Evaluation Of The Antidiabetic Effect Of Aqueous Crude Extract Of Seed, Leaf
And Stem Of L. Usititatissimum On Streptozotocin-Induced Diabetic Rats

Abstract

Diabetes is a metabolic disorder characterized by persistent high glucose level. L. usititatissimum
(flaxseed) which is rich in fibre and essential fatty acid is one of the functional foods used in
management of diabetes mellitus. The aim of this study is to evaluate the antidiabetic effect of L.
usititatissimum seed leaf and stem on streptozotocin induced diabetic rats to see which part is
more potent in the management of diabetes. Thirty (30) albino rats weighing 170-200g were used
for this study and diabetes was induced by intraperitoneal injection of 55mg/kg body weight of
streptozotocin. The albino rats were randomly divided into six (6) groupswhic are as follows:
Group A; normal control, B; diabetic control group, C; standard drug.(Glibenclamide), D-F were
adminstered different parts of crude plants extracst. The phytochemistry analysis showed that the
seed possessed more bioactive component followed by the leaf and lastly the stem. The
phytochemical found present include: alkaloid, flavonoids, tannins, saponins, terpene, steroid,
balsam, carbohydrate and phenol. Across the groups that received crude aqueous extract of L.
usititatissimum was a significant reduction of blood. glucose level, however, the seed (6.60 +
2.450™) showed more significant difference when compared to the leaf (7.65 + 1.100°) and stem
(7.95 + 2.650b°) respectively. On the other hand, the protein and albumin biomarkers were
significantly (P <0.005) increased across groups. .Crude aqueous extract of L. usititatissimum
also showed hypolidemic properties, improved serum enzymes and electrolytes levels. There was
also significant positive impact on hematological parameters. In accordance with the results of
this investigation, L. Usititatissimum seed part is a more potent hypoglycemic and hypolipidemic
agent on streptozotocin-induced. diabetic rats although, the leaf and stem also demonstrated
significant positive parameters. on hiochemical and haematological parameters. This positive
result might be asresult of various phytochemical component present in the plant.
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1.0 INTRODUCTION

Diabetes mellitus, a non-communicable disease (1), is one of the top five killers in the world (2).This
disorder prevents the body from using sugar efficiently (3), which causes an accumulation of too much
sugar in the bloodstream and its presence in the urine (4). Furthermore, abnormal lipid metabolism is
usually linked to diabetes mellitus (5). Abnormalities in lipid metabolism are frequently seen in both
insulin-dependent and non-insulin-dependent diabetes mellitus, and the degree.of hyperlipidemia is
connected with persistent hyperglycemia (6). In people with pre-diabetes, making small dietary changes
and exercising frequently may help postpone or even stop the development of diabetes (7). Omega-3 fatty
acids have been associated with enhancements in glycemic and insulin sensitivity (8). Ingesting 1-2
grams of long-chain omega-3 polyunsaturated fatty acids daily can impaired glucose intolerance (pre-
diabetes) (9;10). Additionally, adding soluble and viscous fiber to the diet can reduce the glucose response
to carbohydrate-rich foods by slowing down-gastric emptying and glucose absorption (11). Flaxseed
contains soluble fiber, a-linolenic acid (ALA), and linoleic acid, which are essential omega-3 fatty acids

found in flaxseed and are necessaryfor normal human growth and development (12).

Considering it has historically been used to treat a variety of medical ailments (13), flaxseed is recognized
in Nigeria as a functional food. The objective of this study is to objectively assess the effectiveness of the
flax plant in controlling diabetes mellitus. The study precisely examines the flax plant's distinct parts,

including the leaves, seeds, and stems, to ascertain which one is most effective in treating diabetes.

The family Linaceae includes flax, also known as Linum usitatissimum, which is well-known for its blue
blossoms flowers. It is an annual herb that resembles a little palm and has unbranched stems that can
grow up to 30 cm tall, though they usually grow shorter. The complex, pinnate leaves are touch-sensitive
and close. The flax plant was grown and harvested for this investigation in Nigeria's Plateau State's,
Zarmaganda layout. It was subsequently recognized, verified, and given the wvoucher number

JUHN21000351 at the University of Jos' Herbarium Department in Plateau State.



Platell: Dry flax stalk with capsule and flower

Plate I11: Flaxseeds

Whole flaxseeds have a lovely nutty flavor and a crispy-and chewy texture both as dietary supplements
and as ingredients in different meal preparations. It‘contains Fats, high-quality proteins, and dietary fiber

abundanty, flax plant has a sizable amount of the fiber which is water-soluble and viscous in nature (14).

Throughout history, people have gathered a variety of plant resources to satisfy their
requirements (15). Numerous items that are used for healing are included in these resources, such
as nuts, fruits, vegetables, spices and fibers (16). In contemporary time, many people still depend
on gathering plant products for sustenance and as a source of income, especially in
underdeveloped nations (17). Traditional medicine continues to be widely used and relied upon,
largely because it is more affordable and it is perceived as safer than modern medical procedures.
(18). Pharmaceutical companies have developed several medications as a result of the traditional

medical system, which uses medicinal herbs. Despite the notable advancements made in



contemporary scientific medicine (19), the use of complementary or alternative medicine has
increased significantly on a global scale. This trend is especially apparent in underdeveloped
nations, where traditional medicine continues to be the go-to method for treating a variety of
illnesses, even among those who have access to contemporary medical procedures (20).

2.0 Materials and method
2.1 Procurement of materials, chemicals and animals

Thirty (30) male albino rats with 170-200 g body weight were purchased from the Animal house in the

University of Jos, Nigeria. The rats were allowed free access to standard pellet feed purchased from
Grand Cereal and Oil Mills Ltd, Jos Nigeria and water.:All chemicals used in this research work

were of reagent grade and purchased from the Sigma-Aldrich Company, Germany. Syringes for
injections, glucometer to check blood glucose level, and commercial kits to analyze biochemical

parameters were purchased from scientific stores and local pharmacies in Jos.
2.2 Preparation of the Plant Extract

After the plant L. Usitatissimum (Flaxseed) was collected, the seed, leaf and stem were separated
and washed differently to_remove the sandy particles and then air dried at room temperature
under shade. When it was completely dried, the different parts were pounded to powdery form
using local pestle and. mortar and sieved to obtain fine powder as described by Hussain et al.,
(2022) with modifications. The finer powdery form of each part was stored in an air-tight plastic
container at ambient conditions until when required. The preparation of the decoction was carried
out using warm water at 40°C. 100g of the fine powder of each part was soaked in one (1) litre
of distilled warm (40°C) water stirred frequently and allowed to stand for 30 — 60 minutes (to

ensure maximum extractions of phytochemicals). The mixture was then filtered using Whatman



filter paper to remove all the larger particles. The filtrate was concentrated in the oven

(SM9053A England) at a temperature of 40-45°C for 9 days.

2.3 Determination of Median Lethal Dose (LDs)
To evaluate the hazardous risk of impacts of the Leaf, Seed, and Stem Extract, the Median Lethal
Dose was calculated, Using thirteen (13) rats for each extract as described by Chinedu, Arome &

Ameh (2013) with slight modification.

The extract of L. inumusitatissimum Leaf, Seed, and Stem was ‘given orally to three dosing
groups of three rats each during the first part of the experiment, along with one control group that
received distilled water. Within four hours of hunger; four hours after feeding, the following
twenty-four hours, the following forty-eight hours, and the following two weeks, animals in each

group were watched for any immediate indicators of toxicity and mortality.

In the second stage of the acute toxicity test, four rats were split into four groups, and then
different higher extract doses—1200, 1600, 2900, and 5000 mg/kg bodyweight—were orally

adminstered based on the results of phase one.
Determination of The Median Lethal Dose (LDsy) Of Aqueous Extract of Flax Plant

2.4 Induction of Diabetes and Administration of plant extract

Thirty (30) White albino rats (male Wistar strain) weighing 170-200g were purchased from the animal
house of the University of Jos, Nigeria. Diabetes was induced by intraperitoneal injection of
streptozotocin at (55mg/kg) to 25 animals in 5 groups, the animals were left for 48hours under controlled
conditions after which diabetes was confirmed from the fasting blood glucose using one - touch
glucometer. Blood glucose level greater or equal to 160mg/dl, accompanied with hyperglycosuria after

48 hours was considered diabetic. The 5 rats left without induction of diabetes were considered normal



control (23). The plant extract was administered daily at 800mg/kg body weight of each part of the plant

for 28 days and the albino rats body weight was obtained weekly using a digital weighing balance.

2.5 Experimental Design

The aqueous extract of Linum usitatissimum were administered through oral route. The aqueous
extract of seed, leave and stem was administered orally at a dose of 800mg/kg body weight

across groups daily. The grouping of the animal are as follows:

Group Anc — Normal control (NC)

Group Bpc — Diabetic control (DC)

Group Cgip — Diabetic +800mg/kg bodyweight of Standard drug (Glibenclamide)

Group Dseeq — Diabetic + 800mg/kg bodyweight of Seed extract

Group E_ess— Diabetic + 800mg/kg bodyweight of Leaf extract

Group Fsiem — Diabetic + 800mg/kg-bodyweight of Stem extract
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3.0 Discussion

The study evaluated the antidiabetic properties of the aqueous extract and fractions of
L.usititatissimum on STZ induced diabetic rats. According to Bhagarviet al. (2015) and Sharma
(2018), diabetes is a disease condition characterized by hyperlipidaemia brought on by the
uninhibited actions of lipolytic enzymes and the near absence of insulin.. Prolonged
hyperlipidaemia leads to serious complications that increase oxidative stress.

3.1 Acute Toxicity

According to the findings of the acute toxicity study, the LD50f flaxseed leaf, stem, and extract
is larger than 5000 mg kg-1 body weight. The limit test dose is typically employed when the
experimenter has knowledge that the test substance is probably non-toxic or of low toxicity (27).
As a result, the non-lethal effects caused by the large dose of this extracts suggest that acute oral
exposure to plant extracts is often harmless. Therefore, it can be said that extracts are safe. Any
chemical that has an estimated LD50:value of more than 3000-5000 mg kg-1 (by oral route) may
be regarded as being low toxicity and harmless as seen in table 1 Flaxseed is observed to have
low acute toxicity (28).

Table 1: LDsp Toxicity Test Result L. usititatissimum

Group No of Rats Mortality Recorded LDso
10mg/kg bw 3 0 >10
100mg/kg bw 3 0 >100
1000mg/kg bw 3 0 >1000

1600mg/kg bw 3 0 >1600



2900mg/kg bw 3 0 >2900

5000mg/kg bw 3 0 >5000

3.2 Phytochemical Assay

Phytochemicals are naturally occurring bioactive substances that can be found in a variety of plant
sections, including fruits, vegetables, flowers, leaves, roots of medicinal plants.. They provide
safeguarding benefits by acting as a protective mechanism against diseases in association with nutrients
and fibers (29). Table 2 presents the preliminary phytochemical .composition of the aqueous extract
obtained from the L. usitatissimum plant and its different components. It was observed that the seed part
of the plant had more of the phytochemicals followed by the leaf'and lastly the stem. The presence of
phytochemicals such as alkaloids, terpenes, steroids, carbohydrates, resins, phenols, saponins and
flavonoids was identified. The antioxidant capabilities of flavonoids are well known (30), as well as their
capacity to alter how the body reacts to dangerous free radicals that are produced during the aberrant
metabolic processes frequently seen in diabetes (31). Because of this, flavonoids may have therapeutic
advantages (32). Flavonoids-have been associated with a number of beneficial attributes on metabolic
illnesses, such as cancer, diabetes, obesity, and cardiovascular disease (33). Flavonoids may be helpful in
the prevention and. treatment of some comobidities (34). Additionally, they function as antioxidants,
reducing the effects of nitrogen and oxygen species on oxidative stress and reducing the risk of disease
(35). The ability of flavonoids to control glucose absorption, insulin signaling, insulin secretion, and
adipose deposition is related to their anti-diabetic effects (36), to reduce apoptosis and improve
hyperglycemia, they focus on a number of molecules that are involved in controlling several pathways,
such as those that enhance insulin production, promote -cell proliferation, and control liver glucose

metabolism. This study supports the findings of Luka et al. (2012), who noted that plants with
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hypoglycaemic action usually include flavonoids. Furthermore, when digestive enzymes break down
dietary polysaccharides, blood glucose levels rises (38), one of these enzymes involved in this process is -
amylase, which is present in sizable amounts in saliva and pancreatic juice. Its function is to speed up the
dissolution of -1,4-glycosidic bonds found in starch, glycogen, and other oligosaccharides (39). The
hydrolase class enzyme a-glucosidase, which is secreted by the epithelial cells lining the brush borders of
the small intestine, is another enzyme implicated in this process. Postprandial hyperglycemiais a result of
the hydrolytic degradation of oligosaccharides into absorbable monosaccharides, which'is aided by o-
glucosidase and amylase, and the use of secondary metabolites generated from plants to block these
digestive enzymes is a popular strategy for lowering postprandial blood glucose levels (40) and alkaloids
have the ability to block these enzymes. Alkaloids have the capacity to attach to either the competitive or
noncompetitive sites of the digestive enzymes. This binding. stops the enzyme-substrate complex from
forming, which eventually lowers enzyme activity (41) Tannins have anti-inflammatory and antioxidant
capabilities, tannins, a class of phytochemicals, have demonstrated neuroprotective effects in diabetes
complications (42; 43). As a result of saponins' ability to block the enzymes that break down
disaccharides into monosaccharides, increased blood glucose levels are reduced (44). In order to reduce
high postprandial blood sugar levels, this impact is especially important for managing both Type | and
Type |l diabetes (45). Saponins also have capacity to precipitate and coagulate red blood cells (RBCs),
saponin-containing plants.are:used-in the treatment of wounds (46).

Table 2: Result.of the phytochemical screening of the Crude Extracts of leaf, seed and stem

of L. usititatissimum.

Test Leaf Seed Stem

Alkaloids - + -

Flavonoids + + +
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Tannins + + -
Saponins - + -
Terpens/Steroids - + -

Cardiac glycosides - - -

Balsam + + +
Carbohydrates + + +
Phenol + + +
Resins - + 2

+ = Detected - = Not Detected

3.3 Biochemical Observations

The findings of this study demonstrate that treatment with L. usititatissimum extract at a dosage of
800mg/kg bodyweight significantly (p< 0.05) reduced blood glucose levels in STZ-induced diabetic rats
across all groups when compared to the diabetic group (table 3). The decrease was notably significant
compared to both the normal control group and the group treated with the standard drug Glibenclamide.
These results align with previous studies (47), suggesting that the plant extract possesses hypoglycemic
properties, potentially stimulating insulin release and promoting the uptake of glucose in peripheral
tissues, thereby reversing streptozotocin-induced hyperglycemia. These findings indicate that L.
usititatissimum may be acting through mechanisms such as increasing insulin secretion to enhance
glucose uptake by adipose or muscle tissues and inhibiting the intestinal absorption of glucose because of
the presence of fibre in the plant (48). It is worthy of note to state that the crude aqueous seed part had
more antihyperglycemic effect on the streptozotocin induced diabetic rats even though there was a

significant reduction of blood glucose level for the leaf and stem group. Also, Albumin, a major protein
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present in human plasma, constitutes approximately 25% of total protein synthesis in the liver and
accounts for half of the proteins secreted by the liver. Its production is impeded in various diseases,
particularly those affecting the liver (49). Moreover, research indicates that an insulin deficiency leads to
reduced synthesis of liver proteins, including aloumin and serum proteins (50). Table 3 reveals that the
extract treatment group exhibits significantly higher levels of albumin and total serum protein compared
to the diabetic control groups. This finding may be attributed to the liver's improved functioning through
enhanced metabolism and regulation of protein and albumin, attributable to the beneficial effects of L.

Usititatissimum.

Table 3: Effect of Aqueous Extract of L. usititatissimumon Serum Glucose, Serum total

Protein and Serum Albumin in STZ induced Diabetic Rats.

Group Treatment Glucose Total Protein Albumin
(mmol/L) (g/L) (g/L)

A Normal Control 5.85 £ 0.050 74.00+4.400 44.50+1.500

B Diabetic Control 23.35+4.850°  50.30+0.300° 31.00%3.000°

C Diabetic + Glibenclamide ~ 5.45 +0.450*  72.00+4.00 43.00 + 1.000™

D Diabetic + Extract (Seed) 6.60 + 2.450°  70.10 +3.000°  43.50+0.500™

E Diabetic + Extract (Leaf) 7.65+1.100°  69.00+1.000™ 42.50+3.500"™

F Diabetic + Extract (Stem) 7.95 + 2.650 68.50+0.500 40.05%0.500

Values are expressed as mean + SEM, n=3.

®Values are significantly lower when compared to normal control (p < 0.05)

®Values are significantly higher when compared to normal control (p < 0.05)
“Values significantly lower when compared with diabetic control (p < 0.05)
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%alues significantly higher when compared with diabetic control (p < 0.05)

Elevated bilirubin levels may serve as a biomarker for oxidative stress and inflammation in individuals

with pre- and new-onset diabetes (51). Studies have demonstrated that serum bilirubin levels are

influenced by glucose metabolic status, with individuals with pre-diabetes and new-onset diabetes

exhibiting higher bilirubin levels compared to those with normal fasting glucese (52). Consistent with

other research findings, table 4 indicates that the aqueous treatment groups and the Glibenclamide

treatment group exhibit significantly lower bilirubin levels compared to the diabetic control group.

Similar results have been reported by (53).

Table 4: Effect of aqueous extract of L. usititatissimum-.on Serum total bilirubin, direct

bilirubin and indirect bilirubin in STZ induced Diabetic rats.

Group Treatment TB (pmol/L) DB (umol/L) IDB (umol/L)
A Normal Control 9.30 £ 0.900 2.68 £ 0.450 6.62+0.450

B Diabetic Control 78.05+11.050°  33.05+11.041°  45.00£0.009"

C D + Glibenclamide 51.20 + 27.000*  22.38 + 7.600™ 28.82+19.400™
D D + Extract (Seed) 19.40 + 11.000°  6.68 + 12.850 12.72 + 23.850
E D + Extract (Leaf) 44.25 +23.850™  18.02 + 0.089" 26.23+23.761™
F D+ Extract (Stem) 56.16 + 11.950™  25.96 + 6.800™ 30.20+5.150"

D= Diabetic, DB= Direct bilirubin, TB= Total bilirubin, IDB= Indirect Bilirubin

Values are expressed as mean + SEM, n=3.
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®Values are significantly lower when compared to normal control (p < 0.05)

®Values are significantly higher when compared to normal control (p < 0.05)
“Values are significantly lower when compared to diabetic control (p < 0.05)

The body produces cholesterol, which is also derived from some food sources, and it is essential for
several physiological processes (54). It contributes to hormone biosynthesis, bile acid synthesis, and cell
membrane composition (55). Low-Density Lipoprotein (LDL), sometimes known as “bad" cholesterol,
and High-Density Lipoprotein (HDL), also known as "good" cholesterol, are both. included in total
cholesterol (56). Although cholesterol is essential for overall health, high amounts can be harmful since
they can cause arteries to constrict or become blocked (57). A significant rise in the risk of cardiovascular
disease (CVD) is unfortunately seen in those with diabetes who are more likely to have unhealthily high
cholesterol levels (58). By effectively managing cholesterol levels, individuals can lower their chances of
developing CVD and premature death (59). Table 5 of this study demonstrates a considerable rise in
HDL levels and, on the other hand, a significant fall in LDL levels. The L. usititatissimum
aqueous extract and the control rats were equivalent: The fact that L. usititatissimum was able to
considerably raise HDL levels and. lower LDL levels in streptozotocin-induced diabetic rats
suggests that it has hypolipidemic capabilities, in addition, research have shown that linoleic acid
can improve insulin sensitive (60). The most common type of fat in the body, triglycerides, have
normal levels that vary depending on age and gender. Atherosclerosis, or the buildup of fatty
deposits within artery walls, is associated with elevated triglyceride levels, low HDL cholesterol,
or high LDL cholesterol (61). Having high triglyceride levels increases the risk of heart attack,
peripheral artery disease (PAD), and stroke. It is worth mentioning that elevated triglycerides do not
directly cause diabetes. Rather, they indicate an impairment in the body's ability to convert food into

energy (62).
Table 5: Effect of Aqueous extract of L. usititatissimum on Lipid profile in STZ

induced Diabetic rats.
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Group  Treatment Total Cholesterol  Triglyceride HDL LDL
(mmol/L) (mmol/L) (mmol/L) (mmol/L)

A Normal Control 2.30 £0.100 0.95 £ 0.050 1.08£0.015 0.78+0.105

B Diabetic Control 4.80 + 0.400° 1.90 £0.500°  1.00+0:335* 2.81+0.190°

C D + Glibenclamide ~ 3.25 + 0.450" 1.70 £0.100°  2.16 + 0,165° . 1.73+0.065"

D D + Extract (Seed)  3.25 + 0.450" 1.35+0.050™ . 0.80 +0.115* 1.76+0.045™

E D + Extract (Leaf)  3.10 + 0.300™ 1.35#0.050% . 1.03+1.185" 1.48+0.160™

F D + Extract (Stem)  3.55 + 0.550™ 0.90 + 0.100°° > 1.00 +0.150° 1.85 + 0.525"

HDL - High Density Lipoprotein, LDL — Low Density Lipoprotein

Values are expressed as mean + SEM, n=3

®Values are significantly lower when'compared to normal control (p < 0.05)

®Values are significantly higher when.compared to normal control (p < 0.05)

“Values are significantly lower when compared to diabetic control (p < 0.05)

%alues are significantly higher when'compared to diabetic control (p < 0.05)

®*Values are almost equal to.compared to normal control (p > 0.05)

Individuals-with type 2.diabetes mellitus (T2DM) have a higher likelihood of experiencing abnormalities

in liver function tests compared to those without T2DM (63). Supporting this, Mandal et al. (2018)

reported. elevated levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and

alkaline phosphatase (ALP) in a diabetic population. Table 6 illustrates that the serum levels of ALT,

AST, and ALP were significantly reduced (p < 0.05) in groups treated with the aqueous extract of L.

usititatissimum when compared to the diabetic control group. Similarly, decreased levels of ALT, AST,

and ALP were observed in diabetic rats treated with Glibenclamide. The release of these enzymes into the
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bloodstream is indicative of the hepatotoxic effect of diabetes (65). Therefore, the L. usititatissimum
aqueous extract significantly lowered the levels of ALT, AST, and ALP in the serum, suggesting its

hepatoprotective properties.

Table 6: Effect of aqueous extract of L. usititatissimum on some Serum Enzymes in STZ

induced Diabetic rats.

Group Treatment ALT(U/L) AST (U/L) ALP(U/L)

A Normal Control 68.50 + 4.500 56.50 + 3.500 95.50 + 2.000

B Diabetic Control 258.83 + 95.500°  202.50+70.500° 300.50 + 80.500"
C D + Glibenclamide 125.00 + 23.000™. 99.50 +21.500° 149.00 + 19.000™
D D + Extract (Seed) 113.00+ 10.000™ 87.50+17.500™  140.50 + 17.500™
E D + Extract (Leaf) 181.50 +86.500™ 128.50+58.500° 196.50 + 92.500™
F D +Extract (Stem) 162.00 +54.500™ 116.50+45.500™ 184.00 + 49.000™

AST - Aspartate transaminase, ALT — Alanine Aminotransferase, ALP - Alkaline
Phosphatase

Values are expressed as mean + SEM, n=3

®Values are significantly lower when compared to normal control (p < 0.05)
®Values are significantly higher when compared to normal control (p < 0.05)
“Values are significantly lower when compared to diabetic control (p < 0.05)
%/alues are significantly higher when compared to diabetic control (p < 0.05)

In diabetes, markers such as urea, uric acid, and creatinine tend to increase due to kidney impairment,
which can be caused by diabetes. This can result in the leakage of these biomarkers into the urine (66).

Urea which is a by-product of protein metabolism and is typically eliminated by the kidneys. In diabetic
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rats, the levels of urea, creatinine, and uric acid were significantly higher compared to normal rats,
suggesting that diabetes can lead to kidney dysfunction. However, when diabetic rats were treated with
different parts of an aqueous extract from L. usititatissimum, there was a significant reduction in the levels
of urea, creatinine, and uric acid compared to untreated diabetic rats. This suggests that the extract has a
protective effect on the kidneys. These findings are consistent with the studies conducted by Dinko and
Edward (2015) and Dirk et al. (2015). Diabetes mellitus profoundly affects the kidneys-and is considered
the main culprit behind diabetic nephropathy, (69). In addition to oxidative stress and the presence of
advanced glycation end-products, disrupted lipid metabolism and the build.up of lipids inthe kidneys
have been proposed as factors that contribute to the development of diabetic. nephropathy. Several
research studies have reported the observation of lipid accumulations in the kidneys of both diabetic
patients and animal models, suggesting that these deposits may play a significant role in the progression

of diabetic kidney disease (70).

Table 7: Effect of aqueous extract of L. usititatissimum on serum urea, serum creatinine

and serum uric acid concentrations.in STZ induced Diabetic rats.

Group Treatment Urea Creatinine Uric Acid
(mmol/L) (umol/L) (umol/L)

A Normal Control 312.50 = 54.500 13.50 = 2.000 1.00 £ 0.200

B Diabetic Control 548.00 + 60.000°  42.00 + 9.000° 3.20 + 0.400"

C D + Glibenclamide 446.50+31.500™  33.00 +8.000°°  2.60 % 0.600"™

D D + Extract (Seed) 375.50 + 3.500°°  20.50 + 4500  1.80 + 0.400

E D + Extract (Leaf) 436.50 + 17.500° 28.50 + 2.500™  2.55 + 0.250"™
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F D + Extract (Stem) 505.00+101.500™

27.00 + 1.00™

2.55 + 0.500

Values are expressed as mean + SEM, n=3

®Values are significantly lower when compared to normal control (p < 0.05)

®Values are significantly higher when compared to normal control (p < 0.05)

“Values are significantly lower when compared to diabetic control (p < 0.05)

%/alues are significantly higher when compared to diabetic control (p < 0.05)

The increased volume and metabolites excretion via the kidneys, usually:in excess of normal

thresholds give rise to imbalance in homeostasis with respect to. electrolytes (71). Usually

measured electrolytes are Na*, K*, CI" and HCOs". These four_ions in plasma exert the greatest

influence on water balance and acid-base relationship (72). From table.8, when compared to the

normal and diabetic control, Treatment with L. usititatissimum aqueous extract showed that there

was a significant decrease in serum concentration of Na*, CI and HCOs™ . The analysis plant

extracts administration has impact on the electrolytes and exhibited properties capable of

boosting the buffering function of the body system (73).

Table 8: Effect of aqueous extract of L. usititatissimum on some serum electrolytes

Concentrations in STZ induced Diabetic rats.

Group Treatment Na" (mmol/L) K'(mmol/L) CI'(mmol/L)  HCOz(mmol/L)

A Normal Control 148.00 + 0.00 450+0.250 103.50 +0.159 28.00 +1.000

B Diabetic Control 145.00 + 1.000° 4.85+0.100° 104.50 + 25.00 +1.000%
1.500°

C D + Glibenclamide ~ 134.27 +2.000°  5.40 + 0.500° 96.00 + 4.000®° 23.00 + 2.000°

D D + Extract (Seed)  134.00 £ 0.000*  4.90 + 0.200*° 98.50 + 0.500%° 24.50 * 1.500%
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E D + Extract (Leaf)  136.00 + 4.000°  5.00 + 0.200° 99.00 + 3.000®° 25.50 + 1.500™
F D + Extract (Stem)  137.00 + 7.000°  5.55 + 0.350° 100.50 + 22.00 +1.000*
6.500

Values are expressed as mean + SEM, n=3

®Values are significantly lower when compared to normal control (p < 0.05)
®Values are significantly higher when compared to normal control (p < 0.05)
“Values are significantly lower when compared to diabetic control (p'<.0.05)
%/alues are significantly higher when compared to diabetic control (p < 0.05)
®*Values are significantly almost equal when compared to normal control (p < 0.05)

3.4 Analysis of haematological studies

Assessing the hematological parameters of Red Blood Cells (RBCs) and White Blood Cells (WBCs) can
provide valuable information about the adverse effects on the blood components in animals, (74).
Additionally, these parameters can help<elucidate the blood-related functions of chemical compounds
found in plant extracts (75). In individuals with diabetes, various factors like advanced glycation end
products (AGEs), oxidative stress, angiotensin I, and cytokines can stimulate WBCs. This activation of
WBCs in diabetic individuals leads:to the release of cytokines and transcription factors that significantly
contribute to inflammation, (76). When evaluating the effects of L. Usititatissimum aqueous extract
derived from the leaf, stem, and seed (as presented in Table 9), a noteworthy reduction in WBC count was

observed across the experimental groups.

Table 9: Effects of Aqueous extracts of L. usititatissimum on White blood count and its parameters

Concentrations in STZ induced Diabetic rats.

Treatment WBC NEU(%) LYM(%) MON(%) EOS(%) BAS(%)
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Normal Control

Diabetic Control

D + Glib

D + Extract (Seed)

D + Extract (Leaf)

D + Extract (Stem)

6.35+0.158

19.99+1.669™

7.03+2.116*

7.51+1.370°

12.88+0.904™

13.94+1.280°

10.86+0.318

65.70+13.884°

30.63+1.746™

37.76+1.281"

51.26+1.648

49.20+0.550

65.36+3.351

45.93+14.856°

60.90+0.907™

61.23+1.501™

30.93+1.411%

48.83+0.977™

0.53+0.088

6.13+0.348°

3.13+0.866

0.63+0.088*

1.10+0.057%

2.73+2.783

0.36+0.033

2.73+0.202°

0.53+0.120

0.56+0.033"

1.3040.321"

0.93+0.371"

0.00+0.000

1.36+0.441°

0.76+0.202

0.52+0.000*

1.31+0.600™

1.10+0.057™

WBC- White blood cells, NEU- Neutrophil, LYM- Lymphocyte, MON- Monocytes, EOS- Eosinophil, BAS- Basophile

Values are expressed as mean + SEM, n = 3.
*Values are significantly lower when compared with normal control (p < 0.05)

®Values are significantly higher when compared with normal control (p < 0.05)
“Values are significantly lower when compared with diabetic.control (p < 0.05)
%Values are significantly higher when compared with.diabetic control (p < 0.05)

Erythrocytes, being a crucial element of the bloodstream, serve as a highly responsive indicator of an
individual's overall health condition (77). The dangers that diabetic patients face include
hyperglycemia, hyperosmolarity, oxidative stress, inflammation, and problems with lipid
metabolism. These hazards.can-all have an impact on their red blood cells (erythrocytes). These
elements influence the aggregation, deformability, and fluidity of the erythrocyte membrane. In
the end, these modifications disturb microcirculation and aid in the emergence of diabetic
problems (78) Table 10 shows that administration of the extracts had a positive change in the

haematological parameters suggesting that it may have contributed to the ameliorative effect that

is observed from the treatment group.
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Table 10: Effects of Aqueous extracts of L. usititatissimumon Red Blood Count and its

ParametersConcentrations in STZ induced Diabetic rats.

Group Treatment RBC HGB HCT(PCV) PLT PCT

A Normal Control 8.01+0.500°  15.78+1.019°  47.50+0.458 279.67+7.446% 0.21+0.014
B Diabetic Control 3.48+0.274°  6.70+0.550° 39.83+1.328° 623.67+110.900°  0.45+0.087°
C D + Glibenclamide ~ 7.45+0.183°  14.80+0.450™  45.93+0.845°  306.00%5.568% 0.23+0.015%
D D + Extract (Seed) ~ 7.25+0.119%  13.83+0.120™  44.93+0.338™  373.67+41.289%°  0.35+0.040*
E D + Extract (Leaf)  6.96+0.136 12.10+0.152 43.60+2.635™  549.67+1.453* 0.40+0.045%
F D + Extract (Stem)  7.03+0.063"  13.53+0.202"° . 41.50+0.556°°  511.33+14.847 0.42+0.036

RBC-Red Blood Cells, HGB-Haemoglobin, HCT-Haematocrit, PLT-Platelets and PCT-

Plateletcrit

Values are expressed as mean + SEM, n = 3.

®Values are significantly lower when compared with normal control (p < 0.05)
®\Values are significantly higher when compared with normal control (p < 0.05)
“Values are significantly lower when compared with diabetic control (p < 0.05)
%alues are significantly higher when compared with diabetic control (p < 0.05)
®*Value:.is equal to normal control (p < 0.05)

3.5 Conclusion

On the basis of the current research carried out, it can conclude that the plant L. usititatissimum

possesses hypoglycaemic, hypolipidemic activity, hypocholesterolaemia and hepatoprotective

effect in diabetic rats. The traditional use of the plant to manage diabetes is supported by this

laboratory finding. The progressive decrease in the blood glucose levels of rats and improvement
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of biochemical parameters shown by the treatment with the aqueous extract of Linum
usititatissimum may be due to the presence of phytochemicals found in abundance in the plant.

References

1. Maiti R., Jana D., Das UK., Ghosh D., Antidiabetic effect of aqueous extract of seed of
Tamarindus indica in streptozocininduced diabetic rats. J.Ethnopharmacology, .(2004).
92: 85 -91.

2. American Diabetes Association. Standards of medical care in diabetes—2012. Diabetes
care, 35(Supplement 1), S11-S63.

3. Agarwal, M. M., Dhatt, G. S., Zayed, R., & Bali, N. Gestational diabetes: relevance of
diagnostic criteria and preventive strategies for Type 2 diabetes mellitus. Archives of
gynecology and obstetrics, (2007). 276(3), 237-243.

4. American Diabetes Association. Standards of medical.care in diabetes.Diabetes (2014)
Care;37(Suppl. 1):514-S80

5. Hussain, A., Kausar, T., Jamil, M. A., Noreen, S., Iftikhar, K., Rafique, A., ... & Ali, A.
In Vitro role of pumpkin parts as pharma-foods: antihyperglycemic and
antihyperlipidemic activities of pumpkin peel, flesh, and seed powders, in alloxan-
induced diabetic rats. International Journal of Food Science, 2022.

6. Giugliano, D., Ceriello, A., & Esposito, K. Glucose metabolism and hyperglycemia. The
American  Journal . of = Clinical  Nutrition, (2008). 87(1), 217S-222S.
https://doi.org/10.1093/ajcn/87.1.217S

7. Hutchins, A. M., Brown, B. D., Cunnane, S. C., Domitrovich, S. G., Adams, E. R., &
Bobowiec, C. E. Daily flaxseed consumption improves glycemic control in obese men

and. women with pre-diabetes: A randomized study. Nutrition Research, (2013). 33(5),
367-375. https://doi.org/10.1016/j.nutres.2013.02.012

8. Parikh, M.; Netticadan, T.; Pierce, G.N. Flaxseed: Its bioactive components and their
cardiovascular benefits. Am. J. Physiol. Heart Circ. Physiol. 2018, 314, H146-H159.
[Google Scholar] [CrossRef] [PubMed]




10.

11.

12.

13.

14.

15.

16.

17.

23

Parikh, M., Maddaford, T. G., Austria, J. A., Aliani, M., Netticadan, T., & Pierce, G. N.
Dietary Flaxseed as a Strategy for Improving Human Health. Nutrients, (2019). 11(5),
1171. https://doi.org/10.3390/nu11051171

Austria, J.A.; Aliani, M.; Malcolmson, L.J.; Dibrov, E.; Blackwood, E.P.; Maddaford,
T.G.; Guzman, R.; Pierce, G.N. Daily food choices over one year when patient diets are
supplemented with milled flaxseed. J. Funct. Foods 2016, 26, 772-780. [Google
Scholar] [CrossRef]

Dodin, S.; Lemay, A.; Jacques, H.; Légaré, F.; Forest, J.C.; Masse, B. The effects of
flaxseed dietary supplement on lipid profile, bone mineral density, and symptoms in
menopausal women; a randomized, double-blind, wheat germ placebo-controlled clinical
trial. J. Clin. Endocrinol. Metab. 2005, 90, 1390-1397. [Google Scholar] [CrossRef]

Rodriguez-Leyva, D.; Weighell, W.; Edel, A.L.; La Vallee, R.; Dibrov, E.; Pinneker, R.;
Maddaford, T.G.; Ramjiawan, B.; Aliani, M.; Guzman, R.; et al. Potent anti-hypertensive

action of dietary flaxseed in hypertensive patients. Hypertension 2013, 62, 1081-1089.
[Google Scholar] [CrossRef]

Edel, A.E.; Aliani, M.; Pierce, G.N. Stability of bioactives in flaxseed and flaxseed-
fortified foods. Food Res. Int. 2015, 77, 140-155. [Google Scholar] [CrossRef]

Aliani, M.; Ryland, D.; Pierce, G.N. Effect of flax addition on the flavor profile of
muffins and snack bars. Food Res. Int. 2011, 44, 2489-2496. [Google Scholar]

[CrossRef]

Egua, M. O.. Pharmacognostic Study of a Plant Seed Extract. In Pharmacognosy-
Medicinal Plants. (2019) IntechOpen.

Okwu, D., and Josiah, C. Evaluation of the chemical composition of two Nigerian
medicinal plants. Afr. J. Biotechnol. 2006. 5(4), 357-361.

Shobowale, O. O., Ogbulie, N. J., Itoandon, E. E., Oresegun, M. O., &Olatope, S. O. A.
Phytochemical and antimicrobial evaluation of aqueous and organic extracts of

Calotropis procera ait leaf and latex. Nigerian Food Journal, (2013). 31(1), 77-82.



18.

24

Sakthivel, K. M., &Guruvayoorappan, C. Biophytumsensitivum: Ancient medicine,
modern targets. Journal of advanced pharmaceutical technology & research, (2012).
3(2), 83.

19. Atawodi, S. E., Ameh, D. A., Ibrahim, S., Andrew, J. N., Nzelibe, H. C., Onyike, E. O.,

20.

21.

22,

23.

24,

25.

26.

27.

... &Sallau, A. B. Indigenous knowledge system for treatment of trypanosomiasis in
Kaduna state of Nigeria. Journal of Ethnopharmacology, (2002). 79(2), 279-282.

Amin, T., & Thakur, M. A comparative study on proximate composition, phytochemical
screening, antioxidant and  antimicrobial activities of  Linumusitatisimum
L.(flaxseeds). Int. J. Curr. Microbiol. App. Sci, (2014). 3(4), 465-481.

Hussain, A., Kausar, T., Jamil, M. A., Noreen, S., Iftikhar, K., Rafique, A., ... & Ali, A.
In Vitro role of pumpkin parts as pharma-foods: antihyperglycemic and
antihyperlipidemic activities of pumpkin peel, flesh, and seed powders, in alloxan-
induced diabetic rats. International Journal of Food Science, 2022.

Chinedu, E., Arome, D., & Ameh, F. S."A New Method for Determining Acute Toxicity
in Animal Models. Toxicology _International, (2013). 20(3), 224-226.
https://doi.org/10.4103/0971-6580.121674

Rafiu A. A and Luka C. D Evaluation of the antidiabetic property of aqueous extract of

ipomoea batata leaf on hyperglycemia, hyperlipidemia, blood electrolytes and enzymatic
antioxidants of streptozotocin induced diabetic rats. J Res Diabetes Metab. (2018). 4(1):
021-026.

Clarkson, J. M., Martin;J. E., & F McKeegan, D. E. A review of methods used to kill
laboratory rodents: Issues and opportunities. Laboratory Animals, (2022). 56(5), 419-
436. https://doi.org/10.1177/00236772221097472

Bhargavi P., Jostthna C., Naidu V., changes in serum Biochemical Parameterrs and lipid

profile in Normal and STZ induced diabetic rats with the administration of ethanolic
extract of Polyalthlacerasoides Stem Bark. Int. Res. J. Pharm. (2015), 6(2).

Sharma, S. Diabetes Mellitus: An Overview. Journal of Advanced Scientific
Research, (2018). 9, 1.

OECD, 2001. Guidelines for testing chemical, Acute Oral toxicities up and down
produce. OECD Reports 425, pp:1 - 26.



28.

29.

30.

31.

32.

33.

34.

35.

36.

25

Nwogo Ajuka Obasi, Kalu Mong Kalu, Uchechukwu Okorie and Glory Otuchristian,
Hypoglycemic effects of Aqueous and Methanolic Leaf Extracts of Vitex doniana on
Alloxan Induced Diabetic Albino Rats. Journal of Medical Sciences, 2013. 13: 700-707.
DOI: 10.3923/jms.2013.700.707

Krishna, D.; Nagaraja Kumari, K.; Nagarjuna, B. V. R., Effect of enzymes and liver tonic

supplementation on performance of quails fed processed karanj (Pongamia glabra Vent)
cake. Int. J. Agric. Sci. Vet. Med., 2013. 1 (3): 39-46

Middleton E., Kandaswami C., Jr., Theoharides T.C. The effects of plant flavonoids on
mammalian cells: Implications for inflammation, heart disease, and cancer. Pharmacol.
Rev. 2000;52:673-751. [PubMed] [Google Scholar]

Hossain M.K., Choi H.Y., Hwang J.S., Dayem A.A., Kim J.H., Kim Y.B., Cho S.G.
Antiviral  activity of  3,4'-dihydroxyflavone on influenza a  virus. J.
Microbiol. 2014;52:521-526. doi: 10.1007/s12275-014-4212-z. [PubMed]
[CrossRef] [Google Scholar]

Vinayagam R., Xu B. Antidiabetic properties of dietary flavonoids: A cellular mechanism
review. Nutr. Metab. (Lond.) 2015;12:60. doi: 10.1186/s12986-015-0057-7. [PMC free
article] [PubMed]

Graf B.A., Milbury P.E., Blumberg J.B. Flavonols, flavones, flavanones, and human
health: Epidemiological evidence. J. Med. Food. 2005;8:281-290.
doi: 10.1089/jmf.2005.8.281. [PubMed] [CrossRef] [Google Scholar]

AL-Ishag, R. K., Abotaleb, M., Kubatka, P., Kajo, K., & Busselberg, D. Flavonoids and
Their. Anti-Diabetic Effects: Cellular Mechanisms and Effects to Improve Blood Sugar
Levels. (2019) Biomolecules, 9(9). https://doi.org/10.3390/biom9090430

Edeoga H. O., Okwu d. E., Mbaebie B. O. Phytochemical constituents of some Nigerian
medicina plants. African Journal of Biotechnology (2005). vol. 4 (7), PP 685-688
Hussain, A., Kausar, T., Sehar, S., Sarwar, A., Quddoos, M. Y., Aslam, J., ... & Nisar, R.

A review on biochemical constituents of pumpkin and their role as pharma foods; a key

strategy to improve health in post COVID 19 period. Food Production, Processing and
Nutrition, (2023). 5(1), 1-14.



37.

38.

39.

40.

41.

42.

43.

44,

45.

26

Luka C.D, Istifanus G, George M, Philip CJ., The effect of aqueous extract of citrus
sinensis peel on some Biochemical parameters in Normal and Alloxan- induced Diabetic
Wister Rats. Am. J.ofphhytomed. Clin. Ther. (2017). Vol. 5No. 2:17.

M. S. Deutschlander, N. Lall, M. Van de Venter, and A. A. Hussein, “Hypoglycemic
evaluation of a new triterpene and other compounds isolated from Euclea undulata
Thunb. var. myrtina (Ebenaceae) root bark,” Journal of Ethnopharmacology, vol. 133,
no. 3, pp. 1091-1095, 2011. View at: Publisher Site | Google Scholar

Z. Liu, Y. Lv, Y. Zhang et al., “Matrinel/type Alkaloids inhibit advanced glycation end

products induced reactive oxygen species! imediated apoptosis of aortic endothelial cells
in vivo and in vitro by targeting MKK3 and p38MAPK signaling,” Journal of the
American Heart Association, vol. 6, no. 12, Article ID e007441, 2017. View at: Publisher
Site | Google Scholar

Bikash Adhikari, "Roles of Alkaloids from Medicinal Plants in the Management of
Diabetes Mellitus”, Journal of Chemistry;vol. 2021, Article ID 2691525, 10 pages, 2021.
https://doi.org/10.1155/2021/2691525

S. Tiong, C. Looi, H. Hazni et al., “Antidiabetic and antioxidant properties of alkaloids
from Catharanthus roseus (L.) G. Don,” Molecules, vol. 18, no. 8, pp. 9770-9784, 2013.
View at: Publisher Site | Google Scholar

Laddha, A. P., & Kulkarni, Y. A.). Tannins and vascular complications of Diabetes: An
update. Phytomedicine, (2019) 56, 229-245,
https://doi.org/10.1016/j.phymed.2018.10.026

Omar;. N.; Nazariah Ismail, C. A., & Long, I. Tannins in the Treatment of Diabetic

Neuropathic Pain: Research Progress and Future Challenges. Frontiers in Pharmacology,
(2021). 12. https://doi.org/10.3389/fphar.2021.805854

Oishi Y, Sakamoto T, Udagawa H et al. Inhibition of increases in blood glucose and
serum neutral fat by Momordica charantia saponin fraction. Biosci. Biotechnol. Biochem.
71(3), 735-740 (2007).

Sood, A., Kaur, P., and Gupta, R. Phytochemical screening and antimicrobial assay of
various seeds extract of Cucurbitaceae family. Int. J. Appl. Biol. Pharmac. Technol. 2012.
3(3), 401-409. S



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

27

Okwu, D., and Josiah, C. Evaluation of the chemical composition of two Nigerian

medicinal plants. Afr. J. Biotechnol. 2006 5(4), 357-361. O

Okonkwo, P.O. and Okoye, Z.S. C. Hypoglycaemic Effects of the Aqueous Extract of
Newbouldia Leaves Root in Rats, Int. J. Biol. Chem. (2009). 12: 42-48.

Luka C.D, Istifanus G, George M, Philip CJ,. The effect of aqueous extract of citrus

sinensis peel on some Biochemical parameters in Normal and Alloxan- induced Diabetic

Wister Rats. Am. J.ofphhytomed. Clin. Ther. (2017) Vol. 5No. 2:17.

Murray, R.K., D.K Granner, P.A. Mayes and V.W. Rodwell, Harper’sBiochemistry. 25th
Edn., Appleton and Lange, Philadelphia, (2000). pp: 179-203, 621-630

Jefferson LS, Liao WS, Peavy DE, Miller TB, Appel MC, Taylor JM. Diabetes-induced

alterations in liver protein synthesis. Changes in the relative abundance of mRNAs for

albumin and other plasma proteins. J Biol Chem. 1983 Jan 25;258(2):1369-75. PMID:

6822503.

Omonkhua A.A., Adebayo E.A., Saliu J.A;, Ogunwa T.H., Adeyelu T.T.. Liver function

of Streptozotocin- Induced Diabetic Rats. Orally Administered Aqueous Root-

BarkExtracts of Tetrapleura tetraptera (Taub). Nigerian Journal of Basic and Applied

Science (Sep. — Dec., 2014), 22(3&4): 99-106

Wang J, Li Y, Han X, Hu H, Wang F, Li X, Yang K, Yuan J, Yao P, Miao X, Wei S,

Wang Y, Cheng W, Liang Y, Zhang X, Guo H, Yang H, Yuan J, Koh WP, Hu FB, Wu T,

Pan A, He M. Serum bilirubin levels and risk of type 2 diabetes: results from two

independent cohorts in middle-aged and elderly Chinese. Sci Rep. 2017 Feb 6;7:41338.

doi: 10.1038/srep41338. PMID: 28164994; PMCID: PMC5292699.

Luka, C.D. A biochemical Study of the effect of extract of goat’s rue (Galega officinalis)

in alloxan-induced diabetic rats. (2013). pp 158-159

Omonkhua, A. A., Onoagbe, I. O., Fajimeye, I. A., Adekola, M. B., &Imoru, Z. A. Long-

term anti-diabetic and anti-hyperlipidaemic effects of aqueous stem bark extract of

Irvingiagabonensis in streptozotocin-induced diabetic rats. Biokemistri, (2014). 26(1), 1-

8.

Renuka, N., Sood, A., Prasanna, R., & Ahluwalia, A. S. Phycoremediation of

wastewaters: a synergistic approach using microalgae for bioremediation and biomass



56.

57.

58.

59.

28

generation. International Journal of Environmental Science and Technology, (2015).
12(4), 1443-1460.

Saxena, S., &Katare, C. Evaluation of flaxseed formulation as a potential therapeutic
agent in mitigation of dyslipidemia. Biomed J, (2014). 37(6), 386-90.

Risérus, U., Willett, W. C., & Hu, F. B. Dietary fats and prevention of type 2 diabetes.
Progress in lipid research, (2009). 48(1), 44-51.

M. Makni, H. Fetoui, N. K. Gargouri, E. M. Garoui, and N. Zeghal, “Antidiabetic effect
of flax and pumpkin seed mixture powder: effect on hyperlipidemia and antioxidant
status in alloxan diabetic rats,” Journal of Diabetes and its Complications, vol. 25, no. 5,
article S1056872710000978, pp. 339-345, 2011.

Alasalvar C, Amaral J. S., & Shahidi F. Functional lipid characteristics of Turkish
Tombul hazelnut (Corylus avellana L.). J Agric Food Chem (2006). 54, 10177-10183

60.Alvarez, F., Bustos, M., Villanueva, E., Ramirez, F., Leon, M., Duggirala, R., Macias, T.,

61.

62.

63.

64.

65.

Cuevas, S., Jalife, A., Serratos, F., & Carles, J. (2017). Effects of Conjugated Linoleic
Acid and Metformin on Insulin Sensitivity in Obese Children: Randomized Clinical Trial.
The Journal of Clinical ~Endocrinology & Metabolism, 102(1), 132-140.
https://doi.org/10.1210/jc.2016-2701

Parhofer, K. G. Interaction between Glucose and Lipid Metabolism: More than Diabetic
Dyslipidemia.  Diabetes & Metabolism  Journal, (2015). 39(5), 353-362.
https://doi.org/10.4093/dmj.2015.39.5.353

Massing, M. W., Sueta, C. A., Chowdhury, M., Biggs, D. P., & Simpson, R. J. Lipid
management among coronary artery disease patients with diabetes mellitus or advanced
age. American Journal of Cardiology, (2001). 87(5), 646-649.

Mathur S, Mehta DK, Kapoor S, Yadav S. Liver function in type-2 diabetes mellitus
patients. IntJ Sci Stud. 2016;3:43 [Google Scholar]

Mandal A, Bhattarai B, Kafle P, Khalid M, Jonnadula SK, Lamicchane J, Kanth R,
Gayam V. Elevated Liver Enzymes in Patients with Type 2 Diabetes Mellitus and Non-
alcoholic Fatty Liver Disease. Cureus. 2018 Nov 23;10(11):e3626. doi:
10.7759/cureus.3626. PMID: 30697502; PMCID: PMC6347442.

Dodin, S.; Lemay, A.; Jacques, H.; Légaré, F.; Forest, J.C.; Masse, B. The effects of

flaxseed dietary supplement on lipid profile, bone mineral density, and symptoms in



66.

67.

68.

69.

70.

71.

72.

73.

74.

29

menopausal women; a randomized, double-blind, wheat germ placebo-controlled clinical
trial. J. Clin. Endocrinol. Metab. 2005, 90, 1390-1397. [Google Scholar] [CrossRef]

Dinko S. and Edward D.F. hyperuricemia: a biomarker of renal hemodynamic

impairment. Hypertension research Laboratory, Ochsner clinic, New Orleans, La., USA.

Ccardiorenal Med. 5:175-182. (2015)

Dirk JV, Luis MR, Alan SM, Kevin D., Biomarkers of renal injury and function:

diagnostic,prognostic and therapeutic implications in heart failure.European heart journal,

(2015). Vol. 37:2577- 2585.

Adesokan, A. A., Oyewole, O. I., &Turay, B. M. S. Kidney and liver function parameters

in alloxan-induced diabetic rats treated with aloe barbadensis juice extract. Sierra leone

journal of biomedical research, 1(1), 33-37. (2009).

Molitoris, B. A., Levin, A., Warnock, D. G., Joannidis, M., Mehta, R. L., Kellum, J. A,,
& Shah, S. V. Improving outcomes of acute Kkidney injury: report of an

initiative. Nature clinical practice Nephrology, (2007). 3(8), 439-442.

M. M. Yassin, H. I. Altibi, and A. E. EI Shanti;“Clinical and biochemical features of

type 2 diabetic patients in Gaza Governorate, Gaza Strip,” West African Journal of

Medicine, vol. 30, no. 1, pp. 51-56, 2011.View at: Publisher Site | Google Scholar

Luka, C.D. and Mohammed, A. Evaluation of the antidiabetic property of aqueous

extract of Mangifera indica leaf on normal and alloxan-induced diabetic rats. J. Nat.

Prod. Plant Resour., (2012).:2 (2):239-243.

Gludovatz, B., Hohenwarter, A., Catoor, D., Chang, E. H., George, E. P., & Ritchie, R.

O. A fracture-resistant high-entropy alloy for cryogenic applications. Science,

(2014). 345(6201), 1153-1158.

Rafiu A. A and Luka C. D. Evaluation of the antidiabetic property of aqueous extract of

ipomoea batata leaf on hyperglycemia, hyperlipidemia, blood electrolytes and enzymatic

antioxidants of streptozotocin induced diabetic rats. J Res Diabetes Metab. (2018). 4(1):

021-026.

Ashafa, O.T., M.T. Yakubu, D.S. Grierson and A.J. Afolayan). Toxicological Evaluation

of the Aqueous Extract of Felicia muricata Thunb. Leaves in Wistar Rats. African

Journal of Biotechnology (2018). 8:949-54.



75.

76.

77.

78.

30

Lara, O., Tong, X., Zborowski, M., & Chalmers, J. J. Enrichment of rare cancer cells
through depletion of normal cells using density and flow-through, immunomagnetic cell
separation. Experimental hematology, (2004). 32(10), 891-904.

Adane, T., Asrie, F., Getaneh, Z., & Getawa, S. White blood cells and platelet profiles of
diabetic patients at University of Gondar specialized referral hospital: A comparative
crossiIsectional study. Journal of Clinical Laboratory Analysis, (2021). 35(6).
https://doi.org/10.1002/jcla.23808

Wang, Y., Yang, P., Yan, Z., Liu, Z.,, Ma, Q., Zhang, Z., Wang, Y., & Su, Y. The
Relationship between Erythrocytes and Diabetes Mellitus. Journal of Diabetes Research,
(2021. https://doi.org/10.1155/2021/6656062

Belete Biadgo, Mulugeta Melku, Solomon Mekonnen Abebe, Molla Abebe.

Hematological Indices And Their Correlation With Fasting Blood Glucose Level And
Anthropometric Measurements In Type 2 Diabetes Mellitus Patients In Gondar,
Northwest Ethiopia. (2016). J Diabetes, Metabolic



