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Abstract
The neuroprotective ability of alkaloid-rich leaf extract of Dalbergiella welwitschii in streptozotocin-induced type 2 dia-
betic rats were investigated in this study. Dalbergiella welwitshii leaf alkaloid-rich extract was obtained using standard 
procedure. Streptozotocin was injected into the experimental animals intraperitoneally at a dose of 45 mg/mg body weight. 
Prior to this, the animals were given 20% (w/v) fructose for one week. The animals were grouped into five (n = 8), com-
prising of normal control (NC), diabetic control (DC), diabetic rats treated with low (50 mg/mg body weight) and high 
(100 mg/kg body weight) doses of Dalbergiella welwitschii alkaloid-rich leaf extracts (i.e., DWL and DWH respectively) 
and 200 mg/kg body weight of metformin (MET). The animals were sacrificed on the 21st day, blood and brain tissue 
were harvested and used for the determination of neurotransmitters, cholinesterase, some ATP activities, oxidative stress 
biomarkers and histological examination. The results show that diabetic rats placed on DWL, DWH and MET significantly 
(p < 0.05) reduced cholinergic, elevated some ATPase activities and ameliorated oxidative stress biomarkers. These were 
supported by the histological examination by improving neuroprotective effects in diabetic rats administered DWL, DWH 
and MET. Hence, it can be presumed that DWL and DWH could be beneficial in treating diabetic neurodegenerative 
diseases.
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Introduction

The pharmaceutical companies have been paying more atten-
tion to drug discovery and development from natural food 
sources because most chemical and synthetic drugs currently 
available for treatments of various diseases have been con-
nected to a number of undesirable side effects and conse-
quences (Ghara et al. 2021). On the other hand, medications 
derived from plants, sometimes known as herbal medicines, 
are typically seen as safe, affordable, and having fewer adverse 
effects. Plant natural products that are secondary metabolites, 
including alkaloids, phenolics, flavonoids, and terpenoids, are 
highly significant. According to Zannini et al. (2013), they 
have demonstrated encouraging antioxidant properties and are 
being utilized to treat a number of illnesses, including cancer, 
high blood pressure, diabetes, neurological disorders, athero-
sclerosis, and cardiovascular disease.

Hyperglycemia is a hallmark of diabetes mellitus (DM), 
a metabolic chronic illness that is typically caused by either 
inadequate or faulty insulin secretion. Long-term eleva-
tion of blood glucose in diabetes has a number of negative 
effects, such as metabolic imbalance, elevated oxidative 
stress, and inflammatory processes (Abdollahi and Hosseini 
2014). These effects can lead to problems in the cardiovas-
cular, neurological, and renal systems, among other physi-
ological systems (Mani et al. 2022). Furthermore, because 
of its high oxygen consumption, high lipid content, and low 
antioxidant levels, the brain is the tissue most susceptible to 
oxidative damage (Ibrahim 2017).

Retinopathy, nephropathy, and diabetic neuropathy 
are examples of microvascular problems, whereas stroke, 
peripheral artery disease, and coronary artery disease are 
considered macrovascular consequences of hyperglycemia 
(Fowler 2008). According to Adhikari (2021) and Ajebli 
et al. (2021), alkaloids derived from plants are utilized as 
therapeutic medications for diabetes since they have been 
shown to block the enzymes that raise blood glucose levels.

The shrub Dalbergiella welwitschii is also known as 
Elemosoo in Yoruba and Blackwood in West Africa. The 
components of D. welwitschii are utilized in traditional 
medicine. The entire plant is used to treat rheumatism, the 
roots are used to treat gastrointestinal disorders, and the 
leaves are used to treat skin infections (Burkill 1995). In 
traditional medicine, the leaf is also applied locally to man-
age or treat oxidative stress-related illnesses (Ajiboye et al. 
2022). Although the neuroprotective properties of the alka-
loid-rich extracts of D. welwitschi have not been proven, 
their therapeutic effect on oxidative stress-related illnesses 
have been documented by Ajiboye et al. (2022). Thus, the 
goal of this work was to assess whether D. welwitschi alka-
loid-rich extracts could protect diabetic rats from strepto-
zotocin (STZ)-induced neurodegeneration.

Materials and methods

Plant materials source, authentication and 
processing

Dalbergiella welwitschii leaves were collected in an open 
location at the Federal Research Institute of Nigeria in 
Ibadan, Oyo State, Nigeria. The leaves were dried for two 
weeks at room temperature. Then grind into powder form.

Chemicals, reagents and enzyme kits used

The chemicals used in this study were purchased from 
Sigma-Aldrich, Chemie GmbH (Steinheim, Germany). 
Also, all the enzyme kits used were products of Randox 
Laboratory.

 Alkaloid extracts of Dalbergiella welwitschii

Alkaloid extracts of Dalbergiella welwitschii were pre-
pared according to Harbone’s (1998) technique, previ-
ously modified by Ademiluyi et al. (2016). Dalbergiella 
welwitschii was pulverized and defatted with n-hexane for 
24 h. Thereafter, 10 g of defatted Dalbergiella welwitschii 
were extracted for 24 h with 100 mL of 10% acetic acid 
in ethanol. Filtration was then performed, first with muslin 
cloth and subsequently with filter paper. In a rotary evapo-
rator, the clear filtrate was concentrated under a vacuum at 
45oC. The concentrated ammonium hydroxide was added to 
precipitate the filtrate. Thereafter, the solution was allowed 
to settle, and the precipitate was collected and washed with 
dilute ammonium hydroxide. The obtained extract was col-
lected and kept at 4 °C in the refrigerator.

Experimental animals

A total of 40 male Wistar rats of two months old, weigh-
ing 100–130 g were acquired from Animal Holding Unit of 
Ekiti State University, Ado-Ekiti, Ekiti State, Nigeria. The 
animals were divided into five groups and were kept in a 
standard laboratory environment. The animals were accli-
matized for a week. The rats were fed with normal rat pellet 
chow and given 20% fructose and food for a week (except 
the normal control group) as previously described by Salau 
et al. (2021).

Induction of diabetes into experimental animals

Twelve hours before the induction of streptozotocin, foods 
were removed from the rat’s cage and were served with only 
water. STZ was dissolved in sodium citrate buffer of pH 4.5 
to a concentration of 20 mg/ml and the rats were injected 
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5 min after freshly prepared STZ. 45 mg/kg body weight of 
STZ was injected into the experimental groups after which 
an equal volume of citrate buffer pH 4.5 were injected into 
the control rats.

Experimental groups

Rats with fasting blood glucose of greater than or equal to 
250 mg/dL were used for the study (Ajiboye et al. 2018). 
The rats were placed into five groups, with eight rats in each 
group as follows:

 ● Group I: Rats without induction (Normal Control);
 ● Group II: Diabetic rats without treatment (Diabetic 

Control);
 ● Group III: Diabetic rats administered low dose (50 mg/

kg body weight) of alkaloid-rich

extract of Dalbergiella welwitschi (DWL);

 ● Group IV: Diabetic rats administered high dose (100 mg/
kg body weight) of alkaloid-rich extract of Dalbergiella 
welwitschi (DWH); and.

 ● Group V: Diabetic rats administered 200 mg/kg of met-
formin (MET).

The alkaloid-rich extract of Dalbergiella welwitschii leaf 
and metformin were given orally to the appropriate animals 
using a needle and intubator. This method of administration 
was chosen because of its safety, convenience of consump-
tion, and ability to prevent pain. During the experimental 
period, the administration was done every day (between 10 
and 11 a.m.) for 20 days.

Tissue collection and processing

The animals were sacrificed by cervical dislocation on the 
21st day of oral administration. Each rat’s complete blood 
was collected through cardiac puncture and allowed to clot 
before being centrifuged at 3000 rpm for 15 min to obtain 
the serum from the blood. The serum was promptly refrig-
erated until it could be processed further. Each animal’s 
brain was collected, washed in normal saline, wiped using 
filter paper, weighed, and homogenized in 0.1 M potassium 
phosphate buffer at pH 6.5. The homogenized samples were 
centrifuged at 4000 rpm for 15 min before being analyzed.

Biochemical parameters studied

Determination of neurotransmitter levels

The levels of norepinephrine, dopamine, and serotonin 
in the rat brain homogenates were carried out using com-
mercial enzyme-linked immunosorbent assay (ELISA) kits 
(Cusabio; Houston, TX, USA) method.

Determination of cholinesterase activity

Acetylcholinesterase (AChE) and butyrylcholinesterase 
(BChE) activities were determined by using the procedure 
of Ellman et al. (1961). Briefly, 50 mL of brain homogenate, 
50 mL of 2-nitrobenzene acid and 175 mL of 0.1 mol/L 
phosphate buffered saline (pH 8.0), mixed thoroughly and 
incubated at 250C for 20 min. Consequently, 25 mL of both 
acetylthiocholine iodide and butyrylthiocholine iodide solu-
tion was respectively added to the solution. The absorbance 
was read at 412 nm with the aid of microplate reader.

 Determination of nitric oxide level

Briefly, 0.1 mL of brain homogenate was added to both 
sample and blank test tubes. Then, 0.1 mL of reagent R1 
(sodium nitrite) of standard and block standard was added 
to the respective test tube. The reagent R2 (Sulphanilamide) 
at 0.1 mL was added to all the test tubes. Each test tube 
was mixed thoroughly and incubated for 5 min. Thereafter, 
0.1 mL of reagent 3 (N – (1 – naphthyl) -ethylenediamine 
(NEDA) was added to both sample and standard test tubes, 
mixed thoroughly. The absorbance was read spectrophoto-
metrically at 540 nm (Montgomery and Dymock 1961).

 Determination of ATPase

The method of Bewaji et al. (1985) was employed in this 
assay.

Determination of Ecto-nucleoside triphosphate 
diphosphohydroase (ENTPDase)

Briefly, 20 µL of the reaction samples was incubated with a 
mixture containing 200 µL of the reaction buffer (1.5 mM 
CaCl2, 5 mM KCl, 0.1 mM EDTA, 10 mM glucose, 225 
mM sucrose and 45 mM Tris-HCl) for 10 min at 37 °C. 20 
µL of 50 mM ATP was then added to the reaction mixture 
and further incubated in a shaker for 20 min at 37 °C. Reac-
tion was halted by adding 200 µL of 10% TCA, followed by 
200 µL of 1.25% ammonium molybdate and a freshly pre-
pared 9% ascorbic acid. The mixture was allowed to stand 
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(p < 0.05) decreased dopamine, norepinephrine and sero-
tonin dose dependently when compared to the diabetic 
control.

Effects of alkaloid-rich extracts from Dalbergiella 
welwitschi leaf on cholinesterase activities in 
streptozotocin-induced diabetic rats

Streptozotocin induction caused a significant (p < 0.05) 
increase in acetylcholinesterase and butyrylcholinesterase 
activities of diabetic rats when compared with the normal 
control. However, the effect of streptozotocin was reversed 
and decreased acetylcholinesterase and butyrylcholines-
terase activities were observed when both low (DWL) and 
high (DWH) doses of alkaloid-rich extract from Dalbergi-
ella welwitschi leaf was administered as depicted in Fig. 2. 
However, the effect of the extract on cholinesterase activi-
ties was dose-dependent with the high dose (DWH) insigni-
ficantly (p > 0.05) different when compared with the normal 
control, unlike the low dose and standard drug used.

 Effects of alkaloid-rich extracts from Dalbergiella 
welwitschi leaf on nitric oxide level in 
streptozotocin-induced diabetic rats

Brain nitric oxide (Fig. 3) was elevated upon streptozoto-
cin induction as evident in the diabetic control group. In 
the contrary, the nitric oxide level in the brain of a treated 
diabetic rat was significantly reduced (p < 0.05) when com-
pared to the untreated group in a dose-dependent manner.

Effects of alkaloid-rich extracts from Dalbergiella 
welwitschi leaf on ATPase activities in 
streptozotocin-induced diabetic rats

A significant (p < 0.05) decrease in ATPase, E-NTPDase and 
Na+/K+-ATPase (Fig. 4) activities of diabetic group when 
compared with control was observed. However, treatment 
with alkaloid-rich extract of Dalbergiella welwitschi leaf 
showed an increase in ATPase, E-NTPDase and Na+/K+-
ATPase activities when compared with the diabetic control.

Effects of alkaloid-rich extracts from Dalbergiella 
welwitschi leaf on brain oxidative stress biomarker 
in streptozotocin-induced diabetic rats

The activities of antioxidant enzymes (GST, CAT, GPx and 
SOD) were decreased in brains of STZ- induced diabetic 
rats as compared to those of normal control group. On the 
other hand, the activities of antioxidant enzymes in the brain 
of diabetic rats treated with low and high doses of alkaloid-
rich extracts from Dalbergiella welwitschi leaf were dose 

on ice for 10 min. Absorbance was read at 600 nm (Akomo-
lafe et al. 2017).

Determination of Na+/K+-ATPase activity

For the test, 400 µL of 200 mM NaCl/40 mM KCl/60 mM 
Tris (pH 7.4) was added into test tube. Thereafter, 20 µL 
of MgCl2.6H2O (80 mM), 20µL of EGTA (20 mM), 240µL 
of distilled water and 20 µL of appropriately diluted tissue 
supernatant were added. This was mixed and incubated at 
370C for 5 min. Then, 100 µL of ATP (8 mM) was added. 
This was mixed and incubated at 370C for 30 min. There-
after, 200 µL of SDS (5%) and 2,000 µL of reagent C were 
added. The mixture was allowed to stand at room tempera-
ture for 30 min for colour development. The blank was simi-
larly prepared but 20 µL of distilled water was used instead 
of the 20 µL of brain supernatant. The absorbance was read 
at 820 nm (Ronner et al. 1977).

Determination of oxidative stress and antioxidant markers

The oxidative stress and antioxidant biomarkers (such as 
GST, CAT, GPx, SOD and MDA levels) were determined 
using a procedure described in commercial enzyme kits 
(Randox, United Kingdom).

Brain histology examination

The was performed using the method reported by Sultana 
et al. (2016).

Data analysis

The results were of 8 replicates with standard deviation 
(SD). Graph Pad Prism 7 software was used to analyze the 
results. One-way ANOVA and the Tukey post hoc test were 
used to determine differences, and differences were consid-
ered significant at p < 0.05.

Results

Effects of alkaloid-rich extracts from Dalbergiella 
welwitschi leaf on neurotransmitter levels in 
streptozotocin-induced diabetic rats

Figure 1 reveals a significant (p < 0.05) increase in dopa-
mine, norepinephrine and serotonin levels in streptozoto-
cin-induced diabetic rats as compared to normal group. 
However, diabetic rats treated with alkaloid-rich extracts 
from Dalbergiella welwitschi leaf showed significantly 
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Fig. 2 Cholinesterase activities of alkaloid-rich extracts from Dalber-
giella welwitschi leaf in streptozotocin-induced diabetic rats. Each 
value is a mean of eight determinations ± SD. # p < 0.05 vs. NC, * p 
< 0.05 vs. DC. Legend: NC: Normal Control, DC: Diabetic Control, 
DWL: Diabetic rats administered low dose (50 mg/kg body weight) 

of alkaloid-rich extract of Dalbergiella welwitschi, DWH: Diabetic 
rats administered high dose (100 mg/kg body weight) of alkaloid-rich 
extract of Dalbergiella welwitschi, MET: Diabetic rats administered 
200 mg/kg of metformin, AChE: Acetylcholinesterase, and BChE: 
Butyrylcholinesterase

 

Fig. 1 Some neurotransmitter levels of alkaloid-rich extracts from Dal-
bergiella welwitschi leaf in streptozotocin-induced diabetic rats. Each 
value is a mean of eight determinations ± SD. # p < 0.05 vs. NC, * p 
< 0.05 vs. DC. Legend: NC: Normal Control, DC: Diabetic Control, 
DWL: Diabetic rats administered low dose (50 mg/kg body weight) 

of alkaloid-rich extract of Dalbergiella welwitschi, DWH: Diabetic 
rats administered high dose (100 mg/kg body weight) of alkaloid-rich 
extract of Dalbergiella welwitschi, and MET: Diabetic rats adminis-
tered 200 mg/kg of metformin
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(Ibrahim and Abd El-Maksoud 2015). Continuously high 
blood sugar, however, harms the blood vessels that supply 
the nerves, this can result in damage to the central nervous 
system, which can then impair the organs' ability to function 
(Wang et al. 2012). The present study evaluates the neuro-
protective role of alkaloid-rich extracts from Dalbergiella 
welwitschi leaf against STZ-induced diabetes in rats.

Dopamine is an endogenous catecholamine that was first 
recognized as a neurotransmitter in the central nervous sys-
tem (Cools et al. 2011). Outside the nervous system, dopa-
mine has several functions in the body including survival 
of pancreatic beta cells (Garcia Barrado et al. 2015). Dopa-
mine, the feel good hormone, regulates insulin secretion 
through a heteromeric complex of receptors, thereby pro-
viding new targets for antidiabetic medication (Uefune et al. 
2022). Serotonin is a monoamine that has various functions 
in both neuronal and non-neuronal systems. In the central 
nervous system, it regulates mood and feeding behaviors 
as a neurotransmitter. Determination of serotonin level has 
been suggested as a therapeutic target in diabetes (Oh et al. 
2016). It was observed that there was a marked elevation 
in dopamine, norepinephrine and serotonin level in diabetic 
rats’ brain that is due to increased blood glucose level. On 
the other hand, treatment of diabetic rats with alkaloid-rich 
extracts from Dalbergiella welwitschi extract decreased the 
levels of dopamine, norepinephrine and serotonin.

Cholinesterases are a group of serine hydrolases that 
split the neurotransmitter acetylcholine (ACh) and ter-
minate its action. There are two types of cholinesterase, 
butyrylcholinesterase (BChE) and acetylcholinesterase 
(AChE), however, AChE plays the key role in ending cho-
linergic neurotransmission. Cholinesterase inhibitors are 
substances that interfere with the break-down of ACh and 
prolong its action. Hence, the crucial role of the cholines-
terases in neural transmission makes them a primary target 
of a large number of cholinesterase-inhibiting drugs used 
in the treatment of neurodegenerative disorders (Pohanka 
2011). In this study, alkaloid-rich extracts from Dalbergi-
ella welwitschi leaf was used as a cholinesterase inhibitor 
and it was observed that the level of AChE and BChE which 
was elevated in STZ-induced diabetic rats was reduced 
when treated with alkaloid-rich extracts from Dalbergiella 
welwitschi leaf, indicating an inhibition of the enzyme. This 
result is in accordance with the findings of Secnik et al. 
(2020) that cholinesterase inhibitors have positive effects on 
diabetic patient.

STZ-induced diabetes generates reactive oxygen species 
(ROS) like oxygen free radicals and leads to nerve dam-
age (Archana et al. 2022), hence, in vivo antioxidant abil-
ity provides information about the antioxidant potential 
of the alkaloid-rich extracts from Dalbergiella welwitschi 
leaf. The scavenging potential of alkaloid-rich extracts from 

dependently elevated as compared to those of diabetic con-
trol group as shown in Fig. 5. The MDA levels were greatly 
increased (p < 0.05) in brains of diabetic rats, as compared 
to those of normal control group. The treatment of diabetic 
rats with alkaloid-rich extracts from Dalbergiella welwits-
chi leaf decreased the elevated MDA levels in brains of dia-
betic rats.

Effects of alkaloid-rich extracts 
from Dalbergiella welwitschi leaf on brain 
histoligical changes in streptozotocin-induced 
diabetic rats

Control group shows normal appearance of small blood ves-
sels in yellow arrows. Surrounding the blood vessels, partly 
as an artifact of fixation, is a space without cells or paren-
chyma. In the diabetic control group, STZ induction causes 
edema and neuron cells shrinkage, demyelination and axo-
nal degradation. After treatment with alkaloid-rich extracts 
from Dalbergiella welwitschi leaf, edema was still evident 
in DWL (low dose), which was absent in DWH (high dose) 
(Fig. 6).

Discussion

Diabetes mellitus is a lifelong chronic metabolic disor-
der that results from deficiency in insulin secretion, resis-
tance to insulin action or both, leading to high blood sugar 

Fig. 3 Brain nitric oxide level of alkaloid-rich extracts from Dalber-
giella welwitschi leaf in streptozotocin-induced diabetic rats. Each 
value is a mean of eight determinations ± SD. # p < 0.05 vs. NC, * p 
< 0.05 vs. DC. Legend: NC: Normal Control, DC: Diabetic Control, 
DWL: Diabetic rats administered low dose (50 mg/kg body weight) 
of alkaloid-rich extract of Dalbergiella welwitschi, DWH: Diabetic 
rats administered high dose (100 mg/kg body weight) of alkaloid-rich 
extract of Dalbergiella welwitschi, MET: Diabetic rats administered 
200 mg/kg of metformin, and NO: Nitric oxide
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impairment (Imam-Fulani et al. 2016). The ability of 
alkaloid-rich extracts from Dalbergiella welwitschi leaf to 
reverse the effect of streptozotocin and increase ATPases 
activities indicate that the extract is capable of maintaining 
the brain morphology and hence, inhibit electrophysiologi-
cal impairment.

Oxidative stress is an imbalance between oxidants, that 
is free radicals, and the antioxidants (enzymatic and non-
enzymatic) system of the body which is associated with the 
pathogenesis of diabetes (Afrin et al. 2016). Antioxidant 
enzymes including catalase (CAT), glutathione peroxi-
dase (GPx), glutathione transferase (GST) and superoxide 
dismutase (SOD) are capable of neutralizing or stabiliz-
ing free radicals either by reducing the energy of the free 
radicals or by giving up some of their electrons (Vávrová 
et al. 2013), hence, investigation of antioxidant enzymes 
activities can reflect the level of oxidative stress in an organ. 
The results obtained from this study indicated that strepto-
zotocin induction resulted in lipid peroxidation, an oxida-
tive stress condition, in the brain as shown by the increased 
MDA content, a metabolic product of lipid peroxidation. 

Dalbergiella welwitschi leaf against NO radicals as reported 
in the result indicates that the level of NO that was raised 
by STZ induction was significantly reduced after treatment. 
The NO free radical’s scavenging ability of flavonoid-rich 
extract of D welwitschii have been reported (Ajiboye et al. 
2022).

ATPase is the activity of any enzyme’s ability to decom-
pose ATP (adenosine triphosphate) into ADP (adenosine 
diphosphate) and Pi (phosphate) (Abad 2011). Ectonucleo-
tidases control the levels of ATP and its hydrolysis products 
ADP, AMP and adenosine in the synaptic cleft. The major 
families of ectonucleotidases include CD39, ecto-nucleotide 
pyrophosphatase/ phosphodiesterases, alkaline phospha-
tases, and CD73. Na+/K+-ATPase uses the chemical energy 
released from the hydrolysis of a molecule of ATP (to ADP 
and Pi) to transport three Na+ out of and two K+ ions into 
the cell. This causes an electrochemical gradient across the 
cell membrane that is required for active transport and for 
the excitability of neuron cells (Buxbaum 2019). Gener-
ally, diabetes mellitus affects the morphology and plasticity 
of the brain, leading to cognitive and electrophysiological 

Fig. 4 Some brain ATPase activities of alkaloid-rich extracts from Dal-
bergiella welwitschi leaf in streptozotocin-induced diabetic rats. Each 
value is a mean of eight determinations ± SD. # p < 0.05 vs. NC, * p 
< 0.05 vs. DC. Legend: NC: Normal Control, DC: Diabetic Control, 
DWL: Diabetic rats administered low dose (50 mg/kg body weight) 

of alkaloid-rich extract of Dalbergiella welwitschi, DWH: Diabetic 
rats administered high dose (100 mg/kg body weight) of alkaloid-rich 
extract of Dalbergiella welwitschi, MET: Diabetic rats administered 
200 mg/kg of metformin, and E-NTPDase: Ecto-nucleoside triphos-
phate diphosphohydrolase
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Fig. 6 Brain histological examination of alkaloid-rich extracts from 
Dalbergiella welwitschi leaf in streptozotocin-induced diabetic rats. 
Stained with H&E, Magnification: x800. Legend: NC: Normal Con-
trol, DC: Diabetic Control, DWL: Diabetic rats administered low dose 
(50 mg/kg body weight) of alkaloid-rich extract of Dalbergiella wel-

witschi, DWH: Diabetic rats administered high dose (100 mg/kg body 
weight) of alkaloid-rich extract of Dalbergiella welwitschi, MET: Dia-
betic rats administered 200 mg/kg of me tformin, Black arrow: neuro-
nal cells, and Yellow arrow: blood vessel

 

Fig. 5 Brain oxidative stress biomarkers of alkaloid-rich extracts 
from Dalbergiella welwitschi leaf in streptozotocin-induced diabetic 
rats. Each value is a mean of eight determinations ± SD. #p< 0.05 vs. 
NC, * p < 0.05 vs. DC. Legend: NC: Normal Control, DC: Diabetic 
Control, DWL: Diabetic rats administered low dose (50 mg/kg body 
weight) of alkaloid-rich extract of Dalbergiella welwitschi,DWH: Dia-

betic rats administered high dose (100 mg/kg body weight) of alkaloid-
rich extract of Dalbergiella welwitschi, MET: Diabetic rats adminis-
tered 200 mg/kg of metformin, GST: Glutathione-S-Transferase, CAT: 
Catalase, GPx: Glutathione peroxidase, SOD: Superoxide dismutase, 
and MDA: Malondialdehyde
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