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Abstract Type 2 diabetes mellitus (T2DM) is the most
common form of diabetes and it is characterized by high
blood sugar and abnormal sera lipid levels. Although the
specific reasons for the development of these abnormal-
ities are still not well understood, traditionally, genetic
and lifestyle behavior have been reported as the leading
causes of this disease. In the last three decades, the
number of diabetic patients has drastically increased
worldwide, with current statistics suggesting the number
is to double in the next two decades. To combat this
incurable ailment, orthodox medicines, to which eco-
nomically disadvantaged patients have minimal access
to, have been used. Thus, a considerable amalgamation
of medicinal plants has recently been proven to possess
therapeutic capabilities to manage T2DM, and this has

prompted studies primarily focusing on the healing as-
pect of these plants, and ultimately, their commerciali-
zation. Hence, this review aims to highlight the potential
threat of pollutants, i.e., polyfluoroalkyl compounds
(PFCs), endocrine disrupting chemicals (EDCs) and
heavy metals, to medicinal plants, and their prospective
impact on the phytomedicinal therapy strategies for
T2DM. It is further suggested that auxiliary research
be undertaken to better comprehend the factors that
influence the uptake of these compounds by these
plants. This should include a comprehensive risk assess-
ment of phytomedicinal products destined for the treat-
ment of T2DM. Regulations that control the use of PFC-
precursors in certain developing countries are also long
overdue.
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Introduction

The twenty-first century has seen an increase in chronic
and lifestyle-related diseases worldwide, some of these
being associated with high mortality rates, including
diabetes melliztus (DM). In fact, it has been indicated
that chronic diseases are the leading cause of death in the
world (Yach et al. 2004), with these diseases becoming
the dominant burden on health systems in many devel-
oping countries (Nugent 2008). From a South African
perspective, chronic diseases were reported to be the
main cause of death in 2000, and these included
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cardiovascular diseases and diabetes (Reddy 2003).
Similarly, CVD were reported as the second leading
cause of death in South Africa after HIV/AIDs
(Matsha et al. 2012), and recently, diabetes has been
added as a major risk factor for people infected by the
virus (Dimala et al. 2016; Isa et al. 2016; Moreira et al.
2016). Hence, DM has been described as a chronic
(Zimmet et al. 2001) and metabolic disorder (ADA
2014) with compound etiology and characterized by a
raised blood sugar, medically referred to as hyperglyce-
mia (Rehman et al. 2011). Accordingly, hyperglycemia
is said to be accompanied, in most cases, by changing
degrees of disrupted carbohydrate and fat metabolism
(Waugh and Grant 2014), and should not be confused
with normoglycemia, which is the normal blood sugar
concentration (ADA 2014). The World Health Organi-
zation (WHO) had previously indicated that DM is a
metabolic disorder of multiple etiology characterized by
chronic hyperglycemia with disturbances of carbohy-
drate, fat, and protein metabolism resulting from defects
in insulin secretion, insulin action, or both (WHO1999).

Moreover, in a human body, blood glucose levels are
controlled by two hormones, namely insulin and gluca-
gon (Waugh and Grant 2014). Both these hormones are
secreted by the pancreas, and are believed to perform
opposing actions (Bell et al. 1983; Ahrén et al. 2004).
Thus, insulin primary function is to lower raised blood
nutrient levels, including glucose, amino acids, and fatty
acids (Waugh and Grant 2014), while the glucagon, on
the other hand, unlike its counterpart, the insulin, in-
creases blood glucose levels by means of glycogenoly-
sis, i.e., the conversion of glycogen to glucose (Bell
et al. 1983; Ahrén et al. 2004; Waugh and Grant
2014). Additionally, glucose is seen as a source of
energy for the cells that make up muscles and other
body tissues, and comes from one major source, namely
food (including plants). According to Rodriguez (2004),
carbohydrates that are consumed become blood glucose
and are used by the body. It is thus understood that, if we
do not use this glucose, the body stores it, and ultimately
becomes fat (Rodriguez 2004), leading to obesity and a
risk of developing diabetes (Russell-Jones and Khan
2007; Daniele et al. 2014). Similarly, when the body
becomes incapable of making sufficient quantities of
insulin, or, is unable to use insulin effectively, or the
combination of both, this can potentially culminate into
diabetes. Additionally, DM has been recently referred to
as an endocrine-related disease and disorder (Bergman
et al. 2013; Birnbaum 2013), suggesting it is related to

the functioning of the endocrine system. For example,
Alberti and Zimmet (1998) indicated that various path-
ogenic processes are involved in the development of
diabetes, among which some processes related to the
destruction of beta cells in organs such as the pancreas,
are included (Bloom 2012; Petzold et al. 2015).

Furthermore, it has been indicated that there are
different cases of DM, of which the most cases fall into
two wide etiopathogenetic categories, namely type 1
diabetes (T1D) and type 2 diabetes (T2D) (ADA
2014). Accordingly, available data has suggested that a
deficiency in insulin secretion leads to T1D, while a
combination of resistance to insulin action and an insuf-
ficient compensatory insulin secretory response are al-
legedly responsible for T2D (WHO 1999; ADA 2014).
Similarly, there is a strong link between type 2 diabetes
mellitus (T2DM) with overweight and obesity, age in-
crease, ethnicity, and family history (IDF 2017). On the
other hand, recent evidence on dietary factors has further
reported an association between excessive consumption
of sugar-sweetened beverages and risk of T2DM (Malik
et al. 2010; Imamura et al. 2015; IDF 2017). Hence,
Table SM1 and Figure SM1 depict disorders of glyce-
mia: etiological types and clinical stages and etiological
classification of disorders of DM (provided as supple-
mentary material).

Type 2 diabetes mellitus and the role of pollutants

Polyfluoroalkyl compounds and diabetes

Polyfluoroalkyl compounds (PFCs) have been de-
scribed as new emerging persistent organic pollutants
(POPs) (Corsini et al. 2014), and they cover a wide
assortment of anthropogenic chemicals that were
manufactured between the late 1940s and to date
(Jiang et al. 2015; Niu et al. 2016) using electrochemical
fluorination and telomerization (Banks et al. 2013; Jiang
et al. 2015). These compounds have unique physico-
chemical properties, such as chemical stability, hydro-
phobicity, oleophobicity, etc. (Gao et al. 2015; Zhang
et al. 2015; Hidalgo and Mora-Diez 2016). Hence, ow-
ing to these properties, PFCs have been widely used in
many consumer products, including carpets, textiles,
packaging products, leather, home furnishings, paper
products, non-stick cookware, and numerous cleaning
products (Kotthoff et al. 2015; Bečanová et al. 2016).
Additionally, there are several hundred types of PFCs
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(Martin et al. 2006; Ahrens 2009), of which
perfluorooctanoate (PFOA) and perfluorooctane sulfo-
nate (PFOS) are the most studied and documented (Stahl
et al. 2009; Lechner and Knapp 2011). Consequently,
various PFCs have been found to bioaccumulate and be
persistent in numerous environmental matrices (Naile
et al. 2013) including plants and freshwater sources
(Naile et al. 2013; Mudumbi et al. 2014a, b) and fish
species (Shi et al. 2012; Naile et al. 2013). Subsequently,
as a result of excessive use and the persistence of PFCs,
the compounds have now been detected in human sera
(Whitworth et al. 2012a; Guerranti et al. 2013; Bao et al.
2014; Predieri et al. 2015; Manzano-Salgado et al.
2016), which has led to worldwide concerns, particular-
ly since the compounds’ probability of causing diseases
has emerged. Hence, new evidence has indicated a
strong relationship between POPs, obesity, and the de-
velopment and/or leading to T2DM and other life-
threatening diseases (Airaksinen et al. 2011; Bourez
et al. 2012, 2013; La Merrill et al. 2013; Taylor et al.
2013; Ljunggren et al. 2014; Magliano et al. 2014; Myre
and Imbeault 2014; Pereira-Fernandes et al. 2014;
Reaves et al. 2015). Recent evidence has shown a global
increment in obesity/overweight cases by 27.5% in
adults and 47.1% in children between 1980 and 2013
(Whitworth et al. 2012a, b; Ng et al. 2014). As such, the
rising rate of obesity is regarded as an unequivocal
contributor to the global diabetes epidemic and its se-
quel. The fact that the increase in obesity and diabetes
worldwide is occurring over a period of a few decades
underscores the interplay between the various factors
that relate to the development of diabetes. Lately, there
has been increased evidence suggesting polyfluoroalkyl
compounds, i.e., PFOA and PFOS, as possible contrib-
utors to diabetes development (Chen et al. 2012a, b, c;
Whitworth et al. 2012a, b; Eriksen et al. 2013; Karnes
et al. 2014), in particular T2DM. For example, studies
by Chen et al. (2012a, b, c) reported an association
between the levels of PFCs and infant’s birth weights
in relation to childhood DM development. Previously, it
has been argued that low birth weight may be linked to
adult diseases, including diabetes (Barker and Osmond
1986; Chen et al. 2012a, b, c). Additionally, a positive
association was observed between PFCs (i.e., PFOA
and PFOS) and a high total cholesterol in humans by
Eriksen et al. (2013), as well as in a similar study by
Fletcher et al. (2013); with cholesterol levels being
significantly associated to diabetes development (Patel
et al. 2010; Costacou et al. 2011; Seneff et al. 2012), in

particular T2DM (Booe 2016), although a recent study
examining the relationship between exposure to PFOA
and T2DM concluded that there is minimal direct asso-
ciation between PFCs and T2DM (Karnes et al. 2014).
However, it should be indicated that PFOA concentra-
tions used in this study were estimated, which, in our
view, suggests inaccuracy, while the compound’s half-
life in humans was not indicated, and the investigation
did not state whether the participants were on medica-
tion, and what were the implications of this aspect on the
outcomes being reported. Thus, all of the aforemen-
tioned limitations have suggested inconclusive related-
ness between PFCs and diabetes. Similarly, this research
niche requires further investigations. In fact, it was
argued that PFCs have capabilities to interfere with fatty
acid metabolism, which suggest possible risk factors for
metabolic disorders (Costa et al. 2009; Steenland et al.
2010; Corsini et al. 2014).

Additionally, Eriksen et al. (2013) revealed that DM
which may trigger cholesterol synthesis was associated
with PFOA and PFOS, but the study warned that, for an
accurate interpretation, similar studies were required.
Moreover, an association was found between the
in vivo expression of genes involved in cholesterol
metabolism and exposure to PFOA including PFOS;
an indication of feasible links between exposure to these
chemicals and chronic diseases such as T2DM (Fletcher
et al. 2013). Furthermore, it was previously reported that
PFCs were significantly correlated with DNA hypome-
thylation (Guerrero-Preston et al. 2010), which is
regarded as the loss of the methyl group in the 5-
methylcytosine nucleotide (Peinado 2012). Consequent-
ly, DNA hypomethylation has been previously associ-
ated with chronic diseases, including diabetes (Pogribny
and Beland 2009; Guerrero-Preston et al. 2010).

In another study, it was revealed that there is an
association between high concentration levels of PFOS
and PFOA in blood serum with the body mass index
(BMI) of individuals on which the study was conducted
(Ji et al. 2012). Although, the analysis of diabetes risk
was not reported in this study, it was however important
to indicate that the correlation between BMI and diabe-
tes has previously been investigated in other studies,
including a study by the World Health Organization
(Barba et al. 2004), Berrington de Gonzalez et al.
(2010), Taylor et al. (2010), Zheng et al. (2011), Ogden
et al. (2014), and Ng et al. (2014). Recently, it was also
revealed that higher serum levels of PFOS may be a
contributing factor for individuals being susceptible to
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developing T1DM (Predieri et al. 2015). These results
were consistent with those reported the following year
by Su et al. (2016) as far as exposure to PFOS by
workers was concerned. However, the study further
indicated that those exposed to PFOA, PFNA, and
PFUA showed a lower risk of developing T2DM, al-
though, a cross-sectional study found that higher PFC
levels were associated with higher insulin levels, higher
beta cell activity, higher insulin resistance (HIR), and
higher triglycerides, in overweight children, than in
those whose weights were normal (Timmermann et al.
2014). Indicatively, HIR is a sign that T2DM patients
are insulin resistant, which makes their body tissues to
respond sluggishly to the insulin (Booe 2016). Similar
studies have reported that perfluorononanoic acid
(PFNA) was significantly related to T2DM in a non-
linear manner, with PFOA being related to insulin se-
cretion, while none of the compounds was associated to
insulin resistance (Lind et al. 2014). From this study, it is
believed that the significant non-linear relationship be-
tween PFNA and diabetes supports the view that this
substance, i.e., PFNA, has the potential to influence
glucose metabolism in humans (Lind et al. 2014).

Generally, it was indicated that environmental PFC
exposure has the potential to influence risk of metabo-
lism syndrome (Wang et al. 2017), which has previously
been identified as a multiplex risk factor for CVD by the
Treatment Panel III report (ATP III) (Grundy et al. 2004)
and characterized by six components, namely obesity,
atherogenic dyslipidemia, raised blood pressure, insulin
resistance and/or glucose intolerance, and proinflamma-
tory and prothrombotic states (Grundy et al. 2004).
Based on these components, Wang et al. (2017) further
suggested that PFCs could increase the metabolism
syndrome risks including T2DM. Additionally, a study
from Korea has indicated that intense vitamin C supple-
mentation to patients reversed the effects of PFC levels
which are associated with insulin resistance (Kim et al.
2016). Thus, these authors suggested that enriched diets
with vitamin C are to be part of the patients’ diet, as it
has a potential to reduce the adverse effect of the PFCs.
However, risks of such an intensive treatment are real,
which ultimately can lead to hypoglycemia, also called
low blood glucose (NIH 2008), further suggesting that
precautionary measures are required when managing
DM.

As for endocrine disrupting chemicals (EDCs), Su
(2016) has positively linked PFCs as one of the contrib-
utory synthetic chemicals which significantly influence

the risk of T2DM and subclinical CVD, a suggestion
echoed by Lee (2016). Previously, Casals-Casas and
Desvergne (2011) reported on the possibility of PFCs
acting as EDCs, a report which was consistent with that
of Du et al. (2013) who argued that PFOS had the
capability to act as an endocrine disruptor both in vitro
and in vivo by disrupting the function of nuclear
hormone receptors. This argument was elucidated by
Bergman et al. (2012) suggesting that, indeed, PFCs
must be included in the category of EDCs. Hence,
Lind and Lind (2016) suggested that environmental
contaminants with endocrine disrupting properties could
be potential classical risk factors for CVD (Kirkley and
Sargis 2014), such as diabetes, hypertension, obesity,
etc. This can be attributed to new evidence from current
reports that have indicated the prevalence of EDCs and
PFCs in products used daily by humans, including plas-
tic bottles, cans, cosmetics and pesticides, and processed
foods manufactured using processes in which EDCs and
PFCs have been used in one form or another (Lind and
Lind 2012; Nohynek et al. 2013; Rousselle et al. 2013;
Chevalier and Fénichel 2015; Rosenmai et al. 2016;
Bečanová et al. 2016). As such, some studies, including
that of Chevalier and Fénichel (2015), have suggested
prolonged exposure to EDCs as a new DM emerging
contributing factor; although previously, Polyzos et al.
(2012) established the link between EDCs and insulin
resistance. Similarly, it was recently argued that a wide
range of environmental contaminants with endocrine
disrupting properties has the potential of leading to the
development of several classical risk factors of CVD,
including diabetes, hypertension, obesity, hyperlipid-
emia, and the metabolic syndrome (Lind and Lind
2016). Hence, a higher intake of nitrates, nitrites, and
N-nitroso compounds, as well as higher serum levels of
PCBs, and 2,3,7,8-tetrachlorodibenzo-p-dioxin have all
been associated with diabetes (Vasiliu et al. 2006;
Navas-Acien et al. 2006, 2008).

Additionally, recent cross-sectional and prospective
studies have reported that serum concentrations of di-
oxins, PCBs, and chlorinated pesticides were signifi-
cantly associated with T2DM risk (Song et al. 2016),
with other studies associating chlorinated dibenzo-p-
dioxins, chlorinated dibenzofurans, and PCBs to
diabetes. Evidence has emerged from Thompson
(2014) and Mori et al. (2014) demonstrating that all
the three POPswere found to be associated with diabetic
nephropathy. Additionally, a study by Lignell et al.
(2013) indicated a significant association between
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POPs, i.e., PCBs and polybrominated diphenyl ethers
(PBDEs) and birth weight, while high dioxin levels have
been linked to increased risk of diabetes (Palioura and
Diamanti-Kandarakis 2015). Also, bisphenol A and
phthalate metabolites were associated with diabetes in
a study conducted by Sun et al. (2014). There is an
indication that mankind’s daily life is subjected to the
exposure of a wide range of EDCs, some being present
in the air, water, and soil on which our food is cultivated,
prepared, and served (Kabir et al. 2015). Similarly,
various studies have detected PFCs in these
abovementioned environments (Miralles-Marco and
Harrad 2015). Thus, Table 1 depicts the use of some
common EDCs and PFCs, while Fig. 1 illustrates the
EDC pathways into humans, conduits which can also be
associated with PFCs as well.

Type 2 diabetes mellitus and heavy metals

Heavy metals are naturally and anthropogenic occurring
chemical elements (Tchounwou et al. 2012), known to
be persistent in the human body, due to their excretion
half-lives that can last for decades (Qu et al. 2012), a

statement which has been in contradiction with that of
Bergman et al. (2012). Nevertheless, Mattina et al.
(2003) have demonstrated that plants can concurrently
uptake both heavy metals and POPs present in soil.
Thus, heavy metals have included compounds such as
arsenic (As), mercury (Hg), lead (Pb), cadmium (Cd),
chromium (Cr), etc. Like their counterparts, i.e., PFCs,
heavy metals have also been classified in the category of
persistent substances (Casals-Casas and Desvergne
2011; Kim et al. 2014). Humans get exposed to heavy
metals through inhalation of dust, direct ingestion of soil
and water, dermal contact of polluted soil and water, and
consumption of vegetables grown on contaminated
lands (Qu et al. 2012). Once they have entered the
human body, these chemicals can lead to a wide range
of toxic effects, including carcinogenicity, mutagenicity,
and teratogenicity (Thomas et al. 2009; Putila and Guo
2011; Tchounwou et al. 2012; Qu et al. 2012).

Thus, various epidemiological studies have reported
a high correlation between levels of toxic metals expo-
sure and increased risks of diabetes. For example, a
study found that levels of all these metals, i.e., As, Cd,
and Pb, were significantly higher in women with

Table 1 Examples of some common EDCs and their uses

Human commonly used EDCs Uses References

DDT, chlorpyrifos, atrazine,
2,4-dichlorophenoxyacetic acid,
glyphosate

Pesticides Kabir et al. 2015; de
Arcaute et al. 2016

Lead, cadmium Children’s products Exley et al. 2015; Giudice 2016

BPA, phenol Food contact materials Kabir et al. 2015; Yurdakök 2015

Brominate flame retardants, PCBs Electronics and building materials Peverly et al. 2015; Al-Omran
and Harrad 2016

Triclosan Antibacterials Renko et al. 2017;
Ginsberg and Balk 2016

Perfluorochemicals Textiles, clothing, food packaging,
firefighting foams, photography, etc.

Rosenmai et al. 2016;
Bečanová et al. 2016

Parabens, glycol ethers,
fragrances, cyclosiloxanes

Cosmetics, personal care products, cleaners Nicolopoulou-Stamati et al. 2015;
Gabb and Blake 2016

Tributylin Antifoulants used to paint the
bottom of the ship

Daszykowski et al. 2015;
Noring et al. 2016;

Phthalates Personal care products, medical tubing,
cosmetics, personal care products,
cleaners, children’s products,
food contact materials

Kabir et al. 2015; Schantz et al.
2015; Exley et al. 2015;
Arbuckle et al. 2014

Nonylphenol (alkylphenols) Surfactants—certain kinds of detergents
used for removing oil and their metabolites

Niu et al. 2015; Xu et al. 2016

Ethinyl estradiol (synthetic steroid) Contraceptive Mennenga et al. 2015;
Suvarna et al. 2016

Environ Monit Assess  (2018) 190:262 Page 5 of 23  262 



diabetes and their infants than in the women without
diabetes and their new-borns (Kolachi et al. 2011).
Similarly, recent evidence found that aluminum (Al),
titanium (Ti), cobalt (Co), nickel (Ni), copper (Cu), zinc
(Zn), selenium (Se), rubidium (Rb), strontium (Sr), mo-
lybdenum (Mo), Cd, antimony (Sb), barium (Ba), tung-
sten (W), and Pbwere all associated with diabetes (Feng
et al. 2015), as well as Cr, iron (Fe), manganese (Mn),
and Hg (Forte et al. 2013). Hence, Liu et al. (2014a, b)
have associated Ni with T2DM, higher fasting glucose,
higher average glucose (HbA1c), higher insulin levels,
and increased insulin resistance, a metabolic abnormal-
ity that characterizes individuals suffering from T2DM;
although, Kuo and Navas-Acien (2015) have suggested
that the link of Ni to diabetes still needs further evalua-
tion. Similarly, type 2 diabetic samples were found to
have 0.89 ng/ml ofNi in the blood relative to 0.77 ng/ml
in the control samples (Forte et al. 2013; Khan and
Awan 2014). Additionally, Zn, a key role player in the
storage and secretion of insulin was linked to T2DM;
hence, it was found that Zn transporter (ZnT8) (Feng
et al. 2015), a key protein that regulates insulin secretion
from the pancreatic β–cells, was associated with T2DM
(Wijesekara et al. 2010; Khan and Awan 2014; Feng
et al. 2015). Table 2 depicts comparison concentration
levels of heavy metals in populations suffering from T1
and T2DM. Recently, data from an epidemiological

study found that the levels of urinary Cu, Zn, As, Se,
Mo, and Cd were significantly higher in T2DM cases
and those that have been identified as having a high risk
of hyperglycemia (Liu et al. 2016a, b). These findings
are consistent with those of Li et al. (2017). It was,
however, suggested, in both studies, that further inves-
tigations that encompass a larger sample size were re-
quired to validate the results reported. Hence, an in-
creased obesity due to Ba has been recently demonstrat-
ed in children, while Cd, Pb, and Co led to weight loss
in the same study (Shao et al. 2017). Thus, although
heavy metals have been proven to be potential risk
factors in the development T2DM, the inconsistency
observed in various results has suggested that more
studies need to be conducted, even in the area of diabe-
tes control and prevention.

Air pollution and type 2 diabetes mellitus

Humans get exposed to pollutants in various ways, such
as in- and out-door exposure (Tsakas et al. 2011).
Hence, Braniš (2010) has argued that once a pollutant
has been discharged and/or formed in the air, ultimately
leading to air pollution, it becomes unlikely not to get
exposed to this pollutant, for the simple reason that
people breathe polluted air continuously. Thus, accord-
ing to Teichert and Herder (2016), air pollution
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represents an uncontested environmental risk factor for
several health conditions, including CVDs (Miller et al.
2007; Teichert and Herder 2016).

Furthermore, a variety of evidence has suggested that
long-term exposure to air pollution and/or pollutants,
facilitates the development and progression of T2DM
(Chen et al. 2012a, b, c; Liu et al. 2013; Balti et al. 2014;
Park and Wang 2014; Eze et al. 2015; Meo et al. 2015;
Dzhambov and Dimitrova 2016; Liu et al. 2016a, b;
Teichert and Herder 2016; Park 2017). For instance, Liu
et al. (2016a, b) reported an increment in PM2.5 which
was significantly associated with increased T2DM prev-
alence. From this study, it was suggested that long-term
exposure to particulate material or PM2.5 had a potential
to increase the risk of T2DM development. Similarly, a
strong association between T2DM and PM2.5, PM10,
nitrogen dioxide (NO2), and other pollution-related gas-
es was made (Meo et al. 2015). Liu et al. (2016a, b) and
Meo et al. (2015) findings were consistent with those
recently reported by He et al. (2017) and Esposito et al.
(2016), and previously by Liu et al. (2014a, b); Wang
et al. (2014); Janghorbani et al. (2014); Pope et al.
(2014); Thiering et al. (2013); Coogan et al. (2012)
and Xu et al. (2011).

Additionally, evidence demonstrating the prevalence
of PFCs in the atmosphere (De Silva et al. 2012; Wang
et al. 2013; Dreyer et al. 2015; Kwok et al. 2015; Yao et al.
2016) has further elucidated risks associated with polluted
air. For instance, perfluorohexanoic acid (PFHxA),
perfluoroheptanoic acid (PFHpA), perfluorobutane sul-
fonic acid (PFBS), including polyfluoroalkyl phosphate
diesters (DiPAPs), and perfluoroalkyl acids (PFAAs) were
higher (78–98%) in urban outdoor dust, compared to
PFHxA, PFHpA, and PFBs which were less than 60%

(Yao et al. 2016). Nevertheless, despite this amalgamation
of evidence linking air pollution and/or pollutants and the
risk of T2DM, a recent report has suggested that there is
insufficient evidence attributing a proportion of the risk of
T2DM to air pollution-related immune activation, nor to
the extent which the risk of T2DM can be reduced by
reducing air pollution levels (Teichert and Herder 2016).
This argument was in agreement with what was previous-
ly regarded as high risk of bias (Eze et al. 2015). This has
further suggested that more research is required, to assess
the impact of air pollution to the prevalence of T2DM
cases in certain countries (Liu et al. 2016a, b), in particu-
lar, those in which outdoor and indoor air pollution have
been reported to be high, for instance, developing coun-
tries (Eze et al. 2015).

Medicinal plants in the treatment of diabetes
and their risk of contamination by pollutants

To date, there has been no generally accepted cure for
diabetes. This has led to the disease being regarded as a
lifetime ailment, particularly T2DM (Saudek 2009;
Blasi 2016). Nevertheless, pancreas or islet transplants
have been portrayed as a feasible cure (Buse et al. 2009;
Saudek 2009; Blasi 2016). However, the costs associat-
ed with such treatment methods for diabetes have been
said to be unaffordable, particularly by lower income
patients in developing countries, albeit, the procedure
that still requires detailed investigation (Tahrani et al.
2011). This has further suggested that an alternative
treatment is needed for patients who cannot afford the
costs associated with DM management.

Table 2 Heavy metals concentration comparison in both types of diabetes (Forte et al. 2013)

Heavy metals (ng/ml)

Cr Cu Fe (μg/ml) Hg Mn Ni Pb Se Zn

Sample and gender Control F 0.75 1046 519 3.63 15.4 0.82 22.1 141 6627

M 0.85 977 591 3.12 12.5 1.03 31.7 142 7317

T1DM F 0.65↓ 1080 496 2.78 9.30↓ 0.72↓ 15.9↓ 136 5965

M 0.71↓ 967 571 3.00 8.59↓ 0.80↓ 22.4↓ 143 6600

T2DM F 0.76 1099 498 4.16 12.9 0.80 22.3 136 6595

F 0.66 997 522 3.26 9.93 0.75 31.6 145 6506

F, female; M, male

↓Significantly lower than in controls
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Nonetheless, there has been enough evidence sug-
gesting a healthy lifestyle (Meltzer 2014; Coppola et al.
2016; Raidl and Safaii 2015)—including diet and regu-
lar physical exercises (Evert et al. 2013; Safaii and Raid
2013)—and insulin intake (Swinnen et al. 2010; Heller
et al. 2012) as per clinical recommendations—can make
a difference in a diabetic patient’s life. Hence, a study by
Garber et al. (2012) has argued that the pharmacokinetic
properties of prescribed insulins by physicians should
bewell understood to avoid risk of hypoglycemia and its
consequences, particularly in T2DM cases. On the other
hand, a study by Bartley et al. (2008) has indicated the
possibility of weight gain by a patient on insulin therapy,
which may complicate the patient’s clinical outcomes,
while Ali et al. (2006) has suggested that due to the
unbearable side effects associated with the use of insu-
lin, new types of diabetes therapeutics are required.
Additionally, oral antihyperglycemic agents, including
canagliflozin (Schernthaner et al. 2013; Inagaki et al.
2015), empagliflozin (Zinman et al. 2015), sitagliptin
(Green et al. 2015), liraglutide (Marso et al. 2016a), and
semaglutide (Marso et al. 2016b), have all been proven
to be effective in the management of T2DM. For in-
stance, in T2DM patients who have a high cardiovascu-
lar risk, death rates were significantly lowered among
those who were on semaglutide treatment than in the
placebo group (Marso et al. 2016b). A similar trend was
observed in those on liraglutide (Marso et al. 2016a),
results which were in agreement with those previously
reported by Zinman et al. (2015) on patients receiving
empagliflozin for T2DM therapy. It is worth indicating
that, although it was suggested that, canagliflozin and
sitagliptin were also effective drugs (Schernthaner et al.
2013 and Green et al. 2015), and previous evidence
reported that canagliflozin was associated with in-
creased genital infections in T2DM patients
(Schernthaner et al. 2013). Donath (2014) further indi-
cated that several anti-diabetic drugs are associated with
adverse effects, with gastrointestinal symptoms in pa-
tients treated with metformin being the most problem-
atic and hypoglycemia and weight gain in patients treat-
ed with sulfonylureas. Currently, it has been indicated
that insulin remains the preferred treatment for glycemic
control in hospitalized patients (ADA 2016).

Moreover, the use of medicinal plants and/or prod-
ucts has, in the last decade, been suggested to be a
potential new breakthrough in the battle against various
diseases (Vlietinck et al. 2015), including T2DM
(Davids et al. 2016). Thus, numerous studies have

highlighted the anti-diabetic potential of several hun-
dred plants (Afolayan and Sunmonu 2010; Chen et al.
2012a, b, c; Keter and Mutiso 2012; Semenya et al.
2012; Street and Prinsloo 2012; Tag et al. 2012;
Mahomoodally 2013; Zapata et al. 2013; Arise et al.
2014; Cock 2015). Additionally, it has been further
indicated that plants’ constituents, such as glycosides,
alkaloids, tocoherols, flavonoids, carotenoids, polyphe-
nols, steroids, etc., possess anti-diabetic activity
(Malviya et al. 2010; Ayeleso et al. 2013; Ayepola
et al. 2014a; Oyenihi et al. 2015). The benefits of
medicinal plants and/or products and their hypoglyce-
mic effects in the management of T2DM have over-
whelmingly been confirmed by an assortment of studies
(Semenya et al. 2012; Street and Prinsloo 2012; Ayepola
et al. 2014a, b).

In the sub-Saharan African region, in particularly,
medicinal plants have played a major role in combating
the disease due to prohibitive cost of orthodox medicine
and the low incomes of many of its populations
(Mounanga et al. 2015), thus suggesting these medi-
cines to be the more accessible and affordable by local
communities in this African region (Mahomoodally
2013). However, although very promising, sub-
Saharan medicinal plants have been subjected to numer-
ous challenges (Moyo et al. 2015). For instance, the
conservation of natural resources such as plants remains
a worldwide challenge (Moyo et al. 2015), which has
been exacerbated in sub-Saharan Africa, where pollu-
tion and other factors, e.g., the overexploitation of these
resources for diverse purposes, including medicinal uses
(Iwu 2014; Moyo et al. 2015; Davids et al. 2016) have
render conservation efforts difficult. Table 3, on the
other hand, illustrates selected medicinal plants that are
believed to be at risk of being contaminated by pollut-
ants in South Africa, for example, where a recent study
reported a wide use of medicinal plants by diabetic
patients (Davids et al. 2016), although the sufferers
being prescribed allopathic therapy by physicians. This,
ultimately, suggests the trust vested in medicinal plants
as compared to orthodox medication. In addition, recent
studies have reported that DM, in particular cases of
T2DM, which previously were rare in developing coun-
tries, have risen recently in these countries, with 80% of
new cases of DM worldwide now being reported in
developing states, thus including the sub-Saharan region
(Chan et al. 2009; Shaw et al. 2010; Chen et al. 2012a, b,
c). Therefore, to adequately address this increment in
DM cases, Mahomoodally (2013) has suggested that
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potential risk factors, such as contamination with heavy
metals, be addressed, coupled with the development and
enforcement of regulatory guidelines, of which one of
its aims should be to eradicate and/or keep to a mini-
mum these factors (Mahomoodally 2013). Additionally,
unlike in the developed world, where efforts to control
and regulate the use of PFCs and its precursors have
been strongly established, in the sub-Saharan region,
this still is not the case. In South Africa, for instance,
PFCs are simply referred to as pollutants of concern in
the National Environmental Management Air Quality
Act of 2004, but no specificities are provided in terms of
their usage in the country. In our opinion, this should
urgently be addressed, particularly in a country such as
South Africa where agriculture, a major source of PFCs
intake (Löfstedt Gilljam et al. 2015), plays an important
economic role. Subsequently, the lack of adequate reg-
ulations on the use of PFCs, in sub-Saharan Africa, also
represents challenges to the observed increase in the use
of traditional medicinal plants, to treat T2DM, as a
substitute for an expensive orthodox therapy.

On the other hand, although in recent years there
has been a witnessed increase in the use of medicinal
plants and/or products (Eldeen et al. 2016), the aban-
donment of orthodox medicines, of which some have
been reported to be contaminated with excessive or
banned pesticides, microbial contaminants, heavy
metals, and chemical toxins (Chan 2003), should be
a primary concern at this stage. Concerns have been
reported over the possibility of medicinal plants and/or
products being contaminated with POPs and other new
emerging pollutants, if they are grown under a con-
taminated environment or during collection of these
plant materials, as well as if they are treated and stored
under unsuitable conditions (Chan 2003). Recent stud-
ies have addressed the uptake of PFCs and/or EDCs
by plants, some of which have been edible crops
(Blaine et al. 2014; Lee et al. 2013; Yang et al.
2015; Bizkarguenaga et al. 2016; Kurwadkar et al.
2017; Zhao and Zhu 2017). Furthermore, results from
Lee et al. (2013) provided evidence of soil biodegra-
dation of DiPAPs and their subsequent uptake includ-
ing their intermediate by-products uptake into plants,
while Bizkarguenaga et al. (2016) determined the
highest bioconcentration factors (BCFs) for PFOA
and PFOS in carrot (Daucus carota), with PFCs being
found in all plants grown in a biosolids-amended soil
(Wen et al. 2016). Similarly, the uptake of PFOA led
to root growth impairment in wheat seedling process

(Zhou et al. 2016a, b), with Zhao et al. (2017)
reporting a high root uptake of four perfluorinated
carboxylic acids (PFCAs) by wheat.

Moreover, it has been argued that, due to the wide-
spread prevalence of heavy metals in the environment,
their residues have reached the entire ecosystem, leading
them to assimilate into medicinal plants (Sarma et al.
2012). Thus, Ba, Cr, Cd, Fe, Sr, Pb, and Zn were found
in medicinal plants (Gjorgieva et al. 2010), which
prompted the authors to suggest that these plants should
be collected in areas free of any contaminants. A similar
study determined Fe, Ti,Mn, Cr, Cu, Ni, Zn, Sr, and Ba
in Hemerocallis minorMiller, a plant used in folk med-
icine, using the non-destructive X-ray fluorescence
spectrometry (XRF), which suggested that, prior to
using plants for medicinal purpose, it is vital to assess,
above all, the plants’ heavy metal content (Chuparina
and Aisueva 2011). Street (2012) further concluded that
exposure to heavy metal in medicinal plant products has
the potential to cause countless health implications in-
cluding liver and kidney failure. Previously, a link be-
tween liver and kidney failure and T2DM has been
established (Inzucchi et al. 2012; Mudaliar et al. 2013;
Kohan et al. 2014). Similarly, another research study
indicated heavy metal stress has the potential to decrease
the total antioxidants level in medicinal plants
(Gjorgieva et al. 2013).

In South Africa, various research studies have report-
ed on the contamination of the natural environment—
water, soils and sediments, plants—by heavy metals
(Olujimi et al. 2015), including emerging pollutants,
such as PFCs (Mudumbi et al. 2014a, b, c), thus sug-
gesting that the medicinal plants and/or products (see
Table 3) are at risk of being contaminated by PFCs. This
further suggests that these products might constitute a
pathway to humans being exposed to these compounds.
In addition, recently, a study by Hanssen et al. (2010)
reported higher concentrations of PFCs (i.e., PFOA and
PFOS) in human serum; of which, the exposure path-
ways in South Africa remain unknown. Thus, the evi-
dence on the contamination of the natural environment
in general, and that of medicinal plants and/or products,
in particular, by POPs and allegedly by new emerging
pollutants, such as PFCs, has brought quality, efficacy,
and safety concerns with regard to the use of these
commodities (Chan 2003; Adewunmi and Ojewole
2006). However, to our knowledge, there is limited
information on the threats of emerging POPs, for in-
stance PFCs, to medicinal plants and/or products, and
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ultimately, to diabetic patients who rely on these plants
and/or their products for the management of the disease.

Therefore, it is important that, while many plants are
being explored for their anti-diabetic potential, it is also
necessary that research studies diversify their

investigations on the susceptibility of these plants to
emerging pollutants, i.e., PFCs, since arithmetical pro-
jections have demonstrated that the number of diabetes
cases will rise in decades to come, suggesting that
successful anti-diabetic drugs can be synthesized from

Table 3 Selected medicinal plants used to treat T2DM and potentially threatened by pollutants in South Africa

Plant species (Family) Common or vernacular names Compartments
used

References

Sutherlandia frutescens
(Fabaceae)

Cancer bush (Eng.) Leaves, and
often whole
plant

Drewes et al. 2006; van Wyk and
Albrecht 2008; Street and Prinsloo 2012

Moringa oleifera
(Moringaceae)

Makgonatˇsohle (Sipedi),
drumstick tree (Eng.)

Seeds and leaves Semenya et al. 2012

Artemisia afra
(Asteraceae)

African wormwood (Eng.) Leaves and roots Erasto et al. 2005; Thring and Weitz 2006;
Van Wyk 2008; Afolayan and Sunmonu 2010

Cannabis sativa L.
(Cannabaceae)

Dagga (Afr.) Leaves van de Venter et al. 2008

Aloe ferox Mill.
(Asphodelaceae)

Cape aloe or bitter aloe (Eng.) Leaves Deutschländer et al. 2009; Loots
et al. 2011; Street and Prinsloo 2012;
Balogun et al. 2016

Pelargonium sidoides
(Geraniaceae)

Umckaloabo (Zulu) Tubers and roots Street and Prinsloo 2012

Hypoxis hemerocallidea
(Hypoxidaceae)

Star flower, yellow star, African potato (Eng.);
Inkomfe (Zulu); Sterblom and Gifbol (Afr.)

Roots Musabayane et al. 2005; Ojewole 2006;
Street and Prinsloo 2012; Balogun et al. 2016

Sclerocarya birrea
(Anacardiaceae)

Hochst. subsp. caffra, marula, tree of life Stem Gondwe et al. 2008; Street and Prinsloo 2012

Herichrysum nudifolium
L. (Asteraceae)

Hottentot’s tea (Eng.); Hottentotstee (Afr.);
icholocholo (Xhosa, Zulu)

Leaves and roots Erasto et al. 2005; Afolayan
and Sunmonu 2010

Herichrysum petiolare H&
B.L (Asteraceae)

Everlasting (Eng.); Kooigoed (Afr.); Imphepho
(Xhosa)

Whole plant Erasto et al. 2005; Afolayan
and Sunmonu 2010

Leonotis leonurus L.
(Lamiaceae)

Wild dagga or lion’s ear (Eng.); Wildedagga
(Afr.); Imvovo (Xhosa)

Leaves, flowers Thring and Weitz 2006; Afolayan
and Sunmonu 2010

Momordica balsamina L.
(Cucurbitaceae)

Balsam pear (Eng.); Laloentjie (Afr.); Nkaka
(Thonga) Intshungu (Zulu)

Stem, flowers van de Venter et al. 2008; Afolayan
and Sunmonu 2010

Momordica foetida
Schumach
(Cucurbitaceae)

Wild cucumber (Eng.) Leaves, and
often whole
plant

Oishi et al. 2007; van de Venter et al. 2008;
Afolayan and Sunmonu 2010; Acquaviva
et al. 2013

Psidium guajava L.
(Myrtaceae)

Common guava, yellow guava, lemon guava
(Eng.)

Leaves, roots,
whole plant

van de Venter et al. 2008; Afolayan and
Sunmonu 2010; Sanda et al. 2011

Sclerocarya birrea Hochst
(Anacardiaceae)

Marula (Eng.); Mufula (Venda) Stem, bark, roots van de Venter et al. 2008; Afolayan and
Sunmonu 2010

Vinca major L.
(Apocynaceae)

Bigleaf periwinkle (Eng.) Leaves, roots,
stem

van de Venter et al. 2008;
Afolayan and Sunmonu 2010

Vernonia oligocephala
Sch. Bip. (Asteraceae)

Bicolored-leaved Vernonia (Eng.);
Groenamarabossie (Afr.);
Ihlambihloshane (Zulu)

Leaves, twigs,
roots

Erasto et al. 2005; Afolayan
and Sunmonu 2010

Catha edulis Forrsk. Ex
Endl. (Celastraceae)

Arabian tea, Abyssinian tea,
Bushman’s tea (Eng.)

Leaves, stems,
roots

van de Venter et al. 2008;
Afolayan and Sunmonu 2010

Brachylaena discolor DC.
(Asteraceae)

Coast silver oak (Eng.); Kusvaalbos
(Afr.); Phahla (Zulu and Xhosa)

Leaves, roots,
stem

Erasto et al. 2005; van de Venter et al.
2008; Afolayan and Sunmonu 2010

Eriocephalus punctulatus
(Asteraceae)

Roosmaryn or Kapokbos (Afr.);
wild rosemary (Eng.)

Leaves Mierendorff et al. 2003; Njenga and Viljoen
2006; Sandasi et al. 2011; Balogun et al. 2016

Afr., Afrikaans; Eng., English
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extract of medicinal plants and/or by-products, i.e., the
development processes for phytomedicinal products
must take in too consideration the threat of emerging
pollutants (contamination) to these products. Neverthe-
less, Kuo et al. (2013) have called for cautiousness in the
interpretation of results associating diabetes to new
chemicals. For this reason, we are of the view that
emerging compounds such as PFOA and PFOS and
their association to diabetes still requires prolong inves-
tigations. This same view applies to the potential con-
tamination of anti-diabetic medicinal plants by PFCs.

Synergy in phytomedicinal therapy: challenges
and limitations

Recent reviews have reported on the synergy and inter-
actions that exist among and between medicinal plants
(Rasoanaivo et al. 2011; Yarnell 2014, 2015; Zhou et al.
2016a, b). Hence, medicinal plants synergy is regarded
as the amalgamation of two or more medicinal plants to
produce a combined effects greater than the sum of
individual plant effects (Chou 2010; van Vuuren and
Viljoen 2011; Breitinger 2012; Zhou et al. 2016a, b), in
substitution of the Bone drug, one target, one disease^
approach, which remained the conventional pharmaceu-
tical approach in the development of most medicines
and treatment strategies (Zhou et al. 2016a, b). Accord-
ingly, recent evidence has demonstrated the potentiality
of combined therapy and/or drugs in the treatment of
various diseases, example diabetes (Zhou et al. 2016a,
b), pancreatic cancer (Yue et al. 2013), etc. Thus, sig-
nificant progress has been achieved in medicinal plants’
synergistic effects.

Nevertheless, despite the prospects of this field
looking promising, Zhou et al. (2016a, b) have argued
that various challenges have emerged from
phytomedicinal synergy techniques, which have led to
various limitations in this field, and ultimately making it
difficult for herbal synergistic studies to develop suitable
phytomedicinal synergistic methods (Zhou et al. 2016a,
b). Additionally, evidence supporting synergistic effects
of combined medicinal plants and the interactions of
their therapeutic components remain controversial
(Zhou et al. 2016a, b). For instance, it has been argued
that the low/extremely low levels of active components
content in certain medicinal plants suggest insignificant
synergistic and therapeutic effects of their herbal formu-
lations (Williamson 2001; Danz et al. 2002; Zhou et al.
2016a, b). Thus, according to Tausk (1998) and Zhou

et al. (2016a, b), this kind of skepticism has led to these
plants being considered as simple placebos. However,
numerous other studies have highlighted the signifi-
cance of synergistic action present in medicinal plant
therapies, by demonstrating that plant extracts of multi-
ple plants in complex formulations have been proven
effective than when used alone (Leonard et al. 2002;
Scholey and Kennedy 2002; Zhang et al. 2014; Zhou
et al. 2016a, b).

Furthermore, it is also not clear, at this stage, whether
the combined final product, with potential medicinal
plant synergistic interaction between their active com-
ponents is able to inhibit, reduce, and/or keep the
contaminants/pollutants at a possible harmless mini-
mum level once they have been uptaken by the identi-
fied plants. This aspect needs to be further investigated,
although studies by Cantelli-Forti et al. (1994), Wang
et al. (1995), and Chen et al. (2009) suggested plants’
synergistic effects led to the reduction of toxicity of one
medicinal plant by another. Besides, certain medicinal
plant species are naturally known as toxic (Bussmann
et al. 2011; Shirzad and Nasri 2014; Tamilselvan et al.
2014; Monseny et al. 2015), while others are likely to
become toxic as a result of uptaking toxicants and/or
contaminants (Plewa 1991), a primary reason why it is
advised to collect, use, and/or store medicinal plants
from uncontaminated environments (Gjorgieva et al.
2010).

Past, present, and future global DM trends
and burden

It is without any doubt that DM can now be found in
every population group globally. Documented evidence
has suggested that lack of efficient prevention and con-
trol programs would result in an increase in cases of DM
worldwide (WHO 1994; Amos et al. 1997), with the
disease being estimated the 7th leading cause of death in
2030 (Mathers and Loncar 2006). Additionally, Zimmet
(2000), Zimmet et al. 2001), indicated that DM was
considered as a disease of minor world health signifi-
cance, but by the twenty-first century, the disease has
become one of the main threats to human health globally
(Zimmet et al. 2001), and thus classified as a lifestyle
disease.

The WHO Ad Hoc Diabetes Reporting Group pub-
lished, using data from 75 communities in 32 countries,
the first global estimates and comparable information on
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the prevalence of DM in 1993 (King and Rewers 1993;
King et al. 1998). However, the data lacked satisfactory
research interests, particularly in the area of future trends
in the burden of DM. Therefore, a study combining
global database from the WHO with demographic esti-
mates and projections from the United Nations (UN)
was undertaken between 1995 and 2025, to estimate the
proportion of people with diabetes globally for the
above period (King et al. 1998). Accordingly, in 1994,
the number of people suffering from DM was estimated
to be over 100 million worldwide (IDF 1994; Amos
et al. 1997). The data suggested that DM was likely to
double to 239 million in 2010 (Amos et al. 1997). From
this study, it was revealed that 85 to 90% of all diabetes
under the T2DM category was in developed countries.
In addition, it has been recently reported that as many as
one third to one half of T2DM cases in the population
may be undiagnosed because they may remain without
asymptomatic for many years (IDF 2017).

Furthermore, in 1998, a study by King et al. (1998)
indicated that the number of adults with diabetes in the
world was 135 million, and was projected to an increase
of up to 300 million by the year 2025. These estimates
concurred with those reported by Hussain et al. (2007)
and Susan et al. (2010). A proportion of DM increases
was projected to be dominantly in developing countries,
with 84 to 228 million individual cases, suggesting that
75% of people with diabetes will reside in developing
countries, as compared with 62% in 1995 (King et al.
1998). In 2010, a study indicated that there was 285
million people suffering from diabetes, with the same
study estimating that this estimate will likely increase to
439 million by 2030 (Shaw et al. 2010). Moreover, in
2011, there were 366 million people living with diabetes
and the probability was that this number is likely to
reach 552 million by 2030 (Whiting et al. 2011). It is
important to note that these estimations were done using
different methods. To substantiate this, it has been indi-
cated that estimates in DM studies vary widely depend-
ing on the population groups involved in the study, as
well as the methods used to analyze the data (Susan et al.
2010).

There is an indication that DM, and in particular
T2DM, was relatively rare in developing countries some
decades ago (Chan et al. 2009; Chen et al. 2012a, b, c).
Nevertheless, the burden of DM has now taken place in
developing countries rather than in industrialized coun-
tries, with 80% of new cases of DMworldwide now being
reported in developing countries (Shaw et al. 2010; Chen

et al. 2012a, b, c). For theAfrican continent, i.e., one of the
contributing factors for new DM cases (Abubakari et al.
2009; Mbanya et al. 2010; Hall et al. 2011; Chen et al.
2012a, b, c) is lifestyle choices and physical inactivity.
From projected data, it was indicated that an increment in
the number of people with diabetes will be observed, with
nearly double the number in the sub-Saharan Africa re-
gion, followed by the Middle-East and North African
regions, by the year 2030 (Chen et al. 2012a, b, c). In
previous DM hotspot areas, such as in Europe and Amer-
ica, it is suggested that the disease has stabilized. Howev-
er, little is being said as to what is behind this abrupt
control of DM prevalence in these areas.

Also, recent statistics have indicated that in 2013,
382 million people had diabetes, with these figures
expected to rise to 592 million (Guariguata et al. 2014)
in 2030. Thus, in this study, it has, once again been
suggested that the proportion of people with DM varied
by region and income, and/or both, with the highest
proportion being low-income earners (Whiting et al.
2011; Guariguata et al. 2014).

Furthermore, DM has been listed by the IDF as the
largest global health emergencies of the twenty-first
century. The organization has indicated that, of the 415
million people who were estimated to be living with
diabetes in 2015 (425million in 2017), 318 million were
suffering from impaired glucose tolerance, which, ac-
cording to the IDF, exposed them at high risk of devel-
oping the disease in the future (IDF 2015; 2017). Addi-
tionally, the trend and burden of the disease, i.e., diabe-
tes, has been exacerbated by the fact that many countries
have remained unaware of the social and economic
impact of DM, suggesting that this lack of understand-
ing is becoming the largest barrier factor to effective
prevention strategies in halting the inexorable rise of
T2DM (IDF 2015).

Besides, enough evidence is available and which has
reported on better awareness and new developments in
treatment of T1DM and T2DM and, particularly, the
prevention of T2DM (ADA 2011; Inzucchi et al. 2012;
ADA 2013; Copeland et al. 2013). However, in each
edition of the IDF Diabetes Atlas, an unrelenting in-
crease in the number of people living with the disease
has been clearly shown. Thus, its seventh edition has
indicated that in 2015, there were 415 million diabetic
people worldwide, of which more than 14 million were
found on the African continent. The institution has
projected that by 2040, 642 million would be suffering
from DM, should the current growth continue. The
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number of diabetic patients in Africa is projected to be
more than 34 million by 2040 (IDF 2015) and 41
million by 2045 (IDF 2017). Recent data has further
indicated that 2 out of 3 people with diabetes are undi-
agnosed on the African continent, while 3 out of 4
diabetes-related deaths, on the continent, were from
people under the age of 60 (IDF 2017).

Moreover, it has been indicated that the use of me-
dicinal plants and/or products has become fundamental
worldwide, and particularly in developing countries,
including the sub-Saharan Africa region, where these
products are accessible and affordable (Mahomoodally
2013), unlike the orthodox products. For instance, a
recent report suggested that 80% of South Africans use
phytomedicinal products (Street and Prinsloo 2012) for
various ailments, including DM. Similarly, a study in
Morocco reported that 80% of interviewed patients used
medicinal plants for the management of DM (Eddouks
et al. 2002), while Ocvirk et al. (2013) indicated the use
of traditional medicinal plants for the treatment of DM
being a common practice in Bangladesh. As such, the
WHO has recently recommended the use of medicinal
plants and/or products (Chikezie et al. 2015) for the
management of DM, although their safety being ques-
tionable (Haq 2004; Abdel-Azim et al. 2011), currently,
due to emerging organic contaminants, such as PFCs.

Conclusion

During the last century, humanity has witnessed increases
in chronic diseases, of which some have deplorably been
lethal. In certain countries, such as South Africa, these
diseases have been the leading causes of death. Regretta-
bly, diabetes is on the increase, and developing countries
are alleged to be more affected in years to come, as their
lifestyle improves. Traditionally, it is consistently been
reported that unhealthy diets, physical inactivity and fam-
ily history are the main leading contributing factors to
diabetes. However, during the past decades, pollutants,
of which some are of anthropogenic sources, affect
humans, which results in exposure through various path-
ways, including food, water, soil, air, and plants. Conse-
quently, research studies have demonstrated that pollut-
ants are also causing diabetes. Currently, there is no cure
for diabetes, and although therapy has included
antihyperglycemic agents and insulin intake, several stud-
ies have indicated that this therapy has limitations, includ-
ing patients complaining about side effects of agents being

used, as well as reports suggesting weight gain by patients
who are on insulin treatment. Thus, recently, the focus in
the attempt to manage diabetes has shifted from orthodox
anti-diabetic drugs to medicinal plants and/or products of
which anti-diabetic potential has been investigated, report-
ed, and extensively documented. However, current re-
search evidence has indicated the susceptibility of these
plants to pollutants, including EDCs and heavy metals
such as Ba, Cr, Cd, Fe, Sr, Pb, and Zn. Moreover, new
pollutants have emerged, namely PFCs, such as PFOA,
PFOS, and PFBS. Unlike their predecessors, PFCs are
entirely anthropogenic, and they are widely distributed in
the environment. Their prevalence has been reported in
various environmental matrices, including water, soil,
sediments, plants, etc. Nevertheless, there is little informa-
tion on the vulnerability of medicinal plants and/or prod-
ucts to PFCs, and so is the human exposure to these
compounds through medicinal plants and/or product in-
take and subsequent implications, either on short or long-
term basis. The lack of appropriate regulations controlling
the use of PFCs in regions such as the sub-Saharan region
is likely to exacerbate the contamination of medicinal
plants, unless something is done by respective authorities.
Additionally, large-scale and promising research studies
on anti-diabetic medicinal plants and their activities are
still needed, and it is further suggested for studies to
consider cultivating, harvesting or collecting, and storing
medicinal plants and/or products in areas free of any
contamination. This will enhance the quality, efficacy,
and safety of medicinal plants and/or products, and ulti-
mately the health of those who rely on these plants.
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