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Effect of Alkaloid-rich fraction of Dacryodes edulis leaves on the cytoachitecture of the liver and blood glucose levels in streptozotocin-induced hyperglycemic rats

ABSTRACT


Introduction: Diabetes mellitus is a chronic disease characterized by hyperglycemia due to insufficient insulin production or action. Numerous medicinal plants have been known for their anti-diabetic effects and Dacryodes edulis is one of them. Its extracts have been known for their medicinal qualities as it has been used to treat or manage many illnesses including diabetes. This is made possible due to the pharmacological properties of its bio-constituents constituents.
Aims: In this study, the ameliorative potential of an alkaloid-rich fraction of Dacryodes edulis leaves was investigated on the liver of hyperglycemic adult Wistar rats. The objectives were to determine its effects on liver histology and blood glucose level.
Methods: Thirty-seven (37) rats weighing between 140-190g were used for the research. Twelve (12) rats were used for its acute toxicity study, while twenty-five (25) rats were grouped into five. The groups were labelled A to E and contained five rats each. Group A (normal control) rats were given food pellets and distilled water only. Group B (diabetic control) rats were given 60mg/kg BW of streptozotocin. Group C rats were given 60mg/kg BW of streptozotocin + 500mg/kg BW of Dacryodes edulis extract, while Group D rats were given 60mg/kg BW of streptozotocin + 1,000mg/kg BW of Dacryodes edulis extract. Group E served as the metformin treated group and were given 60mg/kg BW of streptozotocin + 50mg/kg BW of metformin. The administration of streptozotocin and metformin were through the intraperitoneal route, while that of Dacryodes edulis extract was through the oral route with the aid of an oral gavage. The administration lasted for twenty-eight (28) days, after which the rats were made to fast overnight with access to only water. The rats were then weighed and then anaesthetized. Whole blood was collected through cardiac puncture and liver tissue obtained for histological analysis.
Results: The results showed degenerating liver histology with hepatocytes showing pyknotic nuclei, mild dilation of sinusoids, inflammatory cells and dilation of the central vein in the diabetic group as compared to the normal control group which showed a normal liver histology, with hepatocytes having abundant cytoplasm and prominent nuclei, well out-lined sinusoids and an intact central vein. The metformin group displayed mild degenerative changes compared to that of group B rats. The high dose extract group D showed a preserved cytoarchitecture of the liver, while the low dose extract group C displayed mild degenerative changes. A significant decrease (p<0.05) in the fasting blood glucose level was observed in the metformin and extract treated groups compared to the diabetic group (p<0.05). This

shows that Dacryodes edulis alkaloid extract possesses hepato-protective properties and a strong anti-diabetic potential, thereby making it useful in the management of diabetes mellitus and its complications.UNDER PEER REVIEW

Conclusion: The alkaloid-rich fraction of Dacryodes edulis leaves can be considered as an alternative drug in the management of diabetes mellitus.
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INTRODUCTION
The liver is an organ of importance for many physiological processes including nutrient metabolism, blood volume regulation, immune system support lipid homeostasis and (1). It also plays a vital role in the regulation of plasma glucose levels being an important player during both fasting and postprandial conditions mainly through hepatic glucose production and glycogen storage and so plays a role in the development of metabolic diseases including diabetes mellitus (2). Diabetes mellitus is a chronic disease that occurs either when the pancreas does not produce enough insulin or when the body cannot effectively use the insulin it produces. Hyperglycemia is a common effect of uncontrolled diabetes and over time leads to serious damage to many of the body systems (3) including the liver (4). In diabetes, insulin resistance and hyperinsulinaemia can cause non-alcoholic fatty liver disease and progress to
non-alcoholic steatohepatitis “NASH” which manifests as inflammation and necrosis. Prolonged NASH will lead to liver fibrosis, hepatocellular carcinomas and end-stage liver disease (5). These traits are hypothesized to damage cell membrane which is as a result of elevated reactive oxygen species (ROS) that are generated during hyperglycemia (6). The production of oxygen species is needed in certain amounts for normal metabolic processes, but when it becomes too high, it leads to oxidative stress (7). Numerous studies have demonstrated the therapeutic effects of various medicinal plants, especially in ameliorating tissue toxicity or oxidative tissue damage caused by exposure to toxic substances (8,9,10,11,12). Medicinal plants are rich in antioxidants which are substances capable of counteracting the effects of reactive oxygen species associated with tissue toxicity and Dacryodes edulis is one of such plants (11). It is also known as African plum, African palm, native pear, bush butter tree, Eben or Ube (in Nigeria). The fruit is highly nutritious, comprising of lipids, proteins and provitamins. Pharmacologically active chemical constituents such as alkaloids, tanins, flavonoids and saponins are present in parts of the plant including its leaves. The bioconstituents obtained from its leaves are said to exhibit antioxidant, anti-diabetic, anti-sickle cell and antimicrobial activities (13,11). Pharmaceutically, metformin is considered to be the first choice agent for treatment of diabetes but it is said to produce undesirable side effects such as heart burn, nausea, weight loss, headache, anemia and hypoglycemia. There is therefore an advocacy for the use of medicinal plants because they have little or no side effects (4). The rich antioxidant and antiproperty of the Dacryodes edulis leaf makes it relevant to the study which involves its effect on the prefrontal cortex and neuro-behaviour in rats of Ketamine-induced neurotoxicity.



MATERIALS AND METHODS

Plant acquisition, identification and preparation of extract:UNDER PEER REVIEW

Fresh leaves of Dacryodes edulis were obtained from a residence at Eastern highway, by Goldie market, Calabar, Cross River state, Nigeria. The leaves were then identified, authenticated and registered with a voucher number: Bot/Herb/CC/0189 in the department of botany, University of Calabar. The mature leaves were plucked and washed in running tap water and thereafter rinsed properly in distilled water. It was air dried, powdered with a grinder and stored in an air tight plastic container till required for analysis. Crude alkaloid from Dacryodes edulis leaves was extracted by heating the powdered sample (500g) for 4 hours at 55°C with 1200 ml of ethanol (20%). The extract was filtered and residue was re-extracted with 200 ml of ethanol (20%). The extract was concentrated on water bath till the volume reduced to 200 ml, which was mixed with 100 ml diethyl ether in a separating funnel. The mixture was vigorously shaken and then the separating funnel was fixed in a stand till the development of aqueous and diethyl layer. Aqueous portion was collected while the diethyl ether portion was discarded. To the aqueous layer n-butanol (80 ml) was added and properly mixed by vigorous shaking. The n-butanol extract was treated with 10 ml of 5% NaCl solution. The resultant solution was concentrated on a water bath and the crude alkaloid extract (14).
Experimental design:
Thirty-seven (37) rats weighing between 140-190g were obtained from the College of Medical sciences animal house, University of Calabar. The rats were sheltered in optimal environmental conditions of humidity, temperature and daylight/dark cycle. They were fed with were given food pellets and distilled water only. They were kept in this environment for a period of three weeks to allow for acclimatization before the start of the experiment. Twelve (12) rats were used for acute toxicity test of the leaf extract, while 25 were divided into 5 groups and placed in properly ventilated plastic cages labelled A to E, with each cage containing five rats. Group A was designated as the normal control group and were given food pellets and distilled water only. Group B was the diabetic control group and were given 60mg/kg body weight “BW” of streptozotocin “STZ”. Group C rats were given 60mg/kg BW of streptozotocin + 500mg/kg BW of Dacryodes edulis extract, while Group D rats were given 60mg/kg BW of streptozotocin
+ 1,000mg/kg BW of Dacryodes edulis extract. Group E served as the metformin treated group and were given 60mg/kg BW of streptozotocin + 50mg/kg BW of metformin. The administration of streptozotocin and metformin were through the intraperitoneal route, while that of the Dacryodes edulis extract was through the oral route with the aid of an oral gavage. The administration lasted for twenty-eight (28) days, after which the rats were made to fast overnight with access to only water. The rats were then weighed and then anaesthetized. Whole blood was collected through cardiac puncture and liver tissue obtained for histological analysis. Pre and post-induction of STZ fasting blood sugar was assessed and these procedures were done daily throughout the course of the administration. The rats were then anaesthetized and whole blood collected through cardiac puncture and the serum used to assess blood glucose level. Liver tissue was obtained and processed for histological staining.
Acute toxicity test:
12 rats were employed for the determination of the lethal dose “LD”50 of the alkaloid-rich fraction of Dacryodes edulis leaves using Lorke’s method (15). The rats were separated into four groups (3 rats each) for the first phase and received 500mg, 1000mg, 1500mg and 2000mg/kg BW respectively. They were observed for twenty-four hours. The second phase involved two groups of 2 rats each which were given 4000mg and 6,000mg/BW of the extract respectively. There was no death recorded and this agrees with

a study by Ononamadu which illustrated that its extract is non-lethal in any concentration (13). LD50 was therefore >5,000mg/kg so we decided to make use of 5,000mg/kg as the LD50. The doses of the extract were calculated as 10% and 20% of the established LD50. The extract was dissolved in distilled water and given via oral intubation using a gavage. The extract was then administered to the rats based on their weights.UNDER PEER REVIEW

Induction and confirmation of hyperglycemia: Diabetes was induced in overnight fasted experimental rats by a single dose of STZ administered intraperitoneally. STZ was reconstituted in 0.5M Sodium citrate and administered at a dose of 60mg/kg.bw (16). Diabetes was confirmed 48 hours after the STZ administration using Accu-check glucometer with blood samples obtained from tails of the Wistar rats. The blood glucose levels (mg/dl) were checked before and after induction. It was also checked every three days during the administration of the metformin and plant extract to ascertain their hyperglycemic state. The rats with fasting blood glucose levels above 250mg/dl were deemed diabetic (17).



Histological study with hematoxylin and eosin stain “H&E”:
The paraffin slides containing liver tissue underwent a dewaxing process involving two rounds of exposure to xylene for a duration of 5 minutes each. Subsequently, rehydration was performed by sequentially immersing the slides in decreasing concentrations of alcohol (100%, 95%, and 70%) and rinsing them under tap water. Following rehydration, the sections were subjected to a 15-minute staining procedure using hematoxylin, followed by a 5-minute rinse under tap water. To enhance visualization, the sections were then differentiated in acid alcohol for 1 minute and subsequently counter-stained with Eosin for another 1 minute. After a rinse in tap water, the sections underwent dehydration and clearing using xylene. Following this, the sections were allowed to air dry, and a few drops of dibutylphthalate polystyrene xylene “DPX” were applied to the slide surface before placing a coverslip on top. The resulting tissue units were then taken using a digital camera connected to a light microscope for further examination (18).


Statistical analysis: Data obtained from the experiment was analyzed statistically using one-way ANOVA and Duncan post hoc test using statistical package for social sciences (SPSS) software version 26.0 for Windows. The results were presented as mean±standard error of mean and considered statistically significant at p<0.05.


RESULTS AND DISCUSSION
Results:
Assessment of fasting blood glucose:
The changes in fasting blood glucose “FBG” were determined in this study over the course of the 28-day experimental period. The initial and final FBG levels are presented in figure 1. At day zero, the blood glucose levels in all experimental groups were considered normal ranging from about 70 mg/dl to 107

mg/dl. From the results, it can be observed that elevated blood glucose concentration was seen in all diabetic groups following the administration of 60mg/kg body weight of STZ. The elevated FBG level (Figure 1) of the diabetic control group only exhibited an increase (p<0.05) of 3.52±3.82 (gotten by subtracting the initial FBG level from the final FBG level after induction with diabetes mellitus), while that of extract treated groups (groups C and D) had significantly decreased FBG levels of -21.30±2.81 andUNDER PEER REVIEW

-25.16±2.15mg/dl respectively (p<0.05). That of the metformin treated group E also showed significant decrease at -16.24±2.68mg/dl (p<0.05).
Histomorphological examination of the liver:
The histological assessment of liver tissue sections across the experimental groups revealed a normal liver histology in group A rats (plate 1), detailing a central vein, well out-lined sinusoids and hepatocytes with abundant cytoplasm and prominent nuclei. In group B rats treated with 60mg/kg body weight of STZ (plate 2), hepatocytes with pyknotic nuclei were seen, along with mild dilation of sinusoids, inflammatory cells and moderate dilation of the central vein. These features are indicative of hepatotoxicity (19,20). For group C rats (plate 3) treated with 500mg/kg BW of the extract, normal hepatocytes were seen along with mild dilation of sinusoid, inflammatory cells and a central vein showing fatty infiltration. Group D rats (plate 4) treated with 1,000mg/kg BW of the extract displayed a preserved liver tissue with features similar to that of group A rats. These include well outlined sinusoids, central vein and hepatocytes having abundant cytoplasm, as well as prominent nuclei, although some inflammatory cells were seen. Group E rats (plate 5) showed an array of hepatocytes, sinusoids and a central vein with fatty infiltration.
Discussion:
Diabetes mellitus has become a major public health issue that is approaching epidemic proportions globally. Complications from diabetes include coronary artery and peripheral vascular disease, stroke, diabetic neuropathy, amputations, renal failure and blindness (21). Studies have shown that diabetes mellitus is associated with a number of liver abnormalities such as acute liver disease, cirrhosis, fibrosis, abnormal glycogen deposition and abnormally elevated hepatic enzymes (22,23,24,25,26). In general, the liver plays many vital roles that help in the maintenance and performance of the body such as biosynthesis, detoxification, metabolism and storage (13). It is important in the modulation of plasma glucose levels through hepatic glucose production and glycogen storage, thereby playing a role in the development of metabolic diseases like diabetes mellitus (13). Streptozotocin is the most used diabetogenic chemical for creating rat models of type 1 and 2 diabetes as it has specific, rapid and irreversible cytotoxic actions on pancreatic islets β-cells (25).
The elevated serum FBS level observed in groups B, C, D and E rats that were induced with diabetes mellitus (by treatment with 60mg/kg BW of STZ) is due to the ability of STZ to induce hyperglycemia at a doses between 35mg/kg and 65mg/kg BW STZ administered intravenously or intraperitoneally (27). This agrees with many studies that have also reported successful induction of hyperglycemia with the STZ diabetic dose range in rats (12,24,27,28,29,30). Metformin qualifies as an oral anti-diabetic drug for the treatment of type 2 diabetes (31). It reduces serum glucose level by several mechanisms, notably through the suppression of hepatic glucose production (32). It activates the enzyme adenosine monophosphate kinase, resulting in the inhibition of key enzymes involved in gluconeogenesis and glycogen synthesis in the liver (31). In this study, administration of metformin was able to lower the serum FBG level in group E rats. This is in agreement with studies by Za’abi et al (33) and Horakova et al

(32) who illustrated this effect in diabetic rats. The alkaloid-rich fraction of Dacryodes edulis leaf extract was also able to lower serum FBG level in group C and D rats and this could be due to its wealth of antioxidants which possess many pharmacological properties, including anti-diabetic potential (13). This is in line with studies by Eru et al (34), Erukainure et al (35) Ononamadu et al (13) who illustrated the ameliorative effects Dacryodes edulis leaf extract on serum blood glucose.  Alkaloids are nitrogen-containing heterocylic organic compounds of plant origin with many pharmacological activities including sedative, analgesic, antipyretic, anti-inflammatory, anti-tumour, antioxidant and anti-diabeticUNDER PEER REVIEW

(36). Numerous studies have shown the antidiabetic effects of alkaloid-rich fractions of many leaves such as Phyllanthus amarus (37), Andrographis paniculata (37), Catharanthus roseus, Ervatamia microphulla, Ziziphus oxyphylla and Murraya koenigii (36). The possible mechanisms of the effect of the alkaloid extract on blood glucose in diabetic models can be attributed to the activation of enzymes in the liver which are associated with glycolysis, gluconeogenic and lipid metabolic process (36).
Hepatological observation of the rats in the diabetic control group displayed a distorted liver microstructure when compared to the normal control group A. The histopathological features observed agree with Riahi (19) and Al-Ani et al (20) about degenerative features in liver of diabetic rats. The Liver tissue structural anomaly was due to streptozotocin administration and other studies (4,38,39) involving STZ-induced diabetes have also reported degenerative features in the liver. The reaction is said to be provoked by the increased production of highly reactive intermediates of STZ which are normally detoxified by endogenous growth stimulating hormone “GSH” but when present in excess, can deplete GSH stores and affect liver tissue. The free radical generation plays a significant role in pathogenesis of diabetes mellitus (5,40). The liver tissue of the rats in group C (treated with low dose of extract) displayed degenerative changes while that of group D (treated with high dose of extract) showed typical healthy structural features as those in the normal control group but with minor degenerative changes. It has been postulated by Mohammed et al (40) and Jiang et al (5) that free radical generation resulted by glucose oxidation and protein glycation plays a vital role in pathogenesis of diabetes mellitus. It was proposed that the most important cause of liver damage in diabetic patients is hyperglycemia-induced oxidative stress and subsequent disturbance in carbohydrate, protein or lipid metabolisms (41). The Liver tissue section of diabetic rats treated with the extract (1,000mg/kg BW) exhibited features of tissue restoration. Thus, the alkaloid-rich fraction of Dacryodes edulis leaf was responsible for this this effect. A study (34) has demonstrated the tissue-restorative capacity of the alkaloid-rich fraction of Dacryodes edulis leaf and this was possibly due to its high antioxidant capacity (13). Many studies have also demonstrated tissue-restorative potentials of alkaloids (42,43,44,45) as they possess the ability to counteract excessive free radicals, thereby safeguarding cells and tissues against their toxic effects (36). The liver tissue of the rats in group E (treated with metformin) displayed mild degenerative changes compared to that of group B rats. This may be due to the fact that metformin is a known drug for the treatment of diabetes mellitus (31). The ameliorative effects were better in group D than that of group C rats and this may be due to the increased tissue-ameliorative action considering the administration of a higher dose of the extract.
CONCLUSION
The present study illustrated that the administered dosage of STZ led to hyperglycemia in the rats, leading to distortion in liver cytoachitecture. The study also revealed ameliorative and anti-diabetic activities of the alkaloid-rich fraction of Dacryodes edulis leaves. The leaf extract therefore possesses

hepato-protective properties and a strong anti-diabetic potential, thereby making it useful in the management of diabetes mellitus and its complications.UNDER PEER REVIEW
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Implication for health policy/practice/research/medical education
The administration of alkaloid-rich fraction of Dacryodes edulis leaves showed improved liver tissue structure and decreased blood glucose level when compared to the diabetic control group. This may be attributed to the antidiabetic and antioxidant capacities of the alkaloid component if the leaves. This makes it useful in the management of diabetes mellitus and its complications.
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[image: ][image: ]Plate 1: Photomicrograph (X100) of a unit of liver tissue (H&E-stained section) of group A rats (normal control group) displaying normal architecture with arrays of hepatocytes (H), sinusoids (S) and a central vein (V).

[image: ]Plate 2: Photomicrograph (X100) of a unit of liver tissue (H&E-stained section) of group B rats (diabetic control group) displaying hepatocytes (H) with pyknotic nuclei, along with mild dilation of sinusoid (S), inflammatory cells (I) and moderate dilation of the central vein.UNDER PEER REVIEW
























Plate 3: Photomicrograph (X100) of a unit of liver tissue (H&E-stained section) of group C rats (low dose extract group) displaying an array of hepatocytes (H), mild dilation of sinusoid (S), inflammatory cells (I) and central vein (V) showing fatty infiltration.
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[image: ]Plate 4: Photomicrograph (X100) of a unit of liver tissue (H&E-stained section) of group D rats (high dose extract group) displaying an array of normal hepatocytes (H), sinusoids (S), inflammatory cells (I) and central vein (V). The section shows a preserved architecture of the liver.
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[image: ]Plate 5: Photomicrograph (X100) of a unit of liver tissue (H&E-stained section) of group E rats (metformin group) displaying hepatocytes (H), sinusoids (S) and central vein (V) showing fatty infiltration.
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Figure 1: Comparison of the blood sugar levels (mmoVl/L) in the different experimental groups.
Values are expressed as mean + SEM. n=5.
a = significantly different from normal control group at p<0.05.
b = significantly different from Diabetic group at p<0.05.
¢ = significantly different from Low dose treatment group at p<0.05.
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