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ABSTRACT

In this study, rats with alloxan-induced diabetes were used to examine the hypoglycemic and
hypolipidemic effects of Senna alata aqueous root extract. Twenty male albino Wistar rats were
selected for this study. They were randomly assigned into 4 groups (1-4) of 5 rats in each group.
Alloxan monohydrate was administered intraperitoneally to groups 2-4 rats at 160 mg/kg. Forty-
eight hours after administration and upon confirmation of diabetes mellitus (fasting blood glu-
cose > 126 mg/dL), group 3 rats were treated with Senna alata extract (400 mg/kg) while group
4 rats were treated with glibenclamide (2 mg/kg). Groups 1 and 2 rats received distilled water
and were apportioned as normal and negative control groups, respectively. For 21 consecutive
days, the treatments were given orally, once daily. Rats in all groups had their fasting blood glu-
cose levels checked after 1 hour, 6 hours, 24 hours, 7 days, 14 days, and 21 days. On the 21 days
post-treatment, serum samples were collected from all groups for lipid panel and kidney function
examination while pancreases were freshly harvested for histomorphology. In comparison to the
diabetic rats in the untreated (negative control) group, the Senna alata extract-treated rats had
significantly reduced levels of fasting blood glucose, cholesterol, triglycerides, and low-density
lipoprotein but higher levels of high-density lipoprotein. Histomorphology of the pancreas of rats
treated with Senna alata extract revealed more populations of beta-cells compared to that of the
diabetic untreated group. This study has demonstrated that aqueous root extract of Senna alata
has hypoglycemic and hypolipidemic activities and restored pancreatic tissue from injury caused
by the alloxan challenge in diabetic rats.
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6z

Bu calismada, alloksan ile diyabet olusturulan siganlar kullanilarak Senna alata’nin sulu kok 6zi-
tlnln hipoglisemik ve hipolipidemik etkileri incelenmistir. Bu galisma igin yirmi erkek albino
Wistar sigan segilmistir. Siganlar rastgele olarak 4 gruba (1-4) ayrilmistir, her bir grup iginde 5 sigan
bulunmaktadir. Alloksan monohidrat, 2-4 grup siganlarina 160 mg/kg dozda intraperitoneal olarak
uygulanmistir. Uygulamanin 48 saat sonrasinda ve diabetes mellitus’'un teyidi Gizerine (aglk kan
sekeri > 126 mg/dl), 3. gruptaki siganlara Senna alata 6zuttl (400 mg/kg) ile 4. gruptaki siganlara
glibenklamid (2 mg/kg) tedavisi uygulanmistir. 1. ve 2. grup siganlar ise sirasiyla normal kontrol ve
negatif kontrol gruplari olarak belirlenmis olup, distile su verilmistir. Ardisik 21 gin boyunca teda-
viler glinde bir kez oral yolla uygulanmistir. Tim gruplardaki siganlarin aglik kan sekeri diizeyleri 1
saat, 6 saat, 24 saat, 7 glin, 14 giin ve 21 glin sonra kontrol edilmistir. Tedavinin 21. glintinde, tim
gruplardan serum 6rnekleri lipid paneli ve bobrek fonksiyonu incelemesi igin toplanmis, pankreas-
lar ise taze olarak histomorfoloji i¢in alinmistir. Senna alata 6zUtl ile tedavi edilen siganlar, tedavi
edilmemis (negatif kontrol) grup igindeki diyabetik sicanlara kiyasla aglk kan sekeri, kolesterol,
trigliserit ve dislik yogunluklu lipoprotein diizeylerinde belirgin bir sekilde azalma géstermis, ayni
zamanda yuksek yogunluklu lipoprotein dlzeylerinde artis gozlenmistir. Senna alata 6zitl ile
tedavi edilen siganlarin pankreas histomorfolojisi, tedavi edilmemis diyabetik gruba kiyasla daha
fazla beta hicresi poptilasyonunu gostermistir. Bu galisma, Senna alata’nin sulu kék 6zitinin
hipoglisemik ve hipolipidemik etkilere sahip oldugunu ve diyabetik siganlarda alloksanin neden
oldugu pankreas dokusundaki hasari onardigini géstermistir.

Anahtar Kelimeler: Alloksan monohidrat, diabetes mellitus, hipoglisemik, hipolipidemik, Senna
alata
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INTRODUCTION

Diabetes mellitus (DM) is an endocrine and metabolic disor-
der which manifests as impaired carbohydrate, fat, and protein
metabolism." These disorders could be due to a lack of insulin
secretion or reduced sensitivity of tissues to insulin.? Etiologically,
DM is divided into insulin-dependent DM or juvenile-onset DM
and non-insulin-dependent DM or adult-onset DM.?

Alloxan monohydrate and streptozotocin are the commonest
chemicals used in the induction of experimental DM, and both
drugs exert their diabetogenic actions when they are admin-
istered parenterally.* These agents are known to generate free
radicals that selectively destroy the insulin-producing pancreatic
islets, which are responsible for insulin production.® Hyperglyce-
mia usually manifests due to lack of insulin production since insu-
lin is saddled with metabolizing glucose and maintenance of its
optimal serum level.®

Hyperlipidemia is one of the common long-term complica-
tions associated with DM. It's known to occasion various lipid
abnormalities including high levels of tryglicerides, low-den-
sity lipoproteins (LDL), total cholesterols, and reduced levels
of high-density lipoproteins (HDL). These abnormalities pre-
dispose to atherosclerosis and cardiovascular diseases. When
blood sugar levels are properly maintained, these problems are
less frequent and less severe.” Pharmacological glycemic con-
trol involves using insulin and oral hypoglycemic drugs. There
is poor compliance with the use of these agents, especially in
developing countries due to their high cost, unavailability, and
associated health risks.® This has therefore necessitated the
search for alternative natural therapeutic agents. Plant sources
of drugs are known to possess various advantages over ortho-
dox drugs with regards to their readily availability, low cost, and
side effects.® The use of herbal medicines in the treatment of
ailments is a common practice, especially in developing coun-
tries.’® World Health Organization over the years has advocated
the need to explore antidiabetic drugs from natural sources.
Therefore, the screening of medicinal plants in each other to
identify new and potent hypoglycemic agents is increasing by
day among scientific researchers.

Senna alata (SA) is a perennial plant of the Leguminosae family.
It is widely dispersed in Africa including Nigeria. It has various
common names which include ringworm bush, candle bush, and
craw-craw plant, among others. It has been thoroughly screened
for biological activities by scientific researchers and has been
reported to possess various chemical constituents such as ter-
penoids, flavonoids, phenols, anthraquinones, and steroids.""?
These phytochemicals are known to possess biological activi-
ties."®Various organs of SA have been investigated for antidiabetic
activity."*™® However, little is known regarding the hypoglycemic
and hypolipidemic properties of SA’s aqueous root extract. So,
the aim of this study is to determine whether SA’'s aqueous root
extract has any potential hypoglycemic and hypolipidemic effects
on alloxan-induced diabetic rats.

MATERIALS AND METHODS

Reagents and Chemicals

Chemicals and reagents used in this study were procured as fol-
lows: alloxan monohydrate (Sigma Aldrich, Gallingham, Dorset,
UK); glibenclamide (Hovid, Shek Tong Tsui, Hong Kong); creati-
nine assay kit (Sigma Aldrich); urea assay kit (Sigma Aldrich); total
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cholesterol assay kit (Cell Biolabs Inc., San Diego, California, USA);
triacylglycerides assay kit (Sigma Aldrich); HDL cholesterol assay
kit (Elabscience, Houston, Texas, USA). All chemicals used in this
study are of optimum analytical grade.

Plant Collection and Preparation of Extract

Senna alata roots were freshly collected at the peak of rain-
ing season (July 2022) from the Botanical Garden belonging
to Plant Science and Biotechnology Department, University of
Nigeria, Nsukka, and were authenticated in the same Depart-
ment by a botanist. The voucher specimen (Senna alata: INTER-
CEED/2852) was kept at the herbarium. The roots of the plant
were washed, sliced into smaller sizes with a clean sharp knife,
and dried in a shade room for 28 days. The sliced roots were
pulverized into powder using an electric blender. A cold mac-
eration technique with distilled water was used. Two hundred
grams of the powdered plant roots were taken and soaked in
400 mL distilled water and allowed for 48 hours with 2 hourly
intermittent shaking. To secure the aqueous extract, they were
then sieved using No. 1 Whatman filter paper. The aqueous
extract was freeze-dried and kept in a rubber screw-cap bottle
and preserved in the refrigerator at a temperature of 4°C until
needed.

The aqueous root extract of SA produced a yield of 145 g
(7.25% wlw).

Experimental Animals

Male albino Wistar rats (120-140 g) were procured from a repu-
table source. The animals were allowed for 2 weeks of acclima-
tization in a clean wire mesh cage in a controlled environment
(temperature 25 + 2°C 12-hour dark/light cycles) and fed with
standard laboratory animal diet ad libitum before the com-
mencement of the study.

The study was carried out after obtaining Institutional Ani-
mal Ethical Committee’s clearance (Date: 12.08.2022, Number:
FVM-UNN-IACUC-2022-0334).

Experimental Protocol

For this study, 20 male Albino Wistar rats were used. They were
divided into 4 groups at random (n =5). Alloxan monohydrate (160
mg/kg) was reconstituted in distilled water and then administered
intraperitoneally once to groups 2-4 to induce DM. The remaining
5 rats were normoglycemic (un-induced) rats that formed group
1, 48 hours following alloxan monohydrate administration and
upon confirmation of DM (fasting blood glucose (FBG) level > 126
mg/dL), the animals in groups 2-4 (n=5 per group) were sorted to
ensure there were no significant differences in FBG levels among
the groups. The treatment agents (SA and glibenclamide) used in
this study were reconstituted in distilled water, and all animals
were treated as follows:

1(group 1): uninduced normoglycemic rats in group 1 were given
10 mg/kg of distilled water (normal control); 2 (group 2): nega-
tive control group of induced diabetic rats were given 10 mL/kg
of distilled water; 3 (group 3): induced-diabetic rats in group 3
were given a 400 mg/kg aqueous extract of SA; 4 (group 4): rats
with induced diabetes were placed in group 4 and given 2 mg/
kg glibenclamide (standard control). For a total of 21 days, the
treatments were given orally once daily. Fasting blood glucose
levels were measured using a one-touch ultra-easy glucom-
eter that automatically displays the FBG levels on the screen
at intervals of 1 hour, 6 hours, 24 hours, 7 days, 14 days, and
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then 21 days. The 400 mg/kg of SA was chosen with respect
to the effects observed with its use as reported by previous
researchers.’®”

Sample Collection

Whole blood was collected for glucose estimation using the
tail snip technique during which 1 drop of whole blood from the
snipped tail was allowed to fall directly into a glucometer strip.
Onthe last day of the study (day 21), blood samples for serum lipid
panels and kidney function tests (triglycerides, total cholesterol,
HDL, creatinine, and urea) were collected into heparin-coated
bottles through the medial canthus of the rat eye. Thereafter,
the animals were humanely sacrificed by inhalation anesthesia
using chloroform followed by cervical dislocation. The animals
were cut open via the midline of the thoracic and abdominal
regions and pancreases were freshly detached for a histopathol-
ogy examination.

Determination of Serum Biochemical Parameters and
Histopathology

The blood samples collected after 21 days of the study were
spun in a centrifuge at 10 000 g for 10 minutes and the result-
ing sera were decanted. Triacylglyceride (TAG) value was assayed
by quantitative enzymatic method.”® The cholesterol value was
assayed by the enzymatic method.” High-density lipoprotein
was assayed by using the dextran sulfate-magnesium Il precipi-
tation technique.?® Friedwald formula was applied in calculat-
ing the values of LDL and triglycerol values were divided by 5 to
get the very-LDL values. The creatinine assay was determined
by Jaffe reaction method.?" Serum urea was assayed according
to the Urease-Berthelot method.?? The histopathological stud-
ies of the freshly harvested pancreas were done according to
Carlleton’s histological technique.?? The processed slides were
viewed with a light microscope at 400x magnification.

Statistical Analysis

One-way analysis of variance was used to analyze the data gener-
ated from this study (The Statistical Package for Social Sciences
version 23.0 software, IBM Corp.; Armonk, NY, USA). Variable
means were separated using Duncan’s multiple range test, and
differences were deemed significant at P=.05. In tables, results
were shown as mean and standard error of means.

RESULTS

Effects of Aqueous Root Extract of Senna alata on Fasting
Blood Glucose Levels Observed from Preinduction to 21 Days
of Treatment in Alloxan-Induced Diabetic Wistar Rats

Findings showed that on day 21 post-treatment, rats treated with
SA extract and glibenclamide had FBG levels that were statistically
equivalent (P=.05), but rats in the untreated (negative control)
group had FBG levels that were considerably (P=.05) lower (Table 1).

The Percentage Reduction in Fasting Blood Glucose Levels of
Alloxan-Induced Diabetic Rats Treated with Aqueous Root
Extract of Senna alata

The results also revealed that rats given SA experienced a pro-
gressive decline in FBG levels from the first hour to the final 21
days after treatment, while the FBG levels of rats of the diabetic
untreated group remained high even with day 21 post-treatment.
However, SA and glibenclamide-treated groups recorded 65.25%
and 66.36%, respectively, on 21 days post-treatment (Figure 1).

The Effects of Aqueous Root Extract of Senna alata on Lipid
Panel of Alloxan-Induced Diabetic Rats

According to the results of the lipid profile, the rats treated with
SA had cholesterol levels that were statistically equal (P < .05)
to those of the rats treated with glibenclamide but significantly
(P < .05) lower than those of the rats in the diabetic-untreated
group. Triglycerol levels were statistically comparable in all
groups except for those of the diabetic-untreated group, which
were significantly (P < .05) higher. High-density lipoprotein val-
ues were statistically comparable (P < .05) in all groups except
those of the diabetic-untreated group, which were significantly (P
<.05) lower. Rats in the SA and glibenclamide-treated groups had
LDL values that were statistically equivalent (P=0.05) but were
considerably (P=0.05) lower than rats in the diabetic-untreated
group (Table 2).

The Effects of Aqueous Root Extract of Senna alata on Kidney
Function of Alloxan-Induced Diabetic Rats

According to Table 3, the urea and creatinine levels of the rats
treated with SA and glibenclamide were statistically equivalent
(P=.05), but they were significantly (P=.05) lower than the rats in
the untreated diabetic group.

The Photomicrograph of Diabetic Rat Pancreas Treated with
Senna alata Extract

Results of the photomicrograph showed that the population of
islet cells in both SA-treated rats and those of normal control and
glibencamide-treated groups were comparable. However, islet
cells were scanty and atrophic in congested pancreatic ducts in
rats of the diabetic untreated group (Figure 2).

DISCUSSION

This study investigated the potential hypolipidemic and hypo-
glycemic effects of SA aqueous root extract in alloxan-induced
diabetic rats. Diabetes mellitus, a known chronic disease, is char-
acterized by FBG levels and often associated with certain com-
plications like atherosclerosis, hepatotoxicity, nephrotoxicity,
cardiovascular diseases, etc. Alloxan monohydrate is a diabeto-
genic agent known to induce hyperglycemia by generation of free
radicals that damage the beta cells of islets of Langerhans, which
in turn occasions low production of insulin.

Table 1. Effects of Aqueous Root Extract of Senna alata on Fasting Blood Glucose Levels Observed from Preinduction to 21 Days of Treatment in Alloxan-Induced Diabetic

Wistar Rats

Fasting Blood Glucose Levels (mg/dL)

48-Hour 1-Hour 6-Hour 24-Hour 7 Days 14 Days 21 Days
Groups Pre-Induction Pre-Induction Post-Treatment Post-Treatment Post-Treatment Post-Treatment Post-Treatment Post-Treatment
1 81.25 £ 0.56" 81.90 + 0.35" 82.20 £ 0.80° 80.40 £ 0.55" 78.70 £ 0.07* 78.25 +0.15% 79.50 + 0.55% 76.82 +0.72%
2 80.90 £ 0.75* 242.20 + 1.25¢ 242.35 + 1.00¢ 240.20 + 1.80¢ 218. 00 + 1.06¢ 212.15 + 1.08¢ 201.35 + 1.14¢ 186.34 £+ 1.06°
3 80.40 £ 0.65° 243.00 + 1.50¢ 220.50 £ 1.30¢ 180.45 + 1.25° 142.70 £ 1.08° 120.55 £ 1.06° 85.70 + 1.08 84.45 + 1.12°
4 81.30 £ 0.42* 243.75 + 1.00¢ 140.66 + 1.45" 121.60 + 1.05" 85.40 + 1.04" 83.68 + 1.02 83.10 £ 1.00* 82.00 + 1.02%
Significant differences between groups are denoted by the superscripted letters a, b, ¢, and d (P=.05).
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Figure 1. Percentage reduction in fasting blood glucose levels of alloxan-induced diabetic rats treated with aqueous root extract of SA. hr, hour(s);

PT, post-treatment; SA, Senna alata.

Table 2. Effects of Aqueous Root Extract of Senna alata on Lipid Panel of Alloxan-linduced Diabetic Rats

Lipid Panels (mmol/L)

Groups Cholesterol Triglycerol High-Density Lipoprotein Low-Density Lipoprotein Very-Low-Density Lipoprotein
1 4.28 £0.01° 1.58 £ 0.02° 2.54 +0.04" 1.02 +0.07° 0.32+£0.01°
2 5.52 +0.43¢ 1.93+0.12" 1.75 + 0.05° 2.86 +0.02¢ 0.39 +0.00°
3 4.61+0.10° 1.64+0.01° 2.36+0.13" 1.50 +0.05" 0.33 +0.02*
4 4.55 + 0.06" 1.62 £ 0.03* 2.41+0.08" 1.40 +0.08" 0.32 +0.12*

The letters a, b, and ¢ in superscripts denote significant differences (P=.05) between groups.

Studies showed a significant increase in FBG levels in rats chal-
lenged with alloxan monohydrate compared to rats of normal
control. However, after 21 days of treatment, animals given the
SA root extract had significantly lower FBG levels than rats in the
negative control group. This finding corroborates with the work of
other researchers !> who reported the hypoglycemic activity of
leaf and bark extract of SAin rats.

Dyslipidemia is a complication often associated with diabe-
tes.>* Findings of this study showed remarkably high con-
centrations of serum cholesterol, TAG, LDL, and low HDL in
untreated diabetic rats, which is consistent with reports from
previous studies?>?¢ which reported that induction of DM leads
to an increase in blood glucose level which also resulted in a
commensurate increase in serum lipids. The liver, an organ
that depends on insulin and is crucial for maintaining blood
sugar and lipid levels, is severely affected by diabetes.?” Diabe-
tes often leads to lipoprotein abnormalities which are charac-
terized by abnormally high levels of cholesterol, TAG, LDL, and

Table 3. Effects of Aqueous Root Extract of Senna alata on Kidney Function of Alloxan-
Induced Diabetic Rats

Groups Urea (mg/dL) Creatinine (mg/dL)
1 61.32 £3.11* 2.05 £ 0.04°
2 85.55 £0.17° 3.28 £ 0.16°
3 71.20 + 2.10° 2.65 +0.01°
4 69.85 + 1.00° 2.60 +0.02°

The superscript letters a, b, and ¢ indicate significant differences across the groups.
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low HDL.?*?¢ It is generally known that high serum lipid levels in
diabetic patients originate from the enhanced mobilization of
free fatty acids from accessory fat depots as a result of insulin’s
inhibition of hormone-sensitive lipase.? It could also be due
to certain hormones that enhance lipolysis such as glucagon
and catecholamines. The surplus fatty acids produced owing
to these effects are usually converted to cholesterol and phos-
pholipids that combine with the excess triglycerols produced
simultaneously in the liver and are distributed into the circula-
tion as lipoproteins. Therefore, significant hyperlipidemias (P >
.05) recorded in diabetic untreated rats could be regarded as
an effect of the uninterrupted activity of lipolytic hormones in
the fat depots.®® Treatment of diabetic rats with the SA extract
resulted in the alleviation of all dyslipidemia, thereby justifying
its antihyperlipidemic potency. These effects, however, could
be ascribed to the presence of phytochemicals composed of
the SA extract, which may have hindered cholesterol or bile
acid absorption. This finding is consistent with the reports of
previous researchers.’s%

This study observed abnormally high levels of serum urea and
creatinine in rats of the diabetic untreated group compared to
normal and treated groups. This finding is consistent with the
work of a previous researcher'® who reported a significant reduc-
tion to normal levels of serum creatinine, urea, and uric acid in
diabetic rats after treatment with SA leaf extract. Renal dysfunc-
tion is a common complication associated with diabetes, which
increases significantly in diabetic conditions.? Due to the kid-
ney’s diminished capacity to filter these waste products from the
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Figure 2. Photomicrograph of the pancreas of rats. (A) Group 1 rats showing well-populated islet cells. (B) Group 2 rats showing severely depleted
and atrophic islet cells. (C) Group 3 rats showing relatively moderate islet cell population. (D) Group 4 rats showing well-populated islet cells (arrows)

H&E 400x.

blood and ensure that they are excreted into the urine, the sig-
nificantly increased serum levels of urea and creatinine found in
the diabetic untreated group may be explained. Treatment with
the SA extract, however, significantly (P=.05) decreased serum
levels of urea and creatinine in a way that was similar to the stan-
dard drug (glibenclamide). This finding implies that SA extract can
either directly improve the structural and functional integrity of
blood, kidney, and liver cells or may be able to give a protective
impact on the kidney.

The findings of this study revealed that induction of DM with
alloxan monohydrate caused significant histopathological
changes in the pancreas of rats compared to the control group.
Previous reports®* showed that administration of alloxan to
experimental rats caused a selective pancreatic beta-cell mem-
brane disruption and intracellular accumulation which resulted
in cytotoxicity. Histomorphological observation of the pancreas
in the present work confirmed an improvement in rats of the
treatment groups compared with the rats of the negative control
group. Treatment with SA extract restored the pancreas to nor-
mal architecture evident in the regeneration and increased the
number of islet cells. This finding is consistent with the reports
of previous researchers®**® that the plant extract increases the
number of beta-cells by reduction of blood glucose.

In conclusion, this study has revealed that the aqueous root
extract of SA has hypoglycemic and hypolipidemic activities
and restored pancreatic tissue injury caused by the alloxan chal-
lenge in diabetic rats. Therefore, aqueous root extract of SA
has the potential in the management of DM and its associated
complications. Further study to determine the mechanism of
action of the SA extract that produced these effects is therefore
recommended.
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