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Abstract

The anti-oxidant system present in our body prevents against the free radicals. The anti-oxidants were
glutathione peroxidise, serum catalase, vitamin E, ascorbic acid and superoxide. In our study, the plant
extract of Passiflora foetida was used to estimate the antioxidant levels in diet-induced diabetic rats.
The mean of glutathione peroxide of normal rats was 92.98+1.65. The mean of diet-induced diabetic
rats was 152.50+1.92*. Diabetic rats treated with sitagliptin and vildagliptin had mean values of
121.75+4.33* and 124.90£2.85*, respectively. The mean values of Ascorbic acid in normal rats was
0.50+0.27. Diet-induced diabetic rats have ascorbic acid mean 3.50£0.28. The normal rat’s mean of
serum catalase was 112.55+1.76. Diet induced rats have mean a value of 125.78+1.96". This value is
significant. Diet-induced diabetic rats treated with a standard drug have a mean of 121.38+1.68*.
Diabetic rats treated with plant extracts of PSF (Passiflora foetida leaf) exhibit mean values of
123.47£1.67*, 119.27+£4.38*, and 113.07+3.82. The outcomes of our study indicate that both plant
extracts and standard drugs improve the anti-oxidant levels.
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INTRODUCTION

Humans have evolved with antioxidant systems to protect against free radicals. These systems
include some antioxidants produced in the body (endogenous) and others obtained from the diet
(exogenous). The endogenous antioxidants consist of enzymatic defenses such as glutathione
peroxidase, catalase, and superoxide dismutase. These enzymes metabolize superoxide, hydrogen
peroxide, and lipid peroxides, thus preventing the formation of toxic substances. Additionally,
nonenzymatic defenses like glutathione, histidine-peptides, iron-binding proteins such as transferrin
and ferritin, dihydrolipoic acid, melatonin, urate,
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and plasma protein thiols contribute to this
protective system.

Medicinal plants play a pivotal role in the
healthcare of ancient and modern cultures.
Ayurveda, the Indian system of medicine, primarily
utilizes plant-based drugs or formulations to treat
various human ailments due to their rich therapeutic
components [1]. In addition, plant based drugs
remain an important source of therapeutic agents
because of the availability, relatively cheaper cost
and non-toxic nature when compared to modern
medicine [2, 3]. Many herbs contain antioxidant
compounds that protect cells against the damaging
effects of reactive oxygen species (ROS). ROS,
such as superoxide anion, hydroxyl radical, and
hydrogen peroxide, play a crucial role in the
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development of various ailments, such as arthritis, asthma, dementia, mongolism, carcinoma, and
Parkinson’s disease. Free radicals in the human body are generated through aerobic respiration or from
exogenous sources [4, 5]. Some of the in-vivo free radicals play a positive role in processes such as
phagocytosis, energy production, and regulation of cell growth. However, free radicals can also be
harmful. Those produced in the body react with various biological molecules, including lipids, proteins,
and deoxyribonucleic acids, leading to an imbalance between oxidants and antioxidants. Although our
body has a natural antioxidant defense system, there is an ongoing need for antioxidants from natural
sources [6]. Phenolic compounds from medicinal plants possess strong antioxidant activity and may
help to protect the cells against the oxidative damage caused by free-radicals [7]. They are well known
as radical scavengers, metal chelators, reducing agents, hydrogen donors, and singlet oxygen quenchers
[8, 9]. Antioxidants from plant materials terminate the action of free radicals thereby protecting the
body from various diseases [10]. There is a growing interest all over the world for discovering the
untapped reservoir of medicinal plants.

Glutathione (GSH) is the primary intracellular free radical scavenger, playing a crucial role in
maintaining plasma antioxidant status. It serves as a cofactor for several enzymes and contains a free thiol
group capable of forming disulfide bonds with other GSH molecules or thiol-containing compounds. The
balance between reduced and oxidized GSH levels inside cells reflects the cellular redox status. GSH is
synthesized in two steps using the amino acids glycine, cysteine, and glutamate. Additionally, it acts as a
cofactor for various antioxidant enzymes, including GSH peroxidase, GSH reductase, and GSH-S-
transferase. Levels of reduced glutathione have been shown to decrease in many models of
diabetes/hyperglycemia and in diabetic patients. Reduced glutathione is decreased in erythrocytes [11,
12], retina[13], and kidneys [14] of STZ-induced diabetic rats and in the liver and endothelial cells from
alloxan-induced diabetic rabbits [15]. Reduced glutathione is also depleted in erythrocytes [16],
reticulocytes[17], and platelets [18] from NIDDM patients and erythrocytes [19], mononuclear leukocytes
[20], and polymorphonuclear leukocytes from IDDM patients [21]. The loss of reduced glutathione may
be due to a drop in activity of glutamyl-cysteine synthetase, the rate limiting enzyme in the synthesis of
glutathione, and to an increase in oxidation. The present study was undertaken to investigate the effect of
Passiflora foetida (PSF) extract on antioxidant defense system in diet induced diabetic rats.

Vitamin C is a major hydrophilic antioxidant in both plasma and the cytosol of many cells. Vitamin
C contributes to the neutralization of many water-soluble oxidants and acts synergistically with vitamin
E to terminate radical induced lipid oxidation. Vitamin C levels are reduced in plasma from patients
with NIDDM and metabolic syndrome [22], and in the plasma, liver, and kidneys of STZ-induced
diabetic rats. The amount of vitamin C present in the plasma is inversely related to the duration of
NIDDM. Treatment of diabetic rats with the antioxidant a-lipoic acid or insulin partially suppresses the
loss of vitamin C in the plasma, liver, and kidney, indicating the importance of overall antioxidant status
and glycemic control in the maintenance of vitamin C levels [23].

MATERIALS AND METHODS
Animal Material

Sprague-Dawley rats weighing (200 to 300) gm were used in this study, purchased from Mahaveer
enterprises, Hyderabad.

Inducing Diet Diabetes Procedure

Diabetes was induced by exposing Sprague Dawley rats to a high-fat, high-carbohydrate diet for
20 weeks. The high-fat diet (HFD) used was Harlan Teklad formula TD93075, which contained 55%
of calories from fat. The animals were then randomized into 9 groups, each consisting of 5 animals.

Experimental Groups
G1: Normal animals (non-diabetic).
G2: Diet induced diabetic animals (DID animals).
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G3: DID animals+ Glipizid (referent antidiabetic drug) 4 mg/kg.
G4: DID+ ethanolic extract of Passiflora foetida 100 mg/kg.
G5: DID+ ethanolic extract of Passiflora foetida 250 mg/kg.
G6: DID+ ethanolic extract of Passiflora foetida 500 mg/kg.
G7: DID+ Sitagliptin 0.28 mg/200 g (hypoglycemic drug).

G8: DID+ Vildagliptin 10 mg/kg (hypoglycemic drug).

G9: DID+ silver nanoparticles (50 ug) 2 ml/200 gm.

Estimation of Glutathione Peroxidase

The activity of GPx in the erythrocytes and tissues was measured by the method of Paglia and
Valentine. A known amount of enzyme preparation was allowed to react with H>O; in the presence of
GSH for a specified time period. Then the remaining GSH content was measured [24].

Tissue was homogenized in this buffer. To 0.2 ml of this, EDTA, sodium azide, and tissue homogenate
(0.2, 0.1, and 0.5 ml, respectively) were added. Next, GSH (0.2 ml) and H,0, (0.1 ml) were introduced,
followed by mixing and incubation at 37°C for 10 min. A control lacking homogenate was also prepared.
After incubation, the reaction was stopped with 0.5 ml of 10% TCA, followed by centrifugation. The
resulting supernatant was used to assay GSH content [24]. The activity was expressed as pg of GSH
utilized/min/mg of protein for tissues or pg of GSH utilized/min/mg of Hb for erythrocytes.

Estimation of Catalase

The activity of catalase in the erythrocytes and tissues was determined by the method of Sinha [25].
Dichromate in acetic acid underwent conversion to perchromic acid and subsequently to chromic acetate
upon heating with H2O,. The resulting chromic acetate was quantified at 620 nm. Catalase samples
were exposed to H,O, for varying durations. The reaction was halted at specific intervals by introducing
a dichromate-acetic acid solution, and the remaining H.O, was determined colorimetrically as chromic
acetate.

In the procedure, tissue homogenate was prepared using 0.01 M phosphate buffer (pH 7.0). To 0.9 ml
of phosphate buffer, 0.1 ml of tissue homogenate (or 0.1 ml of serum) and 0.4 ml of hydrogen peroxide
were added. The reaction was stopped at 30-sec intervals by adding 2.0 ml of dichromate-acetic acid
mixture. Tubes were then placed in a boiling water bath for 10 min, cooled, and the resulting color was
measured at 620 nm. Standards ranging from 20-100 p/mol were used for calibration. Specific activity
was expressed as u/mol of H;O, consumed/min/mg of protein for tissues or u/mol of H0:
consumed/min/mg of Hb for erythrocytes.

Estimation of Ascorbic acid (Vitamin C)

The levels of ascorbic acid in plasma, erythrocytes, and tissues were determined using the method of
Roe and Kuether [26]. Ascorbic acid was converted to dehydroascorbic acid without mixing, then
coupled with 2,4-dinitrophenylhydrazine (DNPH) in the presence of thiourea as a mild reducing agent.
The resulting dinitrophenylhydrazone compound developed a red color when treated with sulfuric acid,
which was measured at 540 nm using a Spectronic 20.

To analyze the samples, 0.5 ml of each was mixed with 1.5 ml of 6% TCA, left to stand for 5 min,
and then centrifuged. The resulting supernatant was filtered after adding 0.3 g of acid-washed,
converting ascorbic acid to dehydroascorbic acid. Next, 2 ml of the filtrate was combined with 0.5 ml
of DNPH, sealed, and incubated in a 37°C water bath for precisely 3 h. After cooling in ice water, 2.5 ml
of 85% sulfuric acid was added dropwise. The mixtures were then left at room temperature for 30 min.
Standard solutions (20-100 pg of ascorbic acid) were treated similarly, including a blank with 2.0 ml
of 4% TCA. The resulting color was measured at 540 nm using a Spectronic 20 spectrophotometer. The
results were expressed as mg/dl for plasma, pg/mg of protein for tissues, or pug/mg of Hb for
erythrocytes.
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RESULTS
Glutathione Peroxidase

Numeric values presented in Table 1 show that the normal activity of glutathione peroxidase in
normal blood is about (92.98+1.65) but the diet induced diabetes increases significantly this parameter
to a level of (152.50+1.92"), all antihyperglycemic reference drugs decreased significantly the increase
glutathione peroxidase induced by diabetes into (124.70+1.967), (121.75+4.33") and (124.90+2.85")
respectively in Glipizide, Sitagliptin and Vildagliptin diabetic treated groups. Silver nanoparticles were
also capable of decreasing the parameter described into (135.28+2.34").

The effect of plant extract treatment was clearly presented in the Table 1, it decreases significantly
the activity of glutathione peroxidase, (127.37+1.86") and (126.42+3.23") are the values of glutathione
peroxidase activity in Passiflora foetida 100 and 250 mg/kg treated diabetic groups. The high dose of
studied extract 500 mg/kg was the most effective treatment that decreases highly significantly and
normalizes the glutathione peroxidase (93.77+2.56").

Serum Catalase Levels

Diabetes pathology is responsible of the increase of serum catalase levels which reach (125.78+1.96")
in comparison with the normal group levels (112.55+1.76%). Hypoglycemic drugs increased these levels
in order of (124.70£1.96), (117.23+2.78), (117.25+2.53) and 135.28+2.34 respectively in Glipizide,
Sitagliptin, Vildagliptin and Silver nanoparticle diabetic treated groups. The high dose (500 mg/kg) of
Passiflora foetida ethanolic extract prove again its efficiency to correct the serum catalase levels which
return to 113.07+3.82.

Ascorbic Acid

Its normal concentration in normal animals is about (0.50+0.27), diet induced diabetic rats have
shown a significantly increase in this parameter (3.50+0.28). All antihyperglycemic drugs and plant
treatment decreased significantly the concentration of ascorbic acid. 500 mg/kg of ethanolic extract of
Passiflora foetida is responsible of the stabilization of this parameter and its correction to a value of
0.54+0.11.

DISCUSSION

Results of the current study show the potential antioxidant activity of Passiflora foetida ethanolic
extract in diet induced diabetic rats [27]. This extract is more effective when administrated in a high
dose (500 mg/kg), it is responsible of the correction of peroxidase glutathione, serum catalase levels
and ascorbic acid in diabetic animals.

Earlier studies have demonstrated the presence of polyphenols, tannins and flavonoids in ethanolic
extract of Passiflora foetida, these chemical compounds are known by their important antioxidant
power [27, 28].

Table 1. Glutathione peroxidase, serum catalase and Ascorbic acid levels in experimental groups.

Glutathione | Serum catalase | Ascorbic
peroxidase levels acid
Normal 92.98+1.65 112.55+1.76 0.50+0.27
DID 152.50+1.92° | 125.78+1.96" | 3.50+0.28"
Standard Glipizide-4 mg/kg 124.70+1.96" | 121.38+1.68" | 2.00+0.42"
Plant extract 100 mg/kg 127.37+£1.86" | 123.47+1.67° | 2.89+1.13"
Plant extract 250 mg/kg 126.42+3.23" | 119.27+4.38" | 2.37+0.73"
Plant extract 500 mg/kg 93.77+2.56 113.07+3.82 0.54+0.11
Sitagliptin 0.28 mg/200 gm body weight 121.75+4.33" | 117.23+2.78" | 1.41+0.22"
Vildagliptin 10 mg/kg body weight 124.90+2.85" | 117.25+2.53" | 1.50+0.18"
Silver nano particles (50 ug): 2 ml/200 gm body weight 135.28+2.34" 114.42+2.63 3.30+0.21"
© STM Journals 2024. All Rights Reserved 13
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Flavonoids, abundant in vegetables, fruits, grains, and tea, are natural polyphenols crucial for various
plant biological processes and environmental responses. These plant secondary metabolites are
prevalent in human diets, offering antioxidant effects and diverse bioactivities [12, 27, 29].

Flavonoids are integral to numerous nutraceutical products, showcasing significant biological
activity primarily centered on their well-documented antioxidant properties. This antioxidant function
entails several mechanisms, including scavenging of reactive oxygen species (ROS), activation of
antioxidant enzymes, inhibition of oxidases such as xanthine oxidase (XO), cyclooxygenase (COX),
lipoxygenase, and phosphoinositide 3-kinase (P13K), along with the reduction of a-tocopheryl radicals.
Moreover, flavonoids are known to elevate uric acid levels, exhibit metal-chelating capabilities, and
demonstrate low molecular-weight antioxidant activity, collectively mitigating oxidative stress [30-35].

A high ingestion of flavonoids from fresh fruits and vegetables may offer defense against oxidation,
inflammation, and chronic diseases. Various small dietary intervention trials suggest that consuming
flavonoid-rich foods might shield against the advancement of insulin resistance to type 2 diabetes by
modulating pancreatic B-cell, hepatocyte, and adipocyte function [36]. The intake of specific flavonoids
as quercetin was found to be inversely associated with the risk of type 2 diabetes development.

CONCLUSION

The present study showed various values of antioxidant levels with different standard drugs.
Glutathione peroxidase, serum catalase, and ascorbic acid levels increase with low, medium, and high
doses of plant extracts. The standard drugs also showed maximum antioxidant levels when compared
to normal rats. The drugs sitagliptin, vildagliptin and silver nanoparticles have higher level of
antioxidant activity. The plant extract of high dose has low level of antioxidant activity. This shows
Passiflora foetida extracts and standard drugs used in the experiments have antioxidant activity and
improve the antioxidant activity when compared to normal rats.

REFERENCES

1. Organization WH. (1992) Research guidelines for evaluating the safety and efficacy of herbal
medicines. [Online]. https://www.who.int/publications/i/item/9290611103

2. Edem DO, Usoh IF. Biochemical Changes in Wistar Rats on Oral Doses of Mistletoe (Loranthus
micranthus). Am J Pharmacol Toxicol. 2009; 4(3): 94-97. DOI: https://doi.org/10.3844/ajptsp.2009.94.97

3. Ali SL, Ali A, Alamri A, Baiduissenova A, Dusmagambetov M, Abduldayeva A. Genomic
annotation for vaccine target identification and immunoinformatics-guided multi-epitope-based
vaccine design against Songling virus through screening its whole genome encoded proteins. Front
Immunol. 2023 Nov 28; 14: 1284366. doi: 10.3389/fimmu.2023.1284366.

4. Akbari B, Baghaei-Yazdi N, Bahmaie M, Mahdavi Abhari F. The role of plant-derived natural
antioxidants in reduction of oxidative stress. BioFactors. 2022; 48(3): 611-633.
https://doi.org/10.1002/biof.1831

5. Santo A, Zhu H, Robert Li Y. Free Radicals: From Health to Disease. React Oxyg Species. 2016;
2(4): 245-263. Accessed March 19, 2024. https://rosj.org/index.php/ros/article/view/33

6. Rimbach G. Application of nutrigenomics tools to analyze the role of oxidants and antioxidants in
gene expression. In: Rimbach G, Fuchs J, Packer L, editors. Nutrigenomics. Boca Raton, USA:
CRC Press; 2005. DOI: 10.1201/9781420028096

7. Kahkdnen MP, Hopia Al, Vuorela HJ, Rauha JP, Pihlaja K, Kujala TS, Heinonen M. Antioxidant
activity of plant extracts containing phenolic compounds. J Agric Food Chem. 1999 Oct; 47(10):
3954-62. doi: 10.1021/jf990146.

8. Proestos C, Boziaris IS, Nychas G-J, Komaitis M. Analysis of flavonoids and phenolic acids in
Greek aromatic plants: Investigation of their antioxidant capacity and antimicrobial activity. Food
Chem. 2006; 95(4): 664-671.

9. Proestos C, Varzakas T. Aromatic Plants: Antioxidant Capacity and Polyphenol Characterisation.
Foods. 2017 Apr 4; 6(4): 28. doi: 10.3390/foods6040028.

© STM Journals 2024. All Rights Reserved 14



Antioxidant Activity of Passiflora foetida Leaf Extracts and Silver Nanoparticles Birudu et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Lai L-S, Chou S-T, Chao W-W. Studies on the antioxidative activities of Hsian-tsao (Mesona
procumbens Hemsl) leaf gum. J Agric Food Chem. 2001; 49(2): 963-968.

Van Dam PS, Van Asbeck BS, Van Oirschot J, et al. Glutathione and a-lipoate in diabetic rats:
nerve function, blood flow and oxidative state. Eur J Clin Invest. 2001; 31(5): 417-424.

ALi A, Manzoor U, Ali SL, et al. Currently Trending and Futuristic Biological Modalities in the
Management of Different Types of Diabetes: A Comprehensive Review. J Popul Ther Clin
Pharmacol. 2023; 30(18): 2948-2970.

Kowluru RA. Effect of reinstitution of good glycemic control on retinal oxidative stress and
nitrative stress in diabetic rats. Diabetes. 2003 Mar; 52(3): 818-23. doi: 10.2337/diabetes.52.3.818.
Obrosova IG, Drel VR, Pacher P, llnytska O, Wang ZQ, Stevens MJ, Yorek MA. Oxidative-
nitrosative stress and poly(ADP-ribose) polymerase (PARP) activation in experimental diabetic
neuropathy: the relation is revisited. Diabetes. 2005 Dec; 54(12): 3435-41. doi:
10.2337/diabetes.54.12.3435.

Kashiba M, Oka J, Ichikawa R, Kasahara E, Inayama T, Kageyama A, Kageyama H, Osaka T,
Umegaki K, Matsumoto A, Ishikawa T, Nishikimi M, Inoue M, Inoue S. Impaired ascorbic acid
metabolism in streptozotocin-induced diabetic rats. Free Radic Biol Med. 2002 Nov 1; 33(9): 1221
30. doi: 10.1016/s0891-5849(02)01010-9.

Sundaram RK, Bhaskar A, Vijayalingam S, Viswanathan M, Mohan R, Shanmugasundaram KR.
Antioxidant status and lipid peroxidation in type Il diabetes mellitus with and without
complications. Clin Sci (Lond). 1996 Apr; 90(4): 255-60. doi: 10.1042/cs0900255.

Savu O, Bradescu OM, Serafinceanu C, losif L, Tirgoviste CI, Stoian |. Erythrocyte caspase-3 and
antioxidant defense is activated in red blood cells and plasma of type 2 diabetes patients at first
clinical onset. Redox Rep. 2013; 18(2): 56-62. doi: 10.1179/1351000213Y.0000000040.

El Haouari M. Platelet Oxidative Stress and its Relationship with Cardiovascular Diseases in Type
2 Diabetes Mellitus Patients. Curr Med Chem. 2019; 26(22): 4145-4165. doi:
10.2174/0929867324666171005114456.

Petya Goycheva, Kamelia Petkova-Parlapanska, Ekaterina Georgieva, Yanka Karamalakova,
Nikolova G. Biomarkers of Oxidative Stress in Diabetes Mellitus with Diabetic Nephropathy
Complications. Int J Mol Sci. 2023; 24(17): 13541-13541. doi:https://doi.org/10.3390/ijms241713541
Beydoun MA, Canas JA, Beydoun HA, et al. Serum antioxidant concentrations and metabolic
syndrome are associated among US adolescents in recent national surveys. J Nutr. 2012; 142(9):
1693-1704.

Khazim K, Giustarini D, Rossi R, et al. Glutathione redox potential is low and glutathionylated and
cysteinylated hemoglobin levels are elevated in maintenance hemodialysis patients. Transl Res.
2013; 162(1): 16-25. doi: 10.1016/j.trs1.2012.12.014.

Ford ES. Prevalence of the metabolic syndrome in US populations. Endocrinol Metab Clin North
Am. 2004 Jun; 33(2): 333-50. doi: 10.1016/j.ecl.2004.03.004

Battin EE, Brumaghim JL. Antioxidant activity of sulfur and selenium: a review of reactive oxygen
species scavenging, glutathione peroxidase, and metal-binding antioxidant mechanisms. Cell
Biochem Biophys. 2009; 55(1): 1-23. doi: 10.1007/s12013-009-9054-7.

Paglia DE, Valentine WN. Studies on the quantitative and qualitative characterization of
erythrocyte glutathione peroxidase. J Lab Clin Med. 1967;70:158-169.

Sinha AK. Colorimetric assay of catalase. Anal Biochem. 1972;47:389-394. DOI: 10.1016/0003-
2697(72)90132-7.

Roe JH, Kuether CA. The determination of ascorbic acid in whole blood and urine through the 2,4-
dinitrophenylhydrazine derivative of dehydroascorbic acid. J Biol Chem. 1943;147:399-407. DOI:
10.1016/S0021-9258(18)72395-8.

Toluwalope O, Awais A. Effect of Ethanolic Ocimum Tenuiflorum (Holy Basil) Extract on
Diclofenac Induced Hepatotoxicity in Rats. Direct Res J Health Pharmacol. 2023; 10(2): 10-21.
doi:https://doi.org/10.26765/DRIJHP88839693.

Sathish R, Sahu A, Natarajan K. Antiulcer and antioxidant activity of ethanolic extract of Passiflora
foetida L. Indian J Pharmacol. 2011 May; 43(3): 336-9. doi: 10.4103/0253-7613.81501

© STM Journals 2024. All Rights Reserved 15



Research & Reviews: A Journal of Pharmacology
Volume 14, Issue 1
ISSN: 2230-9861 (Online), ISSN: 2349-1299 (Print)

29.

30.

31.

32.

33.

34.

35.

36.

Shen N, Wang T, Gan Q, Liu S, Wang L, Jin B. Plant flavonoids: Classification, distribution,
biosynthesis, and antioxidant activity. Food Chem. 2022 Jul 30; 383: 132531. doi:
10.1016/j.foodchem.2022.132531.

Williamson J, Davison G. Targeted Antioxidants in Exercise-Induced Mitochondrial Oxidative
Stress: Emphasis on DNA Damage. Antioxidants (Basel). 2020 Nov 17; 9(11): 1142. doi:
10.3390/antiox9111142.

Dinh P, Tran C, Dinh T, Ali A, Pan S. Hsa_circRNA_ 0000284 acts as a ceRNA to participate in
coronary heart disease progression by sponging miRNA-338-3p via regulating the expression of
ETS1. J Biomol Struct Dyn. 2023 Jun 19; 1-14. doi: 10.1080/07391102.2023.2225109

Manzoor U, Ali A, Ali SL, Abdelkarem O, Kanwal S, Alotaibi SS, Baazeem A, Baiduissenova A,
Yktiyarov A, Hajar A, Olzhabay A. Mutational screening of GDAP1 in dysphonia associated with
Charcot-Marie-Tooth disease: clinical insights and phenotypic effects. J Genet Eng Biotechnol.
2023 Nov 15; 21(1): 119. doi: 10.1186/s43141-023-00568-9.

Lugman Ali, Ali A, Abdulaziz Alamri, Aliya Baiduissenova, Marat Dusmagambetov, Aigul
Abduldayeva. Genomic annotation for vaccine target identification and immunoinformatics-guided
multi-epitope-based vaccine design against Songling virus through screening its whole genome
encoded proteins. Front Immunol. 2023; 14: 1284366.
doi:https://doi.org/10.3389/fimmu.2023.1284366

Hussain R, Rahim F, Ullah H, Khan S, Sarfraz M, Igbal R, Suleman F, Al-Sadoon MK. Design,
Synthesis, In Vitro Biological Evaluation and In Silico Molecular Docking Study of
Benzimidazole-Based Oxazole Analogues: A  Promising  Acetylcholinesterase  and
Butyrylcholinesterase  Inhibitors.  Molecules. 2023 Oct 10; 28(20): 7015. doi:
10.3390/molecules28207015.

Nwanna E, Ojo R, Shafig N, Ali A, Okello E, Ganiyu Oboh. An In Silico In Vitro and In Vivo
Study on the Influence of an Eggplant Fruit (Solanum anguivi Lam) Diet on Metabolic Dysfunction
in the Sucrose-Induced Diabetic-like Fruit Fly (Drosophila melanogaster). Foods. 2024; 13(4): 559—
559. doi:https://doi.org/10.3390/foods13040559

XuH, Du X, XulJ, Zhang Y, Tian Y, Liu G, Wang X, Ma M, DuW, Liu Y, Dai L, Huang W, Tong
N, Wei Y, Fu X. Pancreatic § cell microRNA-26a alleviates type 2 diabetes by improving peripheral
insulin sensitivity and preserving 3 cell function. PLoS Biol. 2020 Feb 24; 18(2): e3000603. doi:
10.1371/journal.pbio.3000603.

© STM Journals 2024. All Rights Reserved 16



