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Introduction 

 

Diabetes is a chronic and metabolic disease characterized by high blood 

glucose levels. WHO (2021 announced that diabetes has become a pressing 

global health concern. Its prevalence is rising dramatically over the past three 

decades, affecting countries of all income levels. The prevalence of diabetes 

and obesity has been steadily increasing in this world. estimated that the 

number of diabetic patient will go up to 700 million by 2045.  Previous studies 

in diabetic rats and humans reported that reactive oxygen species (ROS) 

caused further damage to organs, like pancreas, liver, and kidney.  Elevated of 

indicators of tissue oxidative stress have been noticed. The 8-hydroxy-2'-

deoxyguanosine (8-OHdG) was identified along with 4-hydroxy-2-nonenal 

(HNE)-that modified proteins and caused fibrosis of the pancreatic organ.3 

Abstract 
Celery had been reported as  phytochemical 
antioxidants that contained abundance of  
flavonoids. Previous studies in diabetic rats and 
humans reported that reactive oxygen species 
(ROS) caused further damage to organs, like 
pancreas, liver. The present study was proposed to 
discover the benefits of celery on pancreas and 
liver cell-injury, serum glucose, lipids, and liver 
enzymes in diabetic rats. Methods: Eighteen 
diabetic rats with serum glucose more than 
200mg/dL were randomly divided into three groups. 
Group 1, diabetic rats were not given any 
antioxidants; Groups 2 and 3 diabetic rats were 
treated with celery orally at 200 mg/kg BW/day and 
400 mg/kg BW/day, respectively. After six weeks, 
the overnight fasting blood was gained from the 
retro-orbital plexus and centrifuged at 4000 rpm to 
obtain serum. The animals were sacrificed to 
harvest the pancreas and liver. The organs were 
processed in formalin-fixed and paraffin-embedded 
tissues. Results: Severe pancreas and liver cell-
damage appeared in Group 1, while moderate and 
mild damage in Groups 2 and 3. Serum parameters 
were improved in Groups 2 and 3 compared to 
Group1. Conclusions: Treatment with celery extract 
reduced pancreas and liver injury and repaired the 
serum parameters in diabetic rats. 
Key words: celery, diabetic rats, liver, pancreas, 
serum parameters 
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Increased lipid peroxidation, liver enzymes, and reduced liver weight were 

found in diabetic rats.4  Oxidative stress caused insulin resistance,5 it happened 

before the development of fatty liver in humans.6 ROS provoked endoplasmic 

reticulum oxidative stress with renal tubular apoptosis in diabetic mice.7 

 Antioxidants extracted from plants had been The International Diabetes 

Federation (IDF) helpful to decrease complications in diabetic animals.  

Decreased apoptotic cells and lipid peroxidation in kidney tissue were observed 

in diabetic rats administered with extract of Pueraria tuberosa.8 Flower and stalk 

of plant Musa balbisiana decreased the serum levels of malondialdehyde 

(MDA), triglyceride, low density lipoprotein (LDL), and total cholesterol.9 Other 

antioxidants, such as quercetin,10 resveratrol,11 Alcea rosea seeds12 and 

theaflavin.13 also proved to have beneficial effects in diabetic animals. 

Celery (Apium graveolens L) is an edible plant from the apiaceae family, 

it grows in all districts of Europe, Africa and Asia.14 Celery had been reported 

as  phytochemical antioxidants that consist of  caffeic acid, p-coumaric acid, 

ferulic acid, apigenin, luteolin, tannin, saponin, and kaempferol.15  Celery 

extracts reduced xanthine oxidase (XO) and lipid peroxidation from liver tissue 

homogenate and decreased serum uric acid level in hyperuricemic mice.16,17 It 

decreased the activity of monoamine oxidase and protected dopaminergic 

neurons Parkinson’s disease (PD) model mice,18 declined serum creatinine, 

urea , and area of the renal tissue lesion in 3-chloro-1, 2-propanediol (3-

MCPD)-induced renal injury,19 and decreased retinal oxidative damage.20  The 

hypothesis of this study was : celery extracts could lowered the histopathologic 

tissue damage of pancreas and liver organs in diabetic rats and could decrease 

the levels of serum glucose, triglyceride, total cholesterol, alanine 

transaminase, and aspartate transferase. 

 

Ethical Clearance 

 

This research had been approved by the Health Research Ethics Commission 

of the Faculty of Medicine, Diponegoro University, Semarang with No. 88 / EC 

/ H / FK-UNDIP/IX/ 2020. 
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Materials and Methods 

Celery extract 

The fresh leaves with stalks of celery of were harvested from traditional herb 

garden in Tawangmangu, Jawa Tengah, Indonesia. It has a subtropical climate 

and located at medium-high altitude land with 1.800 meters above sea water. 

The whole plant was washed, dried in incubator at 600 C for 1 hour, and 

grounded to a fine powder with a blender. The celery powder was kept in 

refrigerator with temperature 40 C before use. Celery extract was made fresh 

every day by adding to boiling water and let it cool in room temperature. 

 

 

Diphenyl-2-picrylhydrazyl DPPH test 

The capacity to neutalise reactive oxygen species of celery extract was 

measured with previously reported  procedure.21 The celery extract was poured 

in 160 µM DPPH radical in a methanol solution. Then it was incubated at room 

temperature in the dark for 20 minutes. The end product was a yellow-colored 

diphenylpicrylhydrazine, it was read  in visual light spectrophotometer   at 517 

nm. The inhibitory percentage of DPPH was calculated according to the 

standard known formula. Scavenging activity (%) = [(absorbance of the control 

- absorbance of the sample)/absorbance of the control] × 100%. In the present 

study, the scavenging activity of the celery extract was 69.4%. 

 

Animal treatment 

Adults male Sprague-Dawley rats at 200 – 230 gram body weight were 

obtained from public University of Semarang, Central Java, Indonesia. The rats 

were kept at 25 ± 5 °C in a well-ventilated animal plastic chambers under a 

12:12 h light/dark cycle, with free access to food and water. The rats were 

induced with single dose alloxan 70 mg/kg BW intra-peritoneal (ip) and given 

orally 20% sugar solution  in tap wateras the only beverage during the study. 

Three days after induced by alloxan and sugar in take, hyperglycemic rats with 

blood sugar more than 200 mg/dL were randomly divided into 3 groups (n=6). 
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Group 1, diabetic rats were not given any antioxidants nor medication; Groups 

2, diabetic rats were administered with celery at 200 mg/kgBW/day per-os. 

Group 3, diabetic rats treated with 400 mg/kgBW/day per-os. After 6 weeks, the 

overnight fasting blood was gained from retro-orbital plexus and centrifuged at 

4000 rpm to obtain serum. The animals were sacrificed to harvest pancreas 

and liver intack organs. The organs will be processed to observe 

histopathologic findings in formalin-fixed and paraffin-embedded (FFPE) 

tissues stained with hematoxylin and eosin (HE). 

The serum levels of glucose was determined by spectrophotometer 

using enzyme glucose oxidase (GOD) to generate hydrogen-peroxide (H2O2) 

that  would oxidize the substrate N,N-diethyl-p-phenylenediamine to form a 

purple color.22 Triglyceride determination using GPO-PAP (DiaSys) was done 

by adding 2, 4-chlorophenol, ATP, Mg2+, glycerocination, peroxidase, 

lipoprotein lipase, 4-aminiantipirin, and glycerol 3-phosphate-oxidase. The 

product was measured at 500 nm. Total Cholesterol was determined by 

colorimetry enzymatic cholesterol p-aminophenazone cholesterol method 

(CHOD-PAP,DiaSys).23 Serum AST and ALT determination were based on 

colored formazan produced by the reduction of the tetrazolium salt INT with 

NADH, electron transfer being facilitated by PMS; the formazan was stable and 

the extinction was read at 500 nm.24  

 
 

Results 

 
Bennefit Effects of Celery Extract on Histopathologic findings of 

pancreas beta cells in diabetic rats. 

 
The microscopic findings in the present study were decreased  eta 

pancreas cells in islet Langerhans (Fig.1). The number of  normal cells were 

severely  decreased in diabetic rats without antioxidant treatment. Celery 

extract increased the number of normal pancreatic cells in diabetic rats. High 

dose (400 mg/kg BW/day) showed better appearance of beta cells in diabetic 

rats. 
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Bennefit Effects of Celery Extract on Histopathologic findings of liver 

tissue damage in diabetic rats. 

 

The histopathological damage in liver tissue shown as macrovesicular 

steatosis. The microscopic findings showed severe steatosis in the liver tissue 

of diabetic rats without any medication. Treatment with celery extract 

ameliorated the degree of liver steatosis (figure 2). High dose (400 mg/kg 

BW/day) showed better appearance of liver tissue. 
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Bennefit Effects of Celery extract on The levels of serum glucose in 

diabetic rats 

The levels of serum glucose were significantly higher in diabetic rats 

without any medication. The group of rats treated with celery exract significantly 

had lower serum glucose (figure 3). Both low dose (200 mg/kg BW/day) and 

high dose (400 mg/kg BW/day) of celery extract that were administered to 

diabetic rats significantly decreased the level of serum glucose with p < 0.05. 

Treatment celery with higher dose (400 mg/KgBW/day) did not cause 

hypoglicemic case. It did not lowered the levels of serum glucose  compared to 

the smaller dose (200 mg/KgBW/day) 

 

 
Fig 3. Effects of celery on levels of serum glucose in diabetic rats 
 
 
Bennefit Effects of Celery Extract on The levels of serum trigliseride in 

diabetic rats 

 
The levels of serum trigliseride were significantly higher in diabetic rats 

without any medication. The group of rats treated with celery exract significantly 

had lower serum trigliseride (figure 4). Both low dose  and high dose of celery 

extract that were administered to diabetic rats significantly decreased the level 

of serum trigliseride with p < 0.05. 
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Fig 4. Effects of celery on levels of serum triglyceride in diabetic rats 
 
 
Bennefit Effects of Celery extract on The levels of serum total cholesterol 

in diabetic rats 

 
The levels of serum total cholesterol were significantly higher in diabetic 

rats without any medication. The group of rats treated with celery exract 

significantly had lower serum total cholesterol (figure 5). High dose of celery 

extract (400 mg/kg BW/day) that was administered to diabetic rats significantly 

decreased the levels of serum total cholesterol with p < 0.05. However, low 

dose (200 mg/kg BW/day) of celery did not alter the level of total cholesterol in 

diabetic rats. 

 

 
Fig 5. Effects of celery on levels of serum total cholesterol in diabetic rats 
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Bennefit Effects of Celery extract on Levels of serum aspartate 

aminotransferase and alanine  transferase 

Levels of serum alanine transferase significantly decreased in rats 

administered with celery, but the levels of aspartate aminotransferase did not 

show differences among the groups.(table 1). 

 
 

 

Discussion 

Celery had been reported to have antioxidant effects, while diabetic rats 

suffered complication due to oxidative stress. Therefore,  it was hypothetically 

assumed that celery extract could ameliorate the tissue damage of pancreas 

and liver in diabetic rats 

The conceptual frame of this study was constructed below (Fig.6) 
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Previous studies encouraged researchers to gain the benefits of celery 

for treatment and prevention of metabolic diseases.25 Serious side effects were 

not reported in humans who routinely consumed the raw herb.26,27 It was 

analyzed to bear phytochemical medicine such as alkaloids, steroids, 

flavonoids, vitamins A and C.28,29 The leaf extract was revealed to have 

flavonoids, phenols, tannin, and saponins.30 The flavonoid compounds could 

block the activity of digestive enzymes on carbohydrate in particular α-

glucosidase and α-amylase.31  Diabetic rats and humans had been declared 

that they suffered oxidative stress. The peripheral blood mononuclear cells 

(PBMC) produced higher oxygen radicals.32 Human serum albumin (HSA) 

mixed with glucose in vitro yielded glycated protein that produced superoxide 

radical.33 Mitochondrial superoxide radical was higher in diabetic patient,34 

increased plasma lipid peroxide was found in pregnant women,35,36 and 

prediabetic men.37 Increased inducible nitric oxide synthase  (iNOS) and severe 

myocardial damage appeared in diabetic rats.38 
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Bennefit Effects of Celery extract on Levels of serum Pancreas and liver 

damage in Diabetic Rats 

Previous studies had reported that hyperglycemia was correlated to 

chronic oxidative stress caused several organs damage. Alloxan induced 

reactive oxygen species which caused pancreas and liver damage. The 

complications that could be ameliorated by herbal antioxidants, such as: 

spirulina extract for treatment of liver injury,39 ethyl vanillin isolated from vanilla 

beans decreased cell apoptosis in kidney,40 and Myristica seed 

(nutmeg) extract alleviated decreased number of pancreatic islets.41  The 

present study showed pancreas damage with severe decreased eta-cells in 

islet Langerhans in diabetic rats. However, the rats in other groups that were 

given celery extract appeared with moderate to mild islet cells damage (Fig.1). 

The microscopic liver tissue showed more severe macrovesicular steatosis in 

diabetic rats compared to rats administered with the extract that appeared to 

have moderate to mild grade (Fig.2). The microscopic findings showed that 

celery extract might reduce pancreas and liver injury in diabetic rats mg. Higher 

dosage of celery extract  (400 mg/KgBW/day) had better effects on amount 

number of normal cells in pancreas and liver tissue. It ameliorated the tissue 

injuries in the both organs. 

 

Bennefit Effects of Celery Extract on Serum Glucose, Trigliseride, Total 

Cholesterol, Aspartat amino transferase, and Alanine Transaminase 

Increased levels of serum glucose  in diabetic rats caused by  pancreas 

damage.  Pancreas is the organ that synthesize and release insulin from islet 

Langerhans beta cells.42 The hormone that increases glucose uptake by 

redistribution of  glucose transporters 4 (GLUT4) to cell membranes.43 Activity 

of insulin is also decreased by high level of plasma dipeptidyl peptidase 4 

(DPP4). The enzyme that increased in fatty liver disease.44 Serum levels of 

glucose, triglyceride, total cholesterol and alanine transaminase were the 

biochemical parameters that could be the markers of fibrosis in fatty liver.45 

Fatty liver was associated with oxidative stress. Serum levels of oxidized low 

density lipoprotein (ox-LDL) and lipid peroxide (malondialdehyde) increased in 
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patients with nonalcoholic steato-hepatitis (NASH).46 Antioxidants could be 

protective against the complications caused by reactive oxygen species. A 

combination of Trigona, mellifera, and dorsata honey (Trihoney) increased the 

activity of antioxidants superoxide dismutase (SOD) and glutathione 

peroxidase (GPx) . It reduced levels of cholesterol serum and lowered 

progression of liver fibosis.47 Reduced levels of antioxidant enzymes and 

increased reactive oxygen species caused pancreas damage followed by 

resistent to insulin. It caused hyperglicemia, hyperlipidemia, and liver tissue 

damage.48 

The present study showed that the beneficial effects of celery extract on 

improved histologic findings in pancreas and liver were supported with lower 

serum levels of glucose (Fig.3),triglyceride (Fig.4), total cholesterol (Fig.5), and 

ALT (Table 1). Higher dose of celedry (400 mg/KgBW/day) did not have 

hypoglicemic effect. The levels of serum glucose and trigliceride did not lower 

in high dose of celery compared to low dose  (200 mg/KgBW/day) in diabetic 

rats. However, the levels of serum total cholesterol and alanine transaminase 

decreased significantly on high dose of celedry administered to diabetic rats. 

The overall data provided to ascertain that celery extract alleviated the 

complications of diabetic rats. 

 

Conclusion 

Celery extract administered to diabetic rats could show improvement in 

histopathological findings of pancreas and liver injury and serum levels of  

glucose, triglyceride, total cholesterol, and alanine transferase. It is 

recommended that celery extract might be a good supplement for diabetic 

pateints. 

 

Acknowledgements 

The authors gives high appreciation to dean of medical faculty from Christian 

Satya Wacana University for supporting the publishment of this article. 

 

Authors’ contributions 



Andrew Johan/Afr.J.Bio.Sc. 6(15) (2024)                      Page 4993 to 10 

 

Andrew Johan:Conceptualization and  drafted and reviewed the   manuscript. 

Performed    the    statistical    analysis    and    the preparation of tables and 

figures. Jodelin Muninggar: Performed   sample preparation and animal 

handlings. Interpretation of data. Writing the full manuscript. All authors have 

read, reviewed, and approved the final manuscript 

 
Conflict of interest 
The authors declare no conflict of interest 
 
 
 
 
REFFERENCES 
 
 

1. https://www.who.int/news-room/fact-sheets/detail/diabetes access on 

Jan.2021. 

2. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. 

Global and regional diabetes prevalence estimates for 2019 and projections 

for 2030 and 2045: Results from the International Diabetes Federation 

Diabetes Atlas, 9th edition. Diabetes Res Clin Pract. 2019;157:107843. doi: 

10.1016/j.diabres.2019.107843. 

3. Ihara Y, Toyokuni S, Uchida K, Odaka H, Tanaka T, Ikeda H, Hiai H, Seino Y, 

Yamada Y. Hyperglycemia causes oxidative stress in pancreatic beta-cells of 

GK rats, a model of type 2 diabetes. Diabetes. 1999;48(4):927-32. 

doi:10.2337/diabetes.48.4.927. 

4. Salahshoor M.R, Mohammadi M.M, Roshankhah S, Najari N, Jalili C. Effect 

of Falcaria vulgaris on oxidative damage of liver in diabetic rats. J Diabetes 

Metab Disord. 2019;9;18(1):15-23. doi: 10.1007/s40200-019-00385-3. 

5. Fazakerley D.J, Minard A.Y, Krycer J.R, Thomas K.C, Stöckli J, Harney D.J, 

et al. Mitochondrial oxidative stress causes insulin resistance without 

disrupting oxid ative phosphorylation. J Biol Chem. 2018 May 

11;293(19):7315-7328. doi:10.1074/jbc.RA117.001254. 

6. Rhee E.J, Lee W.Y, Cho Y.K, Kim B.I, Sung K.C. Hyperinsulinemia and the 

development of nonalcoholic Fatty liver disease in nondiabetic adults. Am J 

Med. 2011;124(1):69-76. doi: 10.1016/j.amjmed.2010.08.012. 

7. Brezniceanu M.L, Lau C.J, Godin N, Chénier I, Duclos A, Ethier J, et al. 

Reactive oxygen species promote caspase-12 expression and tubular 

apoptosis in diabetic nephropathy. J Am Soc Nephrol. 2010 Jun;21(6):943-

54.doi:10.1681/ASN.2009030242. 

8. Shukla R, Banerjee S, Tripathi Y.B. Antioxidant and Antiapoptotic effect of 

aqueous extract of Pueraria tuberosa (Roxb. Ex Willd.) DC. On 

streptozotocin-induced diabetic nephropathy in rats. BMC Complement Altern 

Med. 2018;11;18(1):156. doi: 10.1186/s12906-018-2221-x. 

https://www.who.int/news-room/fact-sheets/detail/diabetes%20access%20on%20Jan.2021
https://www.who.int/news-room/fact-sheets/detail/diabetes%20access%20on%20Jan.2021


Andrew Johan/Afr.J.Bio.Sc. 6(15) (2024)                      Page 4994 to 10 

 

9. Borah M, Das S. Antidiabetic, antihyperlipidemic, and antioxidant activities 

of Musa balbisiana Colla. in Type 1 diabetic rats. Indian J Pharmacol. 

2017;49(1):71-76. doi:10.4103/0253-7613.201030. 

10. Gomes I.B, Porto M.L, Santos M.C, Campagnaro B.P, Pereira T.M, Meyrelles 

S.S, Vasquez E.C. Renoprotective, anti-oxidative and anti-apoptotic effects of 

oral low-dose quercetin in the C57BL/6J model of diabetic nephropathy. 

Lipids Health Dis. 2014;6;(13):184. doi: 10.1186/1476-511X-13-184. 

11. Xu G, Zhao X, Fu J, Wang X. Resveratrol increase myocardial Nrf2 

expression in type 2 diabetic rats and alleviate myocardial 

ischemia/reperfusion injury (MIRI). Ann Palliat Med. 2019;8(5):565-575. doi: 

10.21037/apm.2019.11.25. PMID: 31865720. 

12. Dar P.A, Ali F, Sheikh I.A, Ganie S.A, Dar T.A. Amelioration of 

hyperglycaemia and modulation of antioxidant status by Alcea rosea seeds in 

alloxan-induced diabetic rats. Pharm Biol. 2017;55(1):1849-1855. doi: 

10.1080/13880209.2017.1333127. 

13. Gothandam K, Ganesan V.S, Ayyasamy T, Ramalingam S. Antioxidant 

potential of theaflavin ameliorates the activities of key enzymes of glucose 

metabolism in high fat diet and streptozotocin - induced diabetic rats. Redox 

Rep. 2019;24(1):41-50. doi:10.1080/13510002.2019.1624085. 

14. Gauri M, Javed Ali S, Shahid Khan M. A review of Apium graveolens (Karafs) 

with special reference to Unani medicine. Int Arch Integr Med. 2015;2:131–

136. 

15. Kooti W, Daraei N. A Review of the Antioxidant Activity of Celery ( Apium 

graveolens L). J Evid Based Complementary Altern Med. 2017;22(4):1029-

1034. doi:10.1177/2156587217717415. 

16. Dolati K, Rakhshandeh H, Golestani M, Forouzanfar F, Sadeghnia R, 

Sadeghnia HR. Inhibitory Effects of Apium graveolens on Xanthine Oxidase 

Activity and Serum Uric Acid Levels in Hyperuricemic Mice. Prev Nutr Food 

Sci. 2018 Jun;23(2):127-133. doi:10.3746/pnf.2018.23.2.127. 

17. Soliman M.M, Nassan M.A, Aldhahrani A, Althobaiti F, Mohamed W.A. 

Molecular and Histopathological Study on the Ameliorative Impacts of 

Petroselinum Crispum and Apium Graveolens against Experimental 

Hyperuricemia. Sci Rep. 2020 Jun 11;10(1):9512. doi: 10.1038/s41598-020-

66205-4. 

18. Chonpathompikunlert P, Boonruamkaew P, Sukketsiri W, Hutamekalin P, 

Sroyraya M. The antioxidant and neurochemical activity of Apium graveolens 

L. and its ameliorative effect on MPTP-induced Parkinson-like symptoms in 

mice. BMC Complement Altern Med. 2018 Mar 20;18(1):103. doi: 

10.1186/s12906-018-2166-0. 

19. Zhong Y, Jin C, Wang X, Li X, Han J, Xue W, et al. Protective effects of 

apigenin against 3-MCPD-induced renal injury in rat. Chem Biol Interact. 

2018 Dec 25;296:9-17. doi: 10.1016/j.cbi.2018.08.005. 

20. Zhang Y, Yang Y, Yu H, Li M, Hang L, Xu X. Apigenin Protects Mouse Retina 

against Oxidative Damage by Regulating the Nrf2 Pathway and Autophagy. 

Oxid Med Cell Longev. 2020 May 13;2020:9420704. doi: 

10.1155/2020/9420704. 



Andrew Johan/Afr.J.Bio.Sc. 6(15) (2024)                      Page 4995 to 10 

 

21. Hou WC, Lin RD, Cheng KT, Hung YT, Cho CH, Chen CH, et al. Free radical-

scavenging activity of Taiwanese native plants. Phytomedicine. 2003;10:170–

175. Doi:10.1078/094471103321659898. 

22. Chang Q., Tang H. Optical determination of glucose and hydrogen peroxide 

using a nanocomposite prepared from glucose oxidase and magnetite 

nanoparticles immobilized on graphene oxide. Microchim Acta. 

2014;181,527–534. https://doi.org/10.1007/s00604-013-1145-x. 

23. Murwani R, Indriani A, Yuliana I, Wihardani K, Wahyuningrum MA, Tawakal 

NR, et al. Blood Biochemical Indices and Productivity of Broilers on Diet 

Supplemented With Mannan Oligosacharide, Baker Yeast, or Combined 

Baker Yeast and Noni Leaves Extracts. Intl J Poult Sci. 2011;10(12):990-997. 

24. Whitaker JF. A general colorimetric procedure for the estimation of enzymes 

which are linked to the NADH-NAD+ system. Clin Chim Acta. 1969;24(1):23-

37. 

25. Hedayati N, Bemani Naeini M, Mohammadinejad A, Mohajeri SA. Beneficial 

effects of celery (Apium graveolens) on metabolic syndrome: A review of the 

existing evidences. Phytother Res. 2019 Dec;33(12):3040-3053. doi: 

10.1002/ptr.6492. 

26. Gauri M, Javed AS, Shahid KM. A review of Apium graveolens (Karafs) with 

special reference to Unani medicine. Int. Arch. Integr. Med. 2015; 2 (1):131-

136. https://iaimjournal.com/wp-content/uploads/2015/01/21. 

27. Al-Snafi AE. The Pharmacology of Apium graveolens. - A Review. Int J 

Pharm Res Sch. 2014;3:671-677. https://www.ijprs.com/article/the-

pharmacology-of-apium-graveolens-a-review. 

28. Kooti W, Ali-Akbari S, Asadi-Samani M, Ghadery H, Ashtary- Larky D. A 

review on medicinal plant of Apium graveolens. Adv. Herb. Med. 2014;1:48-

59. http://herbmed.skums.ac.ir/article_11254.html  

29. Qureshi K, Tabassum F, Neelam MA, Akram MZ, Zafar M. Investigation of 

Mineral Constituents of Apium graveolens L.  J. Pharmacogn. Phytochem. 

2014;3:234-239. 

https://www.phytojournal.com/vol3Issue4/Issue_nov_2014/48.1.pdf 

30. Kollab W.A, Alamen S.M. Qualitative and quantitative screening of the 

chemical components for selected medicinal plants from Libya. J. Med. Plants 

Stud. 2018;6(1):92-95. 

https://www.plantsjournal.com/archives/?year=2018&vol=6 

31. Lin D, Xiao M, Zhao J, Li Z, Xing B, Li X, et al. An Overview of Plant Phenolic 

Compounds and Their Importance in Human Nutrition and Management of 

Type 2 Diabetes. Molecules. 2016 Oct 15;21(10):1374. doi: 

10.3390/molecules21101374.  

32. Dandona P, Thusu K, Cook S, Snyder B, Makowski J, Armstrong D. et al., 

Oxidative damage to DNA in diabetes mellitus. The Lancet. 

1996;347(8999):444 - 45. 

33. Sakurai T, Tsuchiya S. Superoxide production from nonenzymatically 

glycated protein. FEBS Lett. 1988;236(2):406-10. doi: 10.1016/0014-

5793(88)80066-8. 

https://doi.org/10.1007/s00604-013-1145-x
https://iaimjournal.com/wp-content/uploads/2015/01/21
https://www.ijprs.com/article/the-pharmacology-of-apium-graveolens-a-review
https://www.ijprs.com/article/the-pharmacology-of-apium-graveolens-a-review
https://www.phytojournal.com/vol3Issue4/Issue_nov_2014/48.1.pdf
https://www.plantsjournal.com/archives/?year=2018&vol=6


Andrew Johan/Afr.J.Bio.Sc. 6(15) (2024)                      Page 4996 to 10 

 

34. Masi S, Orlandi M, Parkar M, Bhowruth D, Kingston I, O'Rourke C, et al. 

Mitochondrial oxidative stress, endothelial function and metabolic control in 

patients with type II diabetes and periodontitis: A randomised controlled 

clinical trial. Int J Cardiol. 2018 Nov 15;271:263-268. doi: 

10.1016/j.ijcard.2018.05.019. 

35. Hajifaraji M, Jahanjou F, Abbasalizadeh F, Aghamohammadzadeh N, Abbasi 

M.M, Dolatkhah N. Effect of probiotic supplements in women with gestational 

diabetes mellitus on inflammation and oxidative stress biomarkers: a 

randomized clinical trial. Asia Pac J Clin Nutr. 2018;27(3):581-591. 

doi:10.6133/apjcn.082017.03. 

36. Jamilian M, Mirhosseini N, Eslahi M, Bahmani F, Shokrpour M, Chamani M, 

Asemi Z. The effects of magnesium-zinc-calcium-vitamin D co-

supplementation on biomarkers of inflammation, oxidative stress and 

pregnancy outcomes in gestational diabetes. BMC Pregnancy Childbirth. 

2019 Mar 29;19(1):107. doi: 10.1186/s12884-019-2258-y. 259. 

37. Sutton EF, Beyl R, Early KS, Cefalu WT, Ravussin E, Peterson CM. Early 

Time-Restricted Feeding Improves Insulin Sensitivity, Blood Pressure, and 

Oxidative Stress Even without Weight Loss in Men with Prediabetes. Cell 

Metab. 2018 Jun 5;27(6):1212-1221.e3. doi: 10.1016/j.cmet.2018.04.010.  

38. Yang R, Jia Q, Liu XF, Wang YY, Ma SF. Effects of hydrogen sulfide on 

inducible nitric oxide synthase activity and expression of cardiomyocytes in 

diabetic rats. Mol Med Rep. 2017 Oct;16(4):5277-5284. doi: 

10.3892/mmr.2017.7247. 

39. Gargouri M, Magné C, El Feki A. Hyperglycemia, oxidative stress, liver 

damage and dysfunction in alloxan-induced diabetic rat are prevented by 

Spirulina supplementation. Nutr Res. 2016 Nov;36(11):1255-1268. doi: 

10.1016/j.nutres.2016.09.011. Epub 2016 Oct 4. PMID: 27865613. 

40. Tong Y, Liu S, Gong R, Zhong L, Duan X, Zhu Y. Ethyl Vanillin Protects 

against Kidney Injury in Diabetic Nephropathy by Inhibiting Oxidative Stress 

and Apoptosis. Oxid Med Cell Longev. 2019 Nov 12;2019:2129350. doi: 

10.1155/2019/2129350. 

41. Pashapoor A, Mashhadyrafie S, Mortazavi P. Ameliorative effect of Myristica 

fragrans (nutmeg) extract on oxidative status and histology of pancreas in 

alloxan induced diabetic rats. Folia Morphol (Warsz). 2020;79(1):113-119. 

doi: 10.5603/FM.a2019.0052. 

42. Tokarz VL, MacDonald PE, Klip A. The cell biology of systemic insulin 

function. J Cell Biol. 2018 Jul 2;217(7):2273-2289. doi: 

10.1083/jcb.201802095.  

43. Cartee GD. Mechanisms for greater insulin-stimulated glucose uptake in 

normal and insulin-resistant skeletal muscle after acute exercise. Am J 

Physiol Endocrinol Metab. 2015 Dec 15;309(12):E949-59. doi: 

10.1152/ajpendo.00416.2015. 

44. Baumeier C, Schlüter L, Saussenthaler S, Laeger T, Rödiger M, Alaze SA, et 

al. Elevated hepatic DPP4 activity promotes insulin resistance and non-

alcoholic fatty liver disease. Mol Metab. 2017 Oct;6(10):1254-1263. doi: 

10.1016/j.molmet.2017.07.016. 



Andrew Johan/Afr.J.Bio.Sc. 6(15) (2024)                      Page 4997 to 10 

 

45. Ratziu V, Massard J, Charlotte F, Messous D, Imbert-Bismut F, Bonyhay L, 

Tahiri M, Munteanu M, Thabut D, Cadranel JF, Le Bail B, de Ledinghen V, 

Poynard T; LIDO Study Group; CYTOL study group. Diagnostic value of 

biochemical markers (FibroTest-FibroSURE) for the prediction of liver fibrosis 

in patients with non-alcoholic fatty liver disease. BMC Gastroenterol. 2006 

Feb 14;6:6. doi: 10.1186/1471-230X-6-6. 

46. Chalasani N, Deeg MA, Crabb DW. Systemic levels of lipid peroxidation and 

its metabolic and dietary correlates in patients with nonalcoholic 

steatohepatitis. Am J Gastroenterol. 2004 Aug;99(8):1497-502. doi: 

10.1111/j.1572-0241.2004.30159.x.  

47. Alfarisi HAH, Ibrahim MB, Mohamed ZBH, Azahari N, Hamdan AHB, Che 

Mohamad CA. Hepatoprotective Effects of a Novel Trihoney against 

Nonalcoholic Fatty Liver Disease: A Comparative Study with Atorvastatin. 

Scientific World Journal. 2020 Oct 9;2020:4503253. doi: 

10.1155/2020/4503253. 

48. An Y, Xu BT, Wan SR, Ma XM, Long Y, Xu Y, Jiang ZZ. The role of oxidative 

stress in diabetes mellitus-induced vascular endothelial dysfunction. 

Cardiovasc Diabetol. 2023 Sep 2;22(1):237. doi: 10.1186/s12933-023-01965-

7. PMID: 37660030; PMCID: PMC10475205. 

 


