

Analyte 
Concentration added 

(μg/mL)  

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

Concentration found 

(μg/mL) ± SD  

Precision 

(%RSD) 

Accuracy 

(%RE) 

IVM 

0.01 0.01 ± 0.00 3.42 -1.81 0.01 ± 0.00 4.69 -3.13 

0.03 0.03 ± 0.00 6.83 3.29 0.03 ± 0.00 7.40 13.44 

15 15.98 ± 1.04 6.51 6.56 16.32 ± 0.87 5.32 8.80 

37.5 39.24 ± 1.56 3.98 4.64 35.42 ± 2.54 7.18 -5.55 

ABZ 

0.03 0.03 ± 0.00 3.19 8.28 0.03 ± 0.00 7.13 8.21 

0.08 0.08 ± 0.00 5.15 3.25 0.09 ± 0.01 6.50 13.39 

25 27.43 ± 2.31 8.42 9.72 23.32 ± 2.15 9.21 -6.72 

75 80.98 ± 5.74 7.09 7.97 78.43± 7.01 8.94 4.57 

ABZ-OX 

0.03 0.03 ± 0.00 6.19 -3.11 0.03 ± 0.00 3.19 -4.01 

0.08 0.08 ± 0.01 4.64 11.32 0.08 ± 0.01 5.86 8.00 

25 25.94 ± 3.23  12.46 3.75 28.48 ± 4.77 16.76 13.93 

75 73.21 ± 5.60 7.65 -2.39 80.40 ± 7.76 9.65 7.20 

ABZ-ON 

0.03 0.03 ± 0.00 9.13 -4.11 0.03 ± 0.00 5.11 6.11 

0.08 0.08 ± 0.01 2.54 4.87 0.08 ± 0.01 3.20 10.67 

25 27.87 ± 3.98 14.29 11.48 21.36 ± 2.28 10.66 -14.56 

75 83.05 ± 7.73 9.31 10.74 78.98 ± 9.27 11.73 5.31 

DOX 

0.03 0.03 ± 0.00 8.15 6.15 0.03 ± 0.00 5.43 -7.72 

0.08 0.08 ± 0.01 4.70 10.98 0.07 ± 0.01 5.93 -9.33 

25 25.77 ± 2.06 7.97 3.07 28.30 ± 3.74 13.21 13.19 

 75 81.43 ± 6.55 8.05 8.57 79.09 ± 8.03 10.15 5.45 

44 
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Table 7. Mean extraction recoveries of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat plasma (n=6). 45 

 46 

Analyte 

Concentration 

added 

(μg/mL)  

% Extraction 

Recovery ± SD 

% 

RSD 

IVM 

0.01 67.93 ± 5.98 8.80 

0.03 69.01 ± 6.09 8.82 

15 65.98 ± 8.05 12.20 

37.5 74.91 ± 8.87 11.84 

ABZ 

0.03 93.21 ± 8.32 8.93 

0.08 87.76 ± 7.19 8.19 

25 95.19 ± 6.53 6.86 

75 93.87 ± 8.13 8.67 

ABZ-OX 

0.03 85.33 ± 7.54 8.84 

0.08 87.98 ± 8.43 9.58 

25 83.42 ± 8.34 9.99 

75 91.17 ± 9.52 10.44 

ABZ-ON 

0.03 87.98 ± 5.84 6.64 

0.08 89.92 ± 9.98 11.09 

25 83.19 ± 7.21 9.07 

75 79.45 ± 8.45  10.63 

DOX 

0.03 97.21 ± 9.98 10.27 

0.08 96.12 ± 7.41  7.71 

25 100.32 ± 10.43 10.39 

75 98.23 ± 8.98 9.14 

 47 

 48 

 49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 

 57 

 58 

 59 

 60 

 61 

 62 

 63 

 64 

 65 

 66 

 67 
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Table 8. Mean extraction recoveries of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat liver (n=6). 68 

 69 

Analyte 

Concentration 

added 

(μg/mL)  

% Extraction 

Recovery ± SD 

% 

RSD 

IVM 

0.01 70.98 ± 5.86 8.26 

0.03 71.03 ± 6.36  8.95 

15 67.93 ± 4.37 6.44 

37.5 73.23 ± 6.36 8.69 

ABZ 

0.03 90.54 ± 8.54 9.43 

0.08 83.21 ± 6.54 7.86 

25 93.24 ± 10.39 11.14 

75 91.98 ± 9.95 10.81 

ABZ-OX 

0.03 90.21 ± 8.92 9.89 

0.08 88.77 ± 6.29 7.09 

25 83.41 ± 11.02 13.21 

75 92.54 ± 10.80 11.67 

ABZ-ON 

0.03 89.54 ± 8.14 9.09 

0.08 91.32 ± 3.54 3.87 

25 79.43 ± 10.24 12.89 

75 81.09 ± 11.51 14.20 

DOX 

0.03 99.21 ± 8.32 8.39 

0.08 98.32 ± 7.05 7.17 

25 99.32 ± 13.00 13.09 

75 101.09 ± 12.41 12.28 

 70 

 71 

 72 

 73 

 74 

 75 

 76 

 77 

 78 

 79 

 80 

 81 

 82 

 83 

 84 

 85 

 86 

 87 

 88 

 89 
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Table 9. Mean extraction recoveries of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat spleen (n=6). 91 

 92 

Analyte 

Concentration 

added 

(μg/mL)  

% Extraction 

Recovery ± SD 

% 

RSD 

IVM 

0.01 80.43 ± 7.64 9.49 

0.03 73.30 ± 8.86  12.09 

15 74.72 ±5.83 7.80 

37.5 82.02 ± 3.91 4.77 

ABZ 

0.03 93.21 ± 5.43 5.83 

0.08 90.70 ± 5.60 6.17 

25 96.22 ± 9.71 10.09 

75 99.61 ± 8.46 8.49 

ABZ-OX 

0.03 93.18 ± 8.65 9.28 

0.08 91.61 ± 5.10 5.57 

25 85.16 ± 12.71 14.93 

75 96.52 ± 8.85 9.17 

ABZ-ON 

0.03 93.19 ± 9.54 10.23 

0.08 94.61 ± 2.88 3.04 

25 81.97 ± 6.54 7.98 

75 83.60 ± 9.32 11.15 

DOX 

0.03 100.21 ± 9.54 9.52 

0.08 100.68 ± 5.67 5.63 

25 101.60 ± 9.71 9.55 

75 99.07 ± 9.55 9.64 

 93 
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 95 

 96 
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 101 
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 103 

 104 

 105 

 106 

 107 

 108 

 109 

 110 

 111 

 112 
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Table 10. Mean extraction recoveries of IVM, ABZ, ABZ-OX, ABZ-ON and DOX in rat kidney (n=6). 114 

Analyte 

Concentration 

added 

(μg/mL)  

% Extraction 

Recovery ± SD 

% 

RSD 

IVM 

0.01 85.17 ± 8.14 9.56 

0.03 76.45 ± 8.18 10.70 

15 76.29 ± 9.05 11.87 

37.5 89.15 ± 9.27 10.39 

ABZ 

0.03 97.01 ± 8.32 8.58 

0.08 96.23 ± 9.04 9.40 

25 97.47 ± 12.18 12.49 

75 97.62 ± 12.62 12.93 

ABZ-OX 

0.03 94.76 ± 8.32 8.78 

0.08 89.78 ± 7.61 8.47 

25 88.82 ± 7.37 8.30 

75 98.55 ± 13.76 13.96 

ABZ-ON 

0.03 93.43 ± 9.02 9.65 

0.08 98.68 ± 4.57 4.63 

25 82.96 ± 8.42 8.43 

75 86.28 ± 10.53 12.21 

DOX 

0.03 93.18 ± 8.34 8.95 

0.08 98.23 ± 8.42 8.58 

25 99.01 ± 14.40 14.54 

75 97.09 ± 14.25 14.68 

 115 

 116 

 117 

 118 

 119 

 120 

 121 

 122 

 123 

 124 

 125 

 126 

 127 

 128 

 129 

 130 

 131 

 132 

 133 

 134 

 135 
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Table 11. Mean stability recoveries of IVM, ABZ, ABZ-OX, ABZ-ON and DOX at different storage conditions 136 

(n=3). 137 

 138 

     % Stability recoveries (mean ± SD) 

  
 

Analyte Autosampler (48 h) Bench-top (24 h) Long-term (2 weeks) 
Freeze-thaw 

(3 cycles) 

Plasma 

 IVM 101.03 ± 8.54 98.18 ± 4.65  100.93 ± 9.87 98.92 ± 6.43 

 ABZ 99.43 ± 7.98 97.79 ± 8.27 101.33 ± 8.62 96.27 ± 8.33 

 ABZ-OX 97.98 ± 6.87 98.91 ± 7.98 98.21 ± 8.76 98.21 ± 8.43 

 ABZ-ON 99.87 ± 9.32 98.31 ± 9.98 99.28 ± 8.82 97.32 ± 9.01 

 DOX 98.43 ± 9.11 97.81 ± 2.55 98.89 ± 7.65 97.98 ± 2.49 

Liver 

 IVM 99.98 ± 3.43 98.87 ± 7.32 98.38 ± 7.43 98.91 ± 9.03 

 ABZ 97.81 ± 8.32 95.89 ± 9.27 99.29 ± 7.32 98.13 ± 4.32 

 ABZ-OX 97.18 ± 8.87 97.98 ± 8.98 97.91 ± 7.09 99.28 ± 2.09 

 ABZ-ON 98.81 ± 4.52 99.98 ± 4.32 99.21 ± 4.59 98.81 ± 5.64 

 DOX 100.98 ± 8.12 100.32 ± 5.43 100.31 ± 9.73 99.08 ± 8.45 

Spleen 

 IVM 98.76 ± 8.19 98.92 ± 9.87 99.29 ± 9.04 96.53 ± 4.94 

 ABZ 97.28 ± 8.23 97.21 ± 5.43  97.23 ± 3.43 97.43 ± 9.03 

 ABZ-OX 99.02 ± 6.98 98.91 ± 8.98 96.98 ± 8.43 98.81 ± 9.93 

 ABZ-ON 100.19 ± 10.01 96.45 ± 6.76 97.39 ± 2.98 98.98 ± 5.43 

 DOX 98.81 ± 3.12 99.23 ± 3.91 98.39 ± 8.98 97.87 ± 3.21 

Kidney 

 IVM 97.16 ± 7.62 98.87 ± 7.54 98.93 ± 2.65 98.13 ± 3.98 

 ABZ 96.87 ± 8.09 99.89 ± 9.32 99.09 ± 8.73  97.09 ± 4.08 

 ABZ-OX 99.17 ± 2.39 97.65 ± 3.54 100.32 ± 10.21 98.07 ± 3.89 

 ABZ-ON 100.87 ± 10.01 98.13 ± 3.98 98.82 ± 4.39 96.92 ± 3.54 

  DOX 98.64 ± 8.83 98.91 ± 7.65 99.91 ± 8.65 97.98 ± 6.49 

 139 

 140 

 141 
 142 
 143 
 144 
 145 
 146 
 147 
 148 
 149 
 150 
 151 
 152 
 153 
 154 
 155 
 156 
 157 
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Table 12. Pharmacokinetics parameters of IVM, ABZ, ABZ-OX, ABZ-ON and DOX after oral administration 158 
in Wistar rats (means ± SD, n = 6 for each group). 159 
 160 

Parameters IVM ABZ ABZ-OX ABZ-ON DOX 

Dose (mg/kg) 0.4 15 - - 10 

Cmax (µg/mL) 0.026 ± 0.01 0.16 ± 0.03 1.32 ± 0.32 0.10 ± 0.02 3.05 ± 0.79 

Tmax (h) 24 0.5 1 3 2 

AUC0-t (µg/mLh) 1.08 ± 0.23 0.24 ± 0.05 13.16 ± 3.12 0.99 ± 0.23 26.99 ± 5.67 

AUC0-INF 

(µg/mLh) 
1.08 ± 0.19 0.24 ± 0.05 14.35 ± 2.76 1.34 ± 0.28 27.35 ± 5.98 

T1/2 (h) 10.72 ± 2.58 2.99 ± 0.71 12.69 ± 2.61 10.38 ± 2.98 8.24 ± 1.98 

 161 
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