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The present study aimed to investigate the physiochemical activities of Senna occidentalis (Linn) roots and phytochemicals as
insecticidal (ethyl acetate and methanol) and antidiabetic (ethanolic extract) activities. Physicochemical properties were carried
out by using Association of Official Analytical Chemist methods; thin layer chromatography was carried out according to the Stahl
method. Larvicidal activity and LD5, were studied against the third instar of Culex quinquefasciatus mosquito larvae to detect and
extract toxicity. The ethanolic extracts of the roots were orally tested at the dose 200 mg/kg for the hypoglycemic effect on induced
hyperglycemia in normal rats, assessed in the ethanol extract, and were compared with diabetic control and standards gli-
benclamide 10 mg/kg. Physiochemical parameters showed high rate in the nitrogen-free extract (69.6%), curd fiber (14.5%), crude
proteins (8.15%), ether extract (3.75%), and both ash and moisture (2%), and high concentrations values were found in potassium
(43 mg/1) followed by phosphorous (28.5 mg/l), calcium (15 mg/l), sodium (3.65 mg/1), and magnesium (0.145 mg/1). In this part,
phytochemical compounds showed high amount of alkaloids, triterpene, flavonoids, tannins, sugars, and few amount of an-
thraquinone glycosides. Thin-layer chromatography (TLC) studies different colored phytochemical constituted with different Rf
values. All the spots are colored under UV light, but some are localized colorless after spaying. The ethyl acetate (EtAc) extract
showed eight spots, and the methanol (MeOH) extract showed thirteen spots. The larvicidal activity showed that the ethyl acetate
extract was safe against mosquito larvae with an LDs, value 1412.54 (p < 0.05), and the methanol extract had moderate larvicidal
activity against mosquito larvae with an LDs5, value 257.54 (p < 0.05), while the ethanolic extract of Senna occidentalis (L.) causes a
favorable hypoglycemic activity when compared to control significant reduction by [53.15%, 32.87%, and 20.94%], respectively, as
well as standard glibenclamide. Based on the various data of the physicochemical parameters, TLC spots, and phytochemical
compounds of Senna occidentalis root, they could be used as references standards for manufacturing units of Senna occidentalis
root larvicidal and antidiabetic drugs.

1. Introduction

Standardization of medicinal plants is an essential issue to be
considered as a therapeutic drug for safety in health care.
Diabetes mellitus is a disease responsible for many deaths
around the world (1, 2]. Senna occidentalis (Linn), or Cassia
senna or Cassia occidentalis, in Sudan, known as Soreib
(Ar.), which belongs to the family “Caesalpinioideae,” is
widely distributed in all of Sudan. Senna occidentalis roots

are used traditionally in treating of diabetes and other ail-
ments [3]. However, its adequate validation as therapeutic,
specifically antidiabetic and hepatoprotective effects, has not
been established [4]. Senna occidentalis is prescribed for use
only as a laxative and bowel cleanser for the treatment the
colon and in surgery [5]. The seeds of Senna occidentalis are
toxic for the children [6, 7]. The various extracts of the whole
plants were subjected to normal and alloxan-induced dia-
betic rats. Gidadoand his co-workers [4] and Verma et al. [8]
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studied the effect of Senna occidentalis leaves on diabetic
rats. In traditional medicine, leaves were externally applied
to wounds, sores, itch, cutaneous diseases, bone fracture,
fever, ringworm, skin diseases, and throat infection and to
cure sore eyes, hematuria, rheumatism, typhoid fever, and
tuberculosis [9].

Insects, ticks, and mites are dangerous vectors of deadly
pathogens and parasites, which may be considered as epi-
demics in the increasing world population of humans and
animals [10-14]. Mosquitoes are the most important single
group of insects in terms of public health importance, which
transmit malaria, filariasis, dengue, and Japanese encepha-
litis [15, 16]. Reduction of the source of infection is an
essential step in the control of mosquito-borne diseases [17],
although synthetic organic insecticides have been produced
and used to eliminate mosquitoes. The treatment of the
disease vectors using synthetic insecticides has failed due to
their efficiency in attaining physiological resistance and
effect on nontarget organisms [18]. The phytochemical
compound present in other parts of Senna occidentalis has
been isolated and such compounds are reviewed as sen-
noside, anthraquinone glycosides, fatty oils, flavonoids,
glycosides, galactomannan, polysaccharides, and tannins
[8]. The insecticidal activity of the extracts of this plant on
vector mosquitoes is not sufficiently reported [19].

The objective of the present work was to determine and
investigate the efficiency of the crude extract of the root of
Senna occidentalis for larvicidal activity against the Culex
quinquefasciatus mosquito larvae, as well as antidiabetic,
with reference to physiochemical activities.

2. Materials and Methods

2.1. Plant Materials Collection and Identification. Senna
occidentalis roots were collected in September 2015 from Al-
Debabat city, locality of Algoz, South Kordofan State, Sudan
[20]. Samples were identified in the herbarium at the de-
partment of phytochemical and natural resource where
herbarium no. k. 14/96 was deposited at the herbarium,
National Center for Research Medicinal and Aromatic
Plants Institute, Khartoum, Sudan.

2.2. Preparation of Plant Materials. The roots part were air-
dried in shadow, powdered by using a locally made hammer
mill, and then, the plant were weighted with electric balance
and stored for further analysis.

2.3. Preparations of Crude Extracts. 196 g of the dried plant
was weighted and, then, extracted successively with
n-hexane (for four hours), ethyl acetate, and methanol ex-
tracts (eighteen hours), and the single ethanolic extract was
also extracted by using a shaker apparatus at room tem-
perature. All extracts were air-dried and kept separately in
universal bottles till used for subsequent experiments. Their
physical appearance and percentage yields properties were
tabulated in results. Percentage yields were calculated as
follows:
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Weight of extract
eight of extract . 1)

Yield(%) = ——>————— )
feld (%) Weight of sample x

2.4. Phytochemical Screening. The general phytochemical
screenings were carried out according to the methods de-
scribed by Harborne and Sofowora [21-23].

2.5. Thin Layer Chromatography. The results of the Thin-
Layer Chromatography (TLC) were carried out by using the
standard method described by Galib et al. and Stalh [24, 25].

2.6. Physiochemical Anaylsis. Physicochemical properties
such as the proximate composition (moisture, crude protein,
crude fiber, crude lipid, and nitrogen-free extract %) of the
roots were investigated using the standard methods of the
Association of Analytic Chemist (AOAC, 1990-2005)
methods [26-29]. The mineral compositions of the root
sodium and potassium contents were determined by using a
flame photometer, while calcium and magnesium contents
were determined by using an Atomic Absorption Spectro-
photometer (1100 B Perkin-Elmer, Germany) and phos-
phorus was determined by the vandomolybdate standard
colorimetric method [26].

2.7. Cytotoxicity Bioassays

2.7.1. Preparation and Hatching of Culex quinefasciatus.
Culex quinefasciatus egg rafts were collected from stagnant
water in the Al kadarow area. The egg rafts were kept in an
aluminum dish with 10.6 inches width and 1.6 inches depth
containing distilled water till hatching, and the larvae were
fed with fine powdered bread. Dead larvae were continu-
ously removed to a void contamination of cultures with
pathogens. The third instars larvae for experiments were
used.

2.8. Experiment Toxicity Tests of Culex quinefasciatus. The
larvicidal activity of the Senna occidentalis root was deter-
mined to investigate lethality bioassay against Culex qui-
nefasciatus mosquito third instar larvae of Senna occidentalis
roots. The cytotoxicity bioassay experiment was performed
according to modification procedure described by Nguta
et al. [30]. Thirty larvae were selected and transferred into
three test tubes by means of a 23 cm disposable Pasteur
pipette from an aluminum dish, each containing 5ml of
distilled water. The samples for the experiment were pre-
pared by dissolving 20 mg of each different extracts in each
5mL of dimethyle sulphoxide (DMSO). Appropriate
amounts of this DMSO solution (5 L, 50 uL, and 500 yL) to
give three different concentrations of ethyl acetate and
methanol extracts (10 ppm, 100 ppm, and 1000 ppm ppm (or
mg/L), respectively) were transferred into 100 ml test tubes
(3 test tubes for each dose and 1 for control). Three replicates
were prepared for each dose level and, then, dried further in
vacuum for 1h to remove DMSO completely. Control was
prepared using only DMSO, and then, the thirty larvae were
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placed in each test tube. The surviving larvae were counted
with the aid of a 3x magnifying glass, after 24 hours. The
second count was performed after 72 hrs, and larvae were
considered after dead when they fail to rise to the surface or
settle motion less in the bottom of the test tube.

2.9. LDsy Determination. The lethal death fifty (LDsp) of
plant extracts resulting in 50% mortality of the larvae of
Culex quinefasciatus LD5, and 95% confidence intervals
were determined from the 72-hour counts, and the dose
response data were transferred into LDsq analyzed by
Finney [31]. Probit Analysis computer program was used to
determine lethal death fifty (LDs,) values. Potassium di-
chromate (K*Cr*O’) was used as a positive control with an
LD50 value 1.7 yg/ml (toxic) and DEMSO (1000 ug/ml) as a
negative control in the bioassay experiments (LD50
726129 x 10" ug/ml) according to the modification by
Meyer et al.. LDs, values below 250 pg/ml were considered
as highly toxic, 250-499 ug/ml as moderately toxic, and
500-1000 pug/ml as lowly toxic. Values above 1000 pg/ml
were regarded as safe or nontoxic according to McLaughlin
and co-workers [32].

2.10. Diabetics Assay

2.10.1. Study of Hypoglycemic Effects on Induced Hypergly-
cemia in Rats as Experimental Animals. Twenty-four
healthy adult male albino strain rats weighing 150-250 g
aged between 6-12 months (Figure 1) were purchased from
the department of animal house laboratory, Faculty of
Veterinary Medicine, Khartoum, Sudan. The rats were kept
in a well-aerated laboratory and were divided into four
groups with six rats each in cages. The animals were fed
freely on standard animal feeds with balanced diet and
drinking water ad libitum during the experimentation pe-
riod. The animals were exposed to a 12 h light-dark cycle.

2.11. Experimental Design of the Glucose Loading Induction
Model. Experimental rats were fasted from food for eighteen
hours prior to experimentation and had water ad libitum.
The first group (I) was administered with 10 ml/kg body
weight of distilled water and considered as the normal
control group (I). The second group (II) was administered
with 2 g/kg body weight of glucose loading and considered as
positive control. The third group (III) was administered with
10mg/kg body weight of the hypoglycemic drug-gliben-
clamide and considered as the standard group. The last
groups (IV) were treated with 200 mg/kg body weight the
ethanolic extract of Senna occidentalis roots. All four groups
of rats were, then, loaded with 50% glucose solution at a dose
of 2 g/kg. The blood glucose level of all groups was moni-
tored after 1, 2, and 4 hours after the glucose load according
to Konuklugil et al. [33].

2.12. Determination of the Blood Glucose Level. The fasting
blood glucose levels were first determined at “0” minutes of
initial fasting blood samples which were collecting from the
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Figure 1: Experimental male albino rats.

overnight fasted rats, by drawing out about 1 ml of the blood
samples from eye side (retro-orbital plexus) cervical dislo-
cation by using heparnized-capillary tubes under mild
diethyl ether inhalation anaesthesia on a four-hour interval
(starting with the fasting plasma glucose levels of the four
groups of rats were determined (0 time), then 1, 2, and 4
hours) for a period of one day. A manual digital spectro-
photometer was used to analyze blood glucose levels
throughout the experiment according to method described
by Trinder [34].

2.13. Statistical Analysis of the Blood Glucose Level.
Results of the blood glucose level were expressed as
mean + standard error of the mean. The data were statisti-
cally analyzed using analysis of variance (ANOVA) with
Duncan Multiple Range Test comparisons versus control
groups. The values of p < 0.05 were considered as significant
according to Duncan et al. [35].

3. Results and Discussion

3.1. 'The Physical Properties and Yields of Senna occidentalis
Root. The results of physical properties such as consistency,
color, and extractive value percentage yields of successively
extracted in an order of nonpolar to polar solvent based on
increasing degree of polarity are reported in Table 1. High
values were found in polar solvent methanol (MeOH) fol-
lowed by intermediate polarity ethyl acetate (EtAc) and
nonpolar n-hexane (n-hex), respectively. Low n-hexane
extractive value signifies the presences of amounts of fats,
lipids, and some steroids in the plant materials and may
indicate the addition of exhausted material, adulteration or
incorrect processing during drying, or storage or formu-
lating [1].

3.2. Thin-Layer Chromatography. The results of the Thin-
Layer Chromatography (TLC) separated the various phy-
tochemical components in ethyl acetate and methanol ex-
tracts of Senna occidentalis root, by using solvent system
toluene: ethyl acetate in the ratio (70:30) as described by
Fried and Sherma [36] and Wagner and Bladt [37]. Figure 2,
before spray: under UV (254 nm) light, several spots were
seen with the R¢values colors at sample A1 Left representing
the Et. Ac extract of root was given eight spots (S) with
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TaBLE 1: The physical properties of Senna occidentalis root.

Solvents of extraction Consistency Color Yields% + SD
n. Hexane Semisolid Yellow 0.046% + 0.00
Ethyl acetate Semisolid Brown 0.15% +0.00
Methanol Solid powder Dark brown 1.13% +0.00

Al EtAC
left right

()

Bl EtAC B2 MeOH
left right

(b)

F1GURE 2: TLC separation of different extracts for chemical constituents of Senna occidentalis root by using solvent system toluene: ethyl
acetate with the ratio 70:30. Keys: (a) before spray under UV and (b) after spray with anisaldehyde sulpharic acid reagent. S= spot of

separation.

numbers from upper to the lower: S1=0.93 (pale blue
fluorescent), S2=0.85 (green fluorescent), S3=0.67 (green
fluorescent), S4=0.46 (sky blue fluorescent), S5=0.37
(green fluorescent), S6=0.28 (green fluorescent), S7=0.21
(light sky blue fluorescent), and S8=0.16 (light sky blue
fluorescent) color. Sample A2 Right represents that the
MeOH extract of root gave twelve spots with Ry values
S§1=0.98 (pale red fluorescent), S2=0.93 (pale blue),
§3 = overlapping between 0.87 to 0.85 (Orange to green
fluorescent), $4 =0.75 (pale red fluorescent), S5=0.67 (blue
bright sky fluorescent), S6 = 0.46 (blue fluorescent), S7 = 0.42
(light sky blue fluorescent), $8=0.38 (light sky blue fluo-
rescent), $9=0.28 (light sky blue fluorescent), $10=0.21
(light green fluorescent), S11=0.16 (arc light green fluo-
rescent), and S12 =0.08 (arc green fluorescent). These colors
indicated the presence of constituents may be with Ry values
0.38 (white sky blue to white green fluorescent), 0.44 (red),
0.88 (violet) alkaloids (white blue fluorescent), phenolic
compounds (blue to white green fluorescent), negligible
amount of alkaloids (very weak intensity), or saponins with
glycosides in the roots with R¢(0.18, 0.32 (both orange) and a
blue fluorescent spot R¢ (.0.16, 0.32, 0.72, and 0.97) re-
spectively, and these could not be isolated; but, on spraying
with anisaldehyde sulpharic acid reagent and heating plate
(B) for ten minutes at 110°C, spots of purple color appearing
at grey dark violet colors were detected with two R¢ values
between 0.50 and 0.21 and constituents may be tannins or
triterpine and phytosterol; Wagner and Bladt [37]. These
colorless ones in the same plate constituents may be oils

(Volatile oil and fixed oils) or protein and (dark brown)
cardiac glycosides with the R¢. (0.88, 0.60, 0.38, 0.32, 0.23,
and 0.18. Generally MeOH and EtAc were observed to have a
good manner of colored spots under UV light but showed
less color toward the anisaldhyde sulphate reagent. Con-
stituents may be stilbenes or pigments (0.96 with red or pink
color). Constituents may be alkaloids with Rf 0.74 (no color)
and 0.70 (no color). Constituents may be terpenoids and
saponins with Rf 0.62 (dark blue), 0.61 (dark violet blue),
0.48 (dark blue), and 0.42 (dark blue violet). Flavonoids may
be with Rf 0.32 (orange), 0.21 (orange), and 0.11 (dark blue
orange). The chromatogram revealed a mixture of com-
pounds which exhibited different colored reactions with Ry
values: terpenoids (purple or blue violet), flavonoids (yellow,
pinkish or orange), stilbenes (bright red to dark pink color),
and proanthocyanidins (pink color). These results agreed
with the chemical constituents reported by Wagner and
Bladt [37] and Tsakala et al. [38].

3.3. Results of Phytochemical Screening of Senna occidentalis
Root. The general results of phytochemical screening are
shown in Table 2. Tests supplementary Figure 1 showed the
different testing of preliminary phytochemical screening of
Senna occidentalis root; it gave the colors with few modi-
fications according to the colors of extracts indicating the
presence of the high concentrations of the various active
phytoconstituents metabolites as follows: alkaloids (Dra-
gendorff’s Orange brown, Mayer’s Yellow to creamshies,
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TaBLE 2: Results of phytochemical screening of Senna occidentalis
root.

Metabolites Tests Methanol
DragendorfF’s ++++
e o
Wagner’s ++++
Coumarins KOH/U. V. ++
NaOH/KOH +++
NH3O0H con. +++
Flavonoids ALCL3 (flavones or and chalcone). +++
Mg/HCL (flavones/flavanol 3
glycosides)
Glycosides Ant}éi(clllil::ane :
Saponins Foam +++
Sterols/ Liebermann-Burchard —/++++
triterpene Salkowski —/++++
Tannins Ferric chlor.ide +++
Salts gelatin ++
Molisch’s +++
Sugar Fehling’s/Benedict’s +
Barfoed’s +++
. . Ninhydrin +
Amino acids Xantho);,)reotic ++
Proteins Biuret ++
Lipids Sudan III -

++++ = very high amount, +++ = high amount, ++ = moderate amount, + =
low amount, + = trace amount or absent, and —=absent.

Hager’s Yellow, and Wagner’s reddish brown with precip-
itations), triterpenes (Liebermann-Burchard deep purple/
violet and Salkowski deep red to brown color ring at the
junction of the two layers), tannins (ferric chloride blackish
blue to violet and salt gelatin white with precipitations),
saponins (white foam at the upper layer persisting for 10
minutes), flavonoids (sodium hydroxide yellow, ammonium
hydroxide deep yellow, Aluminum Chloride yellow-
creamshies and magnesium turnate piece-sulfuric acid
reddish), and sugars (Molisch’s violets to green ring at the
junction of the two layers; Benedict’s few reducing mono-
saccharides; and Barfoed’s high reducing disaccharides)
followed by a moderate amount of proteins (Biuret violet
and Coumarins blue fluorescence under UV light with KOH
alcoholic), but low amount of amino acids (Ninhydrin
purple color and xanthopreotic yellow-orange) and mod-
erate amount of aromatic amino acids may be produced
from degradation of proteins and glycosides (Anthraqui-
nane pink-red and Cardiac A brown ring), respectively, in
this part. Similar to the previous studies on other parts of this
plant by Lawal et al. [39], on S. occidentalis leaves, the results
found show that the leaves extracts contain glycosides
(anthraquinones and cardiac), phenolic compounds such as
terpene (has antivirial properties), flavonoids (have anti-
flammation and antioxidant), tannins (for wound healing),
coumarins, and saponins with absence of alkaloids (have
bloods pressure decrease and nervous system balancing).

Also, similar findings were reported in [8] in the other
species of the same family. According to TLC results in
Figure 3(a), tthyl acetate and methanol extracts of this plant,
under 254 nm UV light, showed the presence of eight and
twelve spots, respectively, where different R values in colors
may be flavanoids (orange to red yellow fluorescent), al-
kaloids (white blue fluorescent), and phenolic compounds
(blue to white green fluorescent) and, after spraying with 1%
anisaldhyde-sulphate reagent, showed few colored spots in
the Et Ac extract and colorless spots in the MeOH extract
with R¢ values; Figure 3(b) suggests the presence of many
compounds in the extracts. The Et Ac and MeOH extracts
were subjected to the phytochemical screening for the de-
tection of various plant constituents. It was found that
terpenoids, flavanoids, and phenolic compounds were
present as the major active principle [36, 37]. The active
principles of many drugs found in plants are secondary
metabolites, which are widely used in traditional medicine to
treat various ailments. Galib et al. [24] mentioned that Senna
occidentalis root could be used as larvicidal and antidiabetic.

3.4. Physiochemical Anaylsis. The nutrition composition
percentage of plant powder of S. occidentalis root, Table 3,
was determined with the high percentage of physiochemical
which was found to be in dry matter (98%) followed by the
nitrogen-free extract (69.6%), curd fiber (14.5%), curd
proteins (8.15%), ether extract (3.75%), and both ash and
moisture (2%). Many plant proteins are low in one of the
essential amino acids, but a combination of plant proteins
such as grains with pulse or seeds may give a high-quality
protein which is just as good as the protein from animal
foods.

3.5. The Results of the Minerals Composition. Table 4 showed
the mineral composition Senna occidentalis root, and high
concentrations values were found in potassium (43 mg/l or
ppm) followed by phosphorous (28.5 mg/l), calcium (15 mg/l),
sodium (3.65mg/l), and magnesium (0.145mg/l). Similar
findings were reported by Agbugui et al. [40] in the other
species of the same family. He showed these elements from a
part of the rigid body structure, soft tissue, and body fluids of
most vertebrates, and Anhwange et al. [41] reported that, in
general, minerals work in combination with each other and
other nutrients; therefore, deficiency of any mineral may cause
health problems. Sodium and potassium maintain water bal-
ance in cells, and they are important for nerve impulse
transmissions and stimulation of normal movement of the
intestinal tract. Glew et al. [42] reported that magnesium is
essential because it maintains, repairs cells, and provides energy
and its deficiency may result in vertigo, convulsions, ner-
vousness, and heat palpitation. It also assists the muscles to
keep reservoir of oxygen and increases the body’s resistance to
infection. Its deficiency results in anemia, tiredness, insomnia,
and palpitations.

3.6. Cytotoxicity Bioassays (Larvicidal Activity) of Senna
occidentalis Root. 'The results of cytotoxicity bioassays with
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Figure 3: Effects of the ethanolic extract of Senna occidentalis (L.) roots part on glucose-loaded induced hyperglycemia in rats when

compared within groups to fasting.

TasLE 3: Physiochemical (proximate analysis) of Senna occidentalis root.

Proximate analysis Values (% +SD)

Proximate analysis Values (% +SD)

Dry matter 98+0.00
Moisture 2+0.00
Ash 2+0.00
Ether extracts 3.75+0.07
Crude protein 8.15+0.01

Crude fibers 14.5+0.71

Nitrogen-free extracts 69.6 +£1.62
Reducing sugar 6.5+£0.71
Total sugar 26+1.41
Total tannin 25+2.83

TaBLE 4: Mineral composition values of crude powder of Senna occidentalis roots.

Potassium (mg/l +SD) Phosphorus (mg/l +SD)

Calcium (mg/1 +SD)

Sodium (mg/l +SD) Magnesium (mg/l +SD)

43+0.01 28.5+0.00

15+0.01

3.65+0.00 0.145+7.07

Keys: = means of duplicates values.

n-hexane, ethyl acetate, and methanol from the root extracts
showed good larvicidal activities for all extracts; high
mortality was observed with high concentration (1g/L)
representing 1000 ppm dose of methanol extracts, and low
mortality was observed in low to moderate concentrations
(0.01 and 0.1 g/L) representing 10 ppm and 100 ppm. 100%
mortality was not obtained at all concentrations. In general,
n-hexane and ethyl acetate were showed safe effects and
methanol showed moderate effect; Table 5. Kumar et al. [43]
showed the significant effect at other doses than that re-
ported in this study, 100% mortality effect of petroleum
ether and butanol of larvacidal activity of C. occidentalis
against mosquito Culex quinquefasciatus at (0.2 and 0.3 g/L)
representing 200 ppm and 300 ppm, respectively.

This studies of larvicidal activity of Senna occidentalis
root n-hexane, ethyl acetate, and methanol extracts had LD5,
values 1564721 ppm, 1412.54 ppm, and 1412.54 ppm, re-
spectively, and were carried out against 3™ instar of Culex
quinquefasciatus mosquito larvae (Table 5), which revealed
that the results of the lethal doses determined in both
n-hexane and ethyl acetate extracts were larvicidal signifi-
cant (p < 0.05) and highly effectively safe for mosquito larvae
with increased LDs, values of 1564721 and 1412.54, re-
spectively, and this indicates that nonpolar (n-hexane) and
intermediate polar ethyl acetate have more potent activity to

TasLE 5: The effects of different concentrations of n-hexane, ethyl
acetate, and methanol extracts on Culex quinquefasciatus mosquito
larvae mortality rate.

Extract Con. Total *Death *Survive LD50  Remark
(ppm)
10 30 1 29
n-Hexane 100 30 3 27 1564721 Safe
1000 30 4 26
10 30 3 27
fi’t’:te 100 30 3 27 141250  Safe
1000 30 14 16
10 30 2 28
Methanol 100 30 4 26 257.24 Moderate
1000 30 27 3

Keys: *= means of triplicates values; conc. = concentrations; (ppm) = part
per million (mg/l).

larvae. The methanol extract showed least effective larvicidal
significant (p <0.05) moderate effect for mosquito larvae
with an LDsq value 257.54 ppm.

In Table 5, the aquatic immature larvae stage is recog-
nized as the most vulnerable and best control strategy to
effectively reduce mosquito population densities during
infestations. Senna occidentalis root displayed good



Biochemistry Research International 7
TaBLE 6: Effects of Senna occidentalis (L.) Roots of 80% ethanolic extracts on glucose-loaded rats.
Bloods glucose levels mg/dl mean+S. D.
Treatments :
Time
Groups and dose 0h 1 hours 2 hours 4 hours
Group I “normal vehicle 2% water” 68.33*°+850  63.67*°+2.52 69.33"°+11.68  57.67*°+3.21
Group II glucose loading 2 g/kg body 89.00°+11.27 114.00°+£13.11  13833°£13.32  132.67°+30.75

wt “positive control”
Group III glucose loading 2 g/kg + standard glibenclamide
10 mg/kg.

Group VI glucose loading 2 g/kg + EtOH of S. 0 roots 200 mg/kg.

93.67°+11.6  75.67*>°+14.15 62.00">+7.81 57.33*>+3.79
(5.25%)1 (-33.62%)] (=55.18%) | (=56.79%)

101.6°+184  47.6*™+156 80.33*+4.5 68.2*"<+6.9
(14.15%)] (-58.25%) | (—41.93%) | (—48.59%) |

n=6, *a=<0.05 indicates a significant difference compared with diabetic control; *b=(p < 0.05) indicates a significant difference compared with diabetic
control; *c=(p <0.05) indicates a significant difference compared with standard drug (glibenclamide), % = level,-level;/level, X100 compared with diabetic

control. S. o= Senna occidentalis.

larvicidal effect considered to larvae safe (nontoxic) control
by the solvent DMSO with an LDs, 726129 x 10" at all
concentrations according to the modification of Meyer et al.
[44] and Duke et al. [45].

Yadav et al. [19] and Duke et al. [45] previously reported
that the phytochemicals screening possess insecticidal ac-
tivity which are present in plants of this genus, and it could
be responsible to the larvicidal activity of Senna occidentalis
root in n-hexane, ethyl acetate, and methanol extracts or it
may be due to containing such phytochemicals and related
compounds that display a role in plant defense against pests
and insect and might have been responsible for larval deaths
at high concentrations.

3.7. Effects of the Roots Supplement on the Blood Sugar Level
(BSL). In the present study, the effects of the ethanolic
extract of Senna occidentalis (L.) roots were determined on
blood glucose levels of all animals treated with the sup-
plement and were seen to reduce significantly (p <0.05) by
about 58.25%, 48.59%, and 41.93%, respectively, when
compared with that of the untreated diabetic control group
(Table 6) and cause a favorable hypoglycemic activity when
compared to fasting glucose levels within groups (Figure 3)
significant reduction by 53.15%, 20.94%, and 32.87%, re-
spectively, but with standard glibenclamide 10 mg/kg sig-
nificant reduction only between one hour with the value
37.10% and a significant increasing for the other 29.56% and
18.96%, respectively (Figure 4). This study proved the use of
Senna occidentalis roots in traditional medicine for the
treatment of diabetes and showed that Senna occidentalis
roots supplement has good potent hypoglycemic effects
which may be due to its high contents of active phyto-
chemical constituents such as flavonoids that was reported
in most medicinal plants with hypoglycemic and antidiabetic
properties. This finding agrees with those of Gidado, et al. [4]
and Verma et al. [8].

The phytochemical profiling of Senna occidentalis root
extracts presented in this study revealed a diverse range of
the bioactive phenolics compound. Some of the identified
bioactive phenolics were reported by several authors for
antidiabetic activities; Valle et al. [46], Can et al. [47], and
Mohammed et al. [48]. Besides, the larvicidal activity was
carried out against Culex quinquefasciatus mosquito larvae,

- Seriesl, 2-2 hours,

S 29.56%  Seriesl, 4-4 hours,
Seriesl, 0-0 hours, 18.96%
O 7.81%
__ I

“Series1, 1-1 hours,

37.10%

B 0-0 hours B 2-2 hours
O 1-1 hours 4-4 hours

F1GURE 4: Effects of ethanolic extract of Senna occidentalis (L.) roots
part on glucose-loaded induced hyperglycemia in rats when
compared within groups to standard glibenclamide 10 mg/kg.

which showed that the methanol extract showed moderate
effects and n-hexane and ethyl acetate extracts showed safe
effects. The larvicidal activities clearly showed safe effects in
this part at high dose required for insecticidal action
(1000 ppm), but the methanol extract is lower than doses
used in animal study (200 ppm) for diabetic action.

This was an attempt to identify the potent antidiabetic
and pesticides compounds from Senna occidentalis root.
This plant is widely distributed, and it can be predicted
that the potent antidiabetic and larvicidal activity of Senna
occidentalis root is due to presence of compounds that
have potential to be used in local communities for anti-
diabetic activity and also used as mosquito control during
infestation seasons, thus promoting the use of natural
antidiabetic and pesticides. It is concluded that Senna
occidentalis (L.) in parts showed higher potent hypogly-
cemic activity in glucose-loaded diabetic rats than other
plants. However, further effects can be investigated by the
increase in the treating dose of the extract, and other
pharmacological studies should be performed, specifically
on dose 200 mg/kg, which was presented as the antidia-
betic activity. Isolation and identification of more bio-
active compounds were highly recommended. In vivo
studies are needed to be conducted on these active in-
gredients to study the mechanism of action by which these
compounds exert their effect as an antidiabetic activity. I



recommended studying the antidiabetic activity using
alloxan-inducing diabetic type 2 in same dose 200 mg/kg
and histopathological in animal by the same manner.
Gidado et al. [4] and Verma et al. [8] they reported in their
previous studied on Senna occidentalis leat part and whole
parts showed f-cell regenerating potential as depicted by
the histopathological studies of the pancreatic tissue, even
though some cytotoxic agents such as the cytotoxic sa-
ponins may be present in the supplement which is capable
of causing damage to both the pancreas and liver and
induced hepatotoxicity.

Data Availability

We have already included all data in the manuscript, the lab
and data, phytochemical screening, cytotoxicity-larvicidal
activity, antidiabetic activity, and nutrients and minerals.

Ethical Approval

Some were applicable to animal ethic clearance according to
standard protocol with the rules of the Institutional Ethical
Governing Committee of the Faculty of Medicine and the
Sudanese Government National Council for Science and
Technology, and other presented studies are purely based on
chemical analysis in the lab, not in humans.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

T. O. I carried out the phytochemical, physiochemical, and
antidiabetic experiments and supervised. A. I. M. carried out
the insecticidal and thin-layer chromatography experiments,
and Y. S. M. collected the raw materials and identified the
plant. A. M. M. provided technical and financial support and
helped in the re-write-up and revision, and T. O. K. wrote
the draft manuscript, designed the study, and supervised the
project. All authors read and approved the final manuscript.

Acknowledgments

The authors would like to thank Dr. Nashwa Sideeg and Dr.
Reem Hassan Ahmed (Department of Biotechnology) and
Uz. Telal Mohammed Najeeb for their help in statistic
analysis of cytotoxcicity, a technician UZ. Mogahid Ibrahim
Mustufa, Department of Biochemistry, for the technical
support during their work in the laboratory, and University
of Bahri for funding and allowing to use the labs. This study
was financed by the Deanship of Academic Research,
University of Bahri, Sudan, with Code No: U of B-1-201.

Supplementary Materials

Supplementary Figure 1 showed different testing of pre-
liminary phytochemical screening of Senna Occidentalis root
including acids (2% HCL) alkaloids, tannins screening,

Biochemistry Research International

triterpenes and sterols, and saponins screenings. (Supple-
mentary Materials)

References

[1] H. Chandel, A. Pathak, and M. Tailang, “Standardization of
some herbal antidiabetic drugs in polyherbal formulation,”
Pharmacognosy Research, vol. 3, no. 1, pp. 49-56, 2011.

[2] N. Choudhary and B. S. Sekhon, “An overview of advances in
the standardization of herbal drugs,” Journal of Pharmaceu-
tical Education and Research, vol. 2, no. 2, pp. 55-70, 2011.

[3] V. Arya, S. Yadav, S. Kumar, and J. P. Yadav, “Antimicrobial
activity of Cassia occidentalis L (leaf) against various human
pathogenic microbes,” Life Sciences and Medicine Research
LSMR-9, vol. 9, 2010.

[4] N. M. Gidado, Y. Tanko, N. H. Sada, and A. Mohammed,

“Effects of Senna occidentalis leaf supplement on blood glu-

cose level, liver enzymes and total protein in alloxan-induced

diabetic wistar rats,” Bayero Journal of Pure and Applied

Sciences, vol. 9, no. 1, pp. 68-75, 2016.

M. Patel, M. O. Schimpf, D. M. O’Sulivan, and C. A. LaSala,

“The use of Senna with docusate for postoperative con-

stipation after pelvic reconstructive surgery: A randomized,

double-bind, placebo-controlled trial,” American Journal of

Obstetrics and Gynecology, vol. 202, no. 5, p. 479, 2010.

[6] G. K. Panigrahi, M. K. Suthar, N. Verma et al., “Investigation
of the interaction of anthraquinones of cassia occidentalis
seeds with bovine serum albumin by molecular docking and
spectroscopic analysis: Correlation to their in vitro cytotoxic
potential,” Food Research International, vol. 77, no. 3,
pp. 368-377, 2015.

[7] V.M. Vashishishtha, T.J. Johan, and A. Kumar, “Clinical and
pathological features of acute toxicity due to Cassia occide-
nentalis in vertebrates,” Indian Journal of Medical Research,
vol. 130, no. 1, pp. 23-30, 2009.

[8] L. Verma, A. Khatri, B. Kaushik, U. Patil, and R. Pawar,
“Antidiabetic activity of Cassia occidentalis (Linn) in normal
and alloxan-induced diabetic rats,” Indian Journal of Phar-
macology, vol. 42, no. 4, pp. 224-228, 2010.

[9] K. Usha, G. Kasturi Mary, and P. Hemalatha, “Hep-
atoprotective effect of hygrophila spinosa and Cassia occi-
denentalis on carbon Tetrachloride induced liver damage in
experimental rats,” Indian Journal of Clinical Biochemistry,
vol. 22, no. 2, pp. 132-135, 2007.

[10] H. Mehlhorn, G. Schmahl, and J. Schmidt, “Extract of the
seeds of the plant Vitex agnus castus proven to be highly
efficacious as a repellent against ticks, fleas, mosquitoes and
biting flies,” Parasitology Research, vol. 95, no. 5, pp. 363-365,
2005.

[11] H.Mehlhorn, Nature Helps. How Plants and Other Organisms
Contribute to Solve Health problems. Parasitol Res Mono-
graphs, Springer, Berlin, Germany, 2010.

[12] H. Mehlhorn, K. A. S. Al-Rasheid, S. Al-Quraishy, and
F. Abdel-Ghaffar, “Research and increase of expertise in
arachno-entomology are urgently needed,” Parasitology Re-
search, vol. 110, no. 1, pp. 259-265, 2012.

[13] G. Benelli, “Research in mosquito control: Current challenges
for a brighter future,” Parasitology Research, vol. 114, no. 8,
pp. 2801-2805, 2015.

[14] G. Benelli, “Plant-synthesized nanoparticles in the fight
against mosquito vectors: An eco-friendly tool against mos-
quito vectors?” in Nan Particles in the Fight against Parasites,
vol. 8, pp. 155-172, Springer, Berlin, Germany, 2016.

[5


http://downloads.hindawi.com/journals/bri/2020/8810744.f1.doc
http://downloads.hindawi.com/journals/bri/2020/8810744.f1.doc

Biochemistry Research International

[15] S. Arivoli and T. Samuel, “Bioefficacy of Citrullus colocynthis
(L.) Schrad (Cucurbitaceae) whole plant extracts against
Anopheles stephensi, Aedes aegypti and Culex quinquefasciatus
(Diptera: Culicidae),” International Journal of Current Re-
search, vol. 3, no. 4, pp. 296-304, 2011.

[16] N. G. Das, D. Goswami, and B. Rabha, “Preliminary evalu-
ation of mosquito larvicidal efficacy of plant extracts,” Journal
of Vector Borne Disease, vol. 44, pp. 145-148, 2007.

[17] M.L.H. Mabaso, B. Sharp, and C. Lengeler, “Historical review
of malaria control in Southern Africa with emphasis on the
use of indoor residual house-spraying,” Tropical Medicine and
International Health, vol. 9, no. 8, pp. 846-856, 2004.

[18] Y.-C. Yang, II-K. Park, E.-H. Kim, H. Lee, and Y.-J. Ahn,
“Larvicidal activity of medicinal plant extracts against Aedes
aegypti, Ochlerotatus togoi, and Culex pipiens pallens (Diptera:
Culicidae),” Journal of Asia-Pacific Entomology, vol. 7, no. 2,
pp. 227-232, 2004.

[19] J. P. Yadav, V. Arya, S. Yadav, M. Panghal, S. Kumar, and
S. Dhankhar, “Cassia occidentalis L.: A review on its eth-
nobotany, phytochemical and pharmacological profile,”
Fitoterapia, vol. 81, no. 4, pp. 223-230, 2010.

[20] T. O. Issa, Y. S. Mohamed, S. Yagi et al., “Ethnobotanical
investigation on medicinal plants in Algoz area (South
Kordofan), Sudan,” Journal of Ethnobiology and Ethno-
medicine, vol. 14, no. 1, p. 31, 2018.

[21] J. Harbone, Phytochemical Methods Book: A Guide to Modern
Techniques of Plant Analysis, Springer, Berlin, Germany, 1998,
https://www.springer.com/gp/book/9780412572609.

[22] A. Sofowora, Medicinal Plants and Traditional Medicines in
Africa, Willey and Sons, Hoboken, NY, USA, 1993.

[23] A. Sofowora, Medicinal Plant and Traditional Medicine in
Africa, Spectrum Books Limited, Ibadan, Nigeria, 2008.

[24] N. A. Galib, K. S. Ali, R. T. Munaiem, and
A.S. A. Mohammed, “Phytochemical screening and thin layer
chromatography of Acacia erbaica SSP,” World Journal of
Pharmaceutical Research, vol. 6, no. 12, pp. 1278-1283, 2017.

[25] E. Stahl, Thin Layer Chromatography, Springer, Berlin,
Germany, 2nd edition, 1969.

[26] AOAC, The Association of Official Analytical Chemists, Of-
ficial Methods of Analysis, AOAC, Washington, DC, USA.,,
13th edition, 1980.

[27] AOAC, The Association of Official Analytical Chemists, Of-
ficial Methods of Analysis Book, AOAC, Washington, DC,
USA, 16th edition, 1995.

[28] AOAC, The Association of Official Analytical Chemists, Of-
ficial Methods of Analysis Fiber of Oils and Fats Book, AOAC,
Washington, DC, USA, 17th edition, 2000.

[29] AOAGC, the Association of Official Analytical Chemists, Of-
ficial Methods of Analysis Meat and Meat Products, AOAC,
Washington, DC, USA, 18th edition, 2005.

[30] J. M. Ngutaa, J. M. Mbariaa, D. W. Gakuyab, P. K. Gathumbic,
J. D. Kabasad, and S. G. Kiamae, “Evaluation of acute toxicity
of crude plant extracts from Kenyan biodiversity using brine
shrimp, Artemia salina L. (Artemiidae),” The Open Conference
Proceedings Journal, vol. 3, no. 1, pp. 30-34, 2012.

[31] D. J. Finney, Probit Analysis, p. 333, 3rd edition, Cambridge
University Press, Cambridge, England, 1971.

[32] J. L. McLaughlin, L. L. Rogers, and J. E. Anderson, “The use of
biological assays of evaluates botanicals,” Drug Information
Journal, vol. 32, no. 2, pp. 513-524, 1998.

[33] B. Konuklugil, G. Deniz, O. Yildi, S. Senoz, and S. Saygi,
“Hypoglycemic effect of Teucrium poliumin rats,” Fitoterapia
LXVIII, vol. 1, pp. 39-41, 1997.

[34] P. Trinder, “Determination of blood glucose using an oxi-
daseperoxidase system with a non-carcinogenic chromogen,”
Journal of Clinical Pathology, vol. 22, no. 2, pp. 158-161, 1969.

[35] R. C. Duncan, R. G. Knapp, and M. C. Miller, “Test of hy-
pothesis in population means,” in Introductory Biostatistics for
the Health Sciences, pp. 71-96, John Wiley & Sons, Hoboken,
NJ, USA, 1977.

[36] B.Fried and J. Sherma, Practical Thin-Layer Chromatography:
A Multidisciplinary Approach, CRC Press, Boca Raton, FL,
USA, 1st edition, 1996.

[37] H. Wagner and S. Bladt, Plant Drug Analysis- A Thin Layer
Chromatography Atlas, pp. 235-245, Springer, Berlin, Ger-
many, 1996.

[38] O. Tsakala, R. S. Pen, K. Miemanang, H. Krohn, Hussain, and
E. Dongo, “Paullinoside A and paullinomide A: A new ce-
rebroside and a new ceramide from the leaves of Paullinia
pinnata,” Zeitschrift fiir Naturforschung B, vol. 61, no. 9,
pp. 1123-1127, 2006.

[39] A. M. Lawal, R. Abdullahi, M. S. Ibrahim, M. Y. Kurfi,
A. Khalid, and M. Nuhu, “Phytochemical analysis and thin
layer chromatography profiling of crude extracts from Senna
occidentalis (leaves),” Journal of Biotechnology and Biomedical
Sciences, vol. 2, no. 1, pp. 12-21, 2019.

[40] M. Agbugui, S. Oniye, and J. Auta, “Effects of processing on
the mineral content, proximate composition and phyto-
chemical factors of the Seeds of Bauhinia monandra (KURZ),”
Bayero Journal of Pure and Applied Sciences, vol. 3, no. 1,
pp. 23-25, 2010.

[41] B. A. Anhwange, V. O. Ajibola, and S. J. Oniye, “Composition
of bulk, trace and some rare earth elements in the seeds of
moringa Oleifera (lam) detarium microcarpum (guill and
sperr) and Bauhinia monandra (kurz),” Journal of Food
Technology, vol. 3, no. 3, pp. 290-293, 2005.

[42] R. H. Glew, D. J. Vanderijagt, C. Lockett et al., “Amino acid,
fatty acid and mineral composition of 24 indigenous plants of
Burkina Faso,” Journal of Composition and Analysis, vol. 10,
no. 3, pp. 205-217, 1997.

[43] D. Kumar, C. Rakesh, P. Dhamodaran, and N. Balkakrishnan,
“Larvacidal activity of C. occidentalis against the larvae of
Banerofian filariais vector mosquito Culex quinquefasciatus,”
Journal of Parasitol Research, vol. 2014, 5 pages, Article ID
236838, 2014.

[44] B. N. Meyer, R. N. Ferrigen, J. E. Putnam, L. B. Jacobson,
D. E. Nicholas, and J. L. Mclaughlin, Brine Shrimp: A Convenient
General Bioassay for Active Plant Constituents. Planta Medica,
pp- 31-34, Thieme Medical Publishers, NewYork, NY, USA, 1982.

[45] S. O. Duke, C. L. Cantrell, K. M. Meepagala, D. E. Wedge,
N. Tabanca, and K. K. Schrader, “Natural toxin for use in pest
management,” Toxins, vol. 2, no. 8, pp. 1943-1962, 2010.

[46] A.D. Valle, M. P. Dimmito, G. Zengin et al., “Exploring the
nutraceutical potential of dried pepper Capsicum annuum
L. on market from altino in abruzzo region,” Antioxidants,
vol. 9, no. 5, pp. 1-19, 2020.

[47] T. H. Can, E. F. Tufekci, Y. C. Altunoglu et al., “Chemical
characterization, computational analysis and biological views
on Daphne gnidioides Jaub. & Spach extracts: Can a new raw
material be provided for biopharmaceutical applications?”
Computational Biology and Chemistry, vol. 87, Article ID
107273, 2020.

[48] A. B. A. Mohammed, S. Yagi, T. Tzanova et al., “Chemical
profile, antiproliferative, antioxidant and enzyme inhibition
activities of Ocimum basilicum L. and Pulicaria undulata (L.)
C.A. Mey. grown in Sudan,” South African Journal of Botany,
vol. 132, pp. 403-409, 2020.


https://www.springer.com/gp/book/9780412572609

