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Abstract

Examining the bioactive effects of bread enriched with corn silk on
lipid and inflammation in serum on male rats was the aim of this study.
After the adaption timing, Thirty two albino male rats Sprague —Dawley
strain weighting 180 + 5 g were classified into four groups, (8 rats each)
control negative (-ve) group feed unfortified bread in a 1:1 ratio and
three rat groups which feed 2% cholesterol for hypercholesterolemia and
injected of 0.1 ml formalin (4%) to cause inflammation and reclassified
into control positive (+ve) feed unfortified bread in a 1:1 ratio , the third
and fourth group feed fortified bread containing 10% and 15% corn silk
powder (CSP), respectively, Three rats were chosen from each rat's paw
at the start of the eighth week of the experiment. The experimental period
for 60 days. We deduced from the data that a group of rats fed a high-fat
diet were a significant risk factor for the condition known as
hyperlipidemia. According to our results, the bread fortified with 15%
CSP was thought to be the most effective at lowering TC, TG, LDL-c and
VLDL-c. The liver enzyme levels of ALT, AST,ALP and urea nitrogen
and creatinine have improved of All treated groups under investigation
When compared to the positive control group. All treated groups also
showed a significant increase in superoxide dismutase (SOD) and a
decrease in malondialdehyde (MDA) concentration and improvement in
histological liver and Kidney tissues. Outcomes, which were in line with
the biochemical analysis. For all groups fed bread enhanced with corn
silk, the results also demonstrated a significant reduction in inflammation
in the thickness of the paw of rat with hyperlipidemia using formalin .It
can be recommended that the Increased consumption of corn silk may
help to reduce of blood lipids in individuals suffering from
hyperlipidemia and inflammation, according to results of this study. Key
words: Corn silk, inflammation, Liver and renal function,
hyperlipidemia, rats.

A
aY Yo b= (YA) asadl Judesa —J5¥) aaadl — e (salad) alaal)




— Al il Gisang il ddaa

AN 593 (& gl aped) G383 o B jual gl il

=l paddal)
all sa3 e B jas acaall Gl Lgall iR e ol sa daball o3 Caag
o O 63 (g Ny (ol et 8 RS 87 olguil g () 6 8 gl
JS g A) clesene gl L aba © VA G agilyl moliing (ol zhaw ADL
e 5l deeae Al dng s Ally D) Jg Sl 9V de sendll (Ao gene
%Y lell dilad)  Douwldll doagll oM ohi Clegens Gy V1) Ly acdl)
(%£) cllaysd o +.) o agiin 23 WS ) Jgiado€ 5alyy LDl @lldy Jg il S
3 Al Aangall Jo €l Al deganall ) agasnad Balel o35 QlgN] Slaay
S5iny pede 3 e oD Al BN degenally V1) daasy pede ill all e
DB S il e o DG laal S ¢ sl e 3 jis Bgnme %105 %) ¢ e
Eh el Cun L T Ll 8 Cpanle il e el gaadl) ly
Ao geall e gl pla e obm Sl gl e desena o e dubal)
el e b Al Slegandll lai L pall g0 Uil B AL ddle il
o Alled SV s BA) a0 %0 Ay aeddl ) e giinaly gl e
Al dcatiie Gligg peullly AN eaally Jo il (o JSTC ;) Cligis (ats
Cpag ity ALP 5 AST 3 ALT sl cilay) Gibigine chiea S las 286K diaddiag
c Al Jo Sl e genas 43l die dalleall lesend) paen (b ol Slly sl
paliaily gy 2uS) g ail A 5S 8l Aadladl) Cleganal puan ijglal LS
donsl i) il cul€ Cun Sy 2 dais] 8 Geaty amallaiglle S5 S
Al e i ) Glegend) ppead Gawilly Lggall Shas diatll ae A5
O lie law b Gl (8 5aS Galias) il cuell @) Bas e sead)
5 8 sela 3 53 Bujs Dlgal 83 ob Leagd) (Say 0 gk Llad)
)l sde il Wy (llgiN g aall (sa0 & ) (e Osiles cpdll A1 sal aall (jsa0

Introduction

Hyperlipidemia, a disorder of lipid metabolism that causes

abnormally elevated lipid levels, is indicated by low plasma

concentrations of HDL-c, as well as high levels of triglycerides (TG),

total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-c).

Globally, hyperlipidemia has increased within the last few decades (Liuyi
et al., 2024)
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The style and stigma of Z. mays L., which was brought to China
during the Ming Dynasty, make up corn silk. It is thought to be a diuretic
that helps relieve jaundice, calm the liver stimulate bile flow, enhance
diuresis, and reduce edema. Acute and chronic nephritis, edema, and
hyperglycemia can all be treated with corn silk, according to numerous
Chinese medicine publications, including "Clinical Chinese Medicine."
Dong et al., (2023).

Several bio-functional compounds, including  isoquercitrin,
tartaric acid, stigmasterol, hordenine, allantoin, resin, maysin, anticyanins
and cryptoxanthin are present in corn silk (CS) extract (Kim et al., 2014).
Maysin, a significant flavonoid in CS, is also present in high
concentrations in CS extract (Jae et al., 2016). Maysin contains a flavone
glycoside that has a carbohydrate bonded to luteolin, a compound that is
biologically active.

Known in Arabic as "Quysoom-aletri,” Achillea fragrantissima
(yarrow) is a common plant in Arab nations (Alshuai et al., 2022). It has
long been used as a medicinal tea to cure a number of illnesses, including
diarrhea, diabetes, eye infections, problems with digestion, and
respiratory infections (Yasir et al., 2023). Phenolic acids and many
flavonoids, which are known to have strong antibacterial properties, are
abundant in this plant.

Materials and methods
Materials:
The materials, which included cellulose, casein, vitamin mix, minerals,
and the kits needed for biochemical examination were provided from EI-
Gomhoria Drug Trading Company in Egypt. The chemicals, medical
supplies, and corn silk (zea mays) were provided from the Agricultural
Research Center in Giza, Egypt.
Thirty-two Sprague-Dawley albino rats weighing approximately 180 + 5
g were purchased from Helwan Farms for The experimental Animals in
Cairo, Egypt.
Methods:
Bread ingredients: Wheat flour and other materials used in the making
of bread were purchased from the local market and Corn silk was added
according to the required proportions in the research.
Design of experimental animals
Basal diet Preparation

The basal diet preparation was based on Reeves et al. (1993). 10
percent sugar, 20 percent protein, 2 percent choline chloride, 4.7 percent
corn oil, 1 percent vitamin mixture, 5 percent fiber, and 3.5 percent salt
mixture total in this composition.
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There were four major groups. control negative (-ve) group feed
unfortified bread in a 1:1 ratio and three rat groups which feed 2%
cholesterol for hypercholesterolemia and injected of 0.1 ml formalin (4%)
to cause inflammation and reclassified into control positive (+ve) feed
unfortified bread in a 1:1 ratio , the third and fourth group feed fortified
bread containing 10% and 15% corn silk powder (CSP), respectively,
according to Hassarajani et al. (2007).

The production of inflammation:
Three rats were chosen from each group at the start of the eighth
week of the experiment following the corn silk feeding trial, and 0.1 ml
of formalin (4%) was injected into the rat's paw to cause inflammation in
accordance with Northover and Subramanian (1962) in order to
determine the impact of corn silk on inflammation. All of the rats fasted
overnight at the ending of the eight-week experiment while being mildly
sedated with ether. Clean, dry plastic centrifuge tubes were used to
collect the blood. Serum was taken from centrifuged blood samples and
kept in a clean, well-stopped bottle at -20° C until analysis.
Grouping of rats and experimental design

The thirty two albino male rats Sprague —Dawley strain weighting 180 +
5 g were classified into four groups, (8 rats each) control negative (-ve)
group feed in basal diet and unfortified bread in a 1:1 ratio and three rat
groups which feed 2% cholesterol in diet for hypercholesterolemia and
injected of 0.1 ml formalin (4%) to cause inflammation according to
Northover and Subramanian (1962). and reclassified into control
positive (+ve) feed unfortified bread in a 1:1 ratio , the third and fourth
group feed fortified bread containing 10% and 15% corn silk powder
(CSP), respectively, according to Hassarajani et al. (2007). Three rats
were chosen from each rat's paw at the start of the eighth week of the
experiment. The study was assigned for 60 days. All the biological
experimental procedures were performed according to Internationally
Ethical Guidelines for the care and use of laboratory animals. Permission
to conduct the experiment was obtained from the Research Ethics
Committee at the Animal Health Research Center

Biochemical analysis

Triglycerides and serum total cholesterol were measured using the
procedures outlined by Fassati and Perncipe (1982) and Allain et al.
(1974), respectively. Using the calorimetric method described by Lopez-
Virella et al., (1977), serum HDL-C was measured. Formula
(Friedewald et al., 1972) was used to determine serum VLDL-c in
addition to LDL-c. The liver enzymes aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and alkaline phosphatase (ALP) were
measured in accordance with Roy (1970), Young (1990), and Sherwin
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(1984). The methods of Fossati et al., (1980) and Henry (1974) were
used to measure the levels of serum urea nitrogen and creatinine,
respectively. According to Draper and Hadly (1990), serum MDA was
evaluated. Serum SOD was analyzed in accordance with Nishikimi et
al., (1972).
Histopathological examination of liver and kidney tissues
The liver and kidney were fixed in 10% neutral buffered formaldehyde

solution at pH 7.5 and cleared in xylol and embedded in paraffin. 4 um
thick sections were prepared and stained with Hematoxylin and Eosin
(H&E) for subsequent histopathological examination according to
Bancroft et al., (2012).
Statistical data analysis

The Dunk test, a multiple range post-hoc test, was used in the
statistical analysis, which was conducted using SPSS, PC statistical
software (Version 18.0 SPSS Inc., Chieago, USA). One-way analysis
variance (ANOVA) was used to analyze the data. The data proved
substantially different at P <0.05, using Snedecor and Cochran (1980).
Results and Discussion
Determination of chemical analysis in corn silk.

The chemical analysis of corn silk was displayed in Table (1).
Carbohydrates had the highest concentration of corn silk, followed by
fiber, protein, moisture, ash, and fat, according to the results in this table.

Table (1): Chemical composition of corn silk
Component (g /100g9)

Moisture 11.204
Protein 14.86
Fat 1.918

Ash 4.49
Fiber 22.62
Carbohydrate 44.92

The Antioxidant activity of corn silk
The results of the radical scavenging activity for corn silk are
displayed in table (2). The antioxidant activity was strong at 84.01% in

5% concentration.
Table (2): The Antioxidant activity of corn silk

SN % DPPH Radical-Scavenging Activity
0.5% 1.0% 2.5% 5%

Corn 20.30 40.99 60.11 84.01

Silk
Effect of corn silk fortified bread on lipid profile of hyperlipidemic
rats.

The impact of bread fortified with corn silk on the lipid profile of
hyperlipidemic rats was demonstrated by the results in Table (3). When
compared to the negative control group, the results indicated that the
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hyperlipidemic rats' serum levels of total cholesterol, triglycerides, high
density lipoprotein, low density lipoprotein, and very low-density
lipoprotein had changed significantly. When compared to the positive
control group, treated rats that fed 10 and 15% corn silk fortified bread
showed a substantial decrease in TC, TG, LDL-c, and VLDL-c (P<0.05).

The hyperlipidemic group fed a basal diet that included fortified
bread with 15% CS showed the highest results in lipid fractions among all
treated groups. Hala, (2018) shown that corn silk substantially decreased
the following parameters: serum TC, TG, homocysteine, leptin hormone,
atherogenic index, malondialdehyde, LDL-c, and VLDL-c. These results
agree with those of Hala, (2018) However, the data indicated that
adiponectin and high-density lipoprotein levels had significantly
increased.

Furthermore, Yan et al., (2016) found that no negative effects on
healthy mice with consuming crude flavonoids derived from corn silk at a
level of less than 500 mg/kg and that it showed strong anti-diabetic
potential in addition to anti-oxidant and anti-hyperlipidemia properties.
Compared to the diabetic control (DC) group, the diabetic CSF high
dosage group (HD) had lower levels of serum TC, TG, LDL-c, BG, and

liver glycogen. Furthermore, HDL-c levels were slightly rising.
Table (3): Effect of corn silk fortified bread on lipid profile of hyperlipidemic
and negative control rats.

w mg/dL

Groups TC TG HDL-c LDL-c VLDL-c
105.86+ 0.44 | 75.57+1.93 | 12.87+ 21.17+

(-ve) 83.86+3.25" be : 5 35 b 0.9 b¢
100.86+ 6.24 2551+ 2.47 | 51.95+ 2441+

(+ve) " 122.06+ 6.16 2 i 2808 L61°
Bread + 10% 73.29+ 107.88+ 38.71+ 12.49+ 22.09+
corn silk 1.45¢ 0232 ° 7.3.48°¢ 7.3.83° 7.0.40°
Bread + 15% . 103.33+ 47.13+ 11.87+ 20.66+
cornsilk | (26658371 ) g 7.2.37° 7247¢ | 7.086¢

Values are expressed as mean = S.D. Means with the different superscript
letters in the same column were significantly different at P <0.05.

Effect of corn silk fortified bread on liver function of hyperlipidemic
rats.

The impact of corn silk-fortified bread on the serum activity of
alkaline phosphatase (ALP), aspartate aminotransferase (AST), and
alanine aminotransferase (ALT) was demonstrated by the results in Table
(4). The findings demonstrated that, in comparison to normal rats,
hyperlipidemic rats (positive control group) had significantly higher
serum levels of ALT, AST, and ALP. However, when compared to the
positive control group, the serum concentrations of ALT, AST, and ALP
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significantly decreased in all treatment groups. Rats fed fortified bread
with 15% CS showed the greatest improvement in the results.

These results are consistent with those of Matsuzawa-Sanad et al.,
(2022) who reported that giving rats forssk on a high-fat diet improved
their liver functions as indicated by the normalization of liver function
indicators ALT, AST, and ALP.

The groups that received nicotine plus aqueous or methanol
extracts of corn silk showed a substantial decrease in the ALT enzyme as
compared to the nicotine group. Additionally, mice receiving nicotine
showed a substantial decrease in AST when compared to the nicotine
group due to the protective impact of aqueous and methanol extracts of
corn silk. Nevertheless, the ALP enzyme dramatically reduced in mice
administered nicotine in addition to aqueous or methanol extracts of corn
silk compared to the nicotine group. (Mohammadi et al., 2024).

Table (4): Effect of corn silk fortified bread on liver function of hyperlipidemic
and negative control rats

arameters U/L
\ ALT AST ALP
Groups -
(-ve) 9.71+ 1.62 ¢ 12.71+2.17 °¢ 45.29+ 3.23 ¢
(+ve) 12.86+ 4.32° 18.71+4.372 105.86+2.42 2
Bread + 10% corn silk 10.29+1.88° 15.43+ 4.48° 71.42+256°
Bread + 15% corn silk 09.85+ 1.84 P¢ 12.38+3.86 ¢ 67.33+2.63°

All results are expressed as mean = S.D. Means with the different
superscript letters in the same column were significantly different at P <
0.05.

Effect of corn silk fortified bread on Serum Concentrations of
Creatinine and Urea Nitrogen of hyperlipidemic rats.

The impact of corn silk on kidney function (urea nitrogen and serum
creatinine concentration) is presented in Table (5). The results indicated
that the positive control group, which included hyperlipidemic rats, had
notably higher serum levels of urea nitrogen (mean value of 0.75+0.04
mg/dl) than the negative control group (0.66+0.03 mg/dl). In comparison
to the positive control group, the data indicated that the levels of urea
nitrogen and creatinine gradually decreased in accordance with the
concentration of CS. The ratios reached 0.70+0.05 and 44.00+2.08 with
corn silk fortified bread at 10%, and 0.65+0.02 and 34.33+2.84 mg/dI
with corn silk fortified bread at 15%.

Sukandar et al., (2013) showed that corn silk extract improves
kidney functions by increasing the amount of urine, which can assist
remove waste and toxic substances, lowering creatinine levels. This study
results aligned with their findings. Additionally, corn silk extract aids in
the removal of excessive fluid, which might reduce fluid retention. Corn
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silk extract helps lower high blood pressure, which is the most noticeable
symptom. Chemicals in corn silk acting as diuretics and can also help
lower inflammation and kidney disorders (Miriam et al., 2015).

Table (5): Effect of corn silk fortified bread on Serum Concentrations of
Creatinine and Urea Nitrogen of hyperlipidemic and negative control rats.

eters mg/d|
\m\ Urea Nitrogen Creatinine
Groups
(-ve) 0.66+0.03° 37.33+2.66™
(+Ve) 0.75+0.04° 54.00+2.08 °
Bread + 10% corn silk 0.70+0.05" 44.00+2.08"
Bread + 15% corn silk 0.65+0.02° 34.33+2.84 ¢

Effect of corn silk fortified bread on the Serum Concentrations of
MDA and the Activity of SOD Enzymes of hyperlipidemic rats

The effects of CS on the antioxidant enzymes and tissue liver lipid
peroxidation of experimental rats are shown in Table (6). As a measure
of oxidative stress, the concentration of superoxide dismutase (SOD) was
significantly lower in the positive control group compared to the negative
control group, with mean values of 2.19+ 0.56 and 4.31+ 0.83 u/ml,
respectively. Additionally, when CS-fortified bread was fed to
hyperlipidemic rats, their SOD concentrations significantly increased in
comparison to the positive control group.

Malondialdehyde (MDA) concentration, the first oxidative stress
marker to be evaluated, was found to be higher in the hyperlipidemic
control group than in the normal control group, with a mean value of
22.02+ 2.44 nmol/ml compared to 12.93+ 1.24 nmol/ml. The MDA
concentration was significantly lower in all treatment groups than in the
positive control group.

Lowering high blood glucose levels can be accomplished in a variety
of ways. One of these is scavenging the reactive oxygen species that
cause p-cell death. Oxidative stress is a major factor in the degradation of
all biological systems. The wild plant, the acclimated plant, and the
plants that gave IBA all produced significant antioxidant activity by
reducing MDA in the serum sample of the treated rats. GSH is an
intracellular antioxidant that can decrease oxidative stress, whereas MDA
iIs a highly reactive indication of it (Abdel-Hamed et al., 2021).
Biochemical indicators of antioxidant activity include MDA testing and
the in vivo a-amylase inhibitory activity of different in vitro A.
fragrantissima administered to STZ diabetic rats (Goda et al., 2023).

The presence of phytosterols, proteins, polyunsaturated fatty acids,
antioxidant vitamins, carotenoids, tocopherols, and other compounds in
corn silk is associated with a number of health beneficial effects (Miriam

—AvNE -
aY Yo b= (YA) asadl Judesa —J5¥) aaadl — e (salad) alaal)




— Al il Gisang il ddaa

et al., 2015). Hu and Deng (2011) indicate that CS effectively increases
the levels of antioxidant enzymes involving SOD and CAT.

Table (6): Effect of corn silk fortified bread on the Serum Concentrations of
MDA and the Activity of SOD Enzymes of hyperlipidemic and negative control
rats

eters Parameter as Mean + SD
:’;\ SOD (W mg) MDA (umol /g)
(-ve) 4.31+0.83° 12.93+1.24°¢
(+ve) 2.19+ 0.56° 22.02+ 2.44%
Bread + 10% corn silk 4.10+ 0.75%" 17.55+1.50 "
Bread + 15% corn silk 4.35+0.73° 15.97+ 1.68°

Effect of corn silk fortified bread on the Paw's Thickness of Rats
after Induction of Pedal Inflammation by Formalin.

Table (7) shows how the experimental rats' paw thickness
changes when their diet is enhanced with varying amounts of corn silk
fortified bread (CSFB) following formalin-induced pedal
inflammation.

Following the induction of pedal inflammation by formalin, the
experimental rats' paw thickness drastically decreased with a mean
value of 2.70 £ 0.15 and 1.53 = 0.26 mm, respectively, following diet
fortification with varying levels of CSFB (10%, and 15%) (P<0.05)
when compared to the positive control rats (hyperlipidemic group),
which had a mean value of 2.70 = 0.15 mm. Additionally, rats fed a
diet enriched with two levels of CSFB (10% and 15%) showed a
significant decrease in the thickness of the paw's pedal inflammation
after three hours of inflammation induction. The mean values were
1.17 £ 0.17 mm and 1.53 £ 0.26 mm, respectively (P<0.05) when
compared to the positive control rats (2.87 £ 0.33 mm). Furthermore,
rats fed a diet supplemented with CSFB at any level of intake showed
a substantial decrease in paw thickness after six hours of inflammation
Induction as compared to the positive control rats. Also following one
day of formalin inducing pedal inflammation, the thickness of the
paws of all hyperlipidemic rats fed on two levels of CSFB reduced
significantly (1.33 £ 0.24 and 1.60 £ 0.21, respectively) in comparison
to positive control rats (3.23 £ 0.43). Added to that, after two days of
inflammatory induction, rats fed diet supplemented with 10% and
15% CSFB showed a substantial decrease in paw thickness, with mean
values of 1.47 £0.27 mm and 1.80 £ 0.35 mm, respectively. Level 1
of CSFB fortification was dramatically reduced, but level 2 was not
statistically different compared to the positive control group after 4
days. In the day (6) following the induction of inflammation, the data
revealed that there were no significant differences in any of the
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hyperlipidemic groups, with the exception of rats fed a diet
supplemented with 10% CSFB, which had a larger significant value
(2.50 = 0.50 mm) than the other hyperlipidemic groups.

According to Wang et al., (2012), our results supported their
findings that corn silk had a protective effect against inflammation and
assisted in its healing.

According to Guang et al., (2012), corn silk extract has anti-
inflammatory properties in acute inflammatory problems. Corn silk
extract was able to effectively inhibit the inflammatory exudate and
leukocyte migration that carrageenin stimulates in the rat pleurisy test.
According to Stow et al., (2009), these results demonstrate that the
extract from corn silk had an anti-inflammatory impact because it

inhibited the synthesis and/or release of proinflammatory cytokines.
Table (7): Effect of corn silk fortified bread on the Paw's Thickness of Rats
after Induction of Pedal Inflammation by Formalin

Variables Millimeter (mm)

oups Control 3 Hr. 6 Hr. 1 Day 2 Day 4 Day 6 Day
Control () 270+ | 287+ | 307+ | 323+ | 303+ | 297+ | 153+
0.15° | 0.33° 0.47° 0.43° 0.09° 0.03? 037"
%\I/rii?]dc?rrntgilﬁg 200+ | 117+ | 117+ | 133+ | 147+ | 177+ | 250+

b b b c c c a

(10%6) 0.58 0.17 0.1 0.24 0.27 0.37 0.50
Br.i‘f]d fort'f.'lelf 153+ | 153+ | 153+ 1.60+ 180+ | 3.00+ | 137+
with corn Si 0.26°¢ 0.26°" 0.26" 0.21° 0.35" 0.50° 1.13"

(15%)

Values were expressed as means + SE.

Means with the same superscript letters are not significantly different,

(at P<0.05).
Histopathological results
Rats from group 1 had normal hepatic lobule histological structure

when examined under a microscope (Pho. 1). However, the liver of rats in
group 2 had localized hepatocellular necrosis related to the infiltration of
mononuclear inflammatory cells (Pho. 2). On the other hand, liver in group 3
displayed mild hepatic sinusoidal congestion (Pho.3). Sections from group 4
that were examined revealed Kupffer cell activation (Pho.4).
Rats from group 1 had normal renal tissue histological structure when

their kidneys were examined under a microscope (Pho.5). On the other
hand, rats in group 2's kidneys indicated vacuolization of the renal tubule
epithelium (Pho. 6). In contrast, no histopathological changes were seen in
the sections from groups 3 and 4 (Pho. 7 and 8).
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Liver Histopathological examination

A
P
Pho (1)The rat's liver from group 1 has a

regular hepatic lobule histological
structure (H &E X 400)

Pho(2)Group2 rats' I|ver shad focal
hepatocellular necrosis along with the
infiltration of mononuclear
inflammatory ceIIs (H&E X 400)

”» e.
&3 ,} > 7
- ra > > » B -
Pho. (3) Liver of Rat from group 3 has Pho 4) Rat I|ver from group 4
mild hepatic sinusoidal congestion (H & demonstrating activation of Kupffer
E X 400). cells (H & E X 400).
Kidney histopathological examination

Pho. (5) Rat' kldneyfrom group 1 Pho. (6)Rat kldney from group 2

indicating normal renal tissue histological | appearing renal tubule epithelial lining
structure. vacuollzatlon (H & E X'400).
alk _

Ph. (8)There are no
histopathological changes in kidney of
the rat in group 4.

Pho. (7): Rat' kidney from group 3
revealing no histopathological changes.
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