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ABSTRACT

The present study was performed 1o investigate (he effect of the frecee-
dried powder of young green barley leaves added to diets as hypocholesterolemic
agents. For this purpose an experiment was carricd oul by using 24 mils which
were divided into four groups. The control group (6 rals) was fed on basal dict
and the sccond group (6 rats) was fed on hypercholesterolemic diet. The other
two groups were fed on hypercholesterolemic diet with powder of young green
barley at different concentrations of 10 and 20%. The results indicated that all
groups which were fed on diet containing powder of young green barley had
significant increment in body weight gain, food consumption and feed conversion
compared with rats fed basal and hypercholesterolemic diets,

Total cholesterol, trigiycende, HDL and LDL cholesterol were
determined, It was found that the rais fed on diets containing powder of voung
green barley sl different levels of 10 and 20% had the highest sipnificant decrease
in total cholesterol (11289, 116.11%), triglyceride (106,1, 107 12%) when
compared with the hypercholesterolemic diets rals, respectively.

The activities of alanine transaminase (ALT) and aspartate transaminase
(AST) enzymes of liver and kidney functions were estimated. From the obtained
results, it could be recommended that the addition of powder from young green
barley leaves might improve the liver and kidoey functions in
hypercholesterolemic dites rats.

On the other hand, the histopathological picture indicated that the
addition of freeze dried powder of young preen barley leaves to the mis
condaining a high cholesterol had slightly effect on the microscopical lesions
induced by feeding on high cholesierol diel. While, the histopathological
examination of the kidneys of rats fed on high cholesterol with or withoul
addition of powder from young green barley leaves at different levels (10 and
200%%) revealed nearly similar microscopic changes,

INTRODUCTION

Hypercholesterolemia is an established major risk factor for coronary
artery disease, Lifestyle modification is the preferable treatment for most types of
hyperlipidemia (National Cholesterol Education Program, 1993),
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Barley is one of the earliest cultivated cereal grains in the world. Tt is
gaining interest for food use due 1o iis desirable nutritional and functional
characteristics. fi-glucan content has become one of the main parameters for the
cvaluation of barley, which increase the value of barley, since il appears to reduce
serumn cholesterol (Baurdon ef al., 1999).

Barley contains non-starch polysaccharides which forms wiscous
solutions in the gut that delay tramsit and modifies nutrient digestion and
absorplion, thus the small intestinal reabsorption of bile acids is reduced, leading
{0 increase fecal steroid excretion and full in plasma cholesterol levels (Newman
et al., 1989 and Kahlon er af,, 1993).

A novel antioxidant from young green barley leaves was isolated by ethanol
extract from freeze-dried. The fraction exhibiting strongest antioxidative activity, the
active component was identified as 2°0"}O-glycosylisovitexin by GC. Itz
antioxidative activity was alimest equivalent to that of alpha-tocopherol in a lipid
peroxidation system at 100 mpg/1.5 mg ethyl linoleate (Osawa er al., 1992),

Young green barley leaves extract (GBLE) is widely used in Japan and
other countries as nutritional supplement. It is contain a high level of superoxide
dismutase, a potent antioxidant also cam play a role in cancer prevention or
treatment. GBLE is considered rich in chiorophyll which sugpested that this
component may have a beneficial effect on chronic pancreatitis ('Yokono, 1993).

Young green barley leaves are known to possess potent pharmacological
propertics, including antioxidative, antiinflammatory, antimutagenic  and
antiallergic activities. Tn particular, a Mavonoid 2"-0-glycosylisovilexin (2°-0-
GIV) isolated from an ethanol extract of young green barley leaves, possesses a
strong inhibitory effect toward lipid peroxidation, 2"-0-GIV  inhibiled
acetaldehyde formation from lipoprotein (LDL) by76% al a level of 1 pmol/50pg,
whereas ferulic acid inhibited it by 66% at the same level. In the blood plasma
system, 2"-0-GlVand probucol inhibited scctaldehyde formation by 89% and
94%, respectively, at a level of 3 pmol. 2*-0-GIV and vitamin C [ascorbic acid]
inhibited malondialdehyde formation by 54% and 32%, respectively, at a level of
0.1 pmal (Hartland, 1994),

Jackson ef al. (1994) have demonstrated that hypercholesterolemic rats
fed diets containing malted barley showed reduction in their plasma levels of total
and low density lipoproteins (LDL) cholesterol.

Melntosh ef af. (1995) reported that hypercholesterolemic rats fed whole
barley grain show reduction in serum cholesterol, LDL cholesterol and
iriglycerides but HDL cholesterol increased.

Wang ef al, (1997) reporied that the presence of tocotrienols found in
barley which have the potential to inhibit cholesterol and bile acid synthesis,
possibly by the inhibition of hydroxymethyl-Glutaryl-Coenzyme A (HMG-CoA)
reductase and 7 o-hydroxylase.
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Abd-Elkader ¢f al. (2000} found thal all groups, which were fed barley
products had significant increase in food consumplion and body weiglt gain
when compared to the positive control group, Also, plasma total cholesterol,
triglycerides and low density lipoproteins (LDL) chelesterol levels were
significamly decreased and high density lipoproleing (HDL) cholesierol was
significanly increascd,

Delaney ¢f al. (2003) reported that the dicts containing f-glucan lraction
from rice bran, oat bran and barlcy were significantly reduced the development of
antiatherogenic in hypercholesterolemic syrian golden hansters,

Wilson of af. (2004) found that decrease in plasma total cholesterol and
LDL -cholesterol concentrations were occurred in the hamsters which fied reducod
and high MW [-glucans dicts. Liver total cholesterol, free cholesterol and
cholesterol ester concentrations did not differ,

MATERIALS AND METHODS

Materials:

1. Barley (Giza 126 waricty) was obtained from Barley Rescarch
Department, Agriculture Rescarch Center, Giza, Egypl. Barley cercals were
grown at Agricultural Chemistry Dept., IFac. ol Agric.,, Moshtohor, then young
green barley leaves were harvested after 21 day, Freeze-dried young green barley
lesves were preparcd ina frecse-dryer, Then were subsequently grounded to 2
mm mesh size sieve (o form a fine and uniform powder,

Total cholesterol kit, HDL-cholesterol kil, LDL~cholesterol kit,
triglycenides kit, transaminase kits, total proteins kit, albumin kit, uric acid kit,
urea kit and creatinine kit were obtained from Biodiagnostics Co., Cairo, Egypt.
All chemicals used in this study were analytical grade,

2, Biological experiment:
2,1. Animals and experimental design:

Twenty four imale albino rats weighting about 6U-72 g for cach one were
obtained from Helwan station for experimental animals, Helwan, Cairo, Egypt.
The rats were fed on basal dict for week 1o adaptation in the experimental animal
cages. Then the rits were divided into 4 groups (6 rats each). The first group was
fied on the basal dict consisted of 70% corn starch, 10% casein, 10% comn oil, 3%
cellulose, 4% salt mixture and 1% vitamin mixture, The second group (6 rats) was
fied on the hypercholesterolemic diet consisted of 69% corn starch, 10% casein,
10% corn oil, 3% cellulose, 4% salt mixture, 1% cholesterol and 1% vitamin
mixture according 1o Shinnick ef al. (1990). The other two groups of rats were fed
on hypercholesterolemic dict with powder of young green barley leaves at levels
of 10 and 20%, respectively, for 8 weeks. The salt and vitamin mixtures used
were propared according to the methods of Hegsted ef al. (1941). Each rat was
weighed every week, food intake was also daily recorded and food efficiency was
determined. At the end of experiment, rats were fasted for 12 h and the blood
samples were onllected from the eye of the rals with heparinized capillary tubes
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then centrifuged at 3000 rpin for 20 min 1o obtain the serum. The liver was
excised washed with ice-cold isotonic saline and weighed, Serum and liver
samples were stored al -20°C until used for the assay of the biochemical
parametcrs,

2.2, Determination of biological parameters:

Serum folal cholesterol (Allain or al., 1974) and total triglycerides
(Fossati and Prencipe, 1982) were estimated by stanclard methods, Serum HDL-~
cholesterol was determined by the method of Lopes-Virella et al. (1977), but
LDL-cholesterol wias determined according to Steinberg (1981)

Asparlate aminotransferase (AST) and alanine aminotransfcrase (ALT)
activities were measured colorimeirically according to the method described by
Reitman and Frankel (1957) Urea in the serum was determined according 10
Faweett and Soctt (1960) and creatinine was estimated according to the method
described by Bartles ef al (1972).

Uric acid in the serum was determined according to the method
described hy Haisman and Muller (1977), Rlood haemoglobin was estimated
according lo Van-Kampen and Zijlstra (1967) method,

Total profeins in serum was delermined according to the method
described by Doumas (1975). Serum albumin was measured according 10 Doumas
ef al. (1971). But serum globulin was calealated by subtracting the amount of
albumin from total protein.

3 Statistical analysis;

Statistical analysis of the obtained daa was done following procedure
outhined by Gomez and Gomes (1984). The treatment means wene compared using
the least significant difference test (LSD) at e 5% lovel of piohability as outline by
Waller and Duncan (1969) using the SAS institute program (SAS, 1996),

4. Histopathology:

The livers of the rats which fed on different diets ywere scparated, and
specimens were Dmmediately  fised in 10% formaline, then treated with
comvenlional grades of cihyl alcohol and xylol, embedded in paraffin and
sectioned 1l 4-6 j thickuess. The sections were stained witl Haematoxylin and
Eosin (Hand L} stain for studying the histopathological changes (Drury and
Wallingion, 1986).

RESULTS AND DISCUSSION

Effect of the frecze-dricd powder of young green barley leaves on body
weight yain, food intake and feed conversion ratio in rats after 8 weeks:
Table (1) shows body weight gain (), food intake (p) and fecd
conversion ralio for experimental rats groups afler g period of 8 weeks, Mean
values of these results exhibited significant effect (P < 0,05) under cxperimental
dicts of rats. At the end of experimental period, body weight gain of rats fed on
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the diet containing powder from barly leaves was significantly higher (P < 0.05)

than that of cartesponding rats fed hasaj diet and hypercholesterolemic diets.
Body weight gain of ralg increased from BLO9ELS g for conirol group 1o

Eain (g) [A]

i o Feed
Body wclghl[ Food mhkt’m:wemion '

6365355127 18 547.12=10.64] 033
G4 64652076 , 1 6395247.28 | 0371
284 %32

G1: Control group.

G2: High cholestern] Eroup
G'3: Powder of Young green barley Jeayes (10%),
G4: Powder of young grecn barley leaves (20%),

in Table (2. 1y could be found (har the refative liver weight was significanily
inereased with rats fed dicts ar different levely (10 and 20%) of the Powider from
barley (4.75+0.31, 57140 36) than with the control diet {3 30+0 32) and high
cholesterol digy (2,3840,09)

Data in the same 1apje also revealed (hat fhe weights of kidney, hear,
lungs, spleen ang Teslis were significantly ingrensed with two Eroups of rats fod
diet contai ning the powder of barley leaves than tha of s fed basal diet (conrol
Eroup). From these results, it could be concluded that the increase of al] organ
weights in comparison (o control and high cholesterg) experiment rats under (he
ellect of different diets may be due o increase i body weight of rts fod diers
containing (he powder at the above-mentione different levels from barley leaves
(Abd-Elkader of al., 2000),
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Table (2): Effect of powder fram young green barley leaves on weight of rat

DrEans.
Final
Groups welght Liver Kidney Heart Langs Splern Tesths
(2} =
il 1303 140.91 | 33002 | 1L 15009 | 039004 | 0734006 | 060004 | 1334019

G2 177044108 '?_13!:0“) i Li4s0 01 | 0344001 | 0514003 | 00 03 | 1384013
G| 18938107 4754031 | 1554008 | 0.6840.07 | 09 3264033

G4 [1980340,54] 5714056 | 19%40.10 | 0733006 | 1364007 | 0855004 | 3.6640.3)

LSD 279 1.05 0.29 013 018 | o | o

G1: Control group.

G2: High cholesterol group

G3: Powder of young green barley leaves (10%)
G4: Powder of young green barley leaves (20%).

Effect of different experimental d]eu on cholesterol types and triglycerides of
rals:

The cffect of the powder of young green barley leaves and
hypercholesterolemic diets on serum total cholesterol, HDL-cholesterol, LML~
chelesterol and iglycerides of rats were studied and illustrated in Table (3).

The oblained results are presented in Table (3) showed that serum total
cholesierol of rals fod on basal diet (G1) and high cholesterol (G2) were
118.204+3 81 and 250.0542.00 mg/ 100ml serum, respectively. While rais fed diet
containing the powder from young green barley (G3 and G4) had the least mean
valuzs of total cholesterol ie, 116.62+2.44 and 112811259 mg/100ml serum
under different levels (10 and 20%), respectively. From the above-mentioned
resulls, it can be seen that the rats fed diet containing barley powder al the above
different levels (G3 and G4) were non significantly decrease of compared with
mis fed basal diet [control (G1)]. On the other hand, the total cholesterol
concentrations in two groups (G3 and G4) were highly significantly lower when
comparcd wilth rals fed diet high cholesterol (G2), Serum total cholesterol
concentrations were lower in the rats fed barley powder (-53% and -55%) at 10
and 20%, respectively, compared with rats fed the hypercholesterolemic diet.
While, high density lipoprotein (HDL) cholesterol concentrations significantly
increased with rats fed diet containing barley powder at two levels (10%, G3 and
20%, G4) comparing with others groups (G1 and G2},

On the other hand, low density lipoprotein (LDL) cholesterol
concentrations were lower in groups fed barley powder (53 4822 53, 49.53£2 49
mg/100 ml serum) compared with hypercholesterolemic diet (160.54+1.29
mg/100 ml serum), The data presented in Table (3) showed that serum
triglycerides of rats fed on basal diet was 143.06+1.54 mg/100 ml serum but rats
fed on high cholesterol was found to be higher 293.8142.53 mg/100 ml serum.
These mean values were decreased to 142,1743.95 and 140.57£0.51 mg/100 ml
serum by feeding with barley  atl different concentrations (10 and 20%),
respectively,
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Table (3% Effect of hypercholesterolemic diet supplemented with powder of
young green barley leaves on total cholesterol, HDL-
feeding rats after § weeks,

cholesterol and triglyeerides by
Parametcrs Gl G2 G3 G |1sp
Total cholesteral (z/100 mi) A [ 250,08 f1e.62 121 J 8.69
4381 $2.00 244 4259
Relative % 190.00% | 20155% | 9866% | 9s.4a% |
HDL-Cholesterol (/100 mi) 3451 J 257
2089
=
Relative % 106.41%
LBLchalesterol (g/100 mi) 160.54 €8 | e
#1.20 £1.29 153 +2.49
Relative % 10000% | 363.48% | 8701 $1.29%
THglyoeri g T 143.06 293.81 14217 140.57 j niis
2054 +2.53 +195 +0.51
SR
Relutive % 100.00% | 208398% |  o938% | smagne
Risk ratio (%) 356 aLs 330 il
40,19 0,04 4011 .13

From the above-mentioned results, it can be concluded that the total
cholesterol and triglycerides of rats foq barley powder were non significantly
lower (P<0.05) compared with rats fed basal diet and significantly higher
compared with rats fed the hypercholesterolemic diet, but thare were slightly
differences in LDL- and HDL-cholesterg] compared with rats fed the
hypercholesterolemic dict. These results are in agreement with those reported by
Osawa et al. (1992), Hartland (1994), Wang et ai, (1997), Arimoto et af, (2000),
and Wilson e a/, (2004),

Effect of powder from Young green barley leaves on liver and kidney
functions of rats:

The mean values of plasma transaminase activities of ALT and AST
were presented in Table (4). Mean values of ALT of rats fed powder from young
&reen barley at different concentrations (10 and 20%) had a similar values
(34.3342.96, 34.0041 00 U/ml, respectively) with rats fad basa] dist 36.6742,03
Ulml) while, hypercholesterolemic diet was 50.6744.26 Uiml. It could be seen

* that the rats fed on the powder from barley exhibited g significant decrease

mean of AST in rats fed the powder from barley at 10 and 208 were non-
significantly different (36.3322.03 and 37.3321 33 U/ml, respectively) with rats
fed basal diet (35,00+1,00 Wml), while significantly higher with among rats fed
hypercholesteralmic (HCD) diet (73.67+6.89 Ulml). These results are in
agreement with those reported by Delaney et af, {2003).
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Table (4): Effect of powder from young green barley leaves om liver and

Kkidney functions of rats after 8 weeks
Parameters Gl G2 LSD
ALT (U/ml) o ig_“:; __:;;; 280
AST (U/ml) l oy iy 1047
om0y | am | e | am s |
Creatinine (mg/100 ) o b iéﬁ . 02
Uric acid (mg/100 m1) l b Lo I M 2 | em

Data of serum urea, creatinine and uric acid of different experimental
diets after 8 weeks are illustrated in Table (4). Mean of values of urea were
50.67+2.60 and 40.33+2.91 mg/100 ml serum for rats fed the powder bariey at 10
and 20%, respectively. These valucs were higher than that of rats fed basal diet
26.51£0.22 mp/100 ml serum, but {hese values were lower compared with rats
fed high cholesteral 65.671.45 m/100 ml serum, While, the values of creatinine
for rats fed the barley powder were found to be 1.23+0.09, 0.79£0.02 mg/100 ml
serum, the obtained values were lower than that of rats fed hypercholesterol diet
(1.60£0.12 mg/100 m] serum) and higher than those rats fed basal diet (0.49%0.01
mg/ml serum), But uric acid values were significantly lower of rats fed the barley
powder when compared with rats fed hasal diet and similar to that fed with high
cholesterol diet.

These results are in the same trend with that reported by Jackson et al.
(1994} and Delaney e al, (2003).

Effect of different experimental diets on total proteins, albumin, globulin
and hemoglobin of rats:

Total proteins, albumin, globulin and hemoglobin of rats serum fed on
wested diets are tabulated in Table (5). Results show that the mean of values of
total proteins were 6.79:0.24, 6.34+0.04 mp/100 ml serum in rats fied the powder
barley at concentrations of 10% and 20%, respectively. These values were similar
with rats fed high cholesterol dict {6.42£0.20 mg/100 ml serum) and higher than
that rats fed basal diet (5.8220.06 mg/ 100 m] serum). But the serum albumin of
rats fed different experimental diet non significantly increased when compared
with control group.

On the other hand, the mean values of globulin in rats fed the powder
barley at different levels (10 and 20%) and high cholesterol were non-significantly
higher with rats fed busal diet. Data concerning albumin/globulin (A/G) ratio in rats
serum after feeding of rats on different diets showed a significant decrease when
compared with control group. While, the mean values of hemoglobin in rats fed the
powder from barley were non significant with rats fed basal diet and high
_cholesterol. These results are in agreement with those reported by Jackson ef al.
(1994) and Wilson et al. (2004).
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Table (5): Effect of different experimentsl dicty on tutal proteins, albumin,

globulin and hemoglobin in rats after 8 weeks.

Parameters Gl G2 3 G LSD

Total protein (/100 ml scrum) S8 642 679 6.4 0.50
#0006 0,20 #h,24 04

Albomin (/100 ! serium) 183 170 328 358 03
H04 ! HE1T .16 .14

Globulin (/100 ml serum) 47 5 27 mn a7 0T
039 | =il 0,17 &), 13

AJG rasio (%) 161 136 1.51 1.30 042
40,21 40,09 01 | o0 |

Ilemoglobin (ng/100 ml serum) 1:":: _:Jﬂ:;: EE ::ﬁ 017

Histopathological findings:
Liver:
Control group:

The histopathological examinarion of the liver of rats fed basal diet
(control group) revesled nearly histologic hepatic tissues, where normal
hepatocytes were arranged in cords around central vein, Moveover, small bile
ducts lined by cuboidal epithelium with portal vessels were observed in the portal
areu (Fig, 1),

High cholesterol group:

The microscopic examination of the liver rats fed on high cholesterol
revealed vacuolation of the most hepatocytes. Multiple areas of lymphocytic
cellular aggregation among the hepatic parenchyma. Thrombesis of the portal
vessels with Lymphocytic cellular infilteration of the portal areas were ulso
detected (Fig. 2}

Hypercholesterolemic diet with powder of young green barley leaves groups:

The histopathological examination of the liver rats diet on high
cholesterol  with powder from young green barley leaves at different
concentrations (10 & 20%) were illustruled in the following figures. Addition of
powder from young green barley leaves with concentrations of 10 and 20% was
associated with enhancement of the microscopic picture of the liver where
vacuolation of the cytoplasm with few liepatocytes was noticed in liver of rat fed
on 10% barley (Fig, 3). While, no vacuolation of the hepatocytes was detected in
the liver of rat ted on 20% barley. However, lymphocytic cellular infilteration of
the portal area was recorded in liver of rats fed on 10% or 20% barley (Fig. 4).

Kidneys:
Control groups:
The microscopic examination of the kidneys of rats fed on basal diet

revealed nearly normal histological structure of the renal tissues. The renal
tubules were lined by simple cuboidal epithelium with round nuclei and
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eosinophilic cyloplasm. The plomeruli were formed from gromerular tufis and
Rowman's capsirle with clear Powman's space (Fig- 5

Hypercholesterol diet with powder of young green barley leaves groups:

Om the other hand, addition of powder from barley 10 the rals containing
high cholesterol had little effect on the microscopical lesions induced by feeding
on high cholesterol diet where, {he histopathological examination of the kidneys
of rats fed on high cholesterol with or without addition of powder from young
green barley leaves al different levels (10 and 20%) revealed nearly similar
microscopic changes, However, the severity of these changes was more in the
kidneys of rats fed on high cholesterol diet alone. These changes were reported by
cloudy swelling of the lining epithelivm of renal whbules (Fig. 6). Moreover,
hyaline casts within the lumen of the some renal tubules were also seen (Fig. 7)-

¥ig. (1k Liver of rat fed on basal diet showing  Fig. (2 Liver of rar fed on high chalesterl
pormal histologic structare of hepatle Siet showing thrombosls of portal vessel
parench-yma. H & T stuin X 400 with lymphoeytl cellalar infiliration of
the aren and vaenolstion of the
eytnplasm of heputocytes. H & E sinin X
400

Fig. (3} Liver of rat fed vn high cholesicrol  Fig. (4 Liver of rul fed on high cholesterol

et wilh 10% powder of young grees wudm%pumniyun;w-
tearbey Jewves showing varuolative of baricy leaves showing uo vacunlation of
few hepatocytes. 11 & F stain X 400 bepatocytes with Iymphorytic  ceffalar

infilteration of the porial wrea. naer
stain X 400
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Fip.m:lthhryol'm{adn-ln.ldlrtﬂni-g
sormal  histologicul structure of  renal
twbales (T) and glomersli (G). H & E smin
N odne

Fiie. (6} Kidney of rat fed on high cholesteral Fig, (7): Kiduey of rat fed om high cholesterol

diet showing cloudy swelllag of rensl diet with powder of young green barfey
tubules, H & E stuin X 400 bewves showing eosinephilic cast inside
the lumen of rensl fubules. H & F sinin
X 400,
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