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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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ACUTE TOXICITY OF COUMACINES: AN IN VIVO STUDY
Wejdan Al-Shakarchi1, Yasir Saber2, Marwan M. Merkhan1,2*, Yasser Fakri Mustafa1.

1Department of Pharmaceutical Chemistry, College of Pharmacy, University of Mosul, Mosul, Iraq.
2Department of Pharmaceutical Chemistry, College of Pharmacy, Ninevah University, Mosul, Iraq.

Abstract.
The design and synthesis of new drugs are increasingly 

challenging in chemistry settings. The synthesis is itself lured by 
the properties of the product after synthesis, including solubility, 
hygroscopicity, intensive adverse effects, and biological 
inefficacy; hence, the creation of a new drug should be considered 
in light of the avoidance of these downside features, if any. The 
present study is designed to investigate the acute toxicity of 
newly discovered heterocyclic frameworks derived from the 
coumarin backbone, namely coumacine I and coumacine II. 
To do so, a mouse model of 25 mice was subclassified into 5 
groups (5 mice control, 5 mice coumacine I 1000 mg/kg, 5 mice 
coumacine II 1000 mg/kg, 5 mice coumacine I 2000 mg/kg, and 
5 mice coumacine II 2000 mg/kg), a single dose was given, and 
mice were sacrificed after 4 hours post-dose. The blood sample 
and tissue were collected for biochemical and histopathological 
studies. Serums were analyzed for the measurement of renal 
function and liver enzyme activity using classical biochemical 
methods. A high dose of either compound caused deleterious 
changes, as evidenced by a significant (p<0.05) increase in 
creatinine, urea, GOT, and GPT, as well as disrupting tissue 
quasi-equilibrium at the cellular level in both kidney and liver. 
To sum up, coumacine I and coumacine II are relatively safe 
unless otherwise used in high doses, knowing that either dose in 
the present study is remarkably higher than the therapeutic dose 
of coumarins currently in use in clinical settings.

Key words. Coumacine, coumarin, acute toxicity, renal 
function.
Introduction.

The coumarin backbone is a term for benzo-(e)-pyrone, and its 
structure is shown in Figure 1 [1-3]. Coumarin is actually found 
in many plants as a secondary metabolite [4]. There are natural 
and synthetic structures derived from coumarin that make up a 
diverse and significant class of oxygen-containing heterocycles. 
These coumarins can be grouped into different categories 
based on their structural frameworks. For example, there are 
simple coumarins [5], furanocoumarins [6], pyranocoumarins 
[7], biscoumarins [8], and phenylcoumarins [9]. Each of these 
groups has unique properties and uses. So, while the term 
"coumarin backbone" may sound intimidating, it's actually an 
important subject that has many practical applications. From 
medicine to agriculture, the study of coumarins is an important 
field that has the potential to make a big impact.

Coumarin-based compounds that can be isolated from 
natural sources or synthesized by various synthetic schemes 
were suggested for use in clinical medicine because of their 
privileged biochemical characteristics [10]. For the therapy of 
numerous medical diseases, coumarin-based compounds ought 

to be assessed, perhaps for the treatment of high protein oedema 
[11], chronic infections [1], cancer [12], oxidative-overload-
related illnesses [13], inflammation-based diseases [14], and 
thrombotic disorders [15].

The structural characteristics of the coumarin chemical 
backbone enable the production of various derivatives with 
various pharmacological properties. Coumarin itself and 
some of its derived products have been used in the past as a 
rodenticide, or a substance used to kill rats and mice [16]. These 
chemical compounds work by inhibiting the synthesis of the 
vitamin K-dependent clotting factors in the liver, which leads 
to internal bleeding and death [17]. The present study aimed at 
investigating the renal and liver toxicity of newly synthesized 
coumacines that were delivered from a coumarin backbone by 
our laboratory of pharmaceutical chemistry, namely coumacine 
I (CM I) and coumacine II (CM II), with structural formulas 
shown in Figure 1.

Figure 1. Structural formulas of coumarin backbone (a), CM I (b), and 
CM II (c).

The chemical compounds being studied are no ordinary 
substances. They have the power to stop the synthesis of 
vitamin K that is responsible for clotting factors in the liver. 
The result is internal bleeding and death [16]. This research 
delves deeper into the newly synthesized coumacines, CM I and 
CM II, which have a coumarin backbone [17]. Our laboratory 
of pharmaceutical chemistry is the leading laboratory behind 
these compounds, and we're eager to investigate their potential 
toxicity on the liver and kidneys. Check out Figure 1 for a sneak 
peek at their unique structural formulas.
Materials and methods.

Chemicals: The guidelines for drug design and development 
have been extensively used to introduce new chemical entities as 
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potential candidates for clinical use, especially as antimicrobials. 
In this regard, Mustafa YF has developed and characterized new 
dioxoheterocyclic compounds named CM I and II as potential 
killers of common aerobic and anaerobic pathogenic bacterial 
strains [1]. The synthesized coumacines were readily soluble in 
a 10% solution of hydroxypropyl beta cyclodextrin (HPBCD) 
for application in the present study.

In vivo study: In this study, we enlisted the 25 male Albino 
mice to investigate the effects of CM I and II at different doses. 
The mice were divided into three groups - the first group was 
given high doses of CM I and II, the second group was given low 
doses of CM I and II, while the third group served as a control 
and was treated only with vehicle. We closely monitored the 
mice to see how they responded to the different doses, and the 
results were quite intriguing. 

The present study was conducted on a mouse model using 
25 male Albino mice to be exposed to high and low doses of 
CM I and II compared to the control group treated only by 
vehicle. Before starting the study, the mice were acclimated 
to the laboratory environment (temperatures of 23–25ºC and 
humidity of 50–55%) a week before experimentation. They 
had free access to food and water, and a light-dark cycle was 
applied. The 25 mice in total means 5 mice in each group (5 
mice control, 5 mice CM I 1000 mg/kg, 5 mice CM II 1000 mg/
kg, 5 mice CM I 2000 mg/kg, and 5 mice CM II 2000 mg/kg) 
received a single dose and were sacrificed after 4 hours post-
dose. Blood samples were collected, and serum was separated 
for biochemical analysis.

Measurement of liver enzyme activities: The principle of 
measurement of AST/GOT (Kit Cat No. REF4191, Giesse 
Diagnostics, Italy) is based on the enzymatic removal of an 
amino group from aspartate to be transferred to oxoglutarate, 
generating glutamate and oxalacetate. Malate dehydrogenase 
uses the reducing agent nicotinamide adenine dinucleotide to 
convert oxaloacetate to malate. The activity of the enzyme, 
based on kinetic measurement, is proportional to the rate of 
reduction in absorbance caused by the oxidation of NADH to its 
oxidized form, NAD, at 340 nm.

The principle of measurement of ALT/GPT (Kit Cat No. 
REF4194, Giesse Diagnostics, Italy) based on the enzymatic 
removal of an amino group from alanine to be transferred to 
oxoglutarate, generating glutamate and pyruvate. Pyruvate is 
converted to lactate-by-lactate dehydrogenase, which is provided 
with the reducing agent nicotinamide adenine dinucleotide. 
The activity of the enzyme, based on kinetic measurement, is 
proportional to the rate of reduction in absorbance caused by the 
oxidation of NADH to its oxidized form at 340 nm.
Measurement of renal function tests:

Urea: According to the manufacturer's instructions for the 
urea measurement kit (supplied by BioSystem, Spain, catalog 
no. 11537), urea is converted to carbon dioxide and ammonia by 
urease. The generated ammonia interacts with sodium salicylate 
and hypochlorite, catalyzed by the presence of nitroprusside, 
producing a green-colored solution that can be quantified at a 
wavelength of 600 nm using a spectrophotometer.

Creatinine: The process of measuring creatinine levels in a 
sample can be done using a creatinine measurement kit such 

as the one supplied by BioSystem in Spain. The kit, catalog 
number 12502, uses a principle based on the interaction 
between creatinine and picrate ions to create a reddish complex. 
This complex formation occurs at a rate that is proportional to 
the concentration of creatinine in the sample being tested. To 
measure the concentration of creatinine, the rate of complex 
formation is assessed by the increase in absorbance over a 
predetermined time interval. By following the manufacturer's 
instructions for the kit, one can accurately measure the 
concentration of creatinine in a sample using this method. This 
type of measurement is commonly used in medical settings, as 
creatinine is a waste product that is filtered out of the body by the 
kidneys. Elevated levels of creatinine in the blood can indicate 
kidney dysfunction or other medical conditions, making accurate 
measurement of creatinine levels an important diagnostic tool. 
By using the creatinine measurement kit and following the 
manufacturer's instructions, healthcare professionals can obtain 
reliable and accurate results to aid in the diagnosis and treatment 
of patients.

Histological study: After the administration of the drug, 
a time interval of four hours was allowed to pass before the 
animals were sacrificed. The organs were removed and washed 
with normal saline to remove any residual drug or impurities. 
The organs were then fixed in 4% formalin overnight to preserve 
their structure. The next day, the paraffin-embedded blocks 
were sectioned at 5 μm and placed on slides to be stained with 
hematoxylin-eosin. The slides were then examined under a light 
microscope at 400X magnification by a blinded pathologist 
who was unaware of the treatment group or dose. The results 
obtained from this process provide valuable insights into the 
safety and efficacy of the drug being tested. 

Statistics: In this study, five different conditions were analyzed 
using a one-way ANOVA with post hoc Bonferroni tests to 
identify the different groups. The statistical software used for 
this analysis was GraphPad Prism. The results of the ANOVA 
analysis were then displayed using a histogram, which is an 
effective way of visually representing data as the mean±standard 
deviation. To ensure that the sample sizes were sufficient to 
detect any differences between the conditions, a power of 80% 
or greater was used. Additionally, the alpha error level (P) in all 
experiments had to be 0.05 to be statistically significant, which 
is a standard requirement in statistical analysis.
Results.

Analysis of the results of renal function tests (Figure 2) 
revealed that serum creatinine concentrations (in mg/dl) in the 
high dose (2000 mg/kg/day) group of CM I (13.7±1.1) and CM 
II (12.7±0.4) were significantly higher than those in the control 
group (7.7±1.8) or low dose (1000 mg/kg/day) CM I (10.8±2.4) 
and CM II (10.7±4). Similarly, blood urea (in mg/dl) has been 
significantly elevated in the high dose (2000 mg/kg/day) group 
of CM I (16.2±3) and  CM II (22±8) compared to the control 
group (6±1.2) or low dose (1000 mg/kg/day) CM I (10.8±2.4) 
and coumacine II (9.7±2.9).

Moreover, histopathology analysis of renal tissue (Figure 3) 
has confirmed that the renal tissue of mice treated with low dose 
(1000 mg/kg/day) CM I and II has shown mild degeneration with 
no signs of necrosis or oedema, while the high dose (2000 mg/
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Figure 2. Renal function tests of CMI and II. (A) Creatinine level in control mice in comparison with mice treated with CM I 1000 and 2000 mg/
kg and CM II 1000 and 1000 mg/kg. (B) Urea level in control mice in comparison with mice treated with CM I 1000 and 2000 mg/kg and CM II 
1000 and 1000 mg/kg. Data expressed as mean±SD. *P< 0.05, **P< 0.01,**** P<0.001.

Figure 3. Histopathological sections of mouse renal tissues in the studied groups. A and D = control groups, B = CM I 1000 mg/kg IP, C = CM I 
2000 mg/kg IP, E = CM II 1000 mg/kg IP, F = CM II 2000 mg/kg IP.

Figure 4. Liver function tests of CM I and II. (A) GPT level in control mice in comparison with mice treated with CM I 1000 and 2000 mg/kg and 
CM II 1000 and 1000 mg/kg. (B) GOT level in control mice in comparison with mice treated with CM I 1000 and 2000 mg/kg and CM II 1000 and 
1000 mg/kg. Data expressed as mean±SD. *P< 0.05, **P< 0.01.
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kg/day) group of CM I and II has shown moderate degeneration 
and signs of necrosis and oedema. The control section of renal 
tissue has shown an intact glomerulus and thick renal tubules, 
with no sign of degeneration, oedema, or necrosis detected.

Analysis of the results of liver enzymes (Figure 4) revealed 
that serum GPT activity (in IU/L) in the high dose (2000 mg/
kg/day) groups of CM I (62.5±2) and CM II (52.5±0.5) were 
significantly higher than the control group (42.5±2) or low dose 
(1000 mg/kg/day) CM I (42.5±8) and CM II (42.5±9). Similarly, 
GOT activity (in IU/L) has been significantly elevated in the 
high dose (2000 mg/kg/day) groups of CM I (57±3) and CM II 
(65.5±7) compared to the control group (42.5±6) or low dose 
(1000 mg/kg/day) CM I (42.5±2.5) and CM II (42.25±9).

Moreover, histopathology analysis of hepatic tissue (Figure 
5) has confirmed that the hepatic tissue of mice treated with 
low dose (1000 mg/kg/day) CM I and II has shown mild 
degeneration with no signs of necrosis or oedema, while the 
high dose (2000 mg/kg/day) group of CM I and II has shown 
moderate degeneration and signs of necrosis and oedema.
Discussion.

The current study focused on the toxicity of newly derived 
coumarin-derived heterocyclic compounds, CM I and II, on 
vital organs like the liver and kidney. The results confirmed 
that CM I and II are relatively safe, particularly at low doses 
compared to the high dose, which has demonstrated toxicity 
at biochemical and histological limits. However, being new 
compounds, the effects are unpredictable in light of the 
unavailability of comparative studies, and thereby the results 
should be considered a pilot study to be further supported by 
future research.

At high doses, CM I and II caused increased creatinine and 
urea levels, as well as moderate degeneration and histological 
signs of necrosis and oedema. Coumarin-induced renal damage 
has been reported with newly designed derivative compounds 
of coumarins, such as flourocoumarin, including angelicin and 
psoralen (Figure 6) [18-20]. Lu et al. reported that cisplatin, 

together with large doses of psoralen and angelicin, caused 
tubulointerstitial vascular dilatation and congestion in the renal 
intercellular space, as well as inflammatory cell recruitment [19].

Nevertheless, a coumarin analogue obtained from the Daphne 
species, daphnetin (Figure 6), is a physiologically active 
phytochemical with a wide range of bioactivities [21]. Daphnetin 
has been reported to provide a reno-protective effect against 
cisplatin-induced renal injury by reducing creatinine and blood 
urea nitrogen alongside improved inflammation, oxidative stress, 
and apoptosis [22]. Simple coumarin derivatives, including 
umbelliferone, esculetin, scopoletin, and osthole (Figure 6), are 
coumarin derivatives that have undergone hydroxylation and 
alkoxylation [23]. Esculetin has been reported to improve renal 
function and nephropathy in a diabetic patient via increasing 
antioxidant enzymes and reducing reactive oxygen species [24]. 
Imperatorin, as a naturally occurring furocoumarin (Figure 
6), is most prevalent in medicinal plants, and imperatorin has 
therapeutic effects and could be used for chronic diseases [25]. 
Imperatorin has been shown in cell lines and animal models to 
be toxic to the renal system and to induce ionic transporters. 
Kun-Ming mice [26,27].

Low doses of CM I and II had no effect on plasma GOT and GPT 
levels, whereas high doses increased liver enzyme activities and 
caused histopathological changes such as oedema, necrosis, and 
moderate degeneration when compared to control or low doses. 
Psoralen, a structural derivative of coumarin, has been shown 
to have no negative effects on liver architecture [19]. Angelicin 
has been reported to induce no impairment or liver toxicity 
whether used alone or together with psoralen [18]. Moreover, 
bergapten, or 5-methoxypsoralen (Figure 6), is a furocoumarin 
compound extracted from bergamot essential oil; this compound 
undergoes quick and extensive hepatic biotransformation, and 
thereby hepatic injury is expected with this herbal-derived 
coumarin [28]. However, daphnetin provides hepatoprotection 
against lipopolysaccharide/D-galactosamine-induced liver 
failure in mouse models, as reflected by mitigated oxidative 
stress, proinflammatory markers, and liver enzymatic activity 

Figure 5. Histopathological sections of mouse hepatic tissues in the studied groups. A and D = control groups, B = CM I 1000 mg/kg IP, C = CM 
I 2000 mg/kg IP, E = CM II 1000 mg/kg IP, F = CM II 2000 mg/kg IP.
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[21]. According to a report by Tien et al., esculetin therapy at 
doses of 100 and 500 mg/kg can reduce the levels of antioxidant 
enzymes, including catalase (CAT) and superoxide dismutase 
(SOD), which help combat free radicals produced throughout 
lipid peroxidation. Concurrently, esculetin administration 
decreased the activity of liver function tests such as alanine 
transaminase (ALT) and aspartate transaminase (AST) [29]. 
Imperatorin increases liver enzymatic activities in Kun-Ming 
mice exposed to a dose of 40 mg/kg/day [28]. Psoralen-induced 
liver damage is more likely to be linked to endoplasmic reticulum 
dysfunction, mitochondrial damage, and oxidative stress [20]. 
Alternatively, psoralen, which is a coumarin derivative, has 
been studied extensively for liver damage using mice and L02 
hepatic human cell line models. The outcome has revealed that 
psoralen elevated liver enzymes in a dose-dependent manner, 
leading to an increase in the levels of alkaline phosphatase, 
AST, alanine aminotransferase, albumin, total plasma protein, 
and bilirubin [30]. Moreover, a cell line model has revealed that 
psoralen inhibits cell viability [30,31]. Umbelliferone is present 
in fruits and root plants, such as the golden apple, the bitter 
orange, and the carrot [32-34]. Umbelliferone provides hepatic 
protection against alcohol-induced liver damage [35].

The limitation of the present study is that these aforementioned 
studies have provided an inconclusive statement regarding 

coumarin derivatives and their possible liver and renal damage, 
therefore, these newly introduced coumarin derivatives, 
CM I and II, could be a better template for designing new 
synthetically derived coumarins that might be safer than these 
aforementioned coumarins, perhaps using even much lower 
therapeutic doses with a deleterious impact on liver and kidney, 
thereby making the newly introduced coumacines considered 
safer than commercially available coumarins. Limitation is also 
represented in the minute availability of data about the newly 
synthesized compound [36].
Conclusion.

The newly synthesized CM I and II induced acute liver and 
kidney damage, particularly at a high dose that was much higher 
than that of the therapeutically used concentration for coumarins 
in clinical settings.
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