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 A B S T R A C T 

Survey has shown that the number of persons with diabetes mellitus (DM) would increase in the coming decade. Diabetes 
mellitus is primarily defined by the level of hyperglycemia which causes nephropathy. The present study investigated renal 
oxidative status of diabetic rats administered methanol fraction of ethanol extract of Dialium Guineense (MEDG) stem bark. 
Male Wistar rats (n = 25, mean weight = 215 ± 15 g) were randomly assigned to five groups (5 rats per group): normal control, 
diabetic control, metformin, and 200 mg/kg body weight (bwt) and 300 mg/kg bwt extract groups. Diabetes mellitus was 
induced via intraperitoneal injection of streptozotocin (STZ, 50 mg/kg bwt). The diabetic rats were then treated for 21 days with 
metformin (50 mg/kg bwt) or the extract at doses of 200 and 300 mg/kg bwt, respectively. The results showed that the activities 
of catalase, superoxide dismutase (SOD), glutathione peroxidase (GPX), and Glutathione Reductase (GR) as well as levels of 
reduced glutathione (GSH) and % GSH were significantly lower in diabetic control group than in the normal control group, but 
they were increased by MEDG treatment (p < 0.05). On the other hand, the levels of nitric oxide (NO) and malondialdehyde 
(MDA) elevated by STZ were markedly reduced after treatment with MEDG (p < 0.05). It can be concluded that MEDG stem 
bark possesses an ameliorative potential against STZ-induced oxidative stress in rats.
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Introduction
The metabolism of glucose is influenced by glucagon and 

insulin, secreted by the pancreas. Insulin acts as a doorway to 
drive glucose into cells, stimulating glucose utilization, while 
glucagon does the opposite, making glucose available for cells 
from glycogen. Following the consumption of carbohydrates, 
insulin levels quickly increase while glucagon levels drop. 
Hyperglycemia, a symptom of diabetes mellitus, occurs when 
there is insufficient or aberrant insulin production. If the blood 
glucose level remains high (hyperglycemia) over a long period 
of time, it results in long-term damage to organs such as kidney, 
liver, eye, nerves, heart and blood vessels [1,2] Oxidative stress 

plays a role in insulin resistance. Reactive oxygen species (ROS) 
and reactive nitrogen species (RNS) affect insulin signaling 
cascade [3]. At lower doses, ROS play a physiological role 
in insulin signaling. After the stimulation of insulin receptor 
in adipocytes, hydrogen peroxide (H2O2) is produced by the 
catalytic action of NADPH oxidase, which inhibits PTP1B 
catalytic activity, thus increasing tyrosine phosphorylation [4]. 
Oxidative stress caused by hyperglycemia in diabetes mellitus 
may impair insulin signaling leading to insulin resistance. 
Hyperglycemia and insulin resistance may also lead to altered 
mitochondrial function and insulin action impairment by 
cytokines in response to metabolic stress [5,6].
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Many medicinal plants have been advocated for the treatment 
of diabetes mellitus [7,8]. The leaves and other parts of D. 
guineense are used in Traditional Systems of Medicine to treat 
different diseases [9,10] This study was aimed to investigate 
renal oxidative status of diabetic rats administered MEDG stem 
bark.

Figure 1: Location and Anatomy of the Kidney

Material and Methods 
Chemicals

Every substance used in this study, including chemicals as 
well as reagents, was of analytical grade. The reagents were 
obtained from Sigma-Aldrich, Ltd. (USA).

Collection of Plant Material
Dr. Henry Akinnibosun of the Department of Plant Biology and 

Biotechnology at the University of Benin in Benin City, Nigeria, 
verified the authenticity of the “stem barks of D. guineense, which were 
obtained from Auchi, Edo State, Nigeria. The prepared plant specimen 
was deposited in the herbarium of same department (No. UBHD330). 

Plant Preparation and Extraction
The plant’s stem bark was” washed and shade-dried for 2 weeks at 

room temperature, and thereafter ground into powder using a blender. A 
portion (500 g) of powdered plant material was steeped in 5,000 mL of 
100 % ethanol. The resulting extract was filtered through muslin cloth 
and freeze-dried with a lyophilizer [11]. The ethanol extract was further 
fractionated with absolute methanol.

Experimental Rats
Twenty-five mature male Wistar rats weighing between 200 and 230 

g were purchased from the Department of Anatomy at the University of 
Benin in Benin City, Nigeria. The rats were kept in metal cages under 
standard laboratory settings, which included a 12-h light/12-h dark 
cycle, room temperature, as well as relative humidity range of 55 to 
65 %. They had unhindered access to both potable water and pelletized 
mash. One week was spent acclimating the rats to laboratory conditions 
prior to the start of the experiment. The investigation followed a 
standard experimental protocol.

Experimental Design

The rats (n = 25; mean weight = 215 ± 15 g) were randomly assigned 
to five groups (5 rats per group): normal control, diabetic control, 
metformin, and 200 mg/kg bwt and 300 mg/kg bwt extract groups. 
Diabetes mellitus was induced in the rats via intraperitoneal injection 
of STZ (50 mg/kg bwt). The diabetic rats were then treated for 21 days 
with metformin (50 mg/kg bwt) or the extract at doses of 200 and 300 
mg/kg bwt, respectively, leaving the diabetic control group untreated. 

Tissue Sample Collection 

At the end of the treatment period, the rats were euthanized 
under mild anesthesia. Their kidneys were excised, washed 
in ice–cold saline, blotted dry and placed in plain containers. 

Weighted portions of the kidney were used to prepare 20 % 
tissue homogenate used for biochemical analyses. 

Biochemical Analyses 
The activities of catalase, SOD, GPx and GR were determined 

[12, 13, 14,15]. Levels of renal total protein, MDA and GSH 
were also measured [16,17,18]. The level of NO was determined 
using a previously described method [19].

Statistical Analysis 
Data are presented as mean ± SEM (n = 5). Statistical analysis 

was performed using SPSS version 21. Statistical differences 
between means were compared using Duncan multiple range 
test. Values of p < 0.05 were considered statistically significant.

Results
Effect of MEDG Stem Bark on Kidney Weight is 5.1 

Induction of diabetes mellitus with STZ significantly reduced 
the weights of rat kidney (p < 0.05). However, treatment of the 
diabetic rats with the extract markedly increased the weights of 
this organ as well as the corresponding kidney/body weight ratio 
(p < 0.05) (Table 1).

Group Kidney Weight (g) Relative Organ Weight x 
10-3

Normal Control 0.73 ± 0.05 3.95 ± 0.41

Diabetic Control 0.44 ± 0.02b 2.71 ± 0.17b

Metformin 0.60 ± 0.30a 4.08 ± 0.22a

200 mg/kg bwt MEDG 0.49 ± 0.04a 2.92 ± 0.08a

300 mg/kg bwt MEDG 0.63 ± 0.03a 4.44 ± 0.11a

Data are weights of rat kidneys and are expressed as mean ± SEM (n = 5).

Values with superscript “a” are significantly different from the diabetic 
control group.

Values with superscript “b” are significantly different from the normal control 
group.

Table 1: Comparison of the Weights of Rat Kidney Among the Groups.

Effect of MEDG Stem Bark on Renal Oxidative Status in 
Diabetic Rats

The activities of all the antioxidant enzymes measured and 
levels of GSH were significantly lower in diabetic control group 
than in the normal control group, but they were increased by 
MEDG treatment (p < 0.05). On the other hand, the levels of 
NO and MDA elevated by STZ were markedly reduced after 
treatment with MEDG (p < 0.05). These results are shown in 
Tables 2 to 5.

Group TP (mg/dL) MDA (mole/mg tissue) x 
10-6

Normal Control 38.65 ± 1.30 10.05 ± 0.05

Diabetic Control 57.90 ± 0.52b 31.85 ± 1.65b

Metformin 39.48 ± 0.75a 13.05 ± 1.95a

200 mg/kg bwt MEDG 51.55 ± 2.62 18.25 ± 4.05a

300 mg/kg bwt MEDG 41.73 ± 1.83a 16.45 ± 8.25a

Data are renal total protein and MDA levels and are expressed as mean ± 
standard error of mean (SEM, n = 5).

Values with superscript “a” are significantly different from the diabetic 
control group.

Values with superscript “b” are significantly different from the normal control 
group.

Table 2: Levels of Tissue Total Protein and Lipid Peroxidation Index in the 
Different Groups.
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Discussion
Free radicals are involved in the pathogenesis of a number 

of diseases such as tumor, inflammation, hemorrhagic shock, 
atherosclerosis, diabetes mellitus, infertility, gastrointestinal 
ulcerogenesis, asthma, rheumatoid arthritis, cardiovascular 
disorders, cystic fibrosis, neurodegenerative diseases (for 
example, parkinsonism, Alzheimer’s diseases), AIDS and even 
early senescence [20]. Although the human body produces 
insufficient number of antioxidants which are essential for 
preventing oxidative stress, free radicals generated within it are 
removed by natural antioxidant defenses such as glutathione or 
catalase [21]. Therefore, this deficiency is compensated for by 
making use of natural exogenous antioxidants, such as vitamin 
C, vitamin E, flavones, β-carotene and natural products in 
plants. Plants contain a wide variety of free radicals scavenging 

molecules such as phenols, flavonoids, vitamins and terpenoids 
[22]. Many plants, citrus fruits and leafy vegetables are the source 
of ascorbic acid, vitamin E, carotenoids, flavanols and phenolics. 
Antioxidants protect cells against the damaging effects of ROS 
such as singlet oxygen, superoxide anion (O2

-), and peroxyl and 
hydroxyl radicals and peroxynitrite which results in oxidative 
stress leading to cellular damage [23]. Natural antioxidants 
play a key role in health maintenance and prevention of chronic 
and degenerative diseases. Antioxidants exert their effect by 
scavenging ‘free-oxygen radicals’ thereby giving rise to a fairly 
stable molecule. Free radicals are metastable chemical species, 
which tend to trap electrons from molecules in the immediate 
surroundings [24]. These radicals if not scavenged effectively 
in time, may damage crucial biomolecules like lipids, proteins 
(including those present in all membranes and mitochondria) and 
DNA resulting in abnormalities leading to disease conditions. 
Oxidative stress plays a role in insulin resistance since ROS and 
RNS affect insulin signaling cascade [3]. This study was aimed 
to investigate renal oxidative status of diabetic rats administered 
MEDG stem bark. The results indicate that the activities of all 
the antioxidant enzymes measured and levels of GSH were 
significantly lower in diabetic control group than in the normal 
control group, but they were increased by MEDG treatment. On 
the other hand, the levels of NO and MDA elevated by STZ were 
markedly reduced after treatment with MEDG. These results are 
in agreement with reports of previous studies [25-31].

Conclusion
It can be concluded that the methanol fraction of ethanol 

extract of Dailium guineense stem bark possesses an ameliorative 
potential against STZ induced oxidative stress in rats.

References 
1.	 Funke L, Melzig MF (2006).“Traditionally used plants in diabetes 

therapy-phytotherapeutics as inhibitors of α-amylase activity”. 
Revista Brasileira De Farmacognosia.16:1 – 5.

2.	 Pari L,Saravanan R (2004). Antidiabetic effect of diasulin, 
a herbal drug on blood glucose plasma insulin and hepatic 
enzymes of glucose metabolism in hyperglycemic rats. Diabetes 
Obesity and Metabolism. 6:4 286 – 292.

3.	 Rains jl, jain s. (2011).oxidative stress, insulin signaling and 
diabetes. Free Radic Biol med. 505:567-575.

4.	 Mahadev K, Motoshima, H, Wu X, Ruddy JM, Arnold R.S Et 
Al(2004). The NAD(P)H oxidase homolog Nox4 modulates 
insulin-stimulated generation of H2O2 and plays an integral role 
in insulin signal transduction. Mol Cell Biol. 24 (5): 1844 -1854.

5.	 Bloch-Damti A,Bashan N (2005). Proposed mechanisms for 
the induction of insulin resistance by oxidative stress. Antioxid 
Redox Signal. 7 (11 - 12): 1553 - 1567.

6.	 Eriksson K (2007).The Theory of Caritative Caring: A Vision. 
Nursing Science Quarterly. 20 (3): 201 – 202.

7.	 Abu OD, Imafidon KE, Obayuwana O (2020a). Effect of aqueous 
extract of Anacardium occidentale leaves on blood glucose level 
and lipid profile of diabetic rats. 

8.	 Abu OD, Imafidon KE, Obayuwana O (2020b). Ethanol leaf 
extract of Anacardium occidentale ameliorates alloxan-induced 
changes on blood glucose level and lipid profile of Wistar rats. 
IAR Journal of Medical Sciences. 1 (5): 257 – 262.

9.	 Abu OD, Okuo AV, Osemwota OF (2022a).Extracts of Dialium 
guineense Stem Bark Ameliorates CCl4-induced Oxidative 
Stress in Liver of Wistar Rats.Biomedical Journal of Scientific 
and Technical Research. 46 (2): 37297 – 37301.

10.	 Abu OD, Iyare HE, Ogboi KU (2022b). Cardiac Oxidative 
Status in CCl4-Exposed Rats Treated with Extracts of Dialium 

Group Catalase
(U/mg protein) 

x 10-4

SOD (U/mg 
protein)

x 10-3

GPx (U/mg 
protein)
x 10-4

Normal Control 14.62 ± 2.72 4.15 ± 0.15 2.04 ± 0.06

Diabetic Control 7.23 ± 0.80b 1.02 ± 0.07b 0.14 ± 0.02b

Metformin 12.90 ± 2.78a 3.97 ± 0.01a 1.31 ± 0.01a

200 mg/kg bwt MEDG 10.20 ± 5.39a 3.26 ± 0.04a 1.42 ± 0.02a

Data are renal total protein and MDA levels and are expressed as mean ± 
standard error of mean (SEM, n = 5).

Values with superscript “a” are significantly different from the diabetic 
control group.

Values with superscript “b” are significantly different from the normal 
control group.

Group GSH (mg/dL) % GSH GR (U/mg 
protein)
x 10-2

Normal Control 1.53 ± 0.09 75.85 ± 3.01 7.65 ± 0.46

Diabetic Control 0.36 ± 0.04b 21.70 ± 1.40b 1.80 ± 0.08b

Metformin 1.25 ± 0.08a 44.17 ± 2.07a 6.25 ± 0.52a

200 mg/kg bwt MEDG 1.16 ± 0.04a 41.67 ± 1.22a 5.80 ± 0.31a

300 mg/kg bwt MEDG 1.27 ± 0.03a 46.70 ± 1.82a 6.35 ± 0.64a

Data are markers of oxidative stress and are expressed as mean ± SEM (n 
= 5).

Values with superscript “a” are significantly different from the diabetic 
control group.

Values with superscript “b” are significantly different from the normal 
control group.

Group NO (µmole/L) % NO

Normal Control 10.63 ± 0.00 53.24 ± 3.41

Diabetic Control 30.64 ± 0.03b 19.35 ± 1.80b

Metformin 15.82 ± 0.03a 29.64 ± 1.01a

200 mg/kg bwt MEDG 20.76 ± 0.05a 29.07 ± 2.44a

300 mg/kg bwt MEDG 17.26 ± 0.04a 37.41 ± 2.08a

Data are markers of oxidative stress and are expressed as mean ± SEM 
(n = 5).

Values with superscript “a” are significantly different from the diabetic 
control group.

Values with superscript “b” are significantly different from the normal 
control group.

Table 3: Activities of Glutathione Reductase and Levels of GSH in the 
Different Groups.

Table 4: Activities of Glutathione Reductase and Levels of GSH in the 
Different Groups.

Table 5: Activities of Glutathione Reductase and Levels of GSH in the 
Different Groups.

file:///E:/URF/JMCC/MCC%233/scielo.br/j/rbfar/a/GCDDSJgJsvqGsRcJNWFJp8x/?lang=en
file:///E:/URF/JMCC/MCC%233/scielo.br/j/rbfar/a/GCDDSJgJsvqGsRcJNWFJp8x/?lang=en
file:///E:/URF/JMCC/MCC%233/scielo.br/j/rbfar/a/GCDDSJgJsvqGsRcJNWFJp8x/?lang=en
https://pubmed.ncbi.nlm.nih.gov/15171753/
https://pubmed.ncbi.nlm.nih.gov/15171753/
https://pubmed.ncbi.nlm.nih.gov/15171753/
https://pubmed.ncbi.nlm.nih.gov/15171753/
https://pubmed.ncbi.nlm.nih.gov/21163346/
https://pubmed.ncbi.nlm.nih.gov/21163346/
https://pubmed.ncbi.nlm.nih.gov/14966267/
https://pubmed.ncbi.nlm.nih.gov/14966267/
https://pubmed.ncbi.nlm.nih.gov/14966267/
https://pubmed.ncbi.nlm.nih.gov/14966267/
https://pubmed.ncbi.nlm.nih.gov/16356119/
https://pubmed.ncbi.nlm.nih.gov/16356119/
https://pubmed.ncbi.nlm.nih.gov/16356119/
https://pubmed.ncbi.nlm.nih.gov/17849621/
https://pubmed.ncbi.nlm.nih.gov/17849621/
https://www.researchgate.net/publication/344784132_Effect_of_aqueous_extract_of_Anacardium_occidentale_leaves_on_blood_glucose_level_and_lipid_profile_of_diabetic_rats
https://www.researchgate.net/publication/344784132_Effect_of_aqueous_extract_of_Anacardium_occidentale_leaves_on_blood_glucose_level_and_lipid_profile_of_diabetic_rats
https://www.researchgate.net/publication/344784132_Effect_of_aqueous_extract_of_Anacardium_occidentale_leaves_on_blood_glucose_level_and_lipid_profile_of_diabetic_rats
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.walshmedicalmedia.com/open-access/ethanol-leaf-extract-of-emanacardium-occidentaleem-ameliorates-alloxan-induced-changes-on-blood-glucose-level-and-lipid-.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.walshmedicalmedia.com/open-access/ethanol-leaf-extract-of-emanacardium-occidentaleem-ameliorates-alloxan-induced-changes-on-blood-glucose-level-and-lipid-.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.walshmedicalmedia.com/open-access/ethanol-leaf-extract-of-emanacardium-occidentaleem-ameliorates-alloxan-induced-changes-on-blood-glucose-level-and-lipid-.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.walshmedicalmedia.com/open-access/ethanol-leaf-extract-of-emanacardium-occidentaleem-ameliorates-alloxan-induced-changes-on-blood-glucose-level-and-lipid-.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/biomedres.us/pdfs/BJSTR.MS.ID.007330.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/biomedres.us/pdfs/BJSTR.MS.ID.007330.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/biomedres.us/pdfs/BJSTR.MS.ID.007330.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/biomedres.us/pdfs/BJSTR.MS.ID.007330.pdf
https://journalofscience.org/index.php/GJSFR/article/view/102574/4-Cardiac-Oxidative-Status_JATS_NLM_xml
https://journalofscience.org/index.php/GJSFR/article/view/102574/4-Cardiac-Oxidative-Status_JATS_NLM_xml


Medi Clin Case Rep J  | Vol: 1 & Iss: 1Abu O, et. al.,

4

guineense Stem Bark. Global Journal of Scientific Frontier 
Research. 22 (01): 1 – 6.

11.	 Abu OD, Imafidon KE, Obayuwana HO, and Okuofu ED. (2017).
Phytochemical, proximate, and metal content analysis of citrullus 
lanatus (watermelon) seeds. FUDMA Journal of Sciences, 2 (2): 
153 - 156.

12.	 Cohen G, Dembie CD, Marcus J (1970). Measurement of 
catalase activity in tissue extracts. Analytic Biochemistry. 34: 
30 - 38.

13.	 Misra HR, Fridovich I (1972). The role of superoxide anions 
in the auto oxidation of epinephrine and a single assay for 
superoxide dismutase. J Biol. Chem. 247: 3170 - 3175.

14.	 Rotruck JT, Pope AL, Ganther HE, Swanson AB, Et al(1973).
Selenium biochemical role as a component of glutathione 
peroxidase. Science. 179: 588 - 590.

15.	 Abu OD, Ikponmwosa-Eweka O (2022). Evaluation of the 
Potential of Total saponins and Tannins of Dialium guineense 
Stem Bark in the Amelioration of Carbon Tetrachloride-Induced 
Renal Oxidative Stress. SAU Science-Tech. Journal. 7: 1: 42-50.

16.	 Ellman GL (1959). Tissue sulphydryl groups. Archive of 
Biochemistry and Biophysics. 82 (1): 70 –77 epinephrine and 
a single assay for superoxide dismutase. J Biol. Chem. 247: 
3170 - 3175.

17.	 Guttridge JMC,Wilkins C (1982). Cancer dependent hydroxyl 
radical damage to ascorbic acid. Formation of thiobarbituric acid 
reactive product. FEBS Lett. 137: 327 – 340.

18.	 Marcocci L, Packer L, Droy-Lefaix MT, Sekaki A. Et Al(1994). 
Antioxidant action of Ginkgo biloba extract EGb 761. Methods 
in Enzymology, 234:462– 475

19.	 Chen H, Liu J, Luo L and Zirkin BR (2004). Dibutyryl cyclic 
adenosine monophosphate restores the ability of aged Leydig 
cells to produce testosterone at the high level’s characteristic of 
young cells. Endocrinology.  145: 4441 – 4446.

20.	 Hurst R, Bao Y, Jemth P, Mannervik B and Williamson G (1997). 
Phospholipid hydroperoxide glutathione peroxidase activity of 
rat class Theta glutathione transferase T2-2. Biochem. Soc. 
Trans. 25: 559.

21.	 Sun B, Ricardo-da-Silva JM, Spranger I (1998). Critical factors 
of vanillin assay for catechins and proanthocyanidins. Journal of 
Agriculture and Food Chemistry, 46: 4267 - 4274.

22.	 Jornot L, Petersen H, Junod AF (1998). Hydrogen peroxide-
induced DNA damage is independent of nuclear calcium but 
dependent on redox-active ions. Biochem. J. 335: 85-94.

23.	 Mills EM, Takeda K, Yu ZX (1998). Nerve growth factor treatment 
prevents the increase in superoxide Monographs on the 
Evaluation of the Carcinogenic Risk of Chemicals to Humans. 
Food and Cosmetics Toxicology. 71: 12-13.

24.	 Abu OD, Iyare H.E, Ogboi KU (2022c). Antioxidant Property of 
Total Saponins and Tannins of Dialium guineense Stem Bark in 
Rats Hearts Exposed to CCl4. Journal of Clinical Epidemiology 
and Toxicology. 3 (3): 1 – 4.

25.	 Abu OD, Ezike TV, Ajuwa OI (2022d). Cardioprotective property 
of extracts of Dialium guineense stem bark in rats exposed to 
CCl4. American Journal of Biomedical Science and Research. 
2022: 689 – 693.

26.	 Abu OD, Umar AB Eiremiokhae CO (2022e). Investigation of 
the Cardioprotective Capacity of Aqueous Extract of Icacina 
trichanta Leaves in Rats Exposed to CCl4. Journal of Genetics 
and Cell Biology. 6 (1): 322 – 328.

27.	 Abu OD, Onoagbe IO, Ekugum E (2022f). Hepatotoxicity of 
Graded Doses of Ethanol Extract of Dialium guineense Stem 
Bark in Wistar Rats. Journal of Pharmaceutical and Bio-Medical 
Sciences. 2 (9): 347 – 352.

28.	 Abu OD, Onoagbe IO, Ohikhuare F(2022g). Nephrotoxic 
Evaluation of Ethanol Stem Bark Extract of Dialium guineense in 
Normal Wistar Rats. International Journal of Forensic Medicine. 
4 (2): 19 – 22.

29.	 Abu OD, Umar A-B,AdekanleE(2022h). Cardiotoxic Effect of 
Aqueous 	 Extract of Dialium guineense Stem Bark in Wistar 
Rats. East African Scholars Journal of Agriculture and Life 
Sciences. 5 (9): 167 – 172

30.	 Abu OD, Okuo AV, Ayele PE (2022i). Pancreatotoxic Effect of 
Aqueous Extract of Dialium guineense Stem Bark in Wistar 
Rats. International Journal of Novel Research in Life Sciences. 
9 (5): 31 – 37. 

 

https://journalofscience.org/index.php/GJSFR/article/view/102574/4-Cardiac-Oxidative-Status_JATS_NLM_xml
https://journalofscience.org/index.php/GJSFR/article/view/102574/4-Cardiac-Oxidative-Status_JATS_NLM_xml
https://www.researchgate.net/publication/327141751_PHYTOCHEMICAL_PROXIMATE_AND_METAL_CONTENT_ANALYSIS_OF_CITRULLUS_LANATUS_WATERMELON_SEED
https://www.researchgate.net/publication/327141751_PHYTOCHEMICAL_PROXIMATE_AND_METAL_CONTENT_ANALYSIS_OF_CITRULLUS_LANATUS_WATERMELON_SEED
https://www.researchgate.net/publication/327141751_PHYTOCHEMICAL_PROXIMATE_AND_METAL_CONTENT_ANALYSIS_OF_CITRULLUS_LANATUS_WATERMELON_SEED
https://www.researchgate.net/publication/327141751_PHYTOCHEMICAL_PROXIMATE_AND_METAL_CONTENT_ANALYSIS_OF_CITRULLUS_LANATUS_WATERMELON_SEED
https://pubmed.ncbi.nlm.nih.gov/5440916/
https://pubmed.ncbi.nlm.nih.gov/5440916/
https://pubmed.ncbi.nlm.nih.gov/5440916/
https://pubmed.ncbi.nlm.nih.gov/4686466/
https://pubmed.ncbi.nlm.nih.gov/4686466/
https://pubmed.ncbi.nlm.nih.gov/4686466/
https://www.researchgate.net/publication/362208639_EVALUATION_OF_THE_POTENTIAL_OF_SAPONINS_AND_TANNINS_OF_DIALIUM_GUINEENSE_STEM_BARK_IN_THE_AMELIORATION_OF_CARBON_TETRACHLORIDE-INDUCED_RENAL_OXIDATIVE_STRESS
https://www.researchgate.net/publication/362208639_EVALUATION_OF_THE_POTENTIAL_OF_SAPONINS_AND_TANNINS_OF_DIALIUM_GUINEENSE_STEM_BARK_IN_THE_AMELIORATION_OF_CARBON_TETRACHLORIDE-INDUCED_RENAL_OXIDATIVE_STRESS
https://www.researchgate.net/publication/362208639_EVALUATION_OF_THE_POTENTIAL_OF_SAPONINS_AND_TANNINS_OF_DIALIUM_GUINEENSE_STEM_BARK_IN_THE_AMELIORATION_OF_CARBON_TETRACHLORIDE-INDUCED_RENAL_OXIDATIVE_STRESS
https://www.researchgate.net/publication/362208639_EVALUATION_OF_THE_POTENTIAL_OF_SAPONINS_AND_TANNINS_OF_DIALIUM_GUINEENSE_STEM_BARK_IN_THE_AMELIORATION_OF_CARBON_TETRACHLORIDE-INDUCED_RENAL_OXIDATIVE_STRESS
https://pubmed.ncbi.nlm.nih.gov/13650640/
https://pubmed.ncbi.nlm.nih.gov/13650640/
https://pubmed.ncbi.nlm.nih.gov/13650640/
https://pubmed.ncbi.nlm.nih.gov/13650640/
https://pubmed.ncbi.nlm.nih.gov/6277694/
https://pubmed.ncbi.nlm.nih.gov/6277694/
https://pubmed.ncbi.nlm.nih.gov/6277694/
https://pubmed.ncbi.nlm.nih.gov/7808320/
https://pubmed.ncbi.nlm.nih.gov/7808320/
https://pubmed.ncbi.nlm.nih.gov/7808320/
https://pubmed.ncbi.nlm.nih.gov/15231695/
https://pubmed.ncbi.nlm.nih.gov/15231695/
https://pubmed.ncbi.nlm.nih.gov/15231695/
https://pubmed.ncbi.nlm.nih.gov/15231695/
https://pubmed.ncbi.nlm.nih.gov/9449987/
https://pubmed.ncbi.nlm.nih.gov/9449987/
https://pubmed.ncbi.nlm.nih.gov/9449987/
https://pubmed.ncbi.nlm.nih.gov/9449987/
https://pubs.acs.org/doi/10.1021/jf980366j
https://pubs.acs.org/doi/10.1021/jf980366j
https://pubs.acs.org/doi/10.1021/jf980366j
https://pubmed.ncbi.nlm.nih.gov/9742216/
https://pubmed.ncbi.nlm.nih.gov/9742216/
https://pubmed.ncbi.nlm.nih.gov/9742216/
https://pubmed.ncbi.nlm.nih.gov/9712826/
https://pubmed.ncbi.nlm.nih.gov/9712826/
https://pubmed.ncbi.nlm.nih.gov/9712826/
https://pubmed.ncbi.nlm.nih.gov/9712826/
https://www.onlinescientificresearch.com/articles/antioxidant-property-of-total-saponins-and-tannins-of-dialium-guineense-stem-bark-in-rats-hearts-exposed-to-ccl4.html
https://www.onlinescientificresearch.com/articles/antioxidant-property-of-total-saponins-and-tannins-of-dialium-guineense-stem-bark-in-rats-hearts-exposed-to-ccl4.html
https://www.onlinescientificresearch.com/articles/antioxidant-property-of-total-saponins-and-tannins-of-dialium-guineense-stem-bark-in-rats-hearts-exposed-to-ccl4.html
https://www.onlinescientificresearch.com/articles/antioxidant-property-of-total-saponins-and-tannins-of-dialium-guineense-stem-bark-in-rats-hearts-exposed-to-ccl4.html
https://biomedgrid.com/fulltext/volume16/Cardioprotective%20Property%20of%20Extracts%20of%20Dialium%20guineense%20Stem%20Bark%20in%20Rats%20Exposed%20to%20CCl4.002296.php
https://biomedgrid.com/fulltext/volume16/Cardioprotective%20Property%20of%20Extracts%20of%20Dialium%20guineense%20Stem%20Bark%20in%20Rats%20Exposed%20to%20CCl4.002296.php
https://biomedgrid.com/fulltext/volume16/Cardioprotective%20Property%20of%20Extracts%20of%20Dialium%20guineense%20Stem%20Bark%20in%20Rats%20Exposed%20to%20CCl4.002296.php
https://biomedgrid.com/fulltext/volume16/Cardioprotective%20Property%20of%20Extracts%20of%20Dialium%20guineense%20Stem%20Bark%20in%20Rats%20Exposed%20to%20CCl4.002296.php
https://www.researchgate.net/publication/369489492_Investigation_of_the_Cardio_Protective_Capacity_of_Aqueous_Extract_of_Icacina_Trichanta_Leaves_in_Rats_Exposed_to_CCl_4
https://www.researchgate.net/publication/369489492_Investigation_of_the_Cardio_Protective_Capacity_of_Aqueous_Extract_of_Icacina_Trichanta_Leaves_in_Rats_Exposed_to_CCl_4
https://www.researchgate.net/publication/369489492_Investigation_of_the_Cardio_Protective_Capacity_of_Aqueous_Extract_of_Icacina_Trichanta_Leaves_in_Rats_Exposed_to_CCl_4
https://www.researchgate.net/publication/369489492_Investigation_of_the_Cardio_Protective_Capacity_of_Aqueous_Extract_of_Icacina_Trichanta_Leaves_in_Rats_Exposed_to_CCl_4
https://ijpbms.com/index.php/ijpbms/article/view/140
https://ijpbms.com/index.php/ijpbms/article/view/140
https://ijpbms.com/index.php/ijpbms/article/view/140
https://ijpbms.com/index.php/ijpbms/article/view/140
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forensicpaper.com/article/51/4-1-20-805.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forensicpaper.com/article/51/4-1-20-805.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forensicpaper.com/article/51/4-1-20-805.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forensicpaper.com/article/51/4-1-20-805.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.easpublisher.com/media/features_articles/EASJALS_59_167-172.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.easpublisher.com/media/features_articles/EASJALS_59_167-172.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.easpublisher.com/media/features_articles/EASJALS_59_167-172.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.easpublisher.com/media/features_articles/EASJALS_59_167-172.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.noveltyjournals.com/upload/paper/Pancreatotoxic%20Effect%20of%20Aqueous%20Extract-31102022-8.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.noveltyjournals.com/upload/paper/Pancreatotoxic%20Effect%20of%20Aqueous%20Extract-31102022-8.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.noveltyjournals.com/upload/paper/Pancreatotoxic%20Effect%20of%20Aqueous%20Extract-31102022-8.pdf
file:///E:/URF/JMCC/MCC%233/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.noveltyjournals.com/upload/paper/Pancreatotoxic%20Effect%20of%20Aqueous%20Extract-31102022-8.pdf

