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This study aims to develop diabetic-friendly juices developed from cornsilk extract and to investigate 
stability of it antioxidative polyphenolic compounds. The rats with different dose treatments of cornsilk 
extract ranging from 400 to 800 mg/kg. Cumulative urine of aqueous extract of cornsilk (AEC) at 400 
mg/kg (14.06 ml) and 500 mg/kg (15.21 ml) treatments found to be significantly lower than positive 
control (21.25 ml). The ED50 of AEC was observed at 454.10 mg/kg. Malaysian AEC had shown a mild 
diuretic activity in elevating urine and Na+ content at dosages from 500 to 800 mg/kg. Whilst, AEC also 
showed an effect of potassium sparing diuretics. The highest content of total polyphenol of immature 
silks was exhibited by ethanol extract (92.21 mg GAE/g) while water extract (64.22 mg GAE/g) had the 
highest polyphenol content among mature silk extracts. In ABTS assay, all immature silk extracts had 
higher percentage of inhibition compared to the mature silks. The ethanol extract of immature (EC50 = 
0.478 mg/ml) and mature silk (EC50= 0.799 mg/ml) exhibited the strongest antioxidant capacity 
followed by the water and ethyl acetate extract. Cornsilk extracts are potential ingredient to be applied 
in food industries and at the same time reducing agriculture wastage._______________________________

S>,

A

i '

‘ 

Title of Research:
DEVELOPMENT OF DIABETIC-FRIENDLY JUICES DEVELOPED FROM CORNSILK EXTRACT 
AND STABILITY OF IT ANTIOXIDATIVE POLYPHENOLIC COMPOUNDS

mailto:rcmo@usm.my


Abstrak

f
: RM 207 450Total Approved Budget

Total Expenditure : RM 192 642.39
Balance : RM 14 807.61
Percentage of Amount Spent (%) : 92.86

# Please attach final account statement (eStatement) to indicate the project expenditure

Equipment Purchased Under Vot 35000ii

LocationAmount (RM) StatusNo. Name of Equipment

na

# Please attach the Asset/lnventory Return Form (Borang Penyerahan Aset/lnventori) - Appendix 1

2RU Grant Final Report I RCMO July 2015

Year 1
Year 2
Year 3

Kajian telah dilakukan untuk menghasilkan jus yang diformulasikan daripada ekstrak sutera jagung 
muda dan menentukan kestabilan sebatian antioksidatif polifenol. Tikus kajian telah diberi rawatan 
ekstrak sutera jagung pada dos yang berbeza dalam julat antara 400 hingga 800 mg/kg. Urin kumulatif 
ekstrak akues sutera jagung (AEC) pada dos 400 (14.06 ml) dan 500 mg/kg (15.21 ml) didapati lebih 
rendah daripada kawalan positif (21.25 ml). Nilai ED50 AEC didapati sebanyak 454.10 mg/kg. AEC 
Malaysia telah menunjukkan aktiviti diuretik sederhana dalam meningkatkan kandungan urin dan Na* 
pada dos 500 hingga 800 mg/kg. Sementara itu, AEC juga menunjukkan kesan penahanan diuretik. 
Kandungan polifenol paling tinggi dikesan dalam sutera jagung muda dikesan dalam ekstrak etanol 
(92.21 mg GAE/g) manakala ekstrak berair (64.22 mg GAE/g) menunjukkan kandungan polifenol paling 
tinggi antara ekstrak sutera jagung matang. Dalam esei ABTS, semua ekstrak sutera jagung muda 
menunjukkan peratusan perencatan radikal bebas yang tinggi berbanding sutera jagung matang. 
Ekstrak etanol sutera jagung muda (EC50 = 0.478 mg/ml) dan sutera jagung matang (EC50= 0.799 
mg/ml) menunjukkan kaupayaan kapisiti pengoksidaan yang paling tinggi diikuti oleh ekstrak berair dan 
etil asetat. Ringkasnya,ekstrak sutera jagung berpotensi sebagai ramuan makanan untuk diaplikasikan 
dalam industri makanan dan dalam masa yang sama mengurangkan pembaziran pertanian.
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ORIGINAL ARTICLE

Nurhanan Abdul Rahman, Wan Ishak Wan Rosli *

1. Introduction

Production and hosting by ElsevierELSEVIER

Nutritional compositions and antioxidative capacity 
of the silk obtained from immature and mature corn

deceived 24 February 2013; accepted 8 November 2013 
\ vailable online 21 November 2013

Nutrition Department, School of Health Sciences, USM Health Campus, Universiti Sains Malaysia, 
6150 Kubang Kerian, Kelantan, Malaysia

Abstract The silks of immature and mature corn were evaluated for their variations in nutritional 
compositions, mineral content and antioxidant capacity. Both immature and mature silks were 
good source of nutritional compositions. Immature silks contained significantly higher moisture 
(89.31%) (fresh basis), lipid (1.27%) and protein (12.96%) content than the mature silk. Mature 
silks contained higher composition of ash (5.51%), carbohydrate (29.74%) and total dietary fiber 
(51.25 g/100 g), than the immature silk, but the difference was not significant. In mineral determi­
nation, immature silk was rich source of Ca (1087.08 jig/g), Mg (1219.17 pg/g), Cu (5.60 pg/g) and 
Zn (46.37 pg/g) than the mature silks. In contrast, other minerals such as K (35671.67 pg/g), Na 
(266.67 pg/g), Fe (4.50 pg/g) and Mn (35.57 pg/g) were found higher in the mature silk. The silks 
were extracted with ethyl acetate, ethanol and water using the Soxhlet extraction method to deter­
mine the polyphenol and ABTS radical scavenging capacity. From this study, the highest content of 
total polyphenol of immature silks was exhibited by ethanol extract (92.21 mg GAE/g) while water 
extract (64.22 mg GAE/g) had the highest polyphenol content among mature silk extracts. Total 
flavonoid content of both immature and mature silks was higher in the water extract at 
8.40 mg CAE/g and 2.31 mg CAE/g, respectively. In the ABTS free radical assay method, all imma­
ture silk extracts had higher percentage of inhibition compared to the mature silks. Among all three 
crude extracts, the ethanol extract of immature (EC50 = 0.478 mg/ml) and mature silk 
(EC50 = 0.799 mg/ml) exhibited the strongest antioxidant capacity followed by the water and ethyl 
acetate extract.

© 2013 King Saud University. Production and hosting by ElscvicrJJ.V. All rights reserved.

«r • 4
s

Corn is one of the most widely grown cereal crops in the world 
and has become the third most important cereal crops other 
than wheat and rice (Ramessar ct al., 2008). Production of 
corn was reported to increase from 713 thousand metric tons 
in 2006/2007 to nearly 820 thousand metric tons in 2010/ 
2011 (USDA-FAS, 2008). The high production corresponds

1018-3647 © 2013 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
http://dx.doi.Org/l0.1016/j.jksus.2013.l 1.002

* Corresponding author. Tel.: +60 9 7677779 (Office); fax: +60 9 
7677515 (Office).

E-mail addresses: mirhanan.abdiahmamn gmail.com (N.A. Rahman), 
osliishaktfi gmail.com, wrosliyi.kck.usm.my (W.l. Wan Rosli).
Peer review under responsibility of King Saud University.
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Com silk;
Immature
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to increased consumption of corn crop when the world con­
sumption of corn was reported to increase rapidly in 2007/ 
2008 and in the following years (USDA-FAS, 2008).

Corn and its other plant parts are used in various food, 
agricultural and health applications (Naqvi et al., 2011; Voca 
et al.. 2009). Corn cereal is being a significant staple food for 
some countries. It contains nutritious components essential 
for health. Its pericarp contains high crude fiber (about 
87%) which constituted with 67% hemicellulose, 23% cellu­
lose and 0.1% of lignin. Its endosperm is rich in starch 
(87.6%) and protein (8%). The germ however is characterized 
by high composition of crude fat (33%), protein (18.4%) and 
minerals (Lunven. 1992). The immature corn (baby corn) con­
tains high protein (25.58%) and dietary fiber (30.4%) content 
and lower content of crude lipid (3.67%) and 3.74% of ash and 
appreciable total sugar content (10.07 g/100 g) (Rosli and 
Anis, 2012). On the other nutrient, immature corn contained 
5.43 mg/100 g of ascorbic acid amino acid (0.05 g/g methio­
nine, 2.85 g/g isoleucine and 0.6756 g/g leucine). In addition, 
some minerals such as Ca, Mg and P were presented at 95, 
345 and 898.62 mg/100 g, respectively (Hooda and Kawatra. 
2013).

Corn silks are a bundle of silky, long and yellowish strands 
which could be seen on top of both baby corn and corn fruit. 
The immature part of a corn plant called baby corn is an 
unfertilized female flower which is usually harvested after 
60 days of planting. Conversely, a corn fruit is developed from 
a fertilized female flower that is later grown into a corn fruit 
after 4 months of planting. Corns have been used extensively 
as foods, feeds and are processed to produce oil, starch and 
ethanol (Ramessar et al.. 2008).

Meanwhile, corn silk is predominantly discarded together 
with other parts of the plant due to lack of effective utilization. 
The silks function as a stigma of a female flower and as the 
fruit develops, the silk elongates beyond the cob covering the 
edible plant part. Traditionally, the hairs are used as a diuretic 
agent to ease the passing of stones or gravel in kidneys and uri­
nary bladder (Maksimovic and Kovacevic. 2003). In China, 
corn silk is well known as an important traditional Chinese 
medicine in treating several illnesses related to kidney (Zhao 
et al.. 2012). Besides, it also was used to treat edema, cystitis, 
gout, treat rheumatism and rheumatoid, arthritic and as an 
antimicrobial agent as well (Maksimovic and Kovacevic. 
2003: Velazquez et al.. 2005; Fatima et al., 2012). Scientifically, 
corn silk has been reported to exhibit positive effect on glyce­
mic metabolism by increasing the insulin level whereby the 
increasing of insulin level and recovery of p-cells were known 
to be the mechanism involved in the glycemic metabolism 
(Guo et al., 2009). In other study corn silk polysaccharides 
were found to exhibit an anti-diabetic effect on streptozotocin 
(STZ)-induced diabetic rats. The daily treatment of 100- 
500 mg/kg body weight of the polysaccharide had significantly 
decreased the blood glucose level and serum lipid. Evidently, 
the total cholesterol level of the polysaccharide treated group 
of streptozotocin-induced diabetic rats was found significantly 
lower compared to the normal and control group (Zhao et al.. 
2012).

It is known that an antioxidant can inhibit or delay oxida­
tion process although at lower concentration than the biomol­
ecule it is protecting (Halliwcll. 1995: Gultcridgc and Halliwell. 
2010). Utilization of synthetic antioxidants as food preserva­
tives has raised consumers’ consciousness toward health due

Baby corn and sweet corn were purchased from the local wet 
market in Kota Bharu district, Kelantan state of Peninsular 
Malaysia. The husks were eliminated and silks were detached 
from its fruit. Fresh corn silks were chopped and dried in an 
oven (Memmert, Germany) at 55 °C for 2 days. Dried corn 
silks were kept in a sealed plastic bag at 4 °C. Prior to analysis, 
the corn silk was ground into powder form (Waring Commer­
cial, USA).

to some adverse effects. For instance, an excessive use of butyl- 
ated hydroxyanisole (BHA) and butylated hydroxytolucne 
(BHT) is harmful and accompanied with side effects thus re­
stricted their uses (Ningappa ct al.. 2008). Natural antioxi­
dants thus are being studied extensively with regards to 
confer many benefits to health rather than the harmful effects. 
Other than health implications, natural antioxidants have 
advantages due to their functionality such as solubility (Moure 
et al., 2001). The uses of natural antioxidant are varied. Toc­
opherols have strong capacity to inhibit lipid oxidation and 
are used in foods while gallic acid derived from Peltiphyllum 
peltaturn has shown ncphroprotectivc effect (Nabavi et al.. 
2013).

Plants are rich sources of polyphenols and can act as anti­
oxidant. In addition, the harmful effects of free radicals which 
are known to be associated with several diseases such as car­
diovascular disease, diabetes mellitus, cancer, arthrosclerosis, 
neurodegenerative disease and ageing can be prevented with 
sufficient intake of polyphenols in the diet (Sugamura and 
Kcancy, 2011; Valko ct al., 2007; Williams and Spencer, 
2012). These secondary plant metabolites are not only widely 
distributed in fruits (Zaouay et al., 2012), vegetables (Woot­
ton-Beard and Ryan, 2011), cereals (Qingming ct al., 2010), 
leaves (Costa ct al.. 2009) and roots (Fu et al., 2012) but the 
underutilized plant sources like seeds (Tomaino ct al., 2013), 
peels (Wang ct al.. 2012: Madhava Naidu ct al.. 2011) and 
bran (Zhou and Yu, 2004) have been reported to exhibit strong 
antioxidative effects.

However, the information regarding the nutritional compo­
sition such as proximate and mineral composition and antiox­
idant capacity of the silks from immature and mature corn are 
still lacking. Therefore, the objectives of this study were to 
determine moisture, protein, lipid, and total dietary fiber of 
silks obtained from these two types of silks and to determine 
the antioxidant capacity of organic and aqueous extracts of 
these silks as comparison with Trolox standard.

Folin-Ciocalteu reagent, gallic acid, ( + )-catechin, and 
butylated hydroxytoluene (BHT) were purchased from 
Sigma-Aldrich (GmbH, Sternheim, Germany). Kalium-hexa- 
cyanoferrat (K3Fe(CN)6, 2,2'-azinobis (3-ethylbenzthiazo- 
line)-6-sulfonic acid (ABTS + ), Trolox, sulfuric acid, iron 
(III) chloride anhydrous (FeClj), nitric acid (65%) and other 
chemicals were purchased from Merck (Darmstadt, 
Germany).
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Determination of nutritional composition

2.8. ABTS+ free radical scavenging assay

Mineral composition

Extraction

2.9. Statistical

ld(%) = (1)x 100

(g),extract

Determination of total polyphenol content 3. Results

3.1. Nutritional compositions

Determination of total flavonoid content

•leral content (Ca, Mg, K, Na, Cu, Fe, Mn and Zn) of corn 
was determined using an atomic absorption spectropho- 

neter (AAS) (Perkin Elmer Analyst, USA). Samples (0.5 g) 
e ashed and digested in 2 ml concentrated nitric acid.

acid-digests were filtered through ashless filter paper 
•tatman 42) and raised to 10 ml with deionized water.

500 pl of NaOH (1 M). The volume was then adjusted to 
2.5 ml with distilled water and mixed thoroughly. The absor­
bance was measured at 510 nm against blank which contained 
the same mixture without sample. Total flavonoid content was 
expressed as mg CAE/g extract, through the (-f-)-catcchin cal­
ibration curve.

All results were presented as mean (±SD) values of three rep­
licates. Analysis of variance (ANOVA) was performed using 
SPSS V. 19 (SPSS Inc., Chicago, IL, USA) and mean values 
were statistically different at P < 0.05. The significantly differ­
ent results were further separated using the Tukey multiple 
range test (SPSS Inc., Chicago, IL, USA).

al flavonoid content was determined by a colorimetric as- 
described by Ozsoy ct al. (2008). An aliquot of 0.25 ml 

the extract (1000 pg/ml) was added with 75 pl of NaNO2 
i w/v) and the mixture was left to stand at room tempera- 
e for 6 min. Thereafter, 150 pl of AlClj (10% w/v) was 
■ed and allowed to react for another 5 min before adding

e total phenolic content of extracts was determined using 
Folin-Ciocalteau method (Kaur el al., 2008). One milliliter 
:rude extract (1 mg/ml) was added with 1 ml of Folin-Cio- 
eau reagent (1:1) and 1.5 ml of sodium bicarbonate 
% w/v). The mixture was raised to 10 ml with distilled 
er. After 2 h of reaction at room ambient the absorbance 

< recorded at 765 nm and used to calculate the phenolic con- 
. by comparing with gallic acid standard. The total phenolic 
tent was then expressed as mg gallic acid equivalent 

5 GAE/100 g extract).

The assay was measured based on the ability of antioxidant 
from the sample to inhibit the 2,2'-azinobis (3-ethylbenzthiaz- 
oline)-6-sulfonic acid or ABTS free radical (ABTS*) by com­
paring with a reference standard (Trolox) (Re et al., 1999). In 
this assay, ABTS* radical was generated by reacting ABTS 
solution (7 mM) with 2.45 mM potassium persulfate 
(K2S2Og) which allowed standing for 15 h in the dark at room 
temperature. The solution was diluted appropriately with eth­
anol to obtain the absorbance of 0.7 ± 0.2 units at 734 nm. To 
perform the ABTS* decolorization assay, 200 pl of plant ex­
tract (100 pg/ml) was added with 2000 pl of ABTS free radical 
solution and reacted for 5 min. After that, the absorbance was 
measured spectrophotometrically at 734 nm against solvent 
blanks. The Trolox calibration curve ranging from 0 to 
200 pM was prepared according to the sample. The percentage 
of the ABTS* inhibition was calculated using formula:

Inhibition (%) = (Ac - As)/Acxl00 where Ac is the 
absorbance of control; As is the absorbance of sample or stan­
dard. Concentration of the extract that inhibit 50% of free 
radicals (EC50 values) were also evaluated.

ritional composition (moisture, protein, lipid and ash) was 
:rmined according to (AOAC. 1996). Moisture content of 
h and oven dried silks was determined using an oven-dry 
nique and expressed as fresh and dry basis, respectively, 
tein content was determined by using the Kjeldahl method 
rhardt, Germany) and nitrogen content of samples was 
tiplied by a factor of 6.25. Lipid content was determined 
g a Soxhlet apparatus with petroleum ether as the extract­
solvent. Total dietary fiber composition of silk was deter- 
ed by an enzymatic-gravimetric method, using sequential 
/matic digestions by thermostable a-amylase, protease 

amyloglucosidase (Sigma-Aldrich (GmbH, Sternheim, 
many)).

Nutritional compositions of immature and mature corn silk 
are shown in Table 1. Overall, the moisture content of imma­
ture silks (89.31%) was significantly higher than mature silks 
(84.42%) (P value <0.05). However, no significant difference 
of the same component was observed for immature (4.15%) 
and mature (3.90%) corn of the oven-dried silks. The lipid 
and protein composition of immature silks were significantly 
higher than those of mature silks (P value < 0.05). Lipid con­
tent of immature silks was 1.27% and has dropped to 0.66% in 
the mature silks. Meanwhile, the protein content of immature 
silks (12.96%) was also higher than its mature counterpart 
(8.95%) (P < 0.05). There was no significant difference be­
tween the ash and carbohydrate compositions of both imma­
ture and mature silks (P > 0.05). The ash (5.28%) and 
carbohydrate content of immature silks (27.80%) were slightly 
lower than those of the mature silks. The ash and carbohydrate 
content of mature silks obtained were 5.51% and 29.74%,

it material (20 g) was extracted with three separate solvents 
r yl acetate, ethanol and water) by the using Soxhlet extrac- 
•i method. Crude extracts obtained were vacuumed evapo- 
:d (Heidolph, Germany) to dryness at 50 °C and kept in a 
■;wed cap bottle at —18 °C. The yield of the extract obtained 
s reported as percentage and was calculated as follows:

Wa - Wb (g)
Dry plant used (g)

:re Wa = weight of bottle + crude
— weight of bottle (g).
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lipid + crude

3.2. Mineral composition U> < 0.05)i

h

3.3. Extract recovery, total polyphenol and flavonoid content

Mature silk

b

&

candy different (P < 0.05).
3-' * ,-.z.

-

respectively. Regarding the TDF composition, both immature 
and mature silks displayed high content of TDF comprising of 
48.50 g/100 g and 51.24 g/100 g, respectively.

Mineral contents (Ca, Mg, K, Na, Cu, Fe, Mn and Zn) of the 
silks from immature and mature corns were shown in Table 2. 
In general, the content of major elements such as Ca, Mg, K 
and Na in immature silks was statistically different from the 
mature silk. Ca and Mg content were much higher in immature 
silks amounting 1087 and 1219.17 gg/g, respectively compared 
to the mature silks which contained 707.04 pg/g of Ca and 
361.50 pg/g of Mg. However, the content of K and Na was sig­
nificantly higher in mature silks compared to those of immature 
silks. K and Na content of mature silks were 35671.67 and 
266.67 pg/g, respectively. Immature silks were found to contain 
lower amount of K (26281.67 pg/g) and Na (190.67 pg/g).

Both immature and mature silks contained appreciable 
amounts of trace elements (Table 2). The content of Cu, Fe, 
Mn and Zn varied from 4.12 to 5.60, 2.17 to 4.50, 32.17 to 
35.57 and 35.92 to 46.37 pg/g, respectively. Cu and Zn were

26281.67 ± 1379.7" 
§7190.67 ± 22.61“

4.12 ± 0.38b
4.50 ± 0.49b

35.57 ± 2.26“
35.92 ± 4.24b

Table 4 Total polyphenol content of silks from immature and 
mature corns.
Total polyphenol (mg GAE/g extract)
Extract Immature silks

(mean + SD)
35.35 ± 2.17b
92.21 ± 3.59“.

6.70 ± 0.51°

same row arc signifi-

Table 3 Recovery of extract of silks from immature and 
mature corns.
Recovery of extract (%)
Extract Immature silks

(mean + SD)
Water 14.63 ± 0.36"
Ethanol 27.73 ± 0.40"
Ethyl acetate 3.27 ± 0.08“
<a b>Thc different letters in the 
(P < 0.05).

Copper (Cu) 5.60 ± 0.4"
.2117 ± 0.15“ 

32.17 ± 3.14“ 
______________________ 46.37 ± 4.21“
Values are mean ± SD of six replicates. 
(,,b)Mean. values with different letters in the

----------------------------- i
Mature silks 
(mean + SD)

Water . 35.35 ± 2.17b. 64.22 ± 2.55"
■ : < • 92.21 ± 3;59“ 49.88 ± 2.87b

Ethyl acetate 6.70 ±0.51° , 4.96 ± 0.53°
<“-<;>The different letters in the same row arc significantly different

'■? - T.

Mature silks 
(mean + SD) 
13.69 ± 0.55b 
3.29 ± 0.27b 

_______ 1.25 ± 0.07b 
same row arc significantly different

found significantly higher in immature silks which were 5.60 
and 46.37 gg/g, respectively. For mature silks, the content of 
these minerals was 4.12 and 35.92 gg/g, respectively. In con­
trast, Fe content was found to be significantly higher in mature 
silks (4.50 gg/g) compared to the immature silks (2.17 gg/g). 
Mature silks also had a slightly higher content of Mn 
(35.57 gg/g) than the immature ones (32.17 gg/g), but the con­
tents were not statistically different (P > 0.05).

Table I Nutritional compositions (%, dry basis) of immature 
and mature corn silk.

Nutritional compound Corn silks

‘Moisture (fresh)
2Moisturc (oven-dried)
‘Crude lipid
2Crudc protein
;Ash(%)
•Carbohydrate
2Total dietary fiber (g/100 g)
N»Mea>
captly.different (P < 0.05).

1 Moisture content determined by fresh weight.
2Bryjbasis. ■ •,
’ Calculated, by difference [=100-(crudc 

protein + TDF + ash + moisture)].

The percentage of recovery, total phenolic and flavonoid con­
tents of immature and mature silks using water, ethanol and 
ethyl acetate solvent are shown in Tabic 3. Apparently, the 
water, ethanol and ethyl acetate extracts of immature silks 
exhibited significantly higher percentage of recovery 
(P < 0.05) compared to the mature silks. The highest recovery 
of immature silks was recorded in ethanol (27.73%) extract 
followed by water extract (14.63%). Conversely, mature silk 
displayed the highest percentage of recovery in water extract 
(13.69%) compared to ethanol extract (3.29%). Both imma­
ture and mature silks extracted with ethyl acetate recorded 
the lowest percentage of recovery that was 3.27% and 
1.25%, respectively.

The immature and mature silks had showed significant dif­
ferences in total polyphenol and flavonoid content (P < 0.05). 
Total polyphenol content of crude extracts of immature and 
mature silks varied from 6.70-92.21 mg GAE/g extract to 
4.96-64.22 mg GAE/g extract, respectively (Table 4). As for 
immature silks, the ethanol extract displayed the highest 
polyphenol (92.21 mg GAE/g extract) content followed by 
the water (35.35 mg GAE/g extract) and ethyl acetate 
(6.70 mg GAE/g extract) extract. In contrast, the highest total 
polyphenol content in mature silk was displayed by water

707.04 ± 94.41
361.50 ± 20.53b

35671.67 ± 2466b
266.67 ± 15.65b

Table 2 Mineral contents of immature and mature com silk. 

Minerals level (pg/g)■ 
Minerals Immature silk
Macro elements 
Calcium (Ca) 1087.08 ± 105.51“
Magnesium (Mg) 1219.17 ± 143.07“
Potassium (K) ■ -----
sodi-tN.) 
Minor elements 
Cnnnpf(C'-tt\ 

Iron(Fe) s%r<M,,)

Immature silks
89.31 ± 0.74"
4.15 ± 0.21b
1.27 ± 0.16"

12.96 ± 0.38"
5.28 ±0.13"

27.80 ± 2.25’
48.50 ± 2.88’

Mature silks
84.42 ± 0.65b 

3.90 ± 0.22b 
0.66 ± 0.17b 
8.95 ± 0.21b 
5.51 ± 0.24" 

29.74 ± 1.26" 
51.24 ± 1,50"

in values with different letters in the same row arc signifi-
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able 6

4. Discussion

4.1. Nutritional compositions

I. ABTS free radical scavenging capacity

le antioxidant capacity of immature and mature silk extracts 
measured by using the ABTS+ free radical scavenging 

ethod is shown in Fig. l(a-c). Overall, all extracts had 
owed a dose-dependent response when exposed to different 
ncentration of extracts (0.1-1.6 mg/ml). Higher percentage 
inhibition was observed at higher concentration. Appar- 

tly, the water, ethanol and ethyl acetate extract of immature 
k demonstrated a higher percentage of inhibition compared 
the same extracts of mature silk. Among all three extracts, 

e ethanol extract of both immature and mature silks exhib- 
«:d the highest scavenging capacity followed by the water 
id ethyl acetate extract. These results indicated that antioxi- 
int compounds present in immature silk extracts are prone to 
mate hydrogen atom to ABTS free radical giving rise to its

In moisture content, the oven-dried silks which were dried at 
55 °C for 48 h recorded the moisture content of 3.90-4.15%. 
The differences in moisture content of oven-dried samples in 
our study with other samples may be due to the differences 
in the temperature used and duration of drying. The moisture 
content obtained here was lower than the dried pericarp and 
seeds of bitter melon (5.0-13.4%) of different maturity stages 
which had been dried at 40 °C for only 24 h (Horax ct al., 
2010). The moisture content of both immature and mature 
silks however was found higher than some dried apple and or­
ange residues (2-4%) (Figuerola et al., 2005), but lower than 
mango peel powder (10.5%) (Ajila ct al., 2008) and its seed 
(8.5%) (Abdalla et al.. 2007).

Among other plant byproducts, the lipid content of maize 
silks was lower than tomato peel (Elbadrawy and Sello, in 
press) but comparable with some plant pods (Matcos-Aparicio 
et al., 2010). Maize silk cuticle was composed of hydrocarbons 
of silk waxes that was involved in certain hydrocarbon biosyn­
thesis (Perera et a).. 2010). Therefore, the accumulation of 
hydrocarbons in different maturity stage may influence lipid 
composition.

Immature silk was obtained from unpollinated cob while 
the mature silk was taken from fully ripen and developed corn 
fruit. The protein content of immature and mature silks may 
be influenced by the functions and biosynthesis of amino acids 
taking place during developmental processes of pollinated and 
unpollinated silk tissue. It has been reported that amino acids 
were actively metabolized in immature cob at early stage of silk 
emergence in order to regulate the seed growth (Secbauer el al.. 
2004). The protein content of both immature and mature 
maize silks in the present study was slightly higher than some 
vegetables (2—4%) (Odhav et al., 2007) and underutilized plant 
parts such as mango peels (3.6%) and pods (Mateos-Aparicio 
ct al.. 2010).

The TDF content of maize silks was higher than some other 
underutilized plant parts such as seed (Hainida ct al.. 2008) 
peel (Elbadrawy and Sello, 2011), and brans (Abdul-Hamid 
and Luan, 2000). Therefore, maize silks could be considered 
as a rich source of dietary fiber thus may confer positive health 
benefits.

able 5 Total flavonoid content of silks from immature and 
laturc corns. 
otal flavonoid (mg CAE/g extract) 

i xtract Immature silks Mature silks
(mean + SD) (mean + SD)

Vater 8.40 ± 0.48“ 2.31 ± 0.12b
thanol 7.55 ±0.37“ 1.96 ± 0.20b
thyl acetate 0.66 ± 0.02b 2.10 ± 0.19“
"bThc different letters in the same row arc significantly different
° < 0.05).

scavenging capacity. The percentage of inhibition of ethanol 
extract was ranged from 23.50% to 78.40% in immature silk 
and 17.40% to 67.40% in mature silk (EC50 value of 
0.478 mg/ml and 0.799 mg/ml, respectively) (Table 4). A lower 
scavenging capacity was observed in water and ethyl acetate 
extract of both immature and mature silks. The percentage 
of inhibition of immature silk water extract (19-57%) was 
however slightly higher than that of mature silk (15.44— 
53.5%) recording the EC50 value of 0.751 mg/ml and 
1.489 mg/ml, respectively. The lowest antioxidant capacity of 
both silks was exhibited by ethyl acetate extract. The ethyl ace­
tate extract of immature silk however showed lower EC50 value 
(2.87 mg/ml) compared to the mature silk (6.29 mg/ml). The 
inhibition of immature and mature silks was ranged from 
13.4% to 35% and 15.56% to 44.36%, respectively.

tract (64.22 mg GAE/g extract) followed by the ethanol 
'>.88 mg GAE/g extract) and ethyl acetate (4.96 mg GAE/g 
tract) extract.
As for total flavonoid content, the immature silks exhibited 

gher content compared to the mature silks (Table 5). In addi- 
n, the water extract of immature and mature silks gave the 

ghest flavonoid content that was 8.40 mg CAE/g extract and 
11 mg CAE/g extract, respectively compared to other 
trading solvents employed. Meanwhile, the ethanol and 
lyl acetate extract of immature and mature silks showed 
ver content of flavonoid. The flavonoid content of ethanol 
tract of the immature silk was 7.55 mg CAE/g extract and 

jnificantly higher than that of the mature silk 
96 mg CAE/g extract). For ethyl acetate extract, the flavo- 
ids obtained from mature silks (2.10 mg CAE/g) were higher 
mpared to the immature silk (0.66 mg CAE/g extract) (see 
iblc 6).

Ethyl acetate 
extract

0.751 ± 0.240b 2.870 ±0.110“
1.489 ± 0.166b 6.290 ± 0.830“

nmature silk 0.478 ± 0.030c 
laturc silk 0.799 ± 0.100c  —
rolox_______ 0.038 ± 0.005_________ ._________

’"^Different letters in the same row are significantly different
P<0.05).:. .

.  ... .?•.

EC50 values of immature and mature silk extracts.

EC50 value (mg/ml)
Ethanol extract Water extract
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Figure I (a-c): ABTS scavenging capacity of ethanol, water and ethyl acetate extract of immature and mature silks.

4.2. Mineral content

4.3. Extract recovery, total polyphenol and flavonoid content

E3 Trolox

[HD Immature silk

ESS Mature silk

EJ Trolox

[HD Immature silk

S3 Mature silk

E73 Trolox

EZ) Immature silk

EE) Mature silk

Mineral composition of the silks immature and mature parts 
was varied. The variations could be attributable to the differ­
ence cultivar, plant nutrition, climate and soil conditions 
(Hamurcu ct al.. 2010). The distribution of mineral composi­
tion is related to certain functions of the plant part during 
development. Ca is one of essential mineral which is required 
for structuring of cell wall and membranes (Evans et al.. 
2001). K ion is very important in biophysical and biochemical 
functions as it is highly mobile in plants (Szczerba et al.. 2009). 
In stigma, K ion involves in regulation growth of a pollen tube 
(Holdaway-Clarke and Hepler, 2003: Zicnkicwicz ct al.. 2011). 
Zn is required in protein synthesis, genetic entities stability and

III

These results demonstrated clearly that the choice of varying 
polarities solvent had influence on the extractability of bioac­
tive compounds (Trabelsi et al.. 2010). The nature of solvent

metabolism of carbohydrate and lipid. Mn plays the role as en­
zymes activator in tricarboxylic acid cycle (Xue et al.. 2004), 
photosynthetic function (Lidon et al., 2004) photosynthesis, 
fatty acid and carotenoid synthesis (Santandrea et al., 2000). 
Mg is abundant in plant tissue and is associated with a wide 
range of cellular functions including photosynthesis (Gardner. 
2003), protein synthesis which involves in ribosomal structures 
and functions (Maathuis, 2009).
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4. ABTS free radical scavenging capacity

Conclusions

ay explain on its capacity to recover as many antioxidants as 
>ssible and solvent having higher polarity exerted higher per- 
ntage of recovery. In addition, the different affinities of the 
traction solvent such as extraction conditions, solvent polar- 

•• and temperature toward chemical constituents in plant 
atcrials could attribute to the extract recoveries (Moure 
al., 2001). In other study, some exotic fruits showed higher 
eld of polyphenol when combination of ethanol with other 
Ivent was used (Martinez et al.. 2012). Successive isolation 
flavonoid compounds from tea leaves {Camellia sinensis) 

is reported by using ethanol and water solvents (Yang 
al.. 2009). Maize silks extracted with ethyl acetate had little 
coveries and found to be lower than the same solvent used to 
tract tea leaves (Farhoosh ct al.. 2007).
Maturity stage may influence accumulation of bioactive 

mpounds. In such case, older plant having lower extract 
covery than the immature ones had has also been observed 
tea leaves extracts (Farhoosh ct al.. 2007). In apple for in- 

ince, the accumulation of total flavonoid and chlorogenic 
id was higher in immature fruit but the level had decreased 

• the fruit reaches the mature and ripening stage (Awad 
al.. 2001). Some other reasons are due to the physiological 

nd structural changes taking place during the growth period 
-id fertilization requirements (Salvador ct al., 2007).

■ this assay, the antioxidant from extract acts as hydrogen do- 
>rs to ABTS+ free radical thus inhibits oxidation process, 
tlyphenols include many classes of compounds (phenolic 
ids, flavanols, xanthones, kaempferol etc.) and act as free 

idical scavengers. Flavonoid which is the major class of poly- 
lenols exhibits strong antioxidant capacities (Fraga and Ote- 
i, 2011). However, the antioxidant capacity has decreased 
tring maturity stage and this may be associated with appar- 

■it decrease in the total polyhenols and flavonoid contents as 
impared to the immature part. As the plant grew older, new 
©synthesis of polyphenols may interrupt or end thus decrease 
e content of polyphenols. The reduction of polyphenol con­
it has also been attributed by oxidation of polyphenols dur- 
g the maturity stage (Shwartz et al., 2009).

however had the highest antioxidant capacity compared to 
same extracts of mature silks.
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i conclusion, both immature and mature silks could be con- 
lered as good source of nutritional compositions and antiox­
ant capacity. The immature silks contained significantly 
gher content of moisture {P < 0.05) than the mature silks, 
ipid and protein content decreased nearly 50% and 31%, 
spectively in mature silks compared to those in immature 
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Introduction

Natural plant has been used for centuries as a folk medicine 
to treat various illnesses. Many people presume natural 
plant safer than normal drug used to treat certain diseases. 
This situation has triggers scientist interest in investigating 
further the benefits of natural plant as an alternative 
remedies. Corn is one of the food item commonly 
consumed in Malaysia. Unfortunately, by-product of corn 
cob namely cornsilk which is popular as a traditional 
medicine amongst North Americans, Chinese and Indians 
is discarded upon harvesting of corn. Therefore, an effort 
is taken to investigate the possibility of Malaysian cornsilk 
as a therapeutic agent to treat diuresis.

Comsilk is from Zea mays (Gramineae) family. It 
is found inside the husk and hardly reveals until the 
emergence of yellow pale silk at the end of the husk. 
Cornsilk has been reported to have antioxidant properties 
(Ebrahimzadeh et al. 2008; El-Ghorab et al. 2007; Eman 
2011; Liu et al. 2011). antiprostatitis and antispasmodic 
(Buhner2007). In addition,cornsilk is well known to treat 
infection and cystitis (Steenkamp 2003), help pass stone 
from kidney and others related to renal illness (Maksimovic 
et al. 2005). Cornsilk was reported to contain sitosterol, 
stigmasterol, fatty and volatile oil, saponin, glucoside 
substance and vitamin C and K (Bobryshev 1962). In 
previous study, cornsilk was also reported to consist

Aqueous Extract of Cornsilk Confers Mild Diuretic Activity in Normal Rats 
(Ekstrak Akues Sutera Jagung Cetus Aktiviti Diuretik Sederhana dalam Tikus Normal)

ABSTRACT

Cornsilk is traditionally used to treat illnesses related to kidney and as diuretic agent. The study was performed to 
evaluate the effectiveness of Malaysian cornsilk in elevating diuresis and their dose response relationship in normal 
Sprague-Dawley rat. The diuresis activity was determined by administered the rats with different dose treatments of 
400, 500, 600, 700 and 800 mg/kg. Cumulative urine was significantly increased with the dosage levels (400-600 mg! 
kg) ranging from 14.06 - 20.13 mL. Cumulative urine of aqueous extract of cornsilk (AEC) at 400 mg/kg (14.06 mL) 
and 500 mg/kg (15.21 mL) treatments found to be significantly lower than positive control (21.25 mL). In addition, Na' 
content was significantly higher compared with negative control at dosages of 500, 600. 700 and SOO mg/kg. At any 
rate, K‘ and Cl' content of all AEC treatments were not significantly different during 24 h monitoring. The pH values 
were increased paralleled with the increment of AEC dosages, though it was not significant. On the other result, the ED^ 
of AEC was observed at 454.10 mg/kg. Malaysian AEC had shown a mild diuretic activity in elevating urine and Na' 
content at dosages from 500 to 800 mg/kg. Whilst, AEC also showed an effect of potassium sparing diuretics. Thus, it is 
suggested that Malaysian cornsilk can be used as an alternative natural diuretic agent.

ABSTRAK

Sutera jagung kerap kali digunakan secara tradisi untuk merawat masalah kesihatan yang berkaitan dengan buah 
pinggang dan sebagai agen diuretik. Kajian telah dilakukan untuk menilai keberkesanan sutera jagung Malaysia dalam 
meningkatkan diuresis dan perkaitan respons dos dalam tikus Sprague-Dawley normal. Aktiviti diuresis telah ditentukan 
dengan niemberi rawalan kepada tikus pada dos yang berbeza (7 kumpulan/6 ekor setiap kumpulan) iaitu 400,500,600, 
700 dan 800 mg/kg. Air siding digunakan sebagai kawalan negatif manakala hidroklorothiazid pula sebagai kawalan 
positif. Keputusan kajian menunjukkan urin kumulatif meningkat secara signifikan dengan peningkatan dos (400-600 mg/ 
kg) dalam julat daripada 14.06-20.13 mL. Urin kumulatif ekstrak akues sutera jagung (AEC)pada dos 400 (14.06 mL) dan 
500 mg/kg (1521 mL) didapati lebih rendah daripada kawalan positif (2125 mL). Sebagai tambahan, kandungan Na* 
adalah lebih tinggi secara signifikan berbanding kawalan negatif pada dos 500, 600, 700 dan 800 mg/kg. Pada semua 
kadar, kandungan K* dan Cl bagi semua perlakuan AEC adalah tidak signifikan dalam rnasa 24 jam pemerhatian. Nilai 
pH meningkat selari dengan peningkatan dos AEC, walaupun tidak signifikan. Dalam keputusan lain, ED5O AEC adalah 
sebanyak 454.10 mg/kg. AEC Malaysia telah menunjukkan aktiviti diuretik sederhana dalam meningkatkan kandungan 
urin dan Na* pada dos 500 hingga 800 mg/kg. Sementara itu, AEC juga menunjukkan kesan penahanan diuretik kalium. 
Oleh itu, sutera jagung Malaysia dicadangkan boleh digunakan sebagai agen diuretik semula jadi.
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Materials and Methods

PREPARATION OF EXTRACTS

Aqueous extract was prepared by boiling 80 g of cornsilk 
powder with distilled water for 30 min. The ratio of 
cornsilk to distilled water used was 1:15 (w/v). The 
solution was then filtered through Advantec filler paper 
(No. I) attached to the vacuum pump (Welch; 2545C-02) 
at 30-40 kPa.The filtrate was then heated on hot plate with 
temperature below 60°C until it completely concentrated.

PLANT MATERIAL

Corn fruit was bought from Pasar Siti Khatijah wet market 
located in KotaBharu town,Kelantan.Malaysia.Comsilk 
was then detached from corn fruit and the inside tassel was 
collected. Cornsilk was dried at 55°C in air oven overnight 
until golden yellowish colours of cornsilk were achieved. 
Dried cornsilk was ground and formed into powder used 
domestic blender (National; MX-895).

DRUGS

Hydrochlorothiazide is supplied by the Department of 
Pharmacy of Hospital Universiti Sains Malaysia.This drug 
is used as reference diuretic agents.

This concentrated extract was used to prepare different 
dosages of aqueous extract of cornsilk (AEC) at 400,500, 
600 and 700 ing/kg.

EXPERIMENTAL ANIMALS

Sprague Dawley (SD) male adults weight ranged between 
250-300 g were used in the experiments and treated 
according to the ethical guideline set by animal ethic 
committee of Universiti Sains Malaysia (USM/Animal 
Ethics Approval/2009/(48)(153)). The animals were 
grouped in the cage of five, with 12 h light dark cycle and 
placed in Animal Research and Service Centre (ARASC) 
of USM. The animal was fed with a balanced pellet diet 
and tap water was administered ad libitum. Prior to the 
start of experiment all animals was placed in metabolic 
cage individually and fasted overnight with free access 
to water. Total of 25 mL/kg body weight (bw) of aqueous 
extract of comsilk (AEC) with different dosages of 400, 
500, 600 and 700 mg/kg were given orally to each rat as 
shown in Table I. Each solution was prepared freshly prior 
to administration. The care and handling of rats were in 
accordance of standard guidelines for laboratory animal 
use and care.

REPEATED ADMINISTRATION OF AEC

The rats were administered wiih the same dose of AEC as 
day I for another 4 days. The similar parameters as day 
1 are observed.

STATISTICAL ANALYSIS

All results were presented as mean±S.E.M (standard error 
of means). Statistical significant differences between 
groups were evaluated by one-way analysis of variance 
(ANOVA).Thep value less than 0.05 were used to represent 
significant differences.

ELECTROLYTE CONTENTS IN AEC

An aqueous extract were dissolved in distilled water. The 
contents of sodium, potassium and chloride in mmol/L 
were measured using ion photometer.

DIURETIC STUDY

The modified method of Arafat et al. (2008) was used to 
determine the diuretic effect. The morning after have been 
fasted overnight, the rats were given orally, 25 mL/kg of 
treatment solution and then were placed in each metabolic 
cage. Urine excreted for the next 24 h were collected.The 
volume and pH of each rat were measured and then kept 
under -18°C prior to other analysis. Electrolyte content of 
sodium, potassium and chloride in AEC were determined 
by ion selective electrodes (Architect C8000 Analyzer). 
Osmolality of urine were determined by osmometer 
(Osmomat. 030).

of saponin, terpenoid, glycoside, alkaloid, tannin and 
phlobatannin, flavonoids and phenol.

Herbs arc common ingredient used as food flavouring 
over hundreds of years and generally regarded as natural 
remedies for certain particular diseases. Herbs and 
botanicals interest as a health benefits amongst consumers 
is on the rise (Foote & Coohen 1998). In recent years, 
food manufacturers have focused their products with 
health benefits using herbs or botanicals as their key 
ingredients. In the food industries, it is commonly known 
as functional food or products which have an add-on value 
to the products. However, approximately 80% of world’s 
population consistently rely on plants for health promote 
and remedial (Esiyok et al. 2004). Instead of relying on 
a modern treatment, peoples are harmonizing natural 
products to gain a complete recuperation.

Since comsilk is popular in treated diseases related 
to renal, it leads us to investigate the diuretic activity 
of Malaysian’s cornsilk. Even though many researchers 
have been done on the diuretic activity of comsilk, but 
there were different variations conclusion observed 
among researchers. Habitually, there is variability of 
phytochemicals amongst plants namely genotype, size and 
maturity, soil conditions, fertilization, irrigation, pesticide 
utilization, disease and pests, location and climate and 
season (Xin ct al. 2006). Furthermore, cornsilk is rarely 
known used as traditional medicines among Malaysian 
population. Therefore, the aimed of the present study was 
to evaluate the diuretic activity of Malaysian comsilk and 
the dose response relationship of its aqueous extract.
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TABLE 1. Effect of diuretic activity produced by different treatment groups

Diuretic activity'’ OsmolalityPHDiuretic index'Treatment

Results
mmol/l

30PLANT EXTRACT
25

20 115

10

5

0
Cl-Na*

figure 1. Electrolyte content of AEC in 10 mg/mL

TABLE 2. The electrolytes content of urine after 24 h administered with AEC

Saliurctic index'Na' K* ci- Na'/ Cl
Na* K* CI­

ELECTROLYTE CONTENTS IN AEC
The amount of sodium, potassium and chloride in 10 mg/ 
mL of AEC are illustrated in Figure I. The sodium level 
found was 20 mmol/L. Meanwhile the potassium and 
chloride content were 28 and 16 mmol/L. respectively.

AEC yield obtained was 40.8%. There was a report on 
phytochemicals found in cornsilk contains of flavonoids, 
saponin, tannins, phlobatannins, phenols, alkaloids and 
cardiac glycosides (Solihah & Wan Rosli 2012).

VOLUME, PH AND OSMOLALITY OF URINE EXCRETED
The cumulative urine collected during 24 h showed 
significant differences between AEC treatments to distilled 
water and chlorothiazide group (Table 2). The urine 
excretion that received AEC doses at 600,700 and 800 mg/ 
kg were significantly higher compared to distilled water. 
Meanwhile in comparison to chlorothiazide, AF.C dose 
at 400 and 500 mg/kg seemed to be statistically lower. 
Therefore, the urine amount of AEC dosage at 600 and 
700 were not statistically significant to chlorothiazide. 
Immensely doses of 600, 700 and 800 mg/kg arc equally 
effective to excrete urine at same rate with 10 mg/kg of

chlorothiazide. Above of all, the maximum urine excreted 
of AEC dose monitored at 600 mg/kg and became faintly 
stagnant at dose of 700 and 800 mg/kg. Diuretic index of 
AEC ranged from 0.94 to 1.35, meanwhile diuretic activity 
ranged from 0.66 to 0.94 (Table 2). Diuretic activity is a 
good indicator for the efficacy. From the table, AEC doses 
at 600. 700 to 800 mg/kg (0.94. 0.92 and 0.94) have a 
good efficacy for diuretic activity when compared to 
hydrochlorothiazide (1.00). Other than that, the urinary 
pH showed no significant difference with respect to 
distilled water. However, urinary pH for AEC treatment 
at doses 600 and 700 mg/kg were slightly higher from 
distilled water.

40.63 ±4.12'
90.38 ±4.16*
52.13 ±2.49'
62.75 ±3.60**
63.50 ± 1.79*'
58.67 ±3.74*'
62.33 ±3.28*'

0.70 
1.00 
0.66
0.76
0.94 
0.92 
0.94

8.24 ± 0.08
8.28 ±0.22
8.20 ±0.12
8.31 ±0.20
8.41 ±0.24
8.81 ±0.19
8.33±0.l7

K+

Electrolyte

1.00 
0.99 
1.05 
1.04 
0.91 
0.95 
0.96

1.00
1.21
1.03
1.27 
0.97 
0.92
1.25

0.47 
0.86 
0.58 
057
0.76 
0.63 
058

Distilled water
Chlorotiazidc (10 mg/kg)
400 mg/kg AEC
500 mg/kg AEC
600 mg/kg AEC
700 mg/kg AEC
800 mg/kg AEC

246.25 ± 10.79 
243.75 ±7.91 
258.38 ±5.64 
255.00 ±8.28 

224.12 ± 10.69 
232.87 ±5.46 
236.60 ± 18.75

1.00
1.42
0.94 
1.09 
1.35
1.31
1.34

86.38 ±2.79
104.62 ±4.20
89.38 ±6.72
110.12 ±8.66
83.38 ±4.78
79.50 ±6.16
107.7 ±8.29

159850 ±73.32 
1254.00 ± 111.93 

1568.00 ±8.00 
1488.00 ± 149.95 
1456.88 ±77.29 
1509.13 ±45.10 
1548.00 ±45.54

1.00
2.22
1.28
1.60
156
1.24
153

Cumulative urine 
volume (mL/24 h) 

14.94 ±0.27' 
21.25 ± 1.14* 
14.06 ±0.37' 
15.21 ±0.96' 

20.13 ±0.61* 
19.63 ±0.53* 
20.00 ±0.58*

Aik

| ■-

The results showed the mean values and standard errors: (m=8> in each groups. Statistical analyses used are one-way ANOVA followed by post hoc comparison. The differences in 
each column show as; * p<0.05 with respect to distilled waler and ><0.05 with respect to chlorothiazide.
‘Saliurctic index = problem group (mniol/LI/eontml group (mmol/l..)

Distilled water
Chlorotiazide (10 mg/kg)
400 mg/kg AEC
500 mg/kg AEC
600 mg/kg AEC
700 mg/kg AEC
800 mg/kh AEC

The results showed the mean values and standard errors of measurements (n=S) in each groups. One-way ANOVA was applied followed by post hoc comparison. The 
dili'crences tn each column show as; *p<0.05 with respect hr distilled water.
><0.05 with respect to chlorothiazide (positive control). ‘Diuretic index = (cumulative urine volume of treated group)/ (cumulative urine volume of control group).
'Diuretic activity = diuretic index of treated test extract/diuretic index of standard drug
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Discussion

Urlno increased (%)

150-i

loo­

se-

5- T I |+D5O “ 454.10 mg/kg

0J

3.02.82.22.0

FIGURE 2. Log concentration-dose response curve of urine increased (zi=6) generated 
using Graphpad Prism. Volume at baseline was 1102±5.26 ml.

EFFECT OF REPEATED ADMINISTRATION OF AEC 
ON URINE EXCRETED

A repeated exposure of AEC at dose of 400, 500. 600, 
700 and 800 mg/kg during 5 consecutive days showed no 
statistical difference in cumulative urine, pH, osmolality, 
sodium, potassium and chloride when compared with day 
1 of respective group (Figure 3).

Diuretics arc synthetic drug which is used to increase the 
volume of urine excreted from body. This is the first study 
to demonstrate the diuretic activity of Malaysian cornsilk. 
Apart from that, Wright et al. (2007) has wind up about 19 
plants to show the potential diuretic effects. Diuretics have 
a wide definition and commonly referred as excretion of 
water and Na4 in larger volume (Rang et al. 2007). Whereas 
diuresis commonly known as a process to increase the 
formation of urine. In the present study, AEC was seemed 
to be able to present as mild diuretics as it is capable to 
increase urine and Na4 excretion. The electrolytes content 
in the AEC extract showed that Na4 (20.0 mmoI/L) has 
lower value compared with K4 (28.0 mmol/L), while 
Cl- is the lowest with 16.0 mmol/L in every 10 mg/mL. 
These results are lower compared to Erica multiflora and 
Cyanadon dactylon which have been reported by Sadki 
et al. (2010). Erica nudtiflora contained 33.9 and 25.8 
mmoI/Lof Na4 and K4 while Cyanadon dactylon contained 
75.26 and 56.77 mmol/L of Na4 and K4, that was much 
higher compared with Erica multiflora. The electrolytes 
content of both plants have been converted into mmol/L, 
so that relative comparison can be done.

On the other part, AEC treatment did not have 
significant differences among all electrolyte excretion 
except for sodium content at doses of 500 and 600 mg/kg 
in comparison to control group (40.63±4.12 mmol/L). In

MEDIAN EFFECTIVE DOSE OF AEC DIURESIS
During 24 h observation, the AEC showed a significant dose 
dependant diuretic activity in terms of cumulative urine 
excreted (Figure 2). The present study indicated that there 
is no significant increased at doses of 100, 200 and 300 
mg/kg of AEC (unpublished data) and so at a dose of 400 
mg/kg (14.06±0.37 mL). The effect of diuresis started to 
increase at a dose of 500 mg/kg (15.21+0.96 mL) and 600 
mg/kg (20.13+0.61 mL). Later, it becomes plateau at dose 
of 700 mg/kg(19.63±0.53 mL) and 800 (20.00±0.58 mL). 
From this observation, the AEC shows a pharmacological 
effect of median effective dose (pED^) at 454.10 mg/ 
kg. as illustrated in Figure 2. The maximum effect of the 
diuresis was observed at 20.93±6.65 mL, while the baseline 
at 11.02±5.26 mL.

EFFECT ON URINARY ELECTROLYTE EXCRETION
The urinary Na4 excretion found among AEC doses 
are significantly higher compared with distilled water 
(40.63 mmol/L), except AEC at dose of 400 mg/kg (52.13 
mmol/L). However, all AEC doses ranging from 400 
to 800 mg/kg are significantly lower when compared 
with hydrochlorothiazide (90.38 mmol/L). On the other 
part, K4 excretions of all aec doses arc not significantly 
differed from distilled water or hydrochlorothiazide except 
during dose of 600 and 700 mg/kg which are significantly 
lower compared with hydrochlorothiazide. Furthermore, 
Cl'excretion found no statistical different between AEC 
group and both control groups. The saliuretic index of 
Na+ is higher in all extracts compared with control group. 
Meanwhile. K+ and Cl- found to be lower in all extract 
than the control group. On the other part, all AEC doses 
have an increased of Na7CI" ratio when comparison made 
to control group. Nevertheless, all ratios are lower than 
chlorothiazide (0.86) treatment.

 v
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contrary, Ali et al. (2003) have reported that comsilk did 
not show any diuretic action when given alone but yet it 
did increase sodium, potassium and chloride contents in 
the urine excreted. These report seemed to be opposite to 
the present result discovered. Opportunely, Maksimovicet 
al. (2004) have reported the urine excretion resulted from 
cornsilk administration to rats. Compared to other studies 
by Arafat ct al. (2008) and Nodi ct al. (2004). potassium 
level in all groups was enormously high. It was reported 
that normal urine electrolytes excreted during 24 h for Na* 
and K* are 200 and 150 mmol/l, respectively (Johnson 
2007). However it has also been mentioned, there will 
be distinction of contents due to diverse strain of animal, 
supplier, feed and housing condition used. Hence, the

FIGURE 3. Effect of repeated oral administration of CAE on urine excretion (a), pH (b), osmolality (c), sodium (d). potassium 
(e) and chloride (f). Day of treatment was subjected to 5 days. The urine samples were collected daily. Each bar represents 

the mean of 6 animals and vertical lines indicated the S.E.M. Asterisks denote the level of significant in comparison 
to day I using one-way ANOVA test, followed by DunnetT5 post-hocs test Qi^O.05)
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atypical value of K* excretion in this study may be due to 
the diet given to the animal.

Interestingly, the insignificant K* value found between 
AEC and distilled water indicates that aec has demonstrated 
a possible effect as potassium sparing diuretics. Since, AEC 
did not alter the K* exretion in the urine while elevated 
diuresis. However, a detailed study has to be performed 
by in vivo test to confirm the potassium diuretics effect 
(Alarcon-Alonso et al. 2012). In addition, AEC also do not 
caused over stimulation of renin angiotensin aldosterone 
system (raas) as happened with acute administration of 
furosemide due to the associated kaliuresis (Cataliotti et 
al. 2004). The increased of saliuretic index for Na* can 
be observed in all AEC though it was not significant. But

80
70 
60 
50 
40 
30
20 
10 

0

600 
[mg/kg]

Sodium 
(mmol/l)

li

■

Osmolality 
(mosmol/kg 

HiO)

2000

Urine (ml)

30.00

25.00

20.00

15.00

10.00

5.00

0 00

rtrT j

a day 1 si day 2 day 3 -i day 4 ■ day 5

lllllll
400

udayl a day 2 day 3 - day 4 9 day 5

El



1172

influenced the diuretic activity of Hibiscus sabdariffa 
(Alarcon-Alonso et al. 2012).

Apart from that, phlobatannins found in Cnidoscolus 
aconitifolius has been suggested to be responsible for 
the diuretic action of the plant (Awoyinka 2007). Hence, 
there are many compounds contained in crude AEC which 
could possibly provoke diuresis. It is possible that it works 
individually or synergistically with flavonoids, saponin 
or organic acid (Sadki ct al. 2010). At this point, there is 
no scientific evidence associated the active compounds 
responsible for diuretic activity in cornsilk. Therefore, 
further study need to be done to examine the particular 
compound which responsible to this activity.

Since we do not examine the explicitly mechanism of 
the diuresis in this study, we can only suggest the possible 
mechanism happened during diuresis of AEC. The diuretic 
action of AEC probably was implicated by arousing the 
thirst centre of hypothalamus due to the action of compound 
presence in the AEC. These compounds probably act 
individually or synergistically. This mechanism probably 
has influenced the water intake of those rats treated with 
AEC doses, since all rats have access to water during this 
investigation. Another mechanism might involve with this 
diuretic activity is the action of AEC as potassium sparing 
diuretics. However, detail study needs to be performed in 
order to investigate the particular mechanism.

Another observation is evaluated during the study 
that is specifically on the effective dose of AEC (Figure 2). 
The plateau effect of the extract may be to the effect of 
different features of compound action or due to the toxic 
effect which was noticeable at higher doses (Sangma et 
al. 2010). This trend most probably related to the various 
compounds composed in the extract, since there maybe 
intervention among compound as the doses of extract 
increased (Nedi ct al. 2004).The pharmacological effective 
dose of diuresis study was unavailable. Therefore, a 
comprehensive comparison is unable to be discussed.

During repeated oral administration of AEC over 
5 days, there are no statistical differences found in all 
parameters studied including cumulative urine, pH, 
osmolality, Na*, K* and CF with respect to day 1 of 
oral administration. In other investigation reported by 
Gasparotto Junior et al. (2011), the electrolyte content of 
Na* and K* increased although there was no significant 
value found during day 1.5,6 and 7 after administration of 
Tropaeolum majus extract. Other than that. Kazama et al. 
(2012) also signified that, administration of ethanol extract 
of Pereskia grandifolia produced noteworthy increased of 
urine and sodium content over 7 days.

On the other part, Lahlou et al. (2007) reported that 
tansy (Tanacetuni vidgare) and caraway (Carum carvi) 
extracts significantly increased the urine excretion from 
day 1 to day 5 and then it became unwavering until day 8. 
In addition, the authors found that Na* excretion at day 2 
to 3 was unchanged when compared to day 1. However, 
later the Na* level significantly increased throughout the 
study period. Contrarily, the K* excretion of tansy extract 
statistically increased throughout 8 days of repeated

the increment was obviously observed at doses of 500, 
600 and 800 mg/kg. This result possibly indicated that 
the inhibition of Na* resorption in nephron occurcd and 
causes the diuresis (Ratnasooriyaet al. 2009). On the other 
part, the NA7CF ratio of AEC doses at 600 and 700 mg/ 
kg showed marked increased. But this result do not give 
final conclusion for AEC to act like hydrochlorothiazide 
diuretics as the Na‘/Cl’ ratio do not increased in line with 
the increased of AEC doses.

Though the pH value among doses did not have 
significant differences, the trend of alkalization can be 
observed as the doses increased. Concurrence to Fjcllstcdt 
et al. (2001). alkalization of urine enhanced the solubility 
of cystine.as well as neutralising the acid level in the urine. 
The present result also showed no alteration of osmolality 
level. This indicates that, AEC did not alter the impaired 
basal secretion of adh (anti diuretic hormone) nor lessened 
the sensitivity of uniferous tubule that influences the ADH 
secretion (Osario & Teitelbaum 2002).

Likely, the thiazide diuretics inhibit the Na7Cl 
symporter in the distal convulated tubule by competing the 
Cl’ site and increasing the excretion of Na* and Cl’ (Rang 
et al. 2007). Meanwhile, loop diuretics elevates urine 
excretion and Na* by inhibiting Na7K72CF symporter 
in the thick ascending limb of the loop of Henle (Jackson 
1996). Loop diuretics like furosemide increased the 
excretion of Na*, K* and Cl’. Nevertheless there are many 
ways for diuresis to occur. Likewise, herbs that contain 
of high sodium or potassium (Hook et al. 1993) helps 
to promote diuresis by inhibit the reabsorption of renal 
tubular. In contrast to the present study, sodium content 
of AEC is very low but somehow it significantly increased 
urine excretion at dose 600 to 800 mg/kg.

The other diuresis mechanism is by arousing the 
thirst centre in the hypothalamus to boost the fluid intake 
(Neuman 2002). Besides that, inhibition of ATl’asc activity 
can impact the Na*/K* concentration in the epithelial 
cells of nephron tubular segment which enhance the 
diuretic activity (Mezesova et al. 2010). The Na7K* 
ratio of AEC do have a dose dependant manner but it was 
not significant. Moreover, particular phytochemicals act 
as vasoconstrictors agent and aid the release of renal 
prostaglandins (Gasparotto Junior et al. 2009). When 
vasoconstrictors are released, prostaglandins amend their 
effects on kidney by causing compensatory vasodilatation 
(Rang ct al. 2007).

In the previous study, a various phytochcmicals 
was identified in cornsilk (Solihah & Wan Rosli 2012). 
The component found were saponin, phlobatannins. 
tannin, flavonoid, phenols, alkaloid and glycosides. 
These components possibly provoked the diuresis. There 
are various plants exhibited diuretic activity due to its 
components. The ursolic acid from wild African olive 
leaves has demonstrated diuretic activity. Freitas et al. 
(2011) has suggested this compound also induced diuresis 
in Palicourea coriacea. Moreover, catechin a flavanoid 
group has been reported to promote urine excretion in 
human (Donovan et al. 2002). Meanwhile quercetin
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Conclusion

administration. While caraway extract had no changed on 
K* excretion throughout day 2 to 8. compared to day 1 of 
administration. Besides that,during the prolonged study for 
five days there was no such acute sign of toxicity effect was 
observed, except the presence of slightly soft stool during 
treatment of CAE at doses of 600. 700 and 800 mg/kg and 
at 40 and 60 mg/kg during cme treatments at day 4 and 
5. Other than that, Mirza et al. (2003) have reported that 
principal constituent of this plant is not harmless. Besides, 
it has been proven with the histopathological study on liver 
and kidney of rats that had been administered with comsilk 
extract is safe to be consumed (Mirza et al. 2004).

The study illustrates that Malaysian cornsilk have shown 
marked diuretic activity. Then, the ED50 of AEC is observed 
at 454.10 mg/kg. Beneficially, this extract has shown 
an interesting potassium sparing effect. It appears that 
Malaysian cornsilk can be used as an alternative natural 
diuretic agent as it promotes diuresis and does not affecting 
osmolality of urine.

ACKNOWLEDGMENTS

The authors would like to thank Universiti Sains Malaysia 
for the USM Research University Grant’s allocation (1001/ 
PPSK/8I3057),Unit Pengurusan Makmal Sains and arasc 
for the facilities provided.

REFERENCES
Ali, M., Wahbi, S., Twaij, H. & Al-Badr, A. 2003. Tribulus 

terreslris: Preliminary study of its diuretic and contractile 
effects and complication with Zea mays. Journal of 
Ethnopharmacology 85: 257-260.

Alarcon-Alonso, J.. Zamilpa, A., Aguilar, F. A.. Herrera-Ruiz, M.. 
Tortoriello, J. & Jimenez-Ferrer, E. 2012. Pharmacological 
characterization of the diuretic effect of Hibiscus sabdariffa 
Linn (Malvaceae) extract. Journal of Ethnophannacology 
139: 751-756.

Arafat, O.M.,Tham, S.Y., Sadikun. A.,Zhari, I., Haughton. P.J. 
&Asmawi.M.Z.2008. Studies on diuretic and hypourecemic 
effects of Orthosiphon stamineus methanol extracts in rats. 
Journal of Ethnopharmacology 118: 354-360.

Awoyinka, O.A., Balogun, LA. & Ogunnowo, A.A. 2007. 
Phytochcmical screening and in vitro bioactivity of 
Cnidoscolus aconitifolius (Euphorbiaceae). Journal of 
Medicinal Plants Research 1(3): 6365.

Bobryshev, N.E. 1962. Corn- a medicinal plant. Kukuruzxi 9: 59. 
Buhner. S.H. 2007. The Natural Testosterone Plan: for Sexual 

Health and Energy. Vermont: Healing Arts Press. http://www. 
HealingArtsPrcss.com. p. 77-78.

Cataliolti. A., Bocrrigtcr. G., Costello-Borrigter. L.C.. Schirger. 
J.A.,Tsuruda,T., Heublin,D.M.,Chen, H.H.Malatino.L.S. 
& Burnett Jr. J.A. 2004. Brain natriuretic peptide enhances 
renal actions of furosemide and suppresses furosemide- 
induced aldosterone activation in activation heart failure. 
Circulation 109: 1680-1685.

Donovan, J.L.. Karakas, S.K.,German, J.B. & Waterhouse. A.L. 
2002. Urinary excretion of catechin metabolites by human

subjects after red wine consumption. The British Journal of 
Nutrition 87: 31-37.

F.brahimzadeh, M.A., Pourmorad, F. & Hafczi, S. 2008. 
Antioxidant activities of Iranian corn silk. Turky Journal of 
Biology 32: 43-49.

Eisyok. D., Otles, S. & Akcicck, E. 2004. Herbs as a food source 
in Turkey. Asian Pacific Journal of Cancer Prevention 5: 
334-339.

El-Ghorab. A., El-Massary. K.F. & Shibamoto. K. 2007. Chemical 
composition of volatile extract and antioxidant activities of 
the volatile and non-volatile extracts of Egyptian corn silk 
(Zea mays L.). Journal of Agricultural and Food Chemistry 
55: 9124-9127.

Eman. A.A. 2011. Evaluation of antioxidant and antibacterial 
activities of Egyptian Maydis stigma (Zea mays hairs) rich 
of bioactive constituents. Journal of American Science 7(4): 
726-729.

Feitas, P.C.M., Pucci, L.L.. Vieira, M.S., Lino Jr, R.S.. Oliveira. 
C.M.A.. Cunha. L.C., Paula, J.R. & Valarades, M.C. 2011. 
Diuretic activity and acute oral activity of Palicourea 
coriacea (Cham) K Schuni. Journal of Ethnopharmacology 
134: 501-503.

Fjellstcdt. E., Denneberg. T.. Jeppsson, J.O. & Tiselius, H.G. 
2001. A comparison of the effects of potassium citrate 
and sodium bicarbonate in the alkalinisation of urine in 
homozygous cystunaria. Urology Research 29: 295-302.

Foote. J. & Cohen, B. 1998. Medicinal herb use and the renal 
patient. Journal of Renal Nutrition 8: 40-42.

Gasparotto Junior, A., Gasparotto, F.M., Boffo, M.A., Lourenco, 
E.L.B.,Stefanello, M.E.A., Salvador, MJ., da Silva-Santos, 
J.E., Mrques, M.C.A. & Kassuya.C.A.L. 2011. Diuretic and 
potassium-sparing effect of iso-quercitrin-An active flavonoid 
of Tropaeolum majus L. Journal of Ethnopharmacology 
134:210-215.

Gasparotto Junior. A., Boffo, M.A., Lourenco. E.L., Stefanello, 
M.E., Kassuya, C.A.L. & Marques, M.C. 2009. Natriuretic 
and diuretic effects of Tropaeluni majus (Tropaclaceae) in 
rats. Journal of Ethnopharmacology 122: 517-522.

Hook, L, McGee. A. & Henman, M. 1993. Evaluation of 
dandelion for diuretic activity and variation in potassium 
content. Pharmaceutical Biology 31(1): 29-34.

Jackson, E.K. 1996. Drugs affecting renal and cardiovascular 
function. In Goodman and Gilman’s the Pharmacological 
Basis of Therapeutics. 9th cd., edited by Hardman, J.C., 
Gilman. A.G.& Limbird.L.E. New York: Pergammon Press, 
pp. 685-713.

Johnson. M.D. 2007. The rat. In Animal Models in Toxicology. 
2nd cd., edited by Gad. S.C. New York: Taylor and Francis 
Group, pp. 150-171.

Kazama.C.C., Uchida, D.T., Kanzi,K.N.,de Souza, P.,Crestani, 
S.. Gasporotto Junior, A. & Laverdo Junior. A. 2012. 
Involvement of arginine-vasopressin in the diuretic and 
hypotensive effects of Pereskia grandifolia Haw. (Cactaceae). 
Journal of Ethnopharmacology 144: 86-93.

Lahlou. S..Tahraoui, A.. Israili.Z. & Lyoussi. B. 2007. Diuretic­
activity of aqueous extracts of Canon carvi and Tanacetum 
vulgae in normal rats. Journal of Ethnopharmacologv 110: 
458-463.

Liu. J.. Wang, C., Wang, Z„ Zhang, C„ Lu, S. & Liu, J. 2011. 
The antioxidant and free-radical scavenging activities of the 
extract and fraction from cornsilk (Zea mays L.) and related 
flavone glycosides. Food Chemistry 126(1): 261-269.

HealingArtsPrcss.com

	Button1: 


