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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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GLYCYRRHIZA GLABRA SILVER NANOPARTICLE AGAINST ALLOXAN AND 

NICOTINAMIDE INDUCED DIABETIC CARDIAC INJURY IN RATS
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Abstract.
Objective: To study the Cardioprotective effect of 

Glycyrriza glabra ethanolic extract and Glycyrrhiza glabra 
Silver nanoparticle against alloxan and nicotinamide-
induced diabetic cardiac injury in adult female Rats. 
Methods: The current study was performed on 36 days in which 
the G. glabra extract and G. glabra extract loaded on Silver 
nanoparticles were given to alloxan and nicotinamide-induced 
diabetic cardiac injured rats. The Cardioprotective effect has 
been evaluated biochemically.

Results: The results of induction of diabetic cardiac injury 
for 36 days showed a significantly increased (P˂0.05) serum 
Cardiac Troponin I (cTn-I) and Creatine Kinase (CK-MB) 
concentration in the diabetic cardiac injury induced (G2) group 
when compared with the control group (G1), and showed a 
significant decrease (P˂0.05) in the serum cTn-I and CK-
MB concentration in (G3) group (received G. glabra extract) 
and (G4) group (G.glabra loaded on silver nanoparticle) in 
comparison with G2.

Conclusion: This study concluded that Glycyrriza glabra 
extract and Glycyrrhiza glabra Silver nanoparticle have a 
significant Cardioprotective effect induced by alloxan and 
nicotinamide.

Key words. Alloxan, Nicotinamide, Glycyrrhiza glabra, 
Silver nanoparticle.
Introduction.

Diabetes mellitus (DM), a global health concern, has 
emerged as one of the four major non-communicable diseases, 
demanding immediate attention from healthcare providers 
worldwide. With its devastating impact on millions of lives, it 
ranks among the top 10 causes of death, claiming the lives of 
approximately 1.6 million individuals annually [1,2]. It holds 
the unenviable position of being the third highest risk factor for 
premature mortality across the globe, mainly due to the harmful 
effects of hyperglycemia and the resulting oxidative stress and 
inflammation. The intricate connection between hyperglycemia, 
oxidative stress, inflammation, and the development and 
progression of type 2 diabetes mellitus cannot be ignored [3-
5]. Extensive research has established that chronic low-grade 
inflammation significantly increases the risk of developing 
type 2 diabetes. Moreover, sub-clinical inflammation plays 
a pivotal role in insulin resistance and is closely associated 
with the characteristics of metabolic syndrome, including 
hyperglycemia [4,5]. As a catalyst, oxidative stress triggers 
the production of inflammatory mediators, setting off a vicious 
cycle of inflammation and reactive oxygen species generation. 
This intricate interplay between diabetes, oxidative stress, and 
inflammation serves as the driving force behind the compilation 
of this comprehensive review [4,6,7]. Drawing insights from 

previous studies focused on the relationship between diabetes, 
oxidative stress, and inflammation to determine the underlying 
factors that contribute to the prevalence of diabetes mellitus, 
delving into the mechanisms underlying hyperglycemia-induced 
oxidative stress, with a special focus on type 2 diabetes and its 
associated complications [1,7]. By shedding light on these vital 
connections, this study aims to enhance our understanding of 
diabetes mellitus and pave the way for innovative strategies 
to combat this global epidemic [1]. Diabetes mellitus is an 
intriguing metabolic disorder that wreaks havoc on the body 
due to decreased insulin activity and/or insulin secretion. As 
this condition progresses, it brings about a series of pathological 
changes, including nephropathy, retinopathy, and cardiovascular 
complications. DM is conveniently classified into two sub-
types: type I DM and type II DM [4]. 

Type I DM requires the use of insulin replacement therapy, 
while type II DM is managed with oral hypoglycemic 
medications [8]. The array of drug therapies available for 
type II DM is fascinating. It includes insulin secretagogues, 
biguanides, insulin sensitizers, alpha-glucosidase inhibitors, 
incretin mimetics, amylin antagonists, and sodium-glucose co-
transporter-2 (SGLT2) inhibitors [9]. Each of these medications 
plays a unique role in managing this complex condition [10].

Recent studies have shed light on the alarming impact of type 
2 diabetes on the life expectancy of individuals aged 40 to 49. It 
has been found that individuals within this age group who have 
been diagnosed with type 2 diabetes are likely to lose an average 
of ten years of their lives. This shocking revelation emphasizes 
the gravity of this chronic condition and the urgent need for 
effective management and prevention strategies [11-13].

One of the most significant risks that individuals with diabetes 
face is the increased likelihood of developing coronary heart 
disease. Research has shown that patients with diabetes 
mellitus have two to three times the risk of coronary heart 
disease compared to those without diabetes [14]. This finding 
underscores the importance of comprehensive cardiovascular 
care for individuals with diabetes, including regular screenings, 
lifestyle modifications, and appropriate medical interventions 
[15].

Additionally, it is important to note that a significant number 
of diabetic patients already experience complications at the 
time of diagnosis. Studies have revealed that 35% of diabetic 
patients suffer from retinopathy, a condition that affects the 
eyes, while 12% experience peripheral neuropathy, a disorder 
that affects the nerves. These statistics highlight the importance 
of early detection and intervention to prevent or manage these 
complications, which can significantly impact the quality of life 
for individuals with diabetes [16].

On a global scale, the prevalence of diabetes is rapidly 
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increasing. According to the World Health Organization (WHO), 
in 2008, 135 million people were living with diabetes worldwide, 
accounting for approximately 4% of the global population. 
Shockingly, within just two years, this number escalated to 
221 million people in 2010, representing around 5.4% of the 
world population. These statistics indicate a worrying trend and 
emphasize the urgent need for effective public health measures 
to address this growing epidemic [15].

The rise in diabetes cases has become a major concern 
within the healthcare sector. In recent years, the country has 
witnessed a rapid development of diabetes, posing significant 
challenges to healthcare providers and policymakers. These 
statistics highlight the need for increased awareness, prevention 
programs, and accessible healthcare services to curb the 
escalating prevalence of diabetes [4]. We aimed to identify the 
role of Glycyrrhiza glabra silver nanoparticles in female rats' 
cardioprotective activity.
Materials and Methods.

Female rats were kept under standard conditions (Temperature, 
light/dark cycle, and food/water access) [17-20]. Rats were 
divided into 4 experimental groups.  Experimental groups 
enrolled in the present study include:

Control group (G1): received distilled water.
Diabetic group (G2): this group receive alloxan monohydrate 

(120mg/kg of body weight) with nicotinamide 50 mg/kg single 
dose IP injection [16].

Diabetic rats (G3): Glycyrrhizaglabra extract: diabetic rats 
received alloxan monohydrate 120mg/kg of body weight with 
nicotinamide 50 mg/kg with Glycyrrhiza glabra extract (200 
mg/ Kg B.W) (Figure 1) [21].

Figure 1. Glycyrrhizin and silver nanoparticle.

Diabetic rats (G4): Glycyrrhizaglabra loaded on silver 
nanoparticle: diabetic rats receive alloxan monohydrate 120mg/
kg of body weight with nicotinamide 50 mg/kg with Glycyrrhiza 
glabra loaded on silver nanoparticle (230 µg / Kg B.W) [17].
Results.

The Cardiac Troponin I (cTn-I) concentration in serum of 
female rats in (G2) exhibited a significant increase (P˂0.05) 
with mean value (4.26±0.44) when compared with other treated 
groups and control group, whereas (G3) and (G4) exhibited a 
significant decrease (P˂0.05) in cTn-I concentration with mean 
value (2.08±0.31, 1.70±0.35) respectively in comparison with 

(G2) with no significant variance (P˂0.05) when compared 
with the control group, in addition, there was no statistical 
differences(P˂0.05) in cTn-I concentration between (G3) and 
(G4). Furthermore, the Creatine Kinase (CK-MB) concentration 
showed significant elevation (P˂0.05) in (G2) with a mean value 
(6.18±0.61) as compared with other treated groups and control 
groups. whereas there were no statistical differences (P˂0.05) 
in CK-MB concentration between (G3) and (G4 group) with 
mean value (4.3±0.48, 4.52±0.53) respectively. While the CK-
MB concentration of (G3 and G4) showed a significant decline 
(P˂0.05) in mean value (4.3±0.48, 4.52±0.53) as compared with 
(G2) with no significant difference (P˂0.05) as compared with 
the control group as in Table (1).

Table 1. Effect of Glycyrrhiza glabra extract and Glycyrrhiza glabra 
extract loaded on silver nanoparticle on Creatine kinase (CK-MB) 
(IU), and Cardiac troponin (cTi) (IU) in diabetic female rats.

Groups Creatine kinase 
(CK-MB) (IU)

Cardiac troponin
 (cTi) (IU) 

G1 3.56±0.14 b 1.24±0.20 b
G2 6.18±0.61 a 4.26±0.44 a
G3 4.3±0.48 b 2.08±0.31 b
G4 4.52±0.53 b 1.70±0.35 b
LSD 0.05 1.43 1.03
*Different letters indicate significant differences between groups at 
level (P˂0.05)

Discussion.
Type 2 diabetes mellitus (T2DM) is a chronic metabolic 

disease characterized by high blood sugar levels, insulin 
resistance, decreased B-cell function, and impaired insulin 
secretion. While there is currently no cure for T2DM, it can be 
managed and controlled. Traditional medicine can be considered 
as an alternative therapy for the treatment of diabetes. Diabetic 
heart disease often involves cardiomyocyte atrophy caused by 
high blood sugar levels [22]. This study shows that high blood 
sugar levels can increase heart damage in diabetic animals. 
However, the researchers found that glycyrrhiza glabra and its 
nanoparticles have protective effects on the heart in diabetic 
cardiac injury. Previous studies have also shown that diabetic 
patients with cardiovascular disease have higher levels of 
circulating troponin, which suggests that it could be a marker 
for heart inflammation in high blood sugar conditions [23]. 
The Glycyrrhiza glabra, commonly known as liquorice, is a 
perennial herbaceous plant with medicinal properties. It contains 
a bioactive triterpenoid saponin that has anti-inflammatory and 
antioxidant properties. The compound inhibits inflammatory 
mediators and reduces enzyme activity, making it a potential 
treatment for conditions like arthritis, asthma, and dermatitis. 
It also acts as an antioxidant, protecting against oxidative 
stress and diseases like cancer and cardiovascular disorders. 
Additionally, it may have antimicrobial and antiviral activities. 
Further research is needed to understand its mechanisms and 
clinical applications, but it shows promise as a natural remedy. 
Exploring natural sources for therapeutic agents is important 
[24]. Moreover, a study revealed the cardioprotective effect in 
isoproterenol-induced myocardial ischemia injury in rats [25]. 
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Our study suggested that Glycyrrhiza glabra may exhibit, an 
anti-inflammatory effect on diabetic cardiac tissue and that 
can prevent cardiac damage by altering oxidative Stress and 
inflammation.

Atherosclerosis-based diseases are a leading cause of death in 
developed countries. Preventing and treating atherosclerosis and 
cardiovascular disease is a crucial goal in modern medicine and 
science. The development of atherosclerosis involves multiple 
factors, including changes in lipoproteins, cholesterol buildup, 
endothelial dysfunction, oxidative stress, and inflammation at 
each stage of the disease [6,8]. Nanoparticles loaded with the 
plant extract improve its cardioprotective action, this agrees 
with other studies using nanoparticles as tissue protective agents 
[26-28].
Conclusion.

The study conducted on Glycyrrhiza glabra extract and 
Glycyrrhiza glabra Silver nanoparticle has yielded significant 
findings regarding their cardio-protective effects induced by 
alloxan and nicotinamide. Alloxan and nicotinamide are known 
to cause oxidative stress and damage to the cardiovascular 
system. However, the researchers discovered that the 
administration of Glycyrrhiza glabra extract and Glycyrrhiza 
glabra Silver nanoparticle effectively countered these harmful 
effects. The active compounds present in Glycyrriza glabra, 
such as glycyrrhizin, flavonoids, and saponins, have been 
shown to possess antioxidant and anti-inflammatory properties, 
which play a crucial role in protecting the cardiovascular 
system. Additionally, the incorporation of silver nanoparticles 
further enhanced therapeutic potential of Glycyrrhiza glabra 
by improving its bioavailability and targeted delivery. This 
study's conclusions provide valuable insights into the potential 
of Glycyrrhiza glabra extract and Glycyrrhiza glabra Silver 
nanoparticle as a natural and effective treatment option for 
cardiovascular diseases induced by alloxan and nicotinamide. 
Further research and clinical trials should be conducted to 
validate these findings and explore the full range of benefits that 
these compounds can offer in cardioprotection.
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