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Abstract

The dried husk of Zea mays L. (Poaceae) also known as corn husk (CH) has been used as traditional remedies in

some cultures including Ghana for the management/treatment of Diabetes Mellitus (DM, Type 2). However, there is no
evident documentation on the phytoconstituents of CH and the scientific validation of the antidiabetic properties of CH.
Therefore, the methanolic and aqueous extracts of CH were phytochemically screened, and the decoction of CH was
administered to human subjects (Type 2 diabetic patients with uncontrolled blood glucose level). The fasting blood glucose
levels of subjects on regularly prescribed oral antidiabetic agents were determined over a period of three weeks. In addition
to the regular oral antidiabetic medications, decoctions of CH were administered to the subjects for a further period of three
weeks, and the fasting blood glucose levels were again determined. The fasting blood glucose level of the control group
was however monitored continuously for a period of six weeks. The phytochemical analyses of the CH extracts revealed the
presence of flavonoids, saponins, alkaloids and glycosides as common constituents of the aqueous and methanolic extracts,
whereas tannins and phenols were found exclusively in the methanolic extract. The decoction of CH demonstrated a

significant anti-diabetic property, attesting to the traditional use of CH as antidiabetic therapy.
Keywords: Corn Husk, Diabetes Mellitus, Fasting Blood Glucose Test, flavonoids, Zea mays.

1. Introduction

Diabetes Mellitus (DM) is a chronic metabolic
disease that results from disorders in carbohydrate, lipid
and protein metabolism [1]. The disease is characterized by
chronic high blood glucose level (hyperglycaemia),
oxidative stress and microvascular pathology of the renal
glomeruli, retina and peripheral nerves [1,2]. Some of the
main clinical symptoms of DM are polyuria, polydipsia,
polyphagia, hyperglycaemia and weight loss [3, 4]. There
are two main types of DM which are Type 1 and Type 2
DM [1]. The prevalence of Type 2 DM is higher than Type
1, with only 5 - 10 % of cases belonging to Type 1. In Type
2 DM, there are defects in insulin secretion or/and insulin
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action (insulin resistance) [5]. The insulin resistance leads
to conditions such as amyloid deposits, hyperinsulinaemia
and reduction of pancreatic beta cell mass through the
inflammation of pancreatic beta cells [6].

The International Diabetes Federation has
estimated 552 million diabetic patients worldwide by the
year 2030 [7]. According to the World Health Organization
(WHO), there will be 300 million adult DM patients
globally by the year 2025 [8]. In Ghana, 266,200 cases of
DM were reported in the year 2015 alone, with the patients
aged between 20 to 79 yrs. [9]. In view of the economic
burden, high risk of disabling conditions (e.g. hypertension,
amputation, blindness, renal failure) and premature death
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associated with Type 2 DM, the search for more
antidiabetic remedies that are safe and effective remains
important.

The current therapeutic options for the control of
hyperglycaemia in Type 2 DM include the use of insulin
secretagogues (e.g. sulfonylureas), insulin sensitizers (e.g.
thiazolidinediones and biguanides) and carbohydrate
digesting enzyme inhibitors (e.g. a-glucosidase inhibitors).
However, side effects (e.g. abdominal pains, diarrhoea,
hypoglycaemia, kidney and liver failure) [1] from some of
the conventional antidiabetic agents do not promote the
adherence of DM patients to prescribed therapeutic
regimens. The sulfonylureas, for example, can lead to
pancreatic beta cell death, and hypoglycaemia through
insulin oversecretion [6]. Similarly, the a-glucosidase
inhibitors such as acarbose and miglitol have been
documented to exhibit diarrhoea and intestinal disturbances.
These intestinal disturbances can result in bloating,
flatulence, cramping and abdominal pain [7]. However,
reports on secondary metabolites from plants as safe and
effective remedies for diseases including DM are available
[10, 11]. In view of the low cost, easy availability,
perceived lesser side effects and cultural acceptability of
medicines of plant origin, about 80 % of the people living
in developing countries are reported to use medicines of
plant origin for their health care needs. As a result, the
WHO has recommended the inclusion of traditional
medicines in the primary health care programmes of
developing countries [10].

It is estimated that more than 200 pure
phytochemicals with antihyperglycaemic properties have
been discovered [12]. The maize plant (Zea mays L.,
Poaceae) for instance, has been one of the sources of
traditional antidiabetic principles. Previous studies have
shown that the maize kernel contains anthocyanins,
phenolic acids (e.g. p-coumaric acid, vanillic acid and
procatechuic acid) and flavonoids (e.g. quercetin and
hesperidin) [13]. It has been reported in the literature that
phenolics of the maize kernel have OH radical scavenging
and a-glucosidase inhibition activities [14]. The flavonoids
of the maize kernel, on the other hand, have been found to
inhibit aldose reductase activity, and consequently delay
cataractogenesis as a complication of DM [15]. Other
studies have shown that the anthocyanins protect the
pancreatic pB-cells [6] and reduce insulin resistance and
hyperlipidaemia in rodent models of obesity and DM [16].
Therefore, the ethno pharmacological importance of Zea
mays L. in the treatment and management of DM cannot be
overemphasized.

Considering the other plant parts of Zea mays L.,
several studies have indicated that phenolics (p-coumaric
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acid, protocatechuic acid and vanillic acid), anthocyanins,
maizenic acid, maysin, rutin, flavon-4-ols and derivatives of
quercetin and hesperidin are present in the corn silk (style
and stigma of the corn fruit) [17]. Thus, the corn silk (CS)
extract has been found to decrease blood glucose levels and
concentrations of glycohaemoglobin (HbA1c) in alloxan-
induced DM mice [10]. Additional beneficial effects of the
CS extract reported include promotion of partial recovery of
damaged pancreatic B-cells, increase in insulin secretion
and reduction in serum lipid concentration [17]. Although
corn husk (CH), the outer leafy covering of an ear of Zea
mays L. is gaining much attention in Ghana for the folklore
treatment of Type 2 DM, a lot is yet to be learnt about the
phytochemical constituents of CH and the scientific basis
for the perceived hypoglycaemic effect. Therefore, this
study was designed to provide preliminary phytochemical
information of the dried husk of Zea mays L., scientific
validation of the antidiabetic properties of CH in human
subjects, and possible correlation of phytoconstituents of
CH with antidiabetic effect. Since CH is readily available as
farm waste in several geographical locations in Ghana, the
phytochemical understanding and scientific development of
CH dosage forms will contribute immensely to the
availability of treatment options for, and improvement in
quality of life of DM patients.

2. Experimental
2.1 Materials
The dried CH was purchased from the Ayeduase

market, a suburb of Kumasi in the Ashanti-Region of the
Republic of Ghana. The materials were identified at the
herbarium of the Department of Pharmacognosy, Faculty of
Pharmacy and Pharmaceutical Sciences, Kwame Nkrumah
University of Science and Technology (KNUST), Kumasi,
Ghana. The specimen voucher reference number deposited
at the herbarium of the Department of Pharmacognosy is
KNUST/HMI/2015/L033. The collected plant material was
further air dried, coarsely milled and stored at room
temperature in a dry place.
2.2. Methods
2.2.1 Preparation of CH extract and phytochemical
screening

In order to prepare the CH extract, 300 g of the
powdered CH was macerated at room temperature (28 °C)
for 48 h in methanol (2 L). The mother liquor was decanted,
filtered, dried under reduced pressure and stored at 8 °C. A
decoction of CH was also prepared and concentrated to
obtain an aqueous extract. The standard procedures
described by Tiwari et al [18] were adopted for the
phytochemical screen of the methanolic and aqueous
extracts.

www.ssjournals.com




Abena Amponsaa Brobbey et al / Phytochemical screening and scientific validation of the anti-diabetic effect of the dried husk of Zea mays L. 3

2.2.2 Preparation of CH decoction (Traditional dosage
form) and design of the anti-diabetic assay

A decoction of CH was prepared by boiling 65 g
of CH in water (2.5 L) for an hour. The decoction was then
allowed to cool, decanted, filtered, packaged in plastic
bottles, labelled and stored at room temperature (28 °C).
Only clinically diagnosed Type 2 diabetic patients with
uncontrolled blood glucose levels were included in the
study. Healthy volunteers were excluded from the study.
The volunteers were adequately informed about the details
of the study, and were given Participant Information
Leaflets and Consent Forms. Volunteers were included in
the study after assessment of responses to administered
questionnaires. Ethical clearance was obtained from the
Committee on Human Research Publications and Ethics
(CHRPE) of the School of Medical Sciences, KNUST, and
the Komfo Anokye Teaching Hospital (KATH), Kumasi,
Ghana. Eighteen (18) subjects (males and females) aged
between 45 — 65 years with an average body weight of 76.6
+ 5 kg were selected. The basal fasting blood glucose levels
of twelve (12) subjects on their orthodox diabetic
medications were determined weekly over a period of three
(3) weeks using the OneTouch® glucometer. After the first
three weeks, the CH decoction was administered orally
(100 mL every 8 h for 21 d) to the subjects for an additional
period of three weeks. The subjects took the CH decoction
after meals alongside their orthodox anti-diabetic
medications. Blood glucose levels were determined after
the completion of the weekly dosage regimen. Six (6) other
subjects selected served as a control group for the study.
The fasting blood glucose levels of this cohort still on oral
anti-diabetic medications without simultaneous
administration of the CH decoction were determined every
week for a duration of six weeks.

3. Results
3.1. Phytochemical Screen

The aqueous and methanolic crude extracts of the
corn husk were screened for the presence of secondary
metabolites (phytochemicals) and the results is as shown in
Table 1 below.

Table 1: Phytochemical screen of the methanolic and
aqueous extracts of dried corn husk

Test Methanolic extract Aqueous extract

Tannins +
Saponins +
Alkaloids +
Flavonoids +
Steroids

Cardiac glycosides _
Phenols +
Terpenoids _ _
Glycosides + +

+ + +1
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3.2 Anti-diabetic assay

This assay with corn husk tea was carried out to
provide evidence for its glucose reduction ability and obtain
a scientific data on the anti-diabetic activity of the corn
husk tea. The results are as shown in Figure 1 below.

20 =
& sample

=== control
15

104

Fasting blood glucose (mmoli/L)

Weeks of study

Figure 1: The hypoglycaemic effect of decoction of corn
husk (CH) in human subjects.
The treated subjects took regularly prescribed oral

antidiabetic agents for three weeks before the addition of
the decoction of CH to the therapy for another three weeks.
The control cohort took only the prescribed antidiabetic
agents for six weeks.

4. Discussion
4.1. Phytochemical Screen

The phytochemical profile of medicinal plants is
usually the source of bioactive principles for the prevention,
management and treatment of diseases. Therefore, it is
imperative to obtain reasonably comprehensive information
on the qualitative phytoconstituents of plants or plant parts
in folklore use. Subsequent quantitative data on relevant
phytochemical =~ compounds, together — with  some
toxicological screen can lead to the development of
standardized dosage forms for traditional applications.
Common secondary metabolites identified in both aqueous
and methanolic extracts of CH were alkaloids, saponins,
flavonoids and glycosides. However, phenols and tannins
were identified exclusively in the methanolic extract of CH.
Generally, a number of beneficial biological activities
associated with alkaloids (anti-inflammatory), saponins
(anti-inflammatory,  cholesterol  reducing properties),
glycosides  (antifungal, antibacterial), phenols and
flavonoids (antioxidant, antibacterial, anti-diabetic) are well
documented [19]. Therefore, the phytochemical compounds
of the CH extract can provide knowledge about the scope of
potential therapeutic usefulness of CH extract in folklore
medicine.
4.2 Anti-diabetic assay

In order to demonstrate and provide further
insights into the hypoglycaemic effect of corn husk (CH),
decoction of CH (traditional dosage form) was administered
to diabetic patients with uncontrolled blood glucose levels.
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The assay was carried out using fasting blood glucose test.
The fasting blood glucose test was adopted because the test
clearly indicates the effectiveness of different antidiabetic
medications administered to subjects, since the subject by
the end of the fasting period, would not have eaten any
meal or taken any hypoglycaemic agent [20]. As shown in
Figure 1, although the control subjects were regularly on
their prescribed allopathic antidiabetic medications and
maintained a healthy lifestyle over the six-week duration of
the study, the fasting blood glucose (FBG) levels were
consistently higher (8.5 — 13.5 mmol/L, Figure 1) than
normal FBG levels (3.9 — 5.5 mmol/L) [20]. In the test
subjects, FBG levels within the first three weeks of
exclusive allopathic antidiabetic medication were also
higher (13.3 — 12.8 mmol/L, Figure 1) than the normal FBG
levels reported in the literature [20]. However, during the
following three weeks of the study, where the test subjects
administered the decoctions of CH in addition to the
conventional antidiabetic medications, an appreciable
reduction nearly to normal FBG levels were observed (7.6 —
4.9 mmol/L, Figure 1). FBG levels of 7.6 + 4 mmol/L and
4.9 + 1 mmol/L were determined at the end of the first and
third weeks respectively, after CH decoction, as an adjunct
therapy, was administered to the test subjects. The observed
reduction in FBG levels in the treated group before and
after the administration of the decoction of CH was
statistically significant (p < 0.0001) at 95 % confidence
interval (4.420 — 9.513 mmol/L). Thus, the reduction in the
FBG levels of the treated group was due to the CH
decoction. The antidiabetic property of CH was therefore
scientifically demonstrated, and to the best of our
knowledge, reported for the first time.

Several studies have indicated the antidiabetic,
antioxidant, antibacterial, antiproliferative,
immunomodulatory, cholesterol reducing and anti-
inflammatory potential of phytochemicals such as alkaloids,
saponins, glycosides and flavonoids [19, 21, 22]. The
antioxidant, antidiabetic, antiproliferative and antidiuretic
activities of several flavonoids are also well reported [1, 23,
24]. Since diabetes mellitus (DM) does not only involve
hyperglycaemia, but also oxidative stress and lipid
metabolism disorders [1], an antidiabetic remedy with
bioactive principles to address diverse DM disorders is
worth exploring. Hence, the application of CH extract
containing these relevant phytocompounds (Table 1) in the
management of DM could be a very useful therapy. The
additional presence of saponins and glycosides in the CH
extract may provide anti-inflammatory, antibacterial and
antifungal activities in patients with diabetic foot ulcers.

Among the various phytochemicals already
described to exhibit antidiabetic activities, flavonoids are
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reported as the principal compounds responsible for
antidiabetic effects [1]. In this regard, flavonoids isolated
from corn silk have been demonstrated to elicit antidiabetic
actions [23]. Consequently, we concluded that the
flavonoids present in CH could be mainly responsible for
the observed antihyperglycaemic effect in this preliminary
study. Since anthocyanins are a class of flavonoids soluble
in water [14], the decoction of CH administered to the
subjects was perceived to be rich in anthocyanins. In the
literature, purple corn anthocyanin is reported to have
shown insulin secretion, hypoglycaemic and HbAlc
reduction activities [6]. Therefore, although we do not at
the moment understand the mechanism by which
hypoglycaemia is obtained by the administration of the
decoction of CH, we hypothesized that anthocyanins
contained in the CH decoction led mainly to the observed
antihyperglycaemic effect. It is however evident that over a
period of three weeks, the decoction of CH, at least, served
as a very good adjunct antidiabetic therapy for diabetic
patients on antidiabetic agents (biguanides and sulfonyl
ureas) in this baseline study. The decoction of CH therefore
holds a great potential for glycaemic control upon a longer
period of administration. Further antihyperglycaemic effect
of CH will be explored in alloxan or streptozotocin-induced
diabetic rats in a follow-up study.

The importance of polyphenols and other non-
water soluble flavonoids as antioxidant, antiradical and
insulin secretion agents cannot be overemphasized [6, 13].
The methanolic extract of CH as shown in Table 1 contains
phenols and flavonoids. The flavonoids in the methanolic
extract of CH could consist of non-water soluble derivatives
due to differences in polarity of methanol and water as
solvents. In order to harness the full antidiabetic potential of
the phenols and flavonoids of CH, it was inferred from
Table 1 that hydroalcoholic or alcoholic extract of CH
could be investigated in subsequent studies to obtain
quantitative phytochemical, antioxidant, biochemical and
metabolic data to aid in the further development of CH
extract as an antidiabetic therapy in evidence-based
traditional medicine.

5. Conclusion

The decoction of CH has shown high antidiabetic
potentia. The CH extract has indicated diverse
phytoconstituents  including  alkaloids,  glycosides,
flavonoids and saponins. The flavonoids could be
responsible for the main antidiabetic properties of CH
extract. In addition to the potential antioxidant and
antiproliferative effects of the flavonoids of CH extract, the
saponins and glycosides of CH extract could offer
additional antibacterial, antifungal and anti-inflammatory

www.ssjournals.com




Abena Amponsaa Brobbey et al / Phytochemical screening and scientific validation of the anti-diabetic effect of the dried husk of Zea mays L. 5

activities. Thus, the CH extract could serve as a potential
one-pot remedy for the management of DM and some of the
associated complications. Therefore, the development of
hydroalcoholic/alcoholic extract of CH into standardized
folklore antidiabetic therapy will provide cost-effective
management/treatment options for DM patients in
developing/low-middle income countries.
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