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EVALUATION OF ACUTE TOXICITY AND PHARMACOKINETICS 
OF A NATURAL PHAEOSPHAERIDE A DERIVATIVE 
IN LABORATORY RODENTS 

Victoria V. Abzianidze, Nikita V. Skvortsov, Georgii V. Karakashev, Petr P. Beltyukov, Diana S. Suponina, Valeriya O. Musatova, 
Alexander S. Bogachenkov, Denis V. Krivorotov

Research Institute of Hygiene, Occupational Pathology and Human Ecology, Leningrad Region, Russia

Introduction. The determination of metabolism and pharmacokinetics is an essential requirement in the development of any drug. Phaeos-
phaeride A (PPA) is an anticancer agent belonging to the group of natural compounds with antitumor properties, which was first isolated from 
the endophytic fungus FA39 by Harvard scientists (Claudy et al.) in 2006. In this study, we investigate compound AV6, which is a derivative of 
natural phaeosphaeride A.
Objective. To study the acute toxicity and pharmacokinetic characteristics of the semi-synthetic substance AV6 obtained based on phaeos-
phaeride A, a natural phytotoxin with antitumor properties, following a single intragastric administration of AV6 in laboratory rodents.
Materials and methods. The acute toxicity of AV6 was studied using 30 male Balb/c mice, which were divided into five groups of six animals 
each. The control group received a single intragastric administration of a solvent (oil-alcohol emulsion, 300 μL volume), while four experimen-
tal groups received AV6 at doses of 5, 50, 300, and 2000 mg/kg bw. Body weight dynamics were evaluated, and organ mass coefficients 
were calculated. The pharmacokinetic study was performed following a single intragastric administration of AV6 at a dose of 25 mg/kg bw to 
outbred male Wistar rats. The AV6 dose for the pharmacokinetic study was determined based on acute toxicity data, accounting for the inter-
species conversion factor. Quantitative determination of AV6 in blood plasma and urine was performed using the MS/MS method. Statistical 
analysis was conducted using GraphPad Prism 5 software.
Results. According to the acute toxicity data following intragastric administration, the AV6 phaeosphaeride A derivative  can be classified 
as hazard class 3 (animal mortality was observed exclusively in the 2000 mg/kg bw group). Visual examination of internal organs revealed 
no apparent macroscopic signs of pathology. No statistically significant changes in the mass coefficients of internal organs were detected in 
experimental animals compared to controls. A quantitative determination procedure for AV6 was developed based on HPLC–MS/MS analysis. 
Metabolites formed in rats in vivo were identified. A comparison of rat blood plasma chromatograms 1 h and 10 h after intragastric AV6 ad-
ministration showed that, after 1 h, the AV6 peak intensity was 20 times higher than the M2 peak. However, after 10 h, the AV6 peak intensity 
decreased, while the metabolite M2 peak intensity increased.
Conclusion. Compound AV6 is classified as a moderately hazardous substance. Data on the structure of AV6 metabolites (a derivative of 
natural phaeosphaeride A) obtained during pharmacokinetic studies in rats indicate a relatively low metabolic rate of the compound. This is 
primarily due to chemical transformations at the nitrogen atom of the lactam ring, resulting in metabolites that may be excreted in urine. The 
most probable mechanisms of these transformations are oxidative deacylation followed by hydrolysis. The completed preclinical study evalu-
ating the acute toxicity, metabolism, and pharmacokinetics of AV6 represents a crucial step in translating previous findings on the antitumor 
potential of this derivative of natural phaeosphaeride A and advancing in vivo research.
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ОЦЕНКА ОСТРОЙ ТОКСИЧНОСТИ И ФАРМАКОКИНЕТИКИ ПРОИЗВОДНОГО ПРИРОДНОГО 
ФЕОСФЕРИДА А НА ЛАБОРАТОРНЫХ ГРЫЗУНАХ
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Введение. Определение метаболизма и фармакокинетики является важным условием при разработке любого лекарственного 
препарата, в том числе противоракового феосферида А (PPA), который относится к группе природных соединений, обладающих 
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противоопухолевыми свойствами, и был впервые выделен из эндофитного гриба FA39 гарвардскими учеными (Клауди и его колле-
гами) в 2006 году. Объектом исследования выбрано соединение AV6 — производное природного феосферида А.
Цель. Изучение острой токсичности и особенностей фармакокинетики полусинтетической субстанции AV6 на платформе природ-
ного фитотоксина феосферида А, обладающего противоопухолевыми свойствами, при однократном внутрижелудочном введении 
соединения AV6 на лабораторных грызунах.
Материалы и методы. Исследование острой токсичности AV6 выполнено на самцах мышей Balb/c (30  самцов были разделе-
ны на 5  групп по 6 животных в каждой группе). Контрольной группе однократно внутрижелудочно вводили растворитель (мас-
ляно-спиртовую эмульсию в объеме 300  мкл), четыре группы (экспериментальные животные) получали AV6 в дозах  5, 50, 300 
и 2000  мг/кг  м.т. Оценивали динамику массы тела животных, рассчитывали массовые коэффициенты органов. Исследования 
фармакокинетики выполнены при однократном внутрижелудочном введении AV6 в дозе 25 мг/кг м.т. аутбредным крысам-самцам 
Wistar. Доза AV6 для фармакокинетического исследования рассчитана на основании данных об острой токсичности с учетом ко-
эффициента межвидового переноса. Для количественного определения AV6 в плазме крови и моче использован МС/МС метод. 
Статистический анализ проведен с использованием ПО GraphPad Prism 5.
Результаты. На основании данных об острой токсичности при внутрижелудочном введении производное феосферида А — AV6 мож-
но отнести к 3-му классу опасности (гибель животных наблюдали исключительно в группе 2000 мг/кг м.т.). При визуальной оценке 
внутренних органов явных макроскопических признаков патологии выявлено не было. Также не было обнаружено статистически 
значимых изменений массовых коэффициентов внутренних органов экспериментальных животных по сравнению с контролем. Раз-
работана процедура количественного определения AV6 на основе ВЭЖХ-МС/МС анализа. Определены метаболиты, образующиеся 
в организме крыс in vivo. При сравнении хроматограмм плазмы крови крысы через 1 час после внутрижелудочного введения AV6 
и спустя 10 часов после введения установлено, что через час после введения пик AV6 по интенсивности в 20 раз превосходил пик М2. 
Однако через 10 часов интенсивность пика AV6 уменьшилась, в то время как интенсивность пика метаболита М2 увеличилась.
Выводы. Соединение AV6 относится к умеренно опасным веществам. Данные о структуре метаболитов AV6, производного при-
родного феосферида А, полученные в ходе фармакокинетического исследования на крысах, свидетельствуют о невысокой ско-
рости метаболизма вещества, что обусловлено преимущественно химическими превращениями у атома азота лактамного цикла, 
в результате чего образуются метаболиты, которые могут выделяться в составе мочи. Наиболее вероятными механизмами таких 
превращений являются окислительное деацилирование и следующий за ним гидролиз. Выполненное доклиническое исследование 
по оценке острой токсичности AV6, его метаболизма и фармакокинетики является одним из этапов для переноса полученных ранее 
авторами данных о противоопухолевом потенциале этого производного природного феосферида А и дальнейшей реализации ис-
следований in vivo.
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INTRODUCTION

Cancer, along with cardiovascular diseases, continues 
to be a leading cause of mortality worldwide. According 
to WHO projections, cancer incidence will increase by 
70% over the next 20  years, becoming the cause of 
nearly one in six deaths globally [1].

For the past 50 years, chemotherapy has remained 
the primary treatment for cancer, despite its serious 
side effects. Among them are multidrug resistance, 
hepatotoxicity (which was until recently considered an 
inevitable consequence of chemotherapy), and other 
significant adverse effects1 [2]. The underlying causes of 
multiple adverse drug reactions fall within the research 

domains of molecular biology, cytology, genetics, and 
related disciplines.

The development prospects of any anticancer drug 
depend on understanding its molecular mechanisms of 
action, specific tumor-targeting effects and influence on 
the tumor microenvironment, pharmacokinetic properties, 
toxicity and safety profile, as well as other critical factors.

Achievement of therapeutic in vivo concentrations 
sufficient for full clinical efficacy represents a major chal-
lenge in anticancer drug development2. Essential data 
for drug development must also include information on 
the systemic effects of potential anticancer compounds 
in animal models used for toxicological evaluation of drug 
prototypes, enabling dose extrapolation to humans3. 

1	 Luellman H, Mohr K, Hein L. Pocket atlas of pharmacology. 4th ed. Thieme; 2011. 
2	 Key Scientific Achievements in Medicinal Chemistry in 2023. Scientific Council on Medicinal Chemistry of the Russian Academy of Sciences, Division of Chemistry 

and Materials Science of the Russian Academy of Sciences. 2024.
3	 Guidance on Nonclinical Safety Studies for the Conduct of Human Clinical Trials and Marketing Authorization for Pharmaceuticals M3(R2) CPMP/ICH/286/95 

(2009). The European Agency for the Evaluation of Medicinal Products. Human medicines evaluation unit. 
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Preclinical drug development requires comprehen-
sive pharmacokinetic studies in animal models to evalu-
ate optimal efficacy and safety profiles. Historically, such 
studies primarily utilized radiolabeled compounds. Over 
the past two decades, analytical approaches based 
on tandem mass spectrometry (MS/MS) have become 
widely adopted, proving effective for both clinical thera-
peutic drug monitoring and preclinical development of 
novel pharmaceuticals [3].

In our previous research, we investigated AV6, a 
derivative of natural phaeosphaeride  A [4] with the 
chemical structure (2S,3R,4R)-3-hydroxy-6-methoxy-
3-methyl-7-methylene-2-pentyl-4-pyrrolidin-1-yl-3,4,6,7-
tetrahydropyrano[2,3-c]pyrrol-5(2H)-one [5-10], and es-
tablished its:
•	 in vitro cytotoxicity against various tumor cell lines;
•	 inhibitory activity against P-glycoprotein (MDR1), the 

primary xenobiotic transporter.
These dual properties — intrinsic antitumor activity 

and ability to reduce MDR1 substrate efflux — render 
AV6 a promising lead compound for anticancer drug de-
velopment.

In this study, we aim to investigate the acute toxicity 
and pharmacokinetic properties of semi-synthetic AV6, 
based on the natural phytotoxin phaeosphaeride A with 
established antitumor activity, following single intragas-
tric administration in laboratory rodents.

MATERIALS AND METHODS

The study was conducted in compliance with the re-
quirements of Federal Law No. 61-FZ dated 12.04.2010 
(Russian Federation)4, the national standard GOST 
R 53434-20095, Good Laboratory Practice (GLP) prin-
ciples6, Guidelines on preclinical research7. The require-
ments for the housing and care of animals used for sci-
entific purposes comply with Directive 2010/63/EU8.

The acute toxicity of AV6 was evaluated in male Balb/c 
mice (8–10 weeks old, body weight 17.5–19.5 g) obtained 
from the Rappolovo Laboratory Animal Breeding Facility.

The acute toxicity study of AV6 in mice was per-
formed to establish those dose levels that do not cause 
acute intoxication or animal death following single intra-
gastric administration of an oil-alcohol emulsion of the 
substance. The selection of this administration form for 
AV6 was based on the need to obtain a homogeneous 
mixture and to enhance the bioavailability of the hydro-
phobic AV6 compound, since dilution of initial AV6 solu-
tions in other solvents followed by water dilution resulted 
in immediate precipitation. 

Experiments on acute toxicity evaluation via intra-
gastric administration with determination of the test 

substance hazard class were conducted in accordance 
with GOST 32644-2014, identical to the international 
document OECD Test Guideline No.  423:2001 (Acute 
Oral Toxicity — Acute Toxic Class Method, IDT).

The AV6 emulsion for intragastric administration was 
prepared by dissolving a weighed portion of the sub-
stance in a minimal volume of ethanol (10–72  μL, de-
pending on the required amount of AV6) followed by 
addition of an oil-alcohol mixture such that the admin-
istration volume always amounted to 300 μL. The final 
concentration of AV6 in the emulsion depended on the 
animal’s body weight and the dose used in the experi-
ment, with ethanol concentration in the preparation be-
ing ~23%. The addition of oil to the alcohol solution of 
AV6 allowed a homogeneous mixture to be obtained, 
thus ensuring uniform dosing conditions for the study 
purposes. Food was withdrawn 2 h before drug admin-
istration and access to food was restored 2 h after ad-
ministration. Intragastric administration was performed 
using a mouse gastric tube and syringe.

All treated animals (30 males) were divided into five 
groups of six animals each. The control group received 
intragastric administration of the solvent (oil-alcohol 
emulsion in a volume of 300 μL), while four groups (ex-
perimental animals) received AV6 at doses of 5, 50, 300, 
and 2000 mg/kg bw. 

Observation of the animals was carried out for the 
first 30 min after dose administration, then periodically 
during the first 24 h and daily for a total of 14 days to 
record any clinical signs of toxicity or mortality. The body 
weight of the animals was measured one day after ad-
ministration and at the end of each week of observa-
tion. Upon completion of the experiment after 14 days, 
the general toxic effect of AV6 was evaluated. For this 
purpose, blood samples were collected from all surviv-
ing animals, which were then subjected to cervical dis-
location, and internal organs  — the heart, lungs, liver, 
kidneys, spleen, and thymus — were extracted to as-
sess their appearance and determine their weights for 
calculating organ-to-body weight ratios (the ratio was 
calculated as organ weight (g)/body weight (g) × 100).

The pharmacokinetic evaluation of AV6 was conduct-
ed on five outbred male Wistar rats weighing 350–380 g 
from the Rappolovo Laboratory Animal Breeding Facility.

All animals underwent quarantine and acclimatization 
to the animal facility conditions before the onset of the 
experiment. The rodents were housed in groups of five 
per cage with free access to food and water. A complete 
granulated feed “CHARA” for laboratory rodents was 
used as the diet. The animal facilities maintained a day/
night cycle (12 h/12 h), a temperature of 20–26°C, and 
humidity of 30–70%.

4	 Federal Law No. 61-FZ of 12.04.2010 “On Circulation of Medicinal Products”.
5	 GOST R 53434-2009 National Standard of the Russian Federation Principles of Good Laboratory Practice (GLP) Moscow: Standartinform; 2010.
6	 Good laboratory practice: OECD principles and guidance for compliance monitoring. 2005.
7	 Mironov A.N., editor. Guidelines for Conducting Preclinical Studies of Pharmaceuticals. Part One. Moscow: Grif & K; 2012.
8	 European Parliament and Council. Directive 2010/63/EU of the European Parliament and of the council of 22 Sept. 2010 on the protection of animals used for 

scientific purposes. Official Journal of the European Union. 2010; 276:33–79.
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Catheterization of the jugular vein in rats used in 
pharmacokinetic studies was performed under inhala-
tion anesthesia with a gas mixture (5% isoflurane in air) 
using an Univentor 410 Anaesthesia Unit (Univentor Ltd, 
Malta). 

The animals were placed in a supine position, and 
their front and hind limbs were secured with adhesive 
tape to the surface of a heated and illuminated surgi-
cal table. After achieving surgical access to the v. jugu­
laris  externa and placing a cranial ligature around the 
vessel, catheterization was performed. The catheter was 
inserted into the vein toward the heart until the catheter 
ring reached the vessel incision site. In this position, the 
catheter tip was sufficiently close to the entrance of the 
right atrium.

The catheter was then secured in the vessel using 
the remaining ends of the previously placed cranial liga-
ture. After fixation, the catheter was tunneled subcuta-
neously to the scruff of the neck and then exteriorized 
dorsally between the scapulae through a small incision 
(~1 cm). Following wound closure, a harness was placed 
on the animal, through which the free end of the catheter 
was routed for connection to an Accusampler automatic 
blood sampling device.

Under these conditions, the rat was housed in a 
specialized cage with minimal movement restrictions. 
Throughout the post-catheterization period, the catheter 
was automatically flushed every 30 min with heparinized 
saline (16 IU/mL) in a volume of 20 µL.

Before initiating pharmacokinetic studies, at least 
36 h were allowed after surgery to ensure animal recov-
ery and minimize the influence of surgical trauma and 
anesthetic agents on the absorption, metabolism, and 
elimination of the test compound. 

Pharmacokinetic Studies

The pharmacokinetic studies were conducted following 
a single intragastric administration of a guaranteed safe 
dose of AV6 (25 mg/kg bw) in an oil-alcohol emulsion, 
which was selected based on the results of acute toxic-
ity studies in mice, taking into account known interspe-
cies conversion factors for rats. 

Prior to drug administration, baseline blood 
samples of 0.2 mL were collected from all rats. The 
Accusampler system used for in vivo blood sampling 
ensured periodic flushing of the device’s capillaries 
and valves with heparinized saline (16 IU/mL) and al-
lowed for the collection of whole blood in predeter-
mined 200  µL volumes without dilution. After each 
blood sample collection, the volume was automati-
cally replaced with heparinized saline. Automated 
blood sampling was performed at 20, 30 min, 1, 2, 4, 
6, 8, 24, and 48 h. The sample tubes were centrifuged 
(5 min, 11,000 rpm) at room temperature. The super-
natant (approximately 100 µL) was transferred using a 
mechanical pipette into Eppendorf tubes, frozen, and 

stored for subsequent analysis at minus 80°C for no 
more than two months. 

Urine samples (0.3–0.5 mL) were collected at in-
tervals before drug administration, as well as at 8, 
24, and 48 h after administration. The collected sam-
ples were centrifuged (3 min, 14,000 rpm) to remove 
insoluble precipitates. The supernatant was trans-
ferred using a mechanical pipette into Eppendorf 
tubes, frozen, and stored at minus 80°C for no more 
than 2 months. Centrifugation was performed using 
a Hermle Z160M centrifuge with an angular rotor (ro-
tor radius — 8.5 cm).

In the study of the pharmacokinetic characteristics 
of AV6 and its potential metabolites, the following pa-
rameters were determined: elimination rate constant 
(k

e
), half-life (T½), area under the pharmacokinetic curve 

(AUC
0→48

), volume of distribution (Vd), and total clear-
ance during the elimination phase (CLtot).

Sample Preparation of Urine and Blood Plasma for 
AV6 and Metabolites Determination

In 2.0  mL Eppendorf tubes, 0.05  mL of the analyzed 
sample (blood plasma or urine) was added, followed 
by 0.15 mL of acetonitrile. The mixture was thoroughly 
vortexed (BioSan FVL-2400n) and centrifuged for 3 min 
at 14,000  rpm. The supernatant was transferred into 
a 0.2  mL insert chromatographic vial. The vials were 
placed into the chromatograph autosampler, with an in-
jection volume of 0.005 mL.

Quantification of AV6 and its metabolites was per-
formed using an UltiMate 3000 liquid chromatograph 
equipped with an autosampler and a Q-Exactive mass-
selective detector with electrospray ionization at atmo-
spheric pressure. Data acquisition and processing were 
performed using the Xcalibur software.

For quantitative determination and precise confirma-
tion of the presence of AV6 in blood plasma or urine, 
an MS/MS method was employed. The confirmation 
of AV6/metabolites in complex matrices (blood plasma 
or urine) was based on the detection of three product 
ions characteristic of the analyzed substance. Given the 
preliminary nature of the study, which primarily aimed 
to identify AV6 and potential metabolites, the complete 
validation method for quantitative determination was not 
conducted. The AV6 reference material used for calibra-
tion samples was preliminarily analyzed by NMR (Bruker 
AVANCE III 400 MHz NMR spectrometer); the purity of at 
least 99% was confirmed.

For calibration sample preparation, 0.495 mL of blood 
plasma or urine and 0.005 mL of AV6 solution (1 mg/mL 
in methanol) were dispensed into a 2.0 mL Eppendorf 
tube. The resulting blood plasma or urine samples con-
tained AV6 at a concentration of 10 μg/mL. Serial dilu-
tions (by adding 0.05 mL of the prepared AV6 solution to 
0.45 mL of blood plasma or urine) yielded solutions with 
AV6 concentrations of 1, 0.1, and 0.01 μg/mL. 
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For analysis, 0.05  mL of each calibration sample 
(blood plasma or urine) was dispensed into a 2.0  mL 
Eppendorf tube, followed by 0.15  mL of acetonitrile. 
The mixture was thoroughly vortexed and centrifuged 
(3  min, 14,000  rpm). The supernatant was transferred 
into a 0.2  mL insert chromatographic vial, which was 
then placed into the chromatograph autosampler. The 
injection volume was 0.005 mL.

Chromatographic Separation Conditions

Column Specifications: column Zorbax SB-C8 (Agilent), 
length 150 mm, internal diameter 4.6 mm, sorbent par-
ticle size 1.8 μm. Mobile Phase Composition:
•	 Component A: 0.1% formic acid solution in deionized 

water
•	 Component B: 0.1% formic acid solution in gradient-

grade HPLC acetonitrile
Chromatographic Elution Mode: Gradient elution. 

Mobile phase component ratios are shown in Table 1.
The study was conducted with the following chro-

matographic parameters: a flow rate of 0.4 mL/min, a 
column oven temperature of 35°C, an injection volume 
of 5.0 μL, the total run time of 14 min.

Mass Spectrometric Detection Parameters

The study was performed under the following operating 
conditions of the Q-Exactive mass spectrometric detec-
tor with electrospray ionization at atmospheric pressure: 
drying gas flow — 45 arbitrary units; auxiliary gas flow — 
20 arbitrary units; sprayer pressure — 35 psi; drying gas 
temperature  — 350°C; auxiliary gas stream tempera-
ture — 400°C; capillary voltage — 3500 V. Detection was 
carried out in full ion current scanning mode (SCAN), with 
ion registration in the m/z range 60–900 amu throughout 
the entire analysis (under positive ionization).

Ionization source mode: electrospray ionization at at-
mospheric pressure.

Detection mode: detection under positive ionization 
in MS and MS/MS modes at high resolution.

Detected ion polarity: detection of positive ions.
Scanning mode: detected mass range, m/z 60–

950 amu, collision cell voltage — 25 arbitrary units.
The high-resolution mass spectrometry (HRMS) 

mode was used to acquire mass chromatograms based 
on the exact masses of the molecular ions of the com-
pounds listed above. Statistical analysis was performed 
using the GraphPad Prism 5 software.

RESULTS AND DISCUSSION

Acute toxicity of AV6 upon intragastric 
administration

During the experiment, animal mortality was observed 
exclusively in the 2000  mg/kg bw group (three mice 
(50%) died on the second day after AV6 administration). 
On this basis, the studied phaeosphaeride  A deriva-
tive (AV6) can be classified as hazard class 3, since the 
LD

50
 value for AV6 in the form of an oil-alcohol emul-

sion upon intragastric administration, according to the 
obtained data, is close to the maximum tested dose of 
2000 mg/kg bw.

Measurements of animal body weight in the experi-
mental groups showed its low dependence on the ef-
fects of AV6 upon intragastric administration. The results 
of mouse body weight measurements and organ-to-
body weight ratios are presented in Tables 3 and 4.

Visual examination of internal organs revealed 
no apparent macroscopic pathological alterations. 
Furthermore, the comparative analysis demonstrated 
no statistically significant differences in organ-to-body 
weight ratios between experimental and control animal 
groups.

Pharmacokinetic study of AV6 and identification of 
its metabolites

The pharmacokinetics of AV6 and identification of its 
potential metabolites were investigated following single 
intragastric administration of AV6 (25  mg/kg  bw). The 

Table 2. Fragmentation conditions for AV6

Mass [m/z] Formula [M] Species Polarity (N)CE (N)CE type Comment

351,22783 C
19

H
30

N
2
O

4
+ H Positive 25 NCE AV-6

Table prepared by the authors using their own data

Table 1. Mobile phase composition gradient profile

Time, min
Component, %

А В

0.00 60 40

0.50 60 40

7.00 10 90

10.00 10 90

10.10 60 40

14.00 60 40

Table prepared by the authors using their own data

10	 Test Guideline 423. OECD guideline for testing of chemicals. Acute oral toxicity — Acute toxic class method. 2002b. OECD, Sep. 2021. 
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concentration-time data for AV6 were analyzed using a 
non-compartmental approach.

The absorption pharmacokinetics of AV6 after intra-
gastric administration was characterized by a relatively 
rapid achievement of maximum concentration (30  ng/
mL), with T

max
 ranging 30–60 min. The formal conversion 

based on rat blood volume (58–64 mL/kg bw) [11, 12] 
suggests that approximately 10–15% of the intragastri-
cally administered AV6 dose was absorbed into the sys-
temic circulation of experimental rats.

The elimination phase of AV6 concentration showed 
exponential decay. The elimination rate constant (k

e
) was 

determined from the slope of the concentration–time 
curve in semi-logarithmic coordinates using data from 
five animals.

The area under the concentration–time curve (AUC) 
was calculated using blood concentration data from 
20 min to 48 h post-administration, applying the trap-
ezoidal rule. The volume of distribution (Vd) was estimat-
ed considering the assumed oral bioavailability (approxi-
mately 15%) of AV6. The pharmacokinetic parameters 
following intragastric administration of AV6 are present-
ed in Table 5.

The exponential approximation generally provides 
adequate description of AV6 concentration–time curves 
during the elimination phase. However, certain experi-
ments demonstrated an increase in plasma concentra-
tion within 2–5  h post-administration. This kinetic pat-
tern most likely reflects substance redistribution from 
circulation into hydrophobic compartments (intercellular 

Table 3. Results of animal body weight assessment (g)

Observation 
period

Animal groups

Control 
n = 6

5 mg/kg 
n = 6

50 mg/kg 
n = 6

300 mg/kg 
n = 6

2000 mg/kg*

Day 1 18.7 ± 0.7 20.0 ± 0.3 18.1 ± 0.6 19.0 ± 0.7 18.3 ± 0.7

Week 1 18.9 ± 0.8 20.1 ± 0.1 19.3 ± 0.4 19.4 ± 0.9 18.4 ± 1.6

Week 2 19.2 ± 0.8 20.4 ± 0.4 19.0 ± 0.5 19.6 ± 1.0 19.1 ± 1.4

Table prepared by the authors using their own data

Note: * — the presented data are for surviving animals only (n = 3); the data are presented as mean ± standard error of the mean (M ± m).

Table 4. Organ-to-body weight ratios (relative organ weights)

Organ

Animal groups

Control 
n = 6

5 mg/kg 
n = 6

50 mg/kg 
n = 6

300 mg/kg 
n = 6

2000 mg/kg 
n = 3

Heart 0.54 ± 0.06 0.50 ± 0.03 0.57 ± 0.06 0.53 ± 0.08 0.58 ± 0.04

Liver 5.16 ± 0.33 5.05 ± 0.30 4.86 ± 0.16 4.86 ± 0.36 5.57 ± 0.15

Kidneys 0.71 ± 0.07 0.70 ± 0.04 0.66 ± 0.05 0.68 ± 0.05 0.76 ± 0.07

Spleen 0.53 ± 0.10 0.59 ± 0.12 0.49 ± 0.03 0.47 ± 0.03 0.54 ± 0.20

Lungs 1.12 ± 0.32 0.88 ± 0.10 1.00 ± 0.13 0.91 ± 0.15 1.10 ± 0.25

Thymus 0.25 ± 0.06 0.24 ± 0.09 0.25 ± 0.07 0.23 ± 0.06 0.32 ± 0.06

Table prepared by the authors using their own data

Note: the data are presented as mean ± standard error of the mean (M ± m).

Table 5. Pharmacokinetic parameters in rats following 
single intragastric administration of AV6  
at 25 mg/kg bw

Parameter Parameter Value

Elimination rate constant (k
e
), h–1 0.138–0.219

Half-life (Т½), h 3.2–5.0

Area under the (pharmacokinetic) 
concentration-time curve 

(AUC
0→48

), µg×h/L

80–98

Volume of distribution (Vd), L ~50

Total clearance during elimination 
phase (CLtot), mL/min

~165

Table prepared by the authors using their own data
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spaces) with subsequent re-entry into systemic circu-
lation. Potential plasma protein binding effects on AV6 
extraction from biological samples should also be con-
sidered.

The elimination phase shows rapid AV6 concentra-
tion decline, as evidenced by the determined k

e
 and T½ 

values. This kinetic behavior presumably results from 
metabolic transformation of the compound, supported 
by detection of significant M2 metabolite levels in plas-
ma 10 h post-dosing.

Urinary excretion assessment of AV6 and its metabo-
lites was based on concentration measurements in urine 
samples collected at intervals over 48 h following intra-
gastric administration. Cumulative 24-h excretion (nor-
malized to approximate daily urine volume of ~12  mL) 
ranged 750–1400 ng, representing 50–93% of systemi-
cally absorbed drug (assuming 15% oral bioavailability).

At this stage of the study, data on two major metabo-
lites were obtained. Figures 2–4 present chromatograms 
of blood plasma samples from experimental animals. In 
addition to the parent compound, the samples demon-
strated the presence of its metabolites M1 and M2. 

Table 6. Molecular ion peaks of AV6 and its metabolites (М1 и М2)

Code Gross formula Molecular weight
m/z

[M + H]+ Structural formula
Retention time 

RT, min

AV-6 C
19

H
30

N
2
O

4
350.22056 351.22783

O

N

O

HO
O

N

H
+

7.68

М1 C
18

H
28

N
2
O

4
336.20491 337.21218

O

N

O

HO
OH

N

H
+

7.11

М2 C
18

H
28

N
2
O

3
320.20999 321.21727

O

NH

O

HO

N

H
+

6.53

Table prepared by the authors using their own data

Figure prepared by the authors using their own data

Fig. 1. Plasma concentration-time profile of AV6 in rats 
following single intragastric administration

Note: the graph was generated using the GraphPad Prism 5 soft-
ware; the data are presented as mean ± standard error of the mean 
(M ± δ).
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Figure prepared by the authors using their own data

Fig. 2. Rat plasma blank chromatogram: а  — mass chromatogram reconstructed for exact ion mass 
[M + H] + с m/z 351,22783 (AV6); b — mass chromatogram reconstructed for exact ion mass [M + H] + с m/z 337,21218 
(M1); c — mass chromatogram reconstructed for exact ion mass [M + H] + с m/z 321,21727 (M2)

Figure prepared by the authors using their own data

Fig. 3. Rat plasma chromatogram 1 hour post single intragastric administration of AV6 (25 mg/kg bw): a — mass 
chromatogram reconstructed for exact ion mass [M + H] + с m/z 351,22783 (AV6); b — mass chromatogram recon-
structed for exact ion mass [M + H] + с m/z 337,21218 (M1); c — mass chromatogram reconstructed for exact ion mass 
[M + H] + с m/z 321,21727 (M2)

The analysis of rat plasma chromatograms revealed 
the appearance of novel compounds and correspond-
ing chromatographic peaks in samples collected 1  h 
post-administration (Fig.  3), which were identified as 

metabolites of AV6. Their structural characteristics are 
presented in Table 6.

The plasma chromatograms clearly demonstrate 
the presence of intact AV6 (Fig.  3a), along with trace 
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amounts of metabolite M1 (Fig. 3b) and metabolite M2 
(Fig. 3c). The retention times (RT) were determined to be 
7.68 min for AV6 and 6.53 min for metabolite M2.

The chromatographic comparison of rat plasma 
samples collected 1 h (Fig. 3) and 10 h (Fig. 4) after intra-
gastric AV6 administration demonstrates significant ki-
netic changes. At the 1-h timepoint, the peak intensity of 
AV6 exceeded that of metabolite M2 by 20-fold. By 10 h 
post-administration, the intensity of the AV6 peak had 
decreased substantially, while the M2 metabolite peak 
showed marked intensification.

The obtained chromatographic data confirm the 
consistent detection of metabolite M2 throughout the 
1–10  h period following AV6 administration. Notably, 
the relative abundance of M2 surpassed that of the 
parent compound by the 10-h observation point. This 
kinetic profile suggests a greater metabolic stabil-
ity of M2 compared to AV6. Furthermore, the phar-
macological effects originally attributed to AV6 may 
potentially be mediated by M2 activity. Metabolite 
M1 was not detected in plasma samples at either  
timepoint.

Results of AV6 and its metabolites quantification in 
urine samples

The mass chromatograms of urine samples collected 
before AV6 administration (Fig. 5), 8 h post-administra-
tion (Fig. 6), and 24 h post-administration (Fig. 7) demon-
strate the following metabolic profile:

•	 in the blank sample (Fig. 5), no peaks corresponding 
to AV6 or its metabolites were detected, confirming 
the absence of background interference;

•	 by 8  h post-administration (Fig.  6), chromatograms 
revealed detectable peaks for both AV6 and its two 
metabolites (M1 and M2);

•	 the peak intensity (area) of AV6 was only slightly 
greater than those of the metabolites, indicating sig-
nificant excretion of the parent compound in urine;

•	 at the 24-h timepoint (Fig. 7), AV6 was present only 
in trace amounts, while metabolites M1 (Fig. 7b) and 
M2 (Fig. 7c) remained clearly detectable.
No target compounds (AV6 or its metabolites M1/M2) 

were detected in blank (pre-dose) samples.

CONCLUSION

The conducted preclinical study to evaluate the acute 
toxicity, metabolism, and pharmacokinetics of AV6 repre-
sents a crucial step in translating previous findings on the 
antitumor potential of this derivative of natural phaeospha-
eride A and advancing in vivo research. The investigated 
derivative of natural phaeosphaeride A — AV6 — can be 
classified as hazard class 3. No statistically significant 
changes were observed in the internal organs of experi-
mental animals compared to the control group.

As a result of this study, a quantitative determination 
procedure for AV6 based on HPLC–MS/MS analysis has 
been developed. For the first time, data on metabolites 
formed in rats have been obtained. The pharmacokinetic 
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Figure prepared by the authors using their own data

Fig. 4. Chromatogram of rat plasma 10 h after single intragastric administration of AV6 (25 mg/kg bw): a — mass 
chromatogram reconstructed for exact ion mass [M + H] + с m/z 351,22783 (AV6); b — mass chromatogram recon-
structed for exact ion mass [M + H] + с m/z 337,21218 (M1); c — mass chromatogram reconstructed for exact ion mass 
[M + H] + с m/z 321,21727 (M2)
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data of AV6 following intragastric administration in an 
oil-alcohol emulsion suggest that its pharmacokinetics 
can be formally described using a non-compartmental 
model. However, additional analysis of its distribution 

into hydrophobic compartments may be required, con-
sidering its physicochemical properties.

The data on AV6 metabolites obtained during the 
pharmacokinetic study in rats indicate that the metabolic 
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Fig. 5. Chromatogram of rat urine blank sample: а  — mass chromatogram reconstructed for exact ion mass 
[M + H] + с m/z 351,22783 (AV-6); b — mass chromatogram reconstructed for exact ion mass [M + H] + с m/z 337,21218 
(M1); c — mass chromatogram reconstructed for exact ion mass [M + H] + с m/z 321,21727 (M2)

Figure prepared by the authors using their own data

Fig. 6. Chromatogram of a rat urine sample 8 h after a single intragastric administration of AV6 at a dose of  
25 mg/kg bw: a — mass chromatogram reconstructed for exact ion mass [M + H] + с m/z 351,22783 (AV6), RT = 7.68 min; 
b — mass chromatogram reconstructed for exact ion mass [M + H] + с m/z 337,21218 (M1) RT = 3.75 min; c — mass 
chromatogram reconstructed for exact ion mass [M + H] + с m/z 321,21727 (M2) RT = 6.51 min
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rate of the compound is relatively low and is primar-
ily driven by chemical transformations at the nitrogen 
atom of the lactam ring. This results in the formation of 

metabolites that can be excreted in urine. The most likely 
mechanisms of these transformations include oxidative 
deacylation followed by hydrolysis.
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Figure prepared by the authors using their own data

Fig. 7. Chromatogram of rat urine sample 24 h post single intragastric administration of AV6 (25  mg/kg  bw):  
a — mass chromatogram reconstructed for exact ion mass [M + H] + с m/z 351,22783 (AV6); b — mass chromatogram 
reconstructed for exact ion mass [M + H] + с m/z 337,21218 (M1); c — mass chromatogram reconstructed for exact ion 
mass [M + H] + с m/z 321,21727 (M2)
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