
http://www.jomped.org Open Access

Journal of Medicinal Plants for Economic Development 
ISSN: (Online) 2616-4809, (Print) 2519-559X

Page 1 of 10 Original Research

Read online:
Scan this QR 
code with your 
smart phone or 
mobile device 
to read online.

Authors:
Phillipine K. Moale1 
Mildred A. Chauke1 
Matlou P. Mokgotho1 
Leshweni J. Shai1 

Affiliations:
1Department of Biomedical 
Sciences, Faculty of Sciences, 
Tshwane University of 
Technology, Pretoria, 
South Africa

Corresponding author: 
Mildred Chauke,
chaukema@tut.ac.za

Dates:
Received: 19 Oct. 2023
Accepted: 29 Nov. 2023
Published: 08 Feb. 2024

How to cite this article: 
Moale, P.K., Chauke, M.A., 
Mokgotho, M.P. & Shai, L.J., 
2024, ‘Glucose transporter 4 
translocation and glucose 
uptake by selected traditional 
medicinal preparations’, 
Journal of Medicinal 
Plants for Economic 
Development 8(1), a236. 
https://doi.org/10.4102/
jomped.v8i1.236

Copyright:
© 2024. The Authors. 
Licensee: AOSIS. This work 
is licensed under the 
Creative Commons 
Attribution License.

Introduction
Diabetes is a long-term metabolic disease, which has grown to epidemic measures in South 
Africa and the world at large (Stokes et al. 2017). Diabetes has a severe effect on people living 
with it, as well as their families, especially on their finances, creating a huge public health 
burden to the economically challenged countries and their populace (WHO 2016). 

Glucose is metabolised by cells as a source of energy by oxidative processes and for 
glycosylation of protein as a post-translational modification of some proteins (Navarro, 
Abelilla & Stein 2019). Among the major target organs for insulin action are the skeletal muscle 
and adipose tissue, which play important roles in insulin-induced glucose uptake. After 
insulin is secreted by pancreatic beta cells, it crosses the interstitial spaces and binds to the 
insulin-specific receptors localised on the surface of the skeletal muscle cells and adipocytes 
(Kubota & Kubota 2011). This results in activation of a cascade of intracellular events 
that drive glucose absorption by these cells. These intracellular events include the 
phosphorylation of the two insulin receptor substrates — Insulin receptor substrate 1 (IRS 1) 
and IRS 2 (Minokoshi, Kahn & Kahn 2003). Phosphorylation of IRS leads to class I 
phosphatidylinositol 3-kinase (PI3K) activation, which triggers the activation of protein kinase 
B/ Akt, a downstream protein kinase (Msomi et al. 2019). 

Glucose is transported in and out of the cells by facilitated diffusion driven by a facilitative  
family of glucose transporters (GLUTs) (Brewer et al. 2014). The primary glucose transporter is  
glucose transporter type 4 (GLUT-4), found in the skeletal muscle and adipose tissues  
(Schreiber et al. 2017; Tanasova & Fedie 2017). Upon activation of Akt and subsequent phosphorylation 
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of Phosphoinositide 3-kinase (PI3K), GLUT-4 is stimulated and 
translocated towards the plasma membrane, where it makes it 
easier for glucose to enter the cells, thus reducing the amount of 
blood glucose (Takazawa et al. 2008; Tokarz, Macdonald & Klip 
2018). Phosphorylation of different intracellular proteins results 
in changes in the activity of other proteins, like protein kinases, 
which stimulate translocation of GLUT-4 (De Meyts 2016). 
Diabetes mellitus (DM), however, alters the normal metabolic 
processes explained above. 

Conventional treatments such as sulfonylureas and 
thiazolidinediones control the amount of glucose in the blood, 
but they also present with adverse side effects, such as weight 
gain, heart failure, dizziness and risk of bone fracture (Owens, 
Monnier & Barnett 2017; Wing & Jivan 2016). These side 
effects, the financial burden and poor access to medical 
facilities encourage the use of herbal medicines as alternative 
therapies (Chikezie et al. 2015). Medicinal plants present with 
an excellent reservoir of compounds that may have important 
pharmacological effects, including anti-diabetic activity 
(Mongalo & Mafoko 2013; Balogun, Tshabalala & Ashafa 
2016). Some studies have confirmed the anti-diabetic activity 
of a large number of plant species, with activity attributed to 
their many chemical constituents, which include but not 
limited to polysaccharides, steroids, terpenoids, flavonoids, 
saponins, amino acids and their derivatives (Balogun et al. 
2016; Chikezie et al. 2015)

It is imperative to monitor the safety, dose, effectiveness 
and chosen method of action of traditional medicinal  
plants in addition to identifying the active ingredients. 
Medicinal plants have the ability to either inhibit or  
activate one of the steps that regulate important biochemical 
pathways involved in glucose homeostasis (Ashraf, Khan & 
Ashraf 2011; Nazarian-Samani et al. 2018). According to 
Patel et al. (2012), the use of mixed traditional preparations 
is preferred based on the belief that when several plants are 
mixed together they enhance effectiveness, synergistic 
actions and reduce toxicity. Therefore, plant-based or 
derived traditional medicinal preparations were screened 
for their efficacy in the biochemical regulation of glucose 
homeostasis. The objective was to screen for their potential 
hypoglycaemic and insulin-modulating effects using an in 
vitro model based on cell culture.

Research methods and design 
Research methodology
This research was an experimental one and involved 
analysis and characterisation of herbal mixtures 
containing various unknown medicinal plant species. 
The effects of the extracts were tested on the cultured 
skeletal muscle (C2C12) cells in vitro.

Setting
Thirteen traditional medicinal plants concoctions bottles 
labelled HR1, HR2, HR3, HR4, HR5, HR6, HR7, HR8, HR9, 
HR10, HR11, HR12 and HR13, used for treatment of DM 

by traditional healers, were bought from herbalists 
(inyangas in Zulu) in the Tshwane region, Gauteng, South 
Africa.

Study population and sampling strategy
A Whatman filter paper (No. 1) was used to filter the 13 
concoctions and the filtrates were frozen overnight at -20 °C 
and freeze-dried for 5 days to lyophilised material. In order 
to prepare the lyophilised materials for further processing, 
they were reconstituted in phosphate-buffered saline (PBS, 
pH 7.2) to a final working concentration of 10 mg/mL 
solution and refrigerated.

Data collection
Data were collected through evaluation of the composition of 
medicinal plant concoctions using thin layer chromatography 
and measurement of the glucose uptake, expression of  
IRS-1 and phosphorylation of Akt by C2C12 skeletal muscle 
cells treated with herbal preparations.

Phytochemical analysis
Qualitative phytochemical screening procedures were 
performed to assess secondary metabolites contained in  
the medicinal plant preparations, using thin layer 
chromatography (TLC). The detection methods were based 
on the method described by Jork et al. (1994). 

Thin layer chromatography: The samples were prepared 
by dissolving 0.01 g of the freeze-dried concoctions in 1 mL 
of acetone to prepare a 10 mg/mL concentration, using 
three components: ethyl acetate, methanol and water 
(EMW) in the proportions of 40:5.4:5. About 5 µL of each 
of the samples was loaded on the plate developed in a 
mobile phase and allowed to dry. For visualisation of 
compounds, the dried TLC plate (Merck, SA) was stained 
in a vanillin solution (1 g of vanillin mixed with 
100 mL of 95% ethanol). Different colours because of the 
presence of different compounds were observed (Matysik 
et al. 2016). 

Further screening was performed for phenols, glycosides 
and alkaloids using the TLC plate methods as described by 
Jork et al. (1994). Samples were prepared on TLC plates as 
above.

Phenols: To determine the presence of phenolics, the  
TLC plates were immersed in diphenylamine reagent  
(10 g of diphenylamine in 100 mL of ethanol, 100 mL of 
hydrochloric acid [HCL] and 80 mL of glacial acetic acid) 
and placed in an oven for 10 min at 110 °C. The reaction of 
diphenylamine with phenols produced a blue-black 
colour. 

Glycosides: For glycosides detection, the ferric chloride 
method was used. The TLC plate were sprayed with 1% of 
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ferric chloride in methanol/water (1:1) and heated for  
10 min at 110 °C. The reaction of ferric chloride and glycosides 
produced a blue colour. 

Alkaloids: For alkaloids detection, Dragendorff’s spraying 
reagent was used. The TLC plates were sprayed with 
Dragendorff’s spraying reagent and heated in an oven for 10 
min. The emergence of a brown colour was indicative of the 
presence of alkaloids.

Cell culture
C2C12 skeletal muscle were acquired from the American 
Type Culture Collection (ATCC) and kept under liquid 
nitrogen for preservation. The cells were cultivated in 
Dulbecco’s Modified Eagle Medium (DMEM), which was 
supplemented with 10% foetal bovine serum (FBS) and 5 mL 
penicillin-streptomycin. The medium also contained 4.5 g/L 
of glucose, L-glutamine and sodium pyruvate. The cells were 
kept in a 5% CO2 incubator at 37 °C for 3 days. The cultured 
medium was replaced after 2–3 days, ensuring the cells 
remained in exponential growth (log) phase. Cells were 
detached from the flask using trypsin, sub-cultured to 
confluency, for 3–4 days in a 96-well plate at a density of  
1 × 105 cells/mL. After fully differentiating into myotubules, 
the cells were treated (approximately 5–7 days’ incubation 
without changing growth medium) for various assays. 

Glucose uptake assay
Cells were treated as per cell culture protocol above. After 
removing the growth medium, media containing traditional 
medicine preparations was used at different concentrations 
(0.625 mg/mL – 5 mg/mL). The cells were re-incubated, 
then glucose in the medium was measured at 1, 3 and 6 h  
at 37 °C. Following the manufacturer’s instructions, the 
glucose oxidase-based assay kit was used to measure the 
amount of glucose in the medium (Cormay, Kat Medical 
South Africa). Insulin (0.0087 mM – 0.0696 mM) constituted 
the positive control, while cells that had not been treated 
were the negative control. By comparing the glucose content 
in media with and without herbal samples, the amount of 
glucose absorbed was ascertained. Fifty µL of the medium 
was aliquoted and mixed with 100 µL of glucose reagent  
at 37 °C for a further 15 min of incubation. This was  
followed by determination of glucose in the medium at  
540 nm (Multiskan Go Scan, Thermo Scientific). The data 
were expressed as the amount of glucose (mmol/L) in the 
medium, in the presence and absence of the traditional 
medicinal preparations according to the equation below.

Glucose uptake =
A A

A
control sample

control

�
�100%  [Eqn 1]

Glucose transporter type 4 translocation
Glucose transporter type 4 levels at the cell surface of C2C12 
myotubules were measured by fluorescence. Both treated 
and untreated cells were incubated for 3 h. Afterward, the 
growth medium was removed, the cells were washed with 

Tris-buffered saline (TBS), and they were fixed for 15 min 
with 4% formaldehyde. After washing, the cells three times 
with TBS for 5 min, the cells were blocked with 1% bovine 
serum albumin (BSA) and then rinsed three times with  
TBS containing 0.1% Tween® 20 detergent (TBST) for a 
duration of 5 min each. Thereafter, fluorescein isothiocyanate-
conjugated rabbit anti-mouse GLUT-4 antibody (FITC) 
(1:10000 dilution) was added to the cells and incubated 
overnight at 4 °C. After that, the cells were washed with 
TBST solution and examined using a fluorimeter (Promega-
Glomax Multi Detection System, Roche S.A.) to ascertain the 
amount of FITC on the cell surface. The results were expressed  
as fluorescence intensity according to the equation below:

GLUT-4 translocation = 
A A

A
control sample

control

�
�100  [Eqn 2]

Total insulin receptor substrate 1 expression
In accordance with the manufacturer’s recommendations, the 
expression of IRS-1 was measured using an ELISA-based kit 
(Elabscience, China). Six well-plates containing confluent 
cultures of C2C12 muscle cells were treated for 3 h with 
1 mg/mL of selected medicinal preparations and insulin 
solution (0.139 nM). After washing the cells three times with 
PBS, protease and phosphate inhibitors were added to the cell 
lysis buffer to cause lysis of the cells. After being suspended 
and shaken for 30 min at 4 °C, the lysates were centrifuged for 
10 min at 4 °C at 13 000 rpm. The supernatant was transferred 
into clean test tube and was utilised immediately. For the first 
two columns of the plate, 100 µL of standard working solution 
was added. After adding 100 µL of samples to each well, the 
plate was sealed and incubated at 37 °C for 90 min. Following 
the removal of the samples from each well, 100 µL of the 
Biotinylated detection Ab working solution was added to 
each well. Once more, the plate was sealed with the plate 
sealer, gently mixed and incubated at 37 °C for 1 h. Each 
well’s working solution was decanted then washed with  
350 µL of wash buffer. Each well’s wash buffer was  
discarded, and then the plate was inverted and blotted 
against fresh absorbent paper.

Following the addition of 100 µL of horse radish peroxidase 
(HRP) conjugate working solution to each well, the plate was 
sealed with a plate sealer and incubated for a further 30 min 
at 37 °C. Thereafter, about 350 µL of wash buffer was added 
to each well, and the solution was discarded. This last step 
was carried out five times. After adding 90 µL of substrate 
reagent to each well and covering them with a fresh plate 
sealer, the plates were incubated for an additional 15 min at 
37 °C. The optical density of each well was then measured at 
450 nm using a Multiskan-Go Scan (Thermo Scientific) after 
50 µL of stop solution was added to each well. The 
concentration of IRS in medicinal preparations was calculated 
using the concentration values from the standard and 
absorbance values. 

Total Akt phosphorylation
An enzyme-linked immunosorbent assay (ELISA) kit was 
used to assess phosphorylated Akt (Akt-pS473) in 
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accordance with the manufacturer’s (Elabscience, China) 
recommendations. Six well-plates containing confluent 
cultures of C2C12 muscle cells were treated for 3 h with 
insulin solution (0.139 nM) and 1 mg/mL of selected 
medicinal preparations. After washing the cells three times 
with PBS, protease and phosphate inhibitors were added to 
the cell lysis buffer to cause lysis of the cells. After being 
suspended and shaken for 30 min at 4 °C, the lysates were 
centrifuged for 10 min at 4 °C at 13 000 rpm. The supernatant 
was transferred into clean test tube and was utilised 
immediately. After adding 100 µL of samples to each well 
the plate was sealed and incubated overnight at 4 °C with 
shaking. 

Thereafter, the medicinal plants samples were discarded, 
and the wells were washed four times using 1 × wash 
solution. The plate was turned over and was blotted dry 
with a fresh paper towel. To each well, a 100 µL of prepared 
1:1000 dilution rabbit anti-phospho-Akt (Ser473) antibody 
was added. The wells were then shaken and incubated at 
room temperature for 1 h. After discarding the diluted 
antibody, the wells were washed four times using wash 
buffer. Following the addition of 100 mL of HRP conjugate 
working solution to each well, the plate was sealed with a 
plate sealer and incubated for 1 h at room temperature with 
shaking. This was followed by washing four times with the 
wash buffer. Each well was filled with 100 µL of TMB one-
step substrate reagent, which was shaken in the dark and 
incubated at room temperature for 30 min.

The optical density of each well was then measured at 
450 nm using a Multiskan-Go Scan (Thermo Scientific) after 
50 µL of stop solution was added to each well. The amount 
of Akt present was presented as calculated values from  
the standard concentration and absorbance values.

Statistical analysis
The expression of the results was articulated as the average 
of three separate tests in comparison to the negative  
control. Data were recorded and analysed using Microsoft 
Excel®. One-way Analysis of Variance (ANOVA) was used 
to examine the data’ statistical significance. The significance 
level for the results was (*) p < 0.05. 

Ethical considerations 
The study does not ethical clearance as no human samples 
were used. Only cryopreserved ATCC cells were used. 

Results
Thin layer chromatography
The separated compounds were visualised with vanillin 
solution, resulting in the observation of different colours 
(Figure 1). Medicinal preparations HR4, HR7, HR8, HR9, 
HR11 and HR12 had similar blue spots with the same 
relative migration. The observed colour was indicative of 
presence of terpenoids, as previously reported by Karthika 

and Paulsamy (2015). A similar profile was observed with 
HR6 and HR9, which had distinctive red spots suggestive of 
presence of phenols (Jork et al. 1994; Lewis & Smith 1969; 
Wettasinghe, Shahidi & Amarowicz 2002). Medicinal 
preparations HR1, HR2 and HR10 had faint greyish spots, 
suggestive of present of sugars (Jork et al. 1994; Lewis & 
Smith 1969). Based on the observations, some medicinal 
preparations had similar phytochemical compounds, 
suggesting that these preparations contained at least one 
common plant component.

Phytochemicals 
For detection of phenols, the chromatogram was sprayed 
with diphenylamine solution, and a blue-black colour was 
indicative of the presence of phenols. Many of the selected 
medicinal preparations, with exception of HR4, HR7, HR10 
and HR13 revealed the presence of phenolic components 
(Table 1). The chromatogram was sprayed with ferric chloride 
solution, and a blue colour was indicative of the presence of 
glycosides. Only HR1, HR4, HR7 and HR11 showed the 
presence of glycosides (Table 1). Medicinal preparations 
were sprayed with Dragendorff’s reagent for detection of 
alkaloids. The emergence of a brown band was indicative of 
alkaloids. Medicinal preparations HR3, HR6, HR9 and HR11 
had a fair amount of alkaloids (Table 1), while no bands  
were observed for HR1, HR4, HR5, HR7, HR8, HR10, HR12 
and HR13. 

TABLE 1: Qualitative phytochemical analysis for detection of phenols, sprayed 
with diphenylamine solution, glycosides, sprayed with ferric chloride solution and 
alkaloids, sprayed with Dragendorff’s reagent on medicinal plants preparations.
Medicinal plant 
preparation

Phenols Glycosides Alkaloids

HR1 + + -
HR2 + - -
HR3 + - -
HR4 - + +
HR5 + - -
HR6 + - +
HR7 - + -
HR8 + - -
HR9 + - +
HR10 - - -
HR11 + + +
HR12 + - -
HR13 - - -

Note: Results reported as mean of three replicates.

FIGURE 1: Chromatogram for detection of phytochemical compounds on thin 
layer chromatography sprayed with vanillin-sulphuric acid solution on medicinal 
plants preparations.

HR1 HR2 HR3 HR4 HR5 HR6 HR7 HR8 HR9 HR10 HR11 HR12 HR13
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Glucose uptake 
After 1 h treatment of cells with the herbal preparations, 
the medicinal plant preparations resulted in a decrease in 
the amount of glucose in the media (Figure 2). HR1 
demonstrated a significant (p < 0.05) glucose uptake 
activity at lower concentrations (0.625 and 1.25 mg/mL)  
as compared to the negative control and insulin.  
A similar activity was observed with HR7, HR10 and HR11 
in a dose dependent manner at a higher concentration  
(5 mg/mL). 

After a 3 h incubation, the plant samples continued in 
decreasing the amount of glucose in the medium (Figure 3). 
HR1 significantly (p < 0.05) increased glucose uptake 
activity as compared to other traditional medicinal 
preparations, insulin and negative control. The activity was 
observed at the highest concentrations (2.5 and 5 mg/mL), 
respectively. Medicinal plant preparations HR3, HR8,  
HR11 and HR13 similarly resulted in a decrease in the 
amount of glucose in the media at 2.5 mg/mL. 

After 6 h incubation, both insulin and traditional medicinal 
preparations maintained the stimulation of glucose uptake  
in a concentration dependent manner (Figure 4). Significant 
glucose uptake activity was observed at 6 h compared to 1 
and 3 h. The traditional medicinal preparations HR1, HR11 
and HR12 significantly (p < 0.05) enhanced glucose uptake 
by the cells at 5 mg/mL compared to insulin and negative 
control. HR2 exhibited increased uptake activity at  
1.5 mg/mL, while HR13 was recorded at 0.625 mg/mL. 

Glucose transporter type 4 translocation
For this assay, traditional medicinal preparations (HR1, HR2, 
HR12 and HR13) were selected based on their influence on 
glucose uptake by C2C12 cells above. Fluorescence was 
measured at the cell surface of the treated C2C12 cells. Insulin 
and all selected traditional medicinal preparations improved 
GLUT 4 translocation as compared to the untreated control 
(Figure 5). Significant (p < 0.05) GLUT 4 translocation was 
observed with traditional medicinal preparations HR2 and 
HR13 at 1.25 mg/mL as compared to negative control.

Note: Neg is negative control and insulin as a positive control used at 0.0696 mM. Values are mean ± SD of three independent replicates.
*, The results were considered significant at p < 0.05.

FIGURE 2: Glucose measurement in C2C12 muscle cells after 1 h treatment with different concentration (mg/mL) of medicinal plant preparations (HR1, HR2, HR3, HR4, 
HR5, HR6, HR7, HR8, HR9, HR10, HR11, HR12 and HR13). 
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FIGURE 3: Glucose measurement in C2C12 muscle cells after 3 h treatment with different concentration (mg/ml) of medicinal plant preparations (HR1, HR2, HR3, HR4, 
HR5, HR6, HR7, HR8, HR9, HR10, HR11, HR12 and HR13). 
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Total insulin receptor substrate 1 expression
Following the observation that some of the traditional 
medicinal preparations improved glucose uptake as well as 
GLUT 4 translocation, it became necessary to investigate  
the link of these events to IRS-1 expression.

The study revealed that some of the traditional medicinal 
preparations led to the expression of IRS-1 (Figure 6). 
Traditional medicinal preparations HR13 significantly  
(p < 0.05) improved IRS-1 expression better than untreated 
controls. Similarly, there was an upregulated expression of 
IRS-1 by HR12 compared to the negative control. 

Total Akt phosphorylation
The activation of Akt, through phosphorylation on Ser-473, 
precedes GLUT4 translocation and glucose uptake. It was 
plausible to presume that the preparations that led to a high 
glucose uptake as well as increased GLUT-4 translocation 
would also stimulate an increase in the proportion of 
phosphorylated Akt. 

The results revealed that all traditional medicinal preparations 
with exception of HR2 enhanced the phosphorylation of Akt 
(pS473). Significant (p < 0.05) Akt phosphorylated was observed 
with traditional medicinal preparation HR11 (Figure 7).

Discussion
Insulin resistance in individuals with type 2 diabetes reduces 
the ability of peripheral tissue cells, such as adipocytes and 
skeletal muscle cells, to absorb and use glucose, which leads 
to inadequate systemic glucose homeostasis (Piero, Nzaro & 
Njaji 2014; Ruan & Dong 2016). This is the context in which 
we examined the impact of traditional herbal preparations 
on skeletal muscle (C1C12) cell glucose absorption and 
utilisation. It is against this background that we investigated 
the effects on glucose uptake and utilisation in skeletal 
muscle (C1C12) cells. It is important that as traditional 
medicinal preparations are used as alternative treatment for 
type 2 diabetes, their mechanism(s) of action be understood. 
The present study was conducted to determine the 
mechanism(s) involved in lowering glucose levels by 
traditional medicinal preparations. 

Note: Neg is negative control and insulin was used at 0.0696 mM. Values are mean ± SD of three independent replicates.
*, results were considered significant at p < 0.05.  

FIGURE 4: Glucose measurement in C2C12 muscle cells after 6 h treatment with different concentrations (mg/ml) of medicinal plant preparations (HR1, HR2, HR3, 
HR4, HR5, HR6, HR7, HR8, HR9, HR10, HR11, HR12 and HR13). 
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FIGURE 5: Glucose transporter type 4 translocation after 3--hr treatment of C2C12 cells with different concentrations (mg/ml) of medicinal plant preparations (HR1, HR2, 
HR12 and HR13) at 1 mg/mL. 
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Traditional medicinal preparations were screened for 
selected phytochemicals (phenols, glycosides and alkaloids). 
Phenols were detected in most medicinal preparations, and 
phenolic acids are known for their ability to increase glucose 
uptake and lipid profiles in chronic disease such as diabetes 
and its complications (Vinayagam, Jayachandran & Xu 2015). 
Phenolic compounds have garnered significant attention as 
potential treatments against free radical-mediated illnesses, 
namely DM, because of their powerful free radical scavenger 
properties (Gaikwad Mohan & Rani 2014). Glycosides were 
also noted in some of the medicinal preparations. Previous 
studies have shown that glycosides have anti-hyperglycaemic 
properties (Okonta & Aguwa 2007; Rawat et al. 2011; Zaidan 
et al. 2019). Absence of glycosides in majority of medicinal 
plants preparation is not surprising, as it was reported by 
Mosy (2017) that glycosides occur in small quantities in the 
seeds, leaves, stem, roots and bark of plants.

Similarly, the medicinal preparations had limited amounts of 
alkaloids. Presence of alkaloids in some of these medicinal 
preparations may be linked to their hypoglycaemic 
properties. Alkaloids are known to be active principles in 

some anti-diabetic medicinal plants (Aba & Asuzu 2018). 
In addition, a study by Sharma et al. (2013) reported an 
improvement of GLUT-4 and peroxisome proliferator 
activated receptor gamma activities by alkaloid-rich extracts 
of Capparis decidua.

There was relative increase of glucose utilisation by cells 
treated with medicinal preparations, which corresponded 
with the effect of insulin, suggesting that these preparations 
may possess insulin mimetic properties (Patel et al. 2012). 
Glucose utilisation significantly increased after 6 h incubation, 
which elicited an effect greater than that of insulin. This data 
indicated that the preparations have long-acting capability, 
displaying their activity after prolonged exposure (in a time-
dependent manner) (Al-Zuaidy et al. 2018; Vlavcheski et al. 
2017). A study by Zygmunt et al. (2010) and Seabi et al. (2016) 
similarly reported increased glucose uptake by muscle cells 
on Naringenin, Cassia abbreviata and Helinus integrifolius, 
respectively. 

The proper absorption of glucose by cells, including 
adipocytes and skeletal muscle cells, depends on the 

Note: Values are mean ± SD of three replicates. Neg, represents the negative control.
IRS-1, Insulin receptor substrate 1. 
*, p < 0.05 indicating significant differences of the negative control. 

FIGURE 6: Insulin receptor substrate 1 expressions on C2C12 cells after treatment with 1 mg/ml of medicinal plant preparations (HR1, HR2, HR11, HR12 and HR13) and 
Insulin (0.139 nM). 
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FIGURE 7: Akt phosphorylation (S473) in C2C12 cells after treatment with 1 mg/mL of medicinal plant preparations (HR1, HR2, HR11, HR12 and HR13) and Insulin at 0.139 nM. 
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translocation of GLUT-4 (Du et al. 2017). The effect of the 
selected traditional medicinal preparations on GLUT-4 
translocation revealed an increase in glucose absorption by 
cells compared to negative control. This may be because of 
translocation of GLUT-4 to the cell surface. Seabi et al. (2016) 
reported the link between glucose uptake by C2C12 cells and 
GLUT-4 translocation by a combination of Cassia abbreviata 
and Helinus integrifolius.

Akt and IRS-1 are two of the proteins that control the 
recruitment of glucose transporters to the plasma membrane, 
which is necessary for glucose absorption (Mabhida,  
Johnson & Ndlovu Mmosa 2019). This investigation revealed 
that the traditional medicinal preparations increased Akt 
phosphorylation and IRS-1 expression. HR11 was the  
best in stimulation of Akt, while HR12 and HR13 increased 
the expression of IRS-1 as compared to other traditional 
medicinal preparations. HR12 and HR13 came highly 
recommended by the traditional healer, thus explaining 
activity observed and their antidiabetic properties. These 
medicinal plant preparations lowered the amount of  
glucose via GLUT 4 translocation, expression of IRS-1 and 
phosphorylation of AKT, suggesting the possible involvement 
of the PI3/Akt pathway. In muscle and fat cells, Akt 
activation enhances GLUT 4’s translocation to the plasma 
membrane, which increases the cells’ absorption of glucose 
(Gao et al. 2014). The observed results explain the regulation 
of glucose uptake, by medicinal plant preparations, as there 
was stimulation in the major processes (Akt, IRS and GLUT 4 
translocation) involved in glucose uptake. The observed 
phenolic compounds might also be a contributing factor to 
the observed activity. The defect in GLUT4 expression and 
translocation results in major metabolic irregularities  
leading to diabetes (Gao et al. 2014; Msomi et al. 2019).

The HR2 demonstrated no effect on phosphorylation of Akt 
and the expression of IRS-1, thus indicating that glucose 
uptake by cells was not mediated through the PI3K/Akt 
pathways. However, despite the apparent evasion of the 
PI3K/Akt pathway, HR2 was able to stimulate glucose 
absorption and GLUT4 translocation through a different 
pathway, possibly the adenosine monophosphate-activated 
protein kinase (AMPK) pathway. Furthermore, HR1 
enhanced glucose uptake and GLUT 4 translocation, with 
stimulation of Akt independently of IRS, and thus, the 
AMPK pathway cannot be ruled out. One of the primary 
regulators of cellular energy balance, AMPK is a 
pharmacological target for medications that treat diabetes, 
including metformin (Gruzman, Babai & Sasson 2009; 
Mazibuko et al. 2013). Zygmunt et al. (2010) revealed that 
muscle cells treated with Naringenin enhanced absorption 
of glucose; AMPK phosphorylation was greatly elevated 
while Akt phosphorylation was not affected in a significant 
way. Mazibuko et al. (2013) reported that AMPK increased 
glucose uptake via GLUT 4 (non-insulin dependent 
pathway) in cells treated with Rooibos. Similarly, Msomi 
et al. (2019) reported that Warburgia salutaris activated Akt 
dependently on PI3K, but independently on IRS-1 with the 
expression of AMPK. 

The findings suggest the effectiveness of the medicinal  
plant preparations as possible traditional remedies for 
treatment of hyperglycaemia. Their use and effectiveness in 
traditional medicine may be attributed to their ability to 
stimulate glucose uptake.

Conclusion
Glucose uptake is stimulated by movement of GLUT 4 from 
within the cell to the membrane. The data led to the conclusion 
that HR12 and HR13 may be regarded as insulin mimickers as 
they increased glucose uptake via GLUT 4 translocation that 
appears to involve the PI3/Akt pathway. As a result, our 
findings corroborate the assertion and strongly imply that  
the chosen traditional medicinal preparations may have 
antidiabetic properties. These findings may improve our 
understanding of the hypoglycaemic effects of traditional 
medicinal preparations and encourage the use of traditional 
medicinal preparations as an alternative treatment for  
type 2 diabetes.

Strength and limitations
The limitations of this study were that the contents of the 
medicinal plant preparations were not known, as a result, 
active compounds could not be attributed to a specific  
plant. In addition, the traditional healers refused to divulge 
the information on the plant species used for each of the 
traditional medicinal preparation used. It would be beneficial 
to test each plant individually to observe whether same 
results will be observed and identify the active components 
to substantiate the current results.

Recommendations
Further tests like Gas Chromatography Mass, Spectrometry 
(GCMS) and Liquid Chromatography Mass Spectrometry 
(LCMS) need to be conducted to identify the individual 
active components of each plant extract to substantiate the 
current results.
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