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IN VIVO ASSESSMENT OF THE ROLE OF LIVER METABOLISM IN SYDNONE IMINE BIOTRANSFORMATION  

Assessment of pharmacologically active molecule biotransformation represents the most important phase of drug development, the results of which make it 

possible to identify active and toxic metabolites and provide a fundamental basis for the targeted design of new candidate drug molecules. The liver is the main organ 

involved in biotransformation of drugs. The currently widely used in vitro metabolism assessment methods do not allow one to identify products of extrahepatic 

drug molecule biotransformation. The study aimed to develop an in vivo approach to determination of the role of the liver in biotransformation of candidate drug 

molecules. The approach proposed is based on the vascular liver isolation performed surgically in laboratory rats. The organ involvement in biotransformation of 

pharmacologically active molecules is exemplified by the leader compound of the sydnone imine group possessing vasodilatory activity. It has been shown that 

elimination of the liver from systemic blood flow does not result in generation of the test compound metabolites identified by chromatography–mass spectrometry. 

The findings can provide the basis for prediction of drug pharmacokinetics, efficacy, and safety.
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Исследование биотрансформации фармакологически активных молекул — важнейший этап разработки лекарственных средств, результаты которого 

позволяют выявить активные и токсичные метаболиты, прогнозировать лекарственные взаимодействия, а также являются фундаментальной основой 

для целенаправленного конструирования молекул новых лекарственных кандидатов. Основным органом, принимающим участие в биотрансформации 

лекарств, является печень. Широко используемые в настоящее время методы исследования метаболизма in vitro не позволяют выявить продукты 

внепеченочной биотрансформации лекарственных молекул. Целью исследования было разработать in vivo подход к определению роли печени в 

биотрансформации молекул лекарственных кандидатов. Предложенный подход основан на осуществлении сосудистой изоляции печени у лабораторных 

крыс, выполненной хирургическим путем. Участие данного органа в биотрансформации фармакологически активных молекул показано на примере 

соединения-лидера из группы сиднониминов, обладающего сосудорасширяющей активностью. Показано, что исключение печени из системного 

кровотока не приводит к образованию метаболитов изучаемого соединения, идентифицируемых с помощью хромато-масс-спектрометрии. Полученные 

результаты могут служить основой для прогнозирования фармакокинетики, эффективности и безопасности лекарственных средств.
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Assessment of the candidate molecule biotransformation 
represents the most important phase of drug development [1]. 
Generation of toxic drug metabolites is a factor contributing 
greatly to safety of the ongoing drug therapy and the cause of 
the pre-clinical and clinical trial failure [2]. In contrast, generation 
of pharmacologically active metabolites can significantly 
increase the drug use efficacy [3] and can provide the basis 
for the design of new drug molecules [4]. The data on drug 
biotransformation are important at the stage of developing 
the dosage form composition and production technology [5]; 
these also allow one to predict many drug interactions [6]. 
Furthermore, the data on metabolic pathways of the known 
compounds provide the basis for the targeted design of new 
candidate drug molecules [7].

The liver is the main organ involved in biotransformation 
of drugs [8]. The drug candidate metabolism testing in the 
early development phase is most commonly conducted in 
vitro via incubation of substances with the liver microsomal 
fraction containing various enzymes [9–11]. This is a generally 
accepted, affordable and reproducible approach [12]. 
Furthermore, this allows one to identify certain cytochromes 
involved in metabolism of a specific substance [13]. However, 
such method has a number of fundamental flaws, among 
which impossibility of identifying products of extrahepatic drug 
biotransformation can be distinguished [14]. The alternative 
approach is in vivo biotransformation assessment, during 
which laboratory animals receive the test drug, and after that 
biomaterial (blood plasma, urine, internal organ fragments) 
is collected from these animals after a while. Biomaterial 
is tested in order to detect probable metabolites [15]. The 
results obtained also cannot give an accurate picture of the 
liver involvement in drug biotransformation processes.

One of the approaches to determination of the liver 
involvement in metabolism of pharmacologically active 
substances represents surgical elimination of the organ from 
systemic blood flow performed immediately before the test 
drug administration. Comparison of the results of determining 
probable metabolites in biomaterial collected from the 
laboratory animals with vascular liver isolation and without 
it by chromatography–mass spectrometry makes it possible 

Fig. 1. BBP2023 structural formula, where R is a saturated branched hydrocarbon radical (С
7
H

15
)

Table 1. Expected BBP2023 compound biotransformation products and their monoisotopic mass 

Note: R — saturated branched hydrocarbon radical (С
7
H

15
)

Probable metabolite Molecular mass, Da Probable metabolite Molecular mass, Da

BBP2023 255.16 R-NH
2

115.13

BBP2023 + OH 271.15 BBP2023 + OH + glucuronic acid 447.19

BBP2023 + 2OH 287.15 BBP2023 - (CO)OC
2
H

5
 + OH + glucuronic acid 375.16

BBP2023 + 3OH 303.15 R-NH
2
 + OH 131.13

BBP2023 - (CO)OC
2
H

5
183.14 R-NH

2
 + OH + glucuronic acid 307.16

BBP2023 - (CO)OC
2
H

5
 + OH 199.13 BBP2023 + OH + sulfuric acid 351.11

BBP2023 - (CO)OC
2
H

5
 + 2OH 215.13 BBP2023 + glutathione 560.23

BBP2023 - (CO)OC
2
H

5
 - NO 154.15 BBP2023 - (CO)OC

2
H

5
 - NO+ OH + glucuronic acid 346.17

to draw conclusions about the role of hepatocytes in the test 
molecule biotransformation.

The study aimed to develop an in vivo approach to 
determination of the role of the liver in biotransformation of 
candidate drug molecules.

METHODS

All experimental work, including pharmacological and 
bioanalytical phases, was performed at the research laboratory 
of the Tver State Medical University.

The BBP2023 leader compound representing a sydnone 
imine derivative that possessed vasodilator activity was used as 
an experimental object for assessment of the liver involvement 
in drug biotransformation (Fig. 1).

 In the first phase of the study, the structure of probable 
BBP2023 compound metabolites, for which accurate 
monoisotopic mass values were calculated, was predicted 
based on the knowledge about common xenobiotic 
biotransformation pathways (Table 1).

In the second phase, a pharmacological experiment was 
conducted that was aimed at collecting biomaterial (blood 
plasma) containing probable metabolites. The testing involved 
male Wistar rats weighing about 250 g (SMK STEZAR LLC 
breeding nursery, Russia). Cages with animals were kept in 
a controlled environment (20–26 °C and relative humidity 
30–70%). In the rooms, where the animals were kept, a 
12 h light/dark cycle was used, along with 8-10 air changes 
per hour. Rats were fed with the PK-120 complete animal feed 
(Laboratorkorm LLC, Russia) and were given ad libitum access 
to filtered tap water. Cleaning of cages, mopping of rooms, 
and replacement of water bottles with new ones were carried 
out daily. The animals were deprived of food on the eve of the 
experiment.

During testing three rats underwent a single intragastric 
administration of the BBP2023 active pharmaceutical ingredient 
(API) in the form of the 10% corn oil emulsion in a dose of 1/100 
LD

50
. A total of 0.1 mL of blood was collected from the rat tail 

vein 3 h after administration of the drug using an insulin syringe 
containing 2 IU of sodium heparin. The collected blood was 

R
N

N
O

O

ON
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immediately transferred to 0.2 mL Eppendorf tubes; plasma was 
produced using the LMC-4200R laboratory centrifuge (Biosan, 
Latvia) at room temperature and rotor speed of 3000 rpm for 
10 min. A total of 50 µL of plasma collected was combined 
with 800 µL of methanol supplemented with 0.5% formic acid; 

samples were vortexed using the Microspin FV-2400 vortex mixer
(Biosan, Latvia) for 15 s, kept at a temperature of –40 °C —
in the MDF-136 freezer (Sanyo, Japan) for 30 min; after that 
the supernatant was separated using the D-37520 centrifuge 
(Sigma, Germany) at 15,000 g and –10 °C — for 20 min. The 

Table 2. Chromatographic parameters for determination of the expected BBP2023 compound biotransformation products 

Chromatography system Agilent Technologies 1260 Infinity II (Agilent Technologies, USA)

Chromatography column Agilent InfinityLab Poroshell 120 EC-C18 4.6 × 100 mm, 2.7 µm

Guard column Zorbax Eclipse Plus C18 4.6 × 12.5 mm, 5 µm

Elution solvent A Deionized water + 0.1% formic acid

Elution solvent B Acetonitrile + 0.1% formic acid

Gradient program

Time, min Flow rate, mL/min % A % B

0.0 
1.0 
4.0 
8.0 

8.01 
12.0

0,4

90 
90 
5 
5 
90 
90

10 
10 
95 
95 
10 
10

Column thermostat temperature, °C 30

Sample volume, µL 10

Total analysis time, min 12

Injector washing Via washing port, 3 s, 50% aqueous methanol solution

Fig. 2. A. Skeletonization of the abdominal aorta (aorta abdominalis) with the celiac trunk (truncus celiacus) B. Stumps of the celiac trunk with the ligatures placed. 
C. Portal vein (vena portae) isolation. D. Portal vein with the ligatures placed. E. Crossing the portal vein between the ligatures. F. Drug injection into the inferior vena 
cava (vena cava inferior). A sterile latex glove was used as a contrast medium during surgery in order to enhance the information content 
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supernatant was filtered using the 0.22 µm membrane filter 
(Laboratoriya Vody, Russia), and injected directly into the 
electrospray ion source of the AB Sciex 3200 MD Qtrap mass 
spectrometer (Sciex, Singapore) using the built-in syringe 
pump at a rate of 10 µL/min. First, mass spectrometry analysis 
of the BBP2023 compound was conducted in order to identify 
characteristic product ions (Product Ion mode). Given that 
fragmentation of potential metabolites can yield product ions 
overlapping with the BBP2023 compound fragment ions 
based on the m/z value (mass divided by charge number), 
the reverse screening of molecular ions was performed for the 
corresponding product ions (Precursor Ion mode). The signals 
identified were compared with the theoretically calculated 
monoisotopic mass values of the expected metabolites. 
When these values coincided, the BBP2023 compound 
biotransformation products identified were tested by mass 
spectrometry in the Product Ion mode in order to indirectly 
confirm the chemical structure. The mass spectrometry testing 
results were later used to detect the expected metabolites in 
the multiple reaction monitoring (MRM) mode when performing 
chromatography analysis of blood plasma of intact rats and 
the animals administered the BBP2023 compound. For this 
purpose, chromatography conditions specified in Table 2 
were selected.

Tabl3 3. Structural formulae of the identified BBP2023 compound metabolites and MRM transitions used for detection during chromatographic analysis

Note: R — saturated branched hydrocarbon radical (С
7
H

15
).

Structural formula MRM transition, m/z Structural formula MRM transition, m/z

256.2/57.1 
256.2/102.1

200.1/73.1 
200.1/86.1

184.1/57.1 
184.1/86.1

132.1/114.1 
132.1/86.1

155.2/57.1 
155.2/95.0

376.2/86.1 
376.2/115.1 
376.2/183.1

272.2/102.1 
272.2/73.1

116.1/57.1 
116.1/99.1

448.2/255.2 
448.2/158.1 
448.2/102.1

288.2/102.1
288.2/89.1

To assess the liver involvement in the BBP2023 compound 
biotransformation, surgery aimed to eliminate this organ from 
systemic blood flow was performed in three rats in the third 
phase of the experiment. The animal’s fur was completely 
removed from skin in the surgical site; 0.1% atropine sulfate 
solution (Dalhimfarm, Russia) in a dose of 0.04 mg/kg was 
administered subcutaneously for premedication. Rats were in 
supine position. The upper midline laparotomy was performed 
under anesthesia achieved via subcutaneous administration of 
the combination of  tiletamine hydrochloride 5 mg, zolazepam 
5 mg (Zoletil, Virbac, France), and xylazine 4 mg (Nita-Farm, 
Russia); intestinal loops were retrieved, pulled to the left, 
wrapped in napkins soaked in warm sterile saline; the Adson 
retractor was installed. The portal vein (vena portae) and the 
celiac trunk (truncus celiacus) were isolated, tied up with the 
USP 3/0 lavsan thread (Medthekhnika, Russia), and crossed 
between the ligatures (Fig. 2). A key point of the portal vein 
ligation is that ligature is placed before the branches going to 
the liver begin to branch out from the vein. After vascular liver 
isolation, the BBP2023 compound solution (27.5 mg/mL) in a 
volume of 0.1 mL (1/100 LD

50
) was injected into the subhepatic 

segment of the inferior vena cava (vena cava inferior) using the 
insulin syringe with the 30G needle (Inecta, China); a hemostatic 
sponge (Belcozin Factory, Luga, Russia) was placed onto the 
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puncture site. After achieving hemostasis, the layer by layer 
closure of the laparotomy wound was performed.

Blood was collected from the rat tail vein 3 h after administration 
of the drug; plasma collection and sample preparation were 
performed in accordance with the previously reported method. The 
samples processed were assessed by chromatography in order 
to detect the BBP2023 compound metabolites. Furthermore, 
biomaterial was tested that was collected from intact and sham-
operated animals (without liver isolation), which were intravenously 
administered the drug in the same way. After blood collection the 
animals were euthanized through carbon dioxide inhalation.

Primary chromatography–mass spectrometry data were 
processed using the embedded AB Sciex Analyst 1.3.6 
software (AB Sciex, USA).

RESULTS

Screening of blood plasma of the rats subjected to intragastric 
administration of the test drug revealed a metabolite representing 

Fig. 3. Fragments of blood plasma chromatograms of the sham-operated animals, which were intravenously administered the BBP2023 compound in a dose of 1/100 LD
50

. 
R — saturated branched hydrocarbon radical (С

7
H

15
)
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the BBP2023 compound devoid of the ethoxycarbonyl group. 
Furthermore, a product was found formed after the nitrogen 
monoxide (NO) splitting off the above molecule. This fact may 
be an indirect evidence of the expected test leader compound 
pharmacodynamics. Moreover, screening revealed the mono- 
and dihydroxylated derivatives of the above metabolites and 
the original compound, as well as the glucuronic acid esters of 
these compounds (Table 3). Some metabolites identified were 
synthesized and used as standards when setting the method 
and performing further chromatographic analysis. The fact that 
the retention times of these compounds coincide confirms 
correctness of their identification in the screening phase.

The intact rat plasma testing revealed no chromatographic 
peaks corresponding to the BBP2023 compound and its 
metabolites, which confirmed selectivity of the identification 
method developed. The analysis of plasma samples collected 
from the sham-operated animals (without liver isolation), which 
were intravenously administered the test compound in a dose 
of 1/100 LD

50
 3 h before blood collection, made it possible 
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Fig. 4. Fragments of blood plasma chromatograms of the rats with vascular liver isolation, which were intravenously administered the BBP2023 compound in a dose 
of 1/100 LD

50
. R — saturated branched hydrocarbon radical (С

7
H

15
)
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to detect chromatographic signals of all biotransformation 
products identified in the second phase (Fig. 3).

The results of chromatographic analysis of blood plasma 
collected from rats, which received the BBP2023 API in 
the same dose after vascular liver isolation, confirmed the 
presence of the signal corresponding to the original compound. 
Furthermore, the chromatographic peak area was on average 
2.8 times larger than that obtained when testing biomaterial 
collected from the sham-operated animals. Furthermore, it was 
found that there were no peaks corresponding to the earlier 
detected BBP2023 compound biotransformation products 
(Fig. 4).

DISCUSSION

The findings allow us to draw a conclusion that the liver is 
directly involved in production of the identified BBP2023 
compound metabolites in rats. The use of perfectly healthy 
animals was an important factor of the above experiment, 
since any damage to hepatocytes leading to the emergence 
of hepatic enzymes in blood can considerably affect reliability 
of the results obtained. Impossibility of testing the drugs that 
have exclusively enteral dosage forms represents one of the 
disadvantages of this approach. In this case, the test substance 
cannot enter systemic bloodstream due to the ligature placed 

on the portal vein. Furthermore, one should consider possible 
interplay between the candidate drug and the components of 
anesthesia when conducting such an experiment.

One of the options for the implemented approach is the 
use of temporary restriction of blood flow through the liver 
by placing surgical clips on the corresponding blood vessels. 
Blood collection and subsequent blood flow restoration are 
accomplished after a certain time after drug administration. 
Blood re-collection after a specified time with subsequent 
testing of plasma for metabolites will allow one to consider 
the animal’s individual characteristics in terms of certain 
drug candidate biotransformation. Perhaps, such an approach 
can be implemented with respect to other organs, such as 
the kidney.

CONCLUSIONS

The approach to assessment of the role of the liver in 
biotransformation of candidate molecules at the early stages 
of drug development proposed in this study is versatile and 
informative. It can be used as an independent in vivo metabolism 
assessment method, or to complement the widely used in vitro 
methods. The results obtained when applying this approach 
can provide the basis for prediction of drug pharmacokinetics, 
efficacy, and safety.
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