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Abstract
Background: Previous studies in our laboratory in ex vivo assays have demonstrated H. hemerocallidea extract as
potential antidiabetic agent through increased insulin release from pancreatic beta cells. Thus, for this study the early
stage type II spontaneous diabetic mutant mice model was used to evaluate and determine the degree of the antidiabetic efficacy of H. hemerocallidea.
Methods: Eight-weeks-old type II spontaneous pre-diabetic mutant BKS-Leprdb mice were fed with feed supplemented with either H. hemerocallidea extract, isolated compound (β-sitosterol) or chlorpropamide (positive control)
for 4 weeks. The haematological parameters, clinical chemistry, glucose tolerance, feed intake, faecal output and body
weights were measured.
Results: The blood glucose concentrations of all the animals treated with plant extract, β-sitosterol compound and
non-treated pre-diabetic animals did not return to baseline levels. Only the β-sitosterol treatment and positive control
groups resulted in a respective small decrease of 5.8 and 5.2% in the mouse weights over the study period, with no
significant changes (p > 0.05) in food intake. However, there was a general trend for decrease in faecal output for all
the groups. Albumin, triglycerides, and total cholesterol levels in β-sitosterol and chlorpropamide-treated animals
were lower, relative to untreated-animals. Animals fed with plant extract showed large amounts of internal fat. There
were no significant changes (p > 0.05) in total serum protein, globulin, alanine aminotransferase, alkaline phosphatase,
urea nitrogen and creatinine attributed to administration of treatments. In all groups, some animals showed lesions
associated with cardiac puncture. Few animals except animals treated with plant extract, showed presence of a leftventricular hypertrophic cardiomyopathy. The liver and kidneys for all groups appeared macroscopically normal and
the thymuses were small (±2 mg). There were pathological signs in some of the animals particularly in myocardial
fibres, renal tubular, glomerular, hepatocyte granularity and pancreas islets. However, there was no significance trend
between the groups.
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Conclusion: Based on the results, none of the treatments could be considered highly effective for the management
of type II pre-diabetes as sole therapeutic intervention.
Keywords: H. Hemerocallidea, β-Sitosterol, Pre-diabetic mutant BKS-Leprdb mice, Spontaneously pre-diabetic mice
and antidiabetic

Introduction
Diabetes mellitus is one of the most important non-communicable diseases in the world [1, 2]. Thus, numerous
treatment options are available from allopathic remedies
to complementary medicines based on more traditional
methods of treatment [3]. Of the available herbal remedies, Hypoxis hemerocallidea is a commonly used remedy locally, in South Africa. It has been documented that
the corm of H. hemerocallidea incorporates phytosterol
glycosides, notably β-sitosterol, rooperol (the aglycone
of a hypoxoside, which is a 4, 4-diglucoside) and some
sterolins [4, 5]. Currently, the precise chemical compound in H. hemerocallidea corm that is accountable for
the observed antidiabetic potential of the ‘African Potato’
aqueous extract is still not known. Different investigators
have proven that a host of secondary plant metabolites
with various chemical structures (e.g., oleanane triterpenoid glycosides, oleanolic acid and carrageenin) possess
the latter properties in various experimental animal models [6–14]. In all the current models, the plant has been
investigated using streptozocin (STZ) induced diabetes in
mice and rats [15, 16]. The hallmark of these models is
the induction of diabetes by inducing damage to the pancreatic β-cells. While these types of models are helpful to
determine if a plant extract can decrease plasma glucose
concentrations using a non-pancreatic method, it discriminates against those agents that enhance pancreatic
activity [17–21]. The previous studies in our laboratory
using ex vivo models have shown that H. hemerocallidea
functions by increasing insulin released from pancreatic
β-cells [22]. Therefore, it is assumed that the true antidiabetic effect of H. hemerocallidea ex vivo is yet to be established in in vivo models. Thus, for this study, the early
stage type II spontaneous diabetic mutant mice model
was used to evaluate and determine the degree of antidiabetic efficacy of H. hemerocallidea. Type II spontaneous diabetic mutant BKS-Leprdb mice carry a spectrum
of genetic susceptibilities for example, insulin resistance,
hyperglycaemia, pancreatic beta cell atrophy, hyperlipidaemia, hypoinsulinemic comparable to that noticed in
human type II diabetes because of a spontaneous mutation in the leptin receptor gene. Rise in plasma insulin
starts at 10 to 14 days and elevated blood sugar at four to
8 weeks [17, 18, 23]. Type II spontaneous diabetic mutant
BKS-Leprdb mice are utilized to model phases I to III of
type II diabetes [18, 19]. Diagnosis at an early stage and

controlling blood sugar, blood pressure and cholesterol
can prevent or delay the complications associated with
diabetes [20], thus early stage of this model were used.
With the plant containing β-sitosterol (a known natural anti-cholesterol compound), it can be speculated
that this plant sterols would also be able to alleviate the
defects seen in plasma cholesterol associated with diabetes mellitus.

Materials and method
Compound and plant collection, preparation,
and authentication

Corms of H. hemerocallidea (Fisch., C.A. Mey. & AvéLall), approximately 10–15 cm in diameter growing in
the wild habitat, were collected in Ga-Rankuwa, NorthWest province of South Africa. The identity and authentication of the plant was confirmed by a taxonomist at
the National Herbarium of the South African National
Biodiversity Institute in Pretoria where sample specimen was deposited and voucher specimens assigned
(NR 201). Corms were cut into smaller pieces and were
dried at room temperature before being ground into a
powder. Corm powder (650 g) was extracted with 5.0 l of
methanol on a Labotec shaker for 24 hours. The resulting
extract was filtered using Whatman No. 1 filter paper to
remove plant debris, and the filtrate dried under a stream
of air at room temperature. This method was repeated to
yield 250 g of the plant extract for further use.
Hypoxis hemerocallidea crude methanol extract was
fractionated by solvent-solvent fractionation using the
method of the National Cancer Institute in the USA
[24] as cited and applied by Martini and Eloff [25]. This
afforded five fractions (n-hexane, chloroform, water in
methanol, butanol and water fractions) of the extract.
The plant extract and fractions were separated by TLC
(thin layer chromatography) using three solvent systems:
ethyl acetate: methanol: water (E: M: W) (10:1, 35:1 v/v),
chloroform: ethyl acetate: formic acid (CEF) (10:8:2)
and ethyl acetate: butanone: water: formic acid (EBWF)
(5:3:1:1). The chromatograms were subsequently sprayed
with DPPH (1,1-Diphenyl-2-picrylhydrazyl) and vanillin
sulphuric acid (1% solution of vanillin in concentrated
sulfuric acid). Appendix A shows the TLC chromatograms with different compounds being separated.
The 100% pure β-sitosterol compound was obtained
commercially from Sigma. The structure of the
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β-sitosterol compound was determined by one dimensioned (1H and 13C) and two-dimensional Nuclear magnetic resonance (NMR) spectroscopy, for authentication
purposes. 1H NMR spectra were measured at 399 MHz
(MHz) and the 13C NMR were measured at 100 MHz. All
NMR experiments were conducted at a constant temperature of 26 °C with a Varian 400 MHz spectrometer.
Chemical shifts (δ) were measured in parts per millions
(ppm) from internal standard tetramethylsilane (TMS).
The quantitative analysis results of β-sitosterol compound are presented in Appendix B.
Animal material, caging and care

The early-stage type II diabetic spontaneous mutant
male mice (BKS.Cg-m+/+Leprdb/BomTac (db/db); BKS
background; 8 weeks; 29.0–42.0 g; N = 45), were housed
individually in type II individually ventilated cages
(IVC) from Tecniplast in rooms maintained at 22 ± 2 °C,
40–60% relative humidity with a 12 h light-dark cycle.
The mice were fed irradiated standard rodent chow pellets (Epol, South Africa), reverse osmosis water supplemented ad libitum and housed on cloth bedding material
(Agrebe™). Cages were weekly changed. The animals
were obtained from the central animal facility of Taconic
Biosciences Inc., USA, and transferred to Denmark (Vet
import permit from Denmark) and then shipped further
to South Africa. Autoclaved toilet rolls, egg containers,
tissues and wooden sticks were provided as environmental enrichment. The cloth bedding was to allow for faecal
collection without having to place the animals into metabolic cages. Prior to the study, approval of the protocols
with number V113–17 was obtained from the University
of Pretoria, Animal Ethical Committee and the experiments were conducted in accordance to the standard
guidelines (CPCSEA, OECD guidelines no 420). In additional all methods are reported according to the ARRIVE
guidelines for the reporting of animal experiments.
To allow acclimatisation, animals were maintained on
the irradiated standard rodent chow pellets (Epol diet
made from the ingredient of protein 180 g/kg, moisture
120 g/kg, fat 25 g/kg, fibre 60 g/kg, calcium 18 g/kg and
phosphorus 8 g/kg) and water for 1 week. The initial
body weights of animals were measured, then divided
randomly into four groups (n = 11) for food treatment;
Group A: Epol diet; Group B: Epol diet and β-sitosterol;
Group C: Epol diet and plant methanol extract and
Group D: Epol diet and positive control chlorpropamide,
using EXCEL computer software. The experimental Epol
pellets were milled for the control and treatment groups,
then the milled Epol diet of the treatment groups was
supplemented with test material. The food was prepared
for each treatment separately as plant extract (250 mg)
or β-sitosterol (compound) (30 mg) or chlorpropamide
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(30 mg) added to 1 kg of Epol standard rodent chow
according to CPCSEA, OECD guidelines no 420 (Fixed
Dose Procedure). Animals were maintained on their
medicated feed for 4 weeks.
Glucose tolerance test

After a week on treatment, blood glucose levels were
measured using a hand-held glucose meter (OneTouch
Ultra, United States). Emla cream (lidocaine 2.5% and
prilocaine 2.5%) was applied 2 hours before tail prick.
For the glucose tolerance test (ipGTT), a prior overnight
(16 hours) fasting was done and on the following day
after baseline blood glucose levels were measured, a sterile solution (dextrose 50%) at 2 g of glucose/kg of body
weight was injected intraperitoneally (ip). Glucose levels
were subsequently evaluated at 30, 60, 90, and 120 min.
The entire procedure was repeated after a week and then
again after another 2-week periods.
Feeds intake, faecal output, and animal weights

Feed intake on a Monday and Friday every week was
recorded. The amount of wasted feed at the bottom of the
cage was also measured to get a proper indication of the
feed intake. The faecal output and animal weights were
also measured on Monday and Friday of every week.
Clinical pathology

The animals were terminally anesthetized by isoflurane
insufflation in a saturated bell jar and subjected to cardiac puncture. Blood samples were submitted on an
automated analyser (IDEXX ProCyte Dx). The haematological parameters measured were red blood cell count
(RBC), white blood cell count (WBC), haemoglobin (Hb),
haematocrit, mean corpuscular volume (MCV), neutrophils, eosinophils, basophiles, lymphocytes, monocytes,
and platelets count (PLT). Serum chemistry parameters
included alkaline phosphatase activity (ALP), alanine
aminotransferase (ALT), urea, plasma glucose, creatinine,
total cholesterol, globulin, albumin, and triglycerides.
Terminal pathology

During necropsy, gross morphological findings were
recorded and specimens were collected from each individual in 10% buffered formalin. The following organ
specimens were collected for histological examination:
heart, liver, kidney, adrenal gland, pancreas, and peripheral nerves in the anterior mesenteric region and/or
hind leg (medial mid-thigh). After fixation in 10% buffered formalin, the organs were cut according to standard operating procedure (IdexxSA-AP-SOP-26) using
automated tissue processor (IdexxSA-AP-SOP-27).
Following tissue processing, sections were cut of 6 μm
(IdexxSA-AP-SOP-30), and the slides produced stained
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in an automated Haematoxylin and Eosin tissue stainer
(IdexxSA AP-SOP-205). In addition to standard histopathological evaluation, the pancreatic islet size and
diameter were quantified between the groups using the
NIS-elements AR Imaging (Nikon, Japan) software program. All cuts were captured at 100x and 400x magnification, using 10x and 40x objectives. Morphometric
analyses were performed to calculate average islet diameter using eighty-eight stained sections (8 from each
mouse) per group of A, C or D and eighty stained sections for group B. The total of islets per 11,700 μm2 fixed
square area was calculated. Each group measurements
were averaged. A total of 1894, 1466, 1099 and 1649 islets
from all mice fed with β-sitosterol, Epol diet only, plant
extract and chlorpropamide were measured, respectively.
Normal islets of Langerhans were conceded to be around
50–500 μm in diameter, while less than 50 μm in diameter
were considered to be small and more than 500 μm in
diameter were considered to be enlarged [26].
Data analysis

All data analyses were done using Graph Pad Prism
software. However, the sample size was estimated per
group using G*Power 3 statistical software and the sample of 45 had sufficient power of 0.80. Sample size of 11
mice was used per group and all values were expressed
as mean ± standard deviation (mean ± SD). Tukey’s test
was used to determine the significance of the difference
among samples (body weights, food intake of the mice
and blood glucose concentration) treatment per group
(per time point). Chi-square test for histological findings
were used to determine whether there was a significant
(p < 0.05) difference between the expected frequencies
and the observed frequencies in categories. This was
achieved by categorising the histological changes of
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each mouse heart, liver, kidney, adrenal gland and pancreas into normal, mild changes, moderate changes and
server changes. The proposed comparison of efficacy
between β-sitosterol compound, positive control chlorpropamide and plant extract is based on changes in fasting blood glucose levels from baseline for 4 weeks period.
The fasting blood glucose levels (16 hrs) of around 150–
300 mg·dL− 1 (8.3–16.7 mM) was considered as primary
endpoint for 4 weeks period.

Results
Monitoring of experimental animals

Careful monitoring of experimental animals was done to
establish when an animal has reached the humane endpoint in the study. The appearances and behaviour of
each mouse during the antidiabetic study were observed
(Table 1). However, one animal died after 1 week on compound treatment (B group). In addition, dark-coloured
stools were observed in animals treated with a plant
extract (C group). There was a decrease in the body mass
of the compound or positive control-treated groups
(B and D groups) compared to the Epol diet (control)treated or plant extract-treated groups (A and C groups).
However, these animals recovered within 14 days and
gained weight. Moreover, there were no observed behavioural, autonomic, neurological, physical changes like
motor activity alertness, convulsions, restlessness, lacrimation and coma for 4 weeks study period.
Blood glucose concentrations

The results of the ipGTT performed at week 4 are
presented in Figs. 1 and 2. All the animals were prediabetic at the start of treatment, with no significant
changes (p > 0.05) evident over time (4 weeks period)
for the β-sitosterol compound, while the plant extract

Table 1 General appearance and behaviour of the mice during the antidiabetic study
GROUP A

GROUP B

GROUP C

GROUP D

On day 3

On day 14
until day 44

On day 3

On day 14
until day 44

On day 3

On day 14
until day 44

On day 3

On 14 day until
day 44

Skin and fur

NT***

All Normal

NT***

Normal

NT***

All Normal

NT***

Normal

Eyes

Normal

NT***

Normal

Normal

NT***

Normal

Behavioural
pattern

Normal

Weak and
shivering

Normal and
active

Normal

Weak and
shivering

Normal and
active

Stool-colour

Normal

Mixed with
wasted food

Normal

Darker stools

Mixed with
wasted food

Normal

Sleep

Normal

NT***

Normal

Normal

NT***

Normal

Diarrhoea

Not observed

Not observed

Not observed

Not observed

Not observed

Not observed

Group A: Standard pellet diet and water; Group B: Standard pellet diet, water, and compound; Group C: Standard pellet diet, water, and plant extract; Group D:
Standard pellet diet, water, and positive control. N.B: the animal food (25 g) was mixed with natural apple essence 30 ul (sugar free flavouring) to make the food more
palatable. Since it was observed that groups B and D animals did not eat for the first 3 days post-added natural apple essence was supplemented. Key: NT*** not
normal
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Fig. 1 Blood glucose concentrations (mmol/L) of different tested treatments on spontaneous pre-diabetic mutant BKS-Leprdb mice for 4 weeks
period of treatments. a The animals treated with plant extract, β-sitosterol compound and non-treated animals showed no significant reduction
of blood glucose levels (mmol/L) after ip-glucose solution administration evaluated at 30, 60, 90, and 120 mins for 4 weeks of treatment. b
Demonstration of the area under the curve (AUC) after 4 weeks of treatment, *** p ≤ 0.05, significant difference of animals treated with positive
control when compared with the plant extract, β-sitosterol compound and non-treated animals

and control had continuously increasing blood glucose
level. However, the positive control showed significant
reduction (p < 0.05) of blood glucose level, evident after
2 weeks (Fig. 2). After intraperitoneally (ip) injecting a
solution of glucose, the blood glucose concentrations
of all the animals treated with plant extract, β-sitosterol
compound and non-treated prediabetic animals (except
those treated with positive control), did not return to
baseline levels at the end of 120 minutes after 1, 2 and
4 weeks of treatment (Fig. 1A). The area under the curves
(AUC) of the animals which were plant extract and
β-sitosterol compound treated showed no significant difference (p > 0.05) compared with non-treated animals.
However, the AUCs of the animals treated with positive control after 4 weeks showed significant difference
(p < 0.05) when compared with animals treated with plant
extract, β-sitosterol compound and non-treated animals
(Fig. 1B). This further designate that the plant extract and
β-sitosterol compound does not reduce the blood glucose
levels of the tested mice.

Body and faecal weight and food intake

The body weight of the mice decreased when treated
with β-sitosterol compound, chlorpropamide and nontreated animals. A decrease difference was not significant
(p > 0.05) between the treatments (groups B, C or D) and
the control (group A), which was evident as slight weight
loss of 2.4, 5.8 and 5.4% for group A, B and D, respectively. Evident as a concurrent decrease in blood glucose
concentrations was seen, between the blood glucose concentrations (mmol/l) and the weights (g) of the animals
after 1, 2 and 4 weeks of treatments (groups D) (Fig. 3).
Food intake did decrease after 4 weeks of β-sitosterol
compound and chlorpropamide treatment (Fig. 4B).
There was no significant difference between (p > 0.05) the
treatments (groups B, C or D) and the control (group A)
after 4 weeks of treatments. There was a general trend for
decrease in faecal output for all the groups (Fig. 4A).
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Fig. 2 Heatmap clustering plot of blood glucose concentrations (mmol/L) of spontaneous pre-diabetic mutant BKS-Leprdb mice after standard
pellet diet, β-sitosterol compound, plant extract or positive control chlorpropamide administration for 4 weeks

Clinical pathology

Pathological changes

The haematological parameters obtained for the study
are presented in Table 2 and clinical chemistry in Table 3.
There were no changes in the haematology evaluations
attributable to administration of treatments. Albumin,
triglycerides, and total cholesterol levels in β-sitosterol
and chlorpropamide-treated animals were lower, relative
to untreated-animals (group A). Treatment of animals
with doses of plant extract, β-sitosterol and chlorpropamide resulted in non-significant changes in total serum
protein, globulin, alanine aminotransferase, alkaline
phosphatase, urea nitrogen and creatinine. In untreated
and β-sitosterol and plant extract-treated animals, there
were increases in glucose levels of 21.63 ± 0.21 mmol/l,
19.91 ± 2.81 mmol/l and 17.35 ± 1.18 mmol/l, respectively. In chlorpropamide-treated animals the glucose
level was 10,20 ± 0,62 mmol/l.

Necropsy findings are presented in Table 4. The animals were all in good condition, although with various
amounts of internal body fat present. Animals fed with
Epol diet only, β-sitosterol and chlorpropamide showed
moderate amounts of internal body fat but animals fed
with plant extract showed large amounts of internal fat.
The histopathological descriptions of each mouse are
presented in Table 5. While changes were observed in the
heart, kidneys and liver, no specific relationship to any of
the treatment groups were present, with the exception of
mice treated with the plant extract with most animals in
this group showing a single small aggregate of lymphocytes and neutrophils which were present in the hepatic
parenchyma.
Few animals in all groups had some pancreatic tissue abnormalities described as normal exocrine and
endocrine pancreatic tissues mostly, with one or more
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Fig. 3 Illustration of the relationship between the blood glucose concentrations (mmol/L) and body weights (g) of different tested treatments
and untreated spontaneous pre-diabetic mutant BKS-Leprdb mice for 4 weeks period. A general trend of the increase/decrease of blood glucose
concentrations (mmol/L) and weights (g) of mice. Key: Group A: Epol diet and water; Group B: Epol diet, water and β-sitosterol; Group C: Epol diet,
water and plant extract and Group D: Epol diet, water, and positive control

endocrine islets surrounded by interstitial lymphocytic
aggregates with few increased septal fibroblasts, which
was suggestive of inflammation (Table 5). There were
also variations in the distribution pattern of endocrine
islets of Langerhans. Pancreatic sections from animals
fed with Epol diet only and plant extract mainly showed
endocrine islets of Langerhans that are scant (Fig. 5A and
C). Most sections from animals fed with β-sitosterol and
chlorpropamide contained several endocrine islets of
Langerhans, while other sections did not clearly contain
any (Fig. 5B and D). These numerous endocrine islets of
Langerhans were in some cases surrounded by interstitial

lymphocytic aggregates and few increased septal fibroblasts. The endocrine islets of Langerhans of animals
fed with Epol diet only, β-sitosterol and chlorpropamide
appeared coalescing in some areas and slightly expanded
in size when compared with animals fed with plant
extract (Fig. 7).
Histopathologic changes of islets for animals fed with
Epol diet only and chlorpropamide (Fig. 6), showed some
islets which are hyperplasia and others which are atrophy
(Fig. 7). In some cases, animals fed with β-sitosterol and
plant extract showed hyperplasia (Figs. 6 and 7). Morphometric analysis revealed that β-sitosterol group had

(See figure on next page.)
Fig. 4 Effect of food (treatment and control) administration on the faecal weights of spontaneous pre-diabetic mutant BKS-Leprdb mice for
4 weeks period. a A general trend of decrease in faecal output of spontaneous pre-diabetic mutant BKS-Leprdb mice after 4 weeks administration
of standard pellet diet, β-sitosterol compound, plant extract or positive control chlorpropamide. b A general trend of decrease in food intake of
spontaneous pre-diabetic mutant BKS-Leprdb mice after 4 weeks administration of β-sitosterol compound and positive control chlorpropamide. Key:
MWF = Faeces mostly mixed with food. Data are presented as mean ± SD (n = 11)
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Table 2 Haematological parameters of mice
Full blood count Parameters

Group A

Group B

Group C

Group D

Reference
range
(Ref**)

Haemoglobin (g/L)

134,9 ± 10.38

136,125 ± 5,10

131,60 ± 5,10

134,91 ± 8,57

135–163

0,44 ± 0,04

0,44 ± 0,02

0,42 ± 0,02

0,44 ± 0,03

0,40-0,46

14,35 ± 0,18

14,8–16.0

Red Cell Count (x10Ʌ12/L)
Haematocrit (L/L)
Mean corpuscular volume (fL)
Mean corpuscular haemoglobin (pg)

9,46 ± 0,78

46,67 ± 0,50

14,25 ± 0,14

Mean corpuscular haemoglobin concentra- 30,56 ± 0,54
tion (g/dL)
Red cell distribution width (%)
White cell count (x10Ʌ9/L)
Segmented neutrophil (x10Ʌ9/L)
Band neutrophil (x10Ʌ9/L)
Lymphocyte (x10Ʌ9/L)
Monocyte (x10Ʌ9/L)
Eosinophil (x10Ʌ9/L)
Basophil (x10Ʌ9/L)
Platelet count

9,19 ± 0,44

46,2 ± 1,04

14,425 ± 0,17
31,19 ± 0,73

9,33 ± 0,44

45,16 ± 1,04
14,10 ± 0,17

31,21 ± 0,73

9,41 ± 0,56

9.82–10.65

46,29 ± 0,51

43,7-45,6

31,00 ± 0,40

33,3-34,9

13,03 ± 0,70

12,2 ± 0,33

12,86 ± 0,33

12,24 ± 0,35

11.5–14.5

1706 ± 0,71

1,99 ± 0,67

1,39 ± 0,67

1,64 ± 0,65

1,50-4,02

5,48 ± 1,37

6,63-12,46

0,40 ± 0,27

0–0,45

957,55 ± HSD

862–1611

8207 ± 1,78
0,00 ± 0,00

5,36 ± 1,77

0,51 ± 0,27

0,58 ± 0,22

0,06 ± 0,10

1067,8 ± HSD

8,25 ± 1,30

0,00 ± 0,00

5,57 ± 0,90

0,475 ± 0,16

0,215 ± 0,17
0 ± 0,04

993,125 ± HSD

6,50 ± 1,30

0,00 ± 0,00

4,26 ± 0,90
0,32 ± 0,16

0,52 ± 0,17

0,01 ± 0,04

1195,90 ± HSD

7,89 ± 1,07

7,80-15,61

0,05 ± 0,08

0–1

0,32 ± 0,13

0–0,45

0,01 ± 0,02

0–0,09

HSD = Very high standard deviation difference > 100; Ref** Serfilippi et al. [27]

Table 3 Serum chemistry parameters of mice
Full blood count Parameters

Group A

Group B

Group C

Group D

Reference
Range
(Ref**)

Total serum protein (g/l)

45,83 ± 1,78

44,91 ± 1,85

44,02 ± 2,24

45,93 ± 1,88

44–58

23,75 ± 1,73

25,49 ± 2,40

26,87 ± 2,78

27,40 ± 1,98

17–22

69,91 ± 12,76

55–100

< 18 ± 0.00

0,016-0,02

1,08 ± 0,29

2,05-5,4

Albumin (g/l)
Globulin (g/l)
Alanine aminotransferase(U/l)
Alkaline phosphatase (U/l)
Urea nitrogen (mmol/l)
Creatinine (mmol/l)
Cholesterol (mmol/l)
Triglyceride (mmol/l)
Glucose (mmol/l)

22,06 ± 1,89

26,78 ± 5,03

73,27 ± 17,36
7,00 ± 0,53

< 18 ± 0,00
4,23 ± 0,16

1,31 ± 0,21

21,63 ± 0,21

20,42 ± 2,80

22,15 ± 4,61

28,76 ± 8,78

66,80 ± 13,75
5,94 ± 0,62

< 20,00 ± 1,41
3,10 ± 1,98

1,11 ± 0,44

19,91 ± 2,81

26,09 ± 7,42

68,64 ± 14,16
5,94 ± 0,85

< 18 ± 0,00
4,19 ± 0,20

1,36 ± 0,21

17,35 ± 1,18

18,52 ± 2,77

26–38

26,55 ± 3,73

31–57

5,80 ± 0,90

1,3–7

2,56 ± 0,19

4,05-5,49

10,20 ± 0,62

4–7

Ref**Serfilippi et al. [27]

an increase in total islet number compared to Epol diet
group, no differences were observed for plant extract and
chlorpropamide groups (Fig. 7).

Discussion
In this study, efficacy was determined using a spontaneous mouse model of diabetes through the use of the
BKS.Cg-m+/+Leprdb/BomTac (db/db) mouse strain.
The specific mouse model was selected as the leptin
receptor gene mutation in BKS-Leprdb mice increases
susceptibility to type 2 diabetes [20]. Despite the model
providing the necessary pathology for the proper study of

efficacy, two specific modifications to the model need to
be highlighted. Firstly, the study made use of males only,
since they generally show abnormalities from as early as
8 weeks of age [23, 28], making them a better indicator of
treatment responses in earlier stage of type II diabetes.
Despite the benefits of using makes, the following study
cannot accommodate for hormonal influences that may
result from sex-related differences. The second consideration was the overnight (16 hours) fasting implemented
before the glucose tolerance test (ipGTT). While the
risks of such long fasts could result in significant weight
loss and is non-consistent with shorter periods of fast
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Table 4 Necropsy morphological findings

recommended for people before a GTT is undertaken,
the longer period was selected based on previous studies which showed that mice fasted for 16 hours had significantly (p < 0.05) lower plasma glucose concentrations

than mice fasted for 4 h [29–31], thereby narrowing individual difference for the GTT i.e. sixteen hours fasting
has the benefit of lowering irregularity in baseline blood
glucose. Nonetheless, the animals were always closely
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Table 5 Histological descriptions of each mouse

Fig. 5 Representative images of the effect of food (treatment and control) administration in the islets of Langerhans in pancreas of spontaneous
pre-diabetic mutant BKS-Leprdb mice for 4 weeks showing different distribution pattern of endocrine cells. Group A and C: Pancreatic sections from
animals fed with Epol diet only and plant extract mainly showed endocrine cells that are scant. Group B and D: Pancreatic sections from animals
fed with β-sitosterol and chlorpropamide contained several endocrine cells. (Haematoxylin-eosin staining, 400× and 100x). Scale bars, 50 μm. Key:
Black arrow- Endocrine cells
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Fig. 6 A photomicrograph example of a pancreatic section of spontaneous pre-diabetic mutant BKS-Leprdb mice after standard pellet diet,
β-sitosterol compound, plant extract or positive control chlorpropamide administration for 4 weeks. The islets are variably enlarged due to
hyperplasia of cells and fusion of multiple islets. Pancreatic islet cell hyperplasia is characterized by enlargement of islets (up to 500 μm in
diameter). While other islets are variably small due to degeneration of cells. Pancreatic islet cell atrophy is characterized by decrease of islets (less
than 50 μm in diameter). Group A: Consist of pancreatic islet cell hyperplasia (Slide A; diameter 1168.38 μm) and atrophy (Slide B and C; diameter
<44.59 μm) in spontaneous pre-diabetic mutant BKS-Leprdb mice fed with standard pellet diet for 4 weeks. Group B and C: Consist of pancreatic
islet cell hyperplasia (Slide D; diameter 675.20 μm) and (Slide E; diameter 540.00 μm) in spontaneous pre-diabetic mutant BKS-Leprdb mice fed with
β-sitosterol compound or plant extract for 4 weeks. Group D: Consist of pancreatic islet cell hyperplasia (Slide F; large islet diameter 709.03 μm,
connected to small islet diameter 220.78 μm) and few exocrine acini trapped near the periphery (Slide G) in spontaneous pre-diabetic mutant
BKS-Leprdb mice fed with positive control chlorpropamide for 4 weeks. (Haematoxylin-eosin staining, 400× and 100x). Scale bars, 50 μm. Key: Black
arrow- Islets of Langerhans; Red arrow- Exocrine acini

(See figure on next page.)
Fig. 7 Illustrates an average diameter (μm) of islet of Langerhans and endocrine cells size distribution obtained from all 8 weeks old spontaneous
pre-diabetic mutant BKS-Leprdb mice. A Variation in size of islets Langerhans which is not limited to ~ 500 μm in diameter, (B). Variation in size of
endocrine cells which is not limited to ~ 10 μm in diameter and (C). β-sitosterol treated group had an increase in total islet number compared to
Epol diet, plant extract and chlorpropamide treated groups. Key: Group A: Epol diet and water; Group B: Epol diet, water and β-sitosterol; Group C:
Epol diet, water and plant extract and Group D: Epol diet, water, and positive control
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monitored for weight loss immediately after the fasting period to ensure compliance with ethical standards.
When weight loss was noted, it was never more than 1%
of the animals’ weight from the day before. This would
therefore indicate that the results obtained were not due
to the animals losing excessive weight.
The plant extract and control led to an increased in
blood glucose level despite treatment used, for 4 weeks
study period. The results from this study thus does not
support previous studies that have indicated that H.
hemerocallidea corm extract has clear antidiabetic properties [15, 32]. This may be due to the different model
used. As mentioned in the foregoing paragraphs, the animals used in this study were type II spontaneous diabetic
mutant BKS-Leprdb mice and not induced through chemical means, where the other studies used STZ-induced
diabetes in mice and/or rats [15, 32]. H. hemerocallidea
corm is known to have antioxidant activity [33, 34], the
findings from previous studies may thus only show the
ability to mitigate in diabetes developing in the presence
of oxidative stress as opposed to treating disease once
present.
The results of this study also showed no change in
glucose concentrations over time (4 weeks period)
for β-sitosterol, while the control showed continuous
increase. This would support efficacy, as β-sitosterol
mitigated to an extent the increase in blood glucose concentrations which is likely an indication of disease progression in the control and extract treated group. This
trend for stabilised blood glucose was also present for
the positive control. In the study by Sanjay et al. [35],
β-sitosterol has antidiabetic activity in treated mice, in
addition to reversing the weight loss. The reason for the
lack of response in the extract group may be because
the concentration of β-sitosterol was too low therein.
This would support a study [4] which speculated that
β-sitosterol is unlikely to account solely for antidiabetic
activities of the corm’s aqueous extract used for in vivo
study, since the compound is usually more abundant in
alcoholic extracts, rather than in aqueous extracts of the
corm. Moreover, this can be due to the fact that the absolute bioavailability of β- sitosterol compound upon oral
administration is about 9% [36].
The H. hemerocallidea corm extract failed to reverse
the weight gain of mice, also with no decrease in food
intake and faecal output, throughout the experiment. In
contrast, the other two groups treated with β-sitosterol
and positive control of chlorpropamide with no significant difference (p > 0.05), showed some weight loss
together with a reduction in the 120 min post-exposure
blood glucose concentrations. This finding is likely
explained by a late 2017 studies which have suggested
that type II diabetes can be reversed, not through original
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pharmaceutical treatments, but through firm adherence
to certain dietary interventions of low carbohydrate diet
with 850 total daily calories for humans [37]. The Epol
diet, β-sitosterol and chlorpropamide groups led to a
slight decrease of 2.3, 5.8 and 5.2% in animal weights,
respectively. Specific mechanism behind this slight
weight reduction of these groups is unknown, however
it could be due to changes in food consumption, inhibition of intestinal lipid absorption [38–41], an increase in
the expenditure of energy [42], stimulation of lipid oxidation [42, 43] or fasting of the animals [31]. The animals showed no change in food intake regardless of the
treatment used. However, there was a general trend for
decrease in faecal output for all the groups. Unfortunately, the activities of animals were not evaluated for
this study.
There were no changes in the haematological parameters attributable to administration of tested treatments.
Albumin, triglycerides, and total cholesterol levels in
β-sitosterol and chlorpropamide-treated mice were lower,
relative to untreated-mice. Treatment of mice with doses
of plant extract, β-sitosterol and chlorpropamide resulted
in non-significant changes in total serum protein, globulin, alanine aminotransferase, alkaline phosphatase, urea
nitrogen and creatinine. Necropsy morphological findings revealed that animals fed with plant extract showed
large amounts of body internal fat including epicardial
adipose, which, in recent studies, has been considered as
an additional significant feature which may leads to diabetic myocardial complications [44–46]. The liver and
kidneys for all treated and untreated groups appeared
macroscopically normal and darker red pinpoint foci,
mostly in the liver of some animals are likely associated
with congestion of the organs. Most of the thymuses of
the animals were small, which may relate to aging of animals or strain of mice [47, 48]. Small adrenal glands may
indicate that all animals were not exposed to excessive
chronic stress [49, 50], and specific histological changes
could also not be detected in those adrenal glands that
were microscopically evaluated.
There were some pathological signs in treated and
untreated animals particularly in myocardial fibres, renal
tubular, glomerular and hepatocyte granularity. Some of
the lesions were more subacute and may be associated
with hypoxia or cardiomyopathy [51]. The renal tubular
changes in all the animal groups are likely hypoxic in origin thus likely terminal since the lesions are restricted to
the deep cortical tissues where hypoxia would be firstly
expected [27]. Interestingly, glomerular changes were visible with mesangial expansion in all animal groups. and
mesangial expansion due to increase in mesangial matrix
is described to occur in diabetic mice [52].
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The animals in general did not demonstrate severe
pathology associated with diabetes and thus can be considered a good model for early-stage diabetes. Moreover, there was a variation in the distribution pattern of
endocrine islets of Langerhans. Morphometric analysis
showed no clear indication of regeneration of the endocrine cells in pancreatic islets by the β-sitosterol. Thus,
for further confirmation more immunofluorescence and
tunel staining of the pancreas studies are recommended.
Nonetheless, Prentki and Nolan [53], demonstrated
degeneration in the pancreatic tissue of diabetic mice,
vacuolization of Langerhan’s islet cells, decrease in the
islets size, decrease in the β-cell numbers and also in the
architecture of the islets. Loss of pancreatic β-cell mass
and β-cell dysfunction is vital in the progress of type II
diabetes and, in combination with peripheral insulin
resistance which lead to hyperglycaemia. While β-cells
fail to accurately secrete insulin at a provided glucose
level, there is also a progressive decline in the number
of β-cells [54]. In the present study the histopathologic
changes of islets have been observed in the animals fed
with Epol diet only and treated with the positive control drug showing some islets which were hyperplasia
and others which were atrophy, while those treated with
plant extract and compound showed hyperplasia. Since
the pancreas responds to peripheral insulin resistance by
increasing insulin production [55], the hyperplasia and
absence of atrophy may be indicative of the antioxidant
protective mentioned above.
An unexpected finding was the total increase in islet
counts in the animals treated with β-sitosterol. This may
be due to the fact that new islets do grow under certain
experimental conditions, such as neogenesis, β-cell replication and differentiation [56, 57]. Collombat et al.
[58] indicated that some plants induce regeneration of
pancreatic islets in STZ-induced diabetic rats. However,
there are many contradictory opinions and data surrounding these regeneration theories. The result in this
study does tend to support some assertions [58].

Conclusion
It can be concluded from this study that H. hemerocallidae is unlikely to be a suitable sole treatment agent in the
management of prediabetes. Since none of the treatments
could be considered highly effective for the management
of type II pre-diabetes as sole therapeutic intervention.
Moreover, the diabetic models of natural progress are
crucial for investigating and developing novel drugs for
diabetes and its complications.

Page 15 of 17

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12906-022-03640-y.
Additional file 1.
Acknowledgements
Our thanks to Dr. Liza du Plessis from IDEXX laboratories for assisting with
necropsy morphological and histological analysis. Staffs of Department
of Agriculture, Forestry and Fisheries South Africa (Dr. Alicia Cloete and Dr.
Gretna de Wit) are acknowledged for their patience and assistance with the
application of Import Veterinary Permit. Thank you to Mr. Ruan from World
Courier for making sure that the animals arrived safely in South Africa. Many
thanks to Dr. Emily Alimonti, Dr. Ashely Hallenbeek and Dr. Len Djurhuus from
Taconic Biosciences Inc., USA, and Denmark, for assisting with the breeding
and importation of the animals. Our greatest thanks go to the Department
of Higher Education and training (DHET) Research Development Grant (RDG)
and Faculty of Veterinary Science University of Pretoria for financial support
during this study.
Authors’ contributions
N.V. and E.J.N. contributed to the conception of the study. M.N.M. was responsible for the execution of the study and writing of draft manuscript. O.O.O.
and K.P.H. contributed by examining histological specimens and quantifying
pancreatic islet using the NIS-elements AR Imaging (Nikon, Japan) software
program. J.R.I. assisted with review of the animal ethics application processes
and the glucose tolerance test of the animals. N.V. and E.J.N. provided critical
review of the manuscript. The manuscript was perused and confirmed by all
authors. The author(s) read and approved the final manuscript.
Funding
This study was supported by the Department of Higher Education and training (DHET) Research Development Grant (RDG) (grant number 14/15).
Availability of data and materials
All relevant data is contained in this manuscript.

Declarations
Ethics approval and consent to participate
This study was carried out in accordance with the ethical guidelines of Animal
Care and Use and the Animal Research: Reporting of In Vivo Experiments
(ARRIVE) guidelines. All animal experiments were performed in accordance
with the ethical clearance protocol of relevant institutional, national, and international guidelines, regulations and legislation required for animal and plant
studies. Ethics clearance for this study was obtained from Faculty of Veterinary
Science Research Ethics Committee, University of Pretoria, South Africa with
ethics clearance reference number: V113–17. Import Veterinary Permit was
granted by Department of Agriculture, Forestry and Fisheries, South Africa
with the permit number: 13/1/1/30/0–201808000109.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interest.
Author details
1
Department of Paraclinical Sciences, Section of Pharmacology, Faculty
of Veterinary Sciences, University of Pretoria, Pretoria, South Africa. 2 Department of Biology, School of Science and Technology, Sefako Makgatho Health
Science University, Medunsa, Pretoria 0204, South Africa.
Received: 25 November 2021 Accepted: 9 June 2022

Mkolo et al. BMC Complementary Medicine and Therapies

(2022) 22:163

References
1. Terzic A, Waldman S. Chronic diseases: the emerging pandemic. Clin
Transl Sci. 2011;4(3):225–6. https://doi.org/10.1111/j.1752-8062.2011.
00295.x.
2. Fuster V, Kelly BB, Vedanthan R. Promoting global cardiovascular health:
moving forward. Circulation. 2011;123(15):1671–8. https://doi.org/10.
1161/CIRCULATIONAHA.110.009522.
3. Pandey A, Tripathi P, Pandey R, Srivatava R, Goswami S. Alternative therapies useful in the management of diabetes: a systematic review. J Pharm
Bioallied Sci. 2011;3(4):504–12. https://doi.org/10.4103/0975-7406.90103.
4. Drewes SE, Hall AJ, Learmonth RA, Upfold UJ. Isolation of hypoxoside
from Hypoxis rooperi and synthesis of (E)-1, 5-bis (3′, 4′-dimethoxyphenyl) pent-4-en-1-yne. Phytochem. 1984;23(6):1313–6. https://doi.org/10.
1016/S0031-9422(00)80449-5.
5. Van Wyk BE, Heerden FV, Oudtshoorn BV. Poisonous plants of South
Africa. Briza Publications. 2002:288 https://www.worldcat.org/title/poiso
nous-plants-of-south-africa/oclc/51046239.
6. Sugishita E, Amagaya S, Ogihara Y. Structure-activity studies of some
oleanane triterpenoid glycosides and their related compounds from
the leaves of Tetrapanax papyriferum on anti-inflammatory activities. J
Pharmacobiodyn. 1982;5(6):379–87. https://doi.org/10.1248/bpb1978.
7. Price KR, Johnson IT, Fenwick GR, Malinow MR. The chemistry and
biological significance of saponins in foods and feeding stuffs. Crit Rev
Food Sci Nutr. 1987;26(1):27–135. https://doi.org/10.1080/1040839870
9527461.
8. Singh GB, Singh S, Bani S, Gupta BD, Banerjee SK. Anti-inflammatory
activity of oleanolic acid in rats and mice. J Pharm Pharmacol.
1992;44(5):456–8. https://doi.org/10.1111/j.2042-7158.1992.tb03646.x.
9. Akah PA, Okafor CL. Blood sugar lowering effect of Vernonia
amygdalina Del, in an experimental rabbit model. Phytother Res.
1992;6(3):171–3. https://doi.org/10.1002/ptr.2650060318.
10. Dongmo AB, Kamanyi A, Dzikouk G, Nkeh BC, Tan PV, Nguelefack T,
et al. Anti-inflammatory and analgesic properties of the stem bark
extract of Mitragyna ciliata (Rubiaceae) Aubrév. & Pellegr. J Ethnopharmacol. 2003;84(1):17–21. https://doi.org/10.1016/S0378-8741(02)
00252-0.
11. Taesotikul T, Panthong A, Kanjanapothi D, Verpoorte R, Scheffer JJ. Antiinflammatory, antipyretic and antinociceptive activities of Tabernaemontana pandacaqui Poir. J Ethnopharmacol. 2003;84(1):31–5. https://doi.org/
10.1016/S0378-8741(02)00264-7.
12. Adzu B, Amos S, Kapu SD, Gamaniel KS. Anti-inflammatory and antinociceptive effects of Sphaeranthus senegalensis. J Ethnopharmacol.
2003;84(2–3):169–73. https://doi.org/10.1016/S0378-8741(02)00295-7.
13. Li RW, Lin GD, Myers SP, Leach DN. Anti-inflammatory activity of Chinese
medicinal vine plants. J Ethnopharmacol. 2003;85(1):61–7. https://doi.
org/10.1016/S0378-8741(02)00339-2.
14. Oguntibeju OO, Meyer S, Aboua YG, Goboza M. Hypoxis hemerocallidea
significantly reduced hyperglycaemia and hyperglycaemic-induced
oxidative stress in the liver and kidney tissues of streptozotocin-induced
diabetic male wistar rats. Evid Based Complement Altern Med. 2016:2016.
https://doi.org/10.1155/2016/8934362.
15. Ojewole JA. Antinociceptive, anti-inflammatory and antidiabetic properties of Hypoxis hemerocallidea Fisch. & CA Mey. (Hypoxidaceae) corm
[‘African potato’] aqueous extract in mice and rats. J Ethnopharmacol.
2006;103(1):126–34. https://doi.org/10.1016/j.jep.2005.07.012.
16. Kong LL, Wu H, Cui WP, Zhou WH, Luo P, Sun J, et al. Advances in murine
models of diabetic nephropathy. J Diabetes Res. 2013:2013. https://doi.
org/10.1155/2013/797548.
17. Hall-Craggs M, Brenner DE, Vigorito RD, Sutherland JC. Acute renal
failure and renal tubular squamous metaplasia following treatment with
streptozotocin. Hum Pathol. 1982;13(6):597–601. https://doi.org/10.1016/
S0046-8177(82)80280-3.
18. Hummel KP, Dickie MM, Coleman DL. Diabetes, a new mutation in the
mouse. Science. 1996;153:1127–8. https://doi.org/10.1126/science.153.
3740.1127.
19. Beck L, Su J, Comerma-Steffensen S, Pinilla E, Carlsson R, Hernanz R, et al.
Endothelial dysfunction and passive changes in the aorta and coronary
arteries of diabetic db/db mice. Front Physiol. 2020;11. https://doi.org/10.
3389/fphys.2020.00667.

Page 16 of 17

20. Deshpande AD, Harris-Hayes M, Schootman M. Epidemiology of diabetes
and diabetes-related complications. Phys Ther. 2008;88(11):1254–64.
https://doi.org/10.2522/ptj.20080020.
21. Tay YC, Wang Y, Kairaitis L, Rangan GK, Zhang C, Harris DC. Can murine
diabetic nephropathy be separated from superimposed acute renal
failure? Kidney Int. 2005;68(1):391–8. https://doi.org/10.1111/j.1523-1755.
2005.00405.x.
22. Boaduo NK, Katerere D, Eloff JN, Naidoo V. Evaluation of six plant species
used traditionally in the treatment and control of diabetes mellitus in
South Africa using in vitro methods. Pharm Biol. 2014;52(6):756–61.
https://doi.org/10.3109/13880209.2013.869828.
23. Cohn JA, Cerami A. The influence of genetic background on the susceptibility of mice to diabetes induced by alloxan and on recovery from
alloxan diabetes. Diabetologia. 1979;17(3):187–91. https://doi.org/10.
1007/BF01219747.
24. Suffness M, Douros J. Drugs of plant origin. Methods Cancer Res.
1979;1979(26):73–126.
25. Martini N, Eloff JN. The preliminary isolation of several antibacterial
compounds from Combretum erythrophyllum (Combretaceae). J Ethnopharmacol. 1998;62(3):255–63. https://doi.org/10.1016/S0378-8741(98)
00067-1.
26. Mense MG, Rosol TJ. Chapter 35-endocrine pancreas. In: Boorman’s
Pathology of the Rat. Reference and Atlas.Elsevier Inc.; 2015. p. 695–704.
https://doi.org/10.1016/C2010-0-69040-7.
27. Palm F, Nordquist L. Renal tubulointerstitial hypoxia: cause and
consequence of kidney dysfunction. Clin Exp Pharmacol Physiol.
2011;38(7):474–80. https://doi.org/10.1111/j.1440-1681.2011.05532.x.
28. Sullivan KA, Hayes JM, Wiggin TD, Backus C, Oh SS, Lentz SI, et al. Mouse
models of diabetic neuropathy. Neurobiol Dis. 2007;28(3):276–85. https://
doi.org/10.1016/j.nbd.2007.07.022.
29. Jensen TL, Kiersgaard MK, Sørensen DB, LF. Fasting of mice: a review. Lab
Anim. 2013;47(4):225–40. https://doi.org/10.1177/0023677213501659.
30. Champy MF, Selloum M, Piard L. Mouse functional genomics
requires standardization of mouse handling and housing conditions. Mamm Genome. 2004;15(10):768–83. https://doi.org/10.1007/
s00335-004-2393-1.
31. Heijboer AC, Donga E, Voshol PJ. Sixteen hours of fasting differentially
affects hepatic and muscle insulin sensitivity in mice. J Lipid Res.
2005;46(6):582–8. https://doi.org/10.1194/jlr.M400440-JLR200.
32. Mahomed IM, Ojewole JA. Hypoglycemic effect of Hypoxis hemerocallidea
corm (African potato) aqueous extract in rats. Meth Find Exp Clin Pharmacol. 2003;25(8):617–24. https://doi.org/10.1358/mf.2003.25.8.778082.
33. Nsibande BE, Gustavsson KE, Zhu LH. Analysis of health-associated phytochemical compounds in seven Hypoxis species. Am J Plant Sci. 2018;9(4).
https://doi.org/10.4236/ajps.2018.94044.
34. Mkolo NM, Olaokun OO, Olowoyo JO, Eloff JN, Naidoo V. Soil parameters
affecting the antioxidant activity of Hypoxis hemerocallidea corm extracts
in different areas of South Africa. Asian J Chem. 2020;32(6):1467–72.
https://doi.org/10.14233/ajchem.2020.22555.
35. Sanjay KK, Sagar KM, Dilipkumar P, Arijit M. Isolation of β-Sitosterol and
evaluation of antidiabetic activity of Aristolochia indica in Alloxan-induced
diabetic mice with a reference to invitro antioxidant activity. J Med Plant
Res. 2012;6(7):1219–23. https://doi.org/10.5897/JMPR11.973.
36. Ritschel WA, Kastner U, Hussain AS, Koch HP. Pharmacokinetics and bioavailability of beta-sitosterol in the beagle dog. Arzneimittel-forschung.
1990;40(4):463–8 https://pubmed.ncbi.nlm.nih.gov/2357248/.
37. Watson J. Can Diet Reverse Type 2 Diabetes? Medscape Diabetes Endocrinol. 2018; https://www.medscape.com Accessed 12 March 2020.
38. Ikeda I, Hamamoto R, Uzu K, Imaizumi K, Nagao K, Yanagita T, et al. Dietary
gallate esters of tea catechins reduce deposition of visceral fat, hepatic
triacylglycerol, and activities of hepatic enzymes related to fatty acid
synthesis in rats. Biosci Biotechnol Biochem. 2005;69(5):1049–53. https://
doi.org/10.1271/bbb.69.1049.
39. Takami S, Imai T, Hasumura M, Cho YM, Onose J, Hirose M. Evaluation of
toxicity of green tea catechins with 90-day dietary administration to F344
rats. Food Chem Toxicol. 2008;46(6):2224–9. https://doi.org/10.1016/j.fct.
2008.02.023.
40. Yang TT, Koo MW. Chinese green tea lowers cholesterol level through an
increase in fecal lipid excretion. Life Sci. 1999;66(5):411–23. https://doi.
org/10.1016/S0024-3205(99)00607-4.

Mkolo et al. BMC Complementary Medicine and Therapies

(2022) 22:163

41. Yokozawa T, Nakagawa T, Kitani K. Antioxidative activity of green tea polyphenol in cholesterol-fed rats. J Agric Food Chem. 2002;50(12):3549–52.
https://doi.org/10.1021/jf020029h.
42. Dulloo AG, Duret C, Rohrer D, Girardier L, Mensi N, Fathi M, et al. Efficacy
of a green tea extract rich in catechin polyphenols and caffeine in
increasing 24-h energy expenditure and fat oxidation in humans. Am J
Clin Nutr. 1999;70(6):1040–5. https://doi.org/10.1093/ajcn/70.6.1040.
43. Murase T, Nagasawa A, Suzuki J, Hase T, Tokimitsu I. Beneficial effects of
tea catechins on diet-induced obesity: stimulation of lipid catabolism in
the liver. Int J Obes. 2002;26(11):1459–64. https://doi.org/10.1038/sj.ijo.
0802141.
44. Daniels A, Van Bilsen M, Janssen BJA, Brouns AE, Cleutjens JPM, Roemen
THM, et al. Impaired cardiac functional reserve in type 2 diabetic db/db
mice is associated with metabolic, but not structural, remodelling. Acta
Physiol. 2010;200(1):11–22. https://doi.org/10.1111/j.1748-1716.2010.
02102.x.
45. Lu J, Liu J, Zhang L, Wang X, Zhang Y, Tang Q. Morphological and functional characterization of diabetic cardiomyopathy in db/db mice following exercise, metformin alone, or combination treatments. Biochem
Biophys Res Commun. 2021;584:80–6. https://doi.org/10.1016/j.bbrc.
2021.11.018.
46. Blumensatt M, Fahlbusch P, Hilgers R, Bekaert M, Herzfeld de Wiza D,
Akhyari P, et al. Secretory products from epicardial adipose tissue from
patients with type 2 diabetes impair mitochondrial β-oxidation in
cardiomyocytes via activation of the cardiac renin–angiotensin system
and induction of the cardiac renin–angiotensin system and induction
of miR-208a. Basic Res Cardiol. 2017;112(1):2. https://doi.org/10.1007/
s00395-016-0591-0.
47. Rezzani R, Nardo L, Favero G, Peroni M, Rodella LF. Thymus and aging:
morphological, radiological, and functional overview. Age (Dordr).
2014;36(1):313–51. https://doi.org/10.1007/s11357-013-9564-5.
48. Dardenne M, Savino W, Gastinel LN, Nabarra B, Bach JF. Thymic
dysfunction in the mutant diabetic (db/db) mouse. J Immunol.
1983;130(3):1195–9.
49. Everds NE, Snyder PW, Bailey KL, Bolon B, Creasy DM, Foley GL, et al.
Interpreting stress responses during routine toxicity studies: a review of
the biology, impact, and assessment. Toxicol Pathol. 2013;41(4):560–614.
https://doi.org/10.1177/0192623312466452.
50. Nakamura K, Aoike A, Rokutan K, Hosokawa T, Koyama K, Kawai K. The
role of oxygen radicals in the pathogenesis of gastric mucosal lesions
induced in mice by feeding-restriction stress. Scand J Gastroenterol
Suppl. 1989;162:47–50. https://doi.org/10.3109/00365528909091122.
51. Fang ZY, Prins JB, Marwick TH. Diabetic cardiomyopathy: evidence,
mechanisms, and therapeutic implications. Endocr Rev. 2004;25(4):543–
67. https://doi.org/10.1210/er.2003-0012.
52. Scindia YM, Deshmukh US, Bagavant H. Mesangial pathology in glomerular disease: targets for therapeutic intervention. Adv Drug Deliv Rev.
2010;62(14):1337–43. https://doi.org/10.1016/j.addr.2010.08.011.
53. Prentki M, Nolan CJ. Islet β cell failure in type 2 diabetes. J Clin Invest.
2006;116(7):1802–12. https://doi.org/10.1172/JCI29103.
54. Bonner-Weir S, O’Brien TD. Islets in type 2 diabetes: in honor of Dr. Robert
C Turner. Diabetes. 2008;57(11):2899–904. https://doi.org/10.2337/
db07-1842.
55. Wagner JD, Carlson CS, O’Brien TD, Anthony MS, Bullock BC, Cefalu WT.
Diabetes mellitus and islet amyloidosis in cynomolgus monkeys. Lab
Anim Sci. 1996;46(1):36–41 https://pubmed.ncbi.nlm.nih.gov/8699817/.
56. Cockburn IL, Ferris WF. Pancreatic islet regeneration: therapeutic potential, unknowns and controversy. S Afri J Sci. 2015;111(7–8):1–5. https://doi.
org/10.17159/sajs.2015/20140369.
57. Bonner-Weir S, Baxter LA, Schuppin GT, Smith FE. A second pathway for
regeneration of adult exocrine and endocrine pancreas: a possible recapitulation of embryonic development. Diabetes. 1993;42(12):1715–20.
https://doi.org/10.2337/diab.42.12.1715.
58. Collombat P, Xu X, Heimberg H, Mansouri A. Pancreatic beta-cells: from
generation to regeneration. Semin Cell Dev Biol. 2010;21(8):838–44.
https://doi.org/10.1016/j.semcdb.2010.07.007.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Page 17 of 17

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

