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Abstract

The aim of this study was to investigate the prophylactic and curative effects of barley and it’s bran against hyperlipidemia in albino
rats. A total of 88 adult male albino rats “swiss strain” weighting about 80-100g were used in 2 main experiments. (1) The prophylactic
effect of barley and bran against hyperlipidemia for 8 weeks and (2) The curative effect of barley and bran for 8 weeks after induction of
hyperlipidemia (using cholesterol and cholic acid). The data revealed that there was an increase in the levels of serum total lipids, total
cholesterol, triglycerides, ALT, AST, ALP and LDH, while HDL-cholesterol level was decreased after the induction of hyperlipidemia.
These results suggest that barley and bran may evoke different lipidaemic responses and that barley bran has more favorable effect on
blood lipids than the whole barley. Results were compared with those of Atorvastatin, a standard orally effective hypolipidemic agent.

Keywords: Hyperlipidemia, Prophylactic, Curative, Barley, Bran, Lipid Profile, Liver Function.
Introduction

Hypercholesterolemia is a risk factor for early onset coronary heart | (as well as altering digestive enzyme activity ®.

disease. Increased consumption of dietary plant starch and non @ Materials and Methods

starch polysaccharides (NSP,”Fiber”) and reduced consumption of | The barley was purchased from the Egyptian market. It was
total and saturated fat are known to lower plasma cholesterol V. cleaned and powdered in a cyclotec mill to pass through a 60
Barley (Hordeum vulgare L.) contains relatively high concen- | mesh sieve. Atorvastatin was chosen as a standard hypolipidaemic
tration of the mixed-linkage ! (¥ B-D-glucans (B-glucan). Al- | agent. It was obtained from Egyptian Int. Pharm Company; each
though B —glucan occurs in all cereals, its concentration is highest | tablet contains 10mg of the active material “vastatin”.

in oats and barley with values ranging from 2% - 16% ®. Among : Experimental Animals

the cereal grains, oats and barley have been reported to be the most | A total of 88 adult male albino rats (80-100g) were used in this
effective in lowering serum total cholesterol and LDL-cholesterol | study. Rats were provided from the NODCAR’s Farm, Giza . they
in human and animals ®. Cholesterol-lowering ability was first | had free access to water and were fed on a standard synthetic
ascribed to oats but more recently to barley ©. It has been hypothe- | diet for two weeks ©. Hyperlipidemia was attained to rats using
sized that, upon ingestion, B -glucan increases small intestinal vis- | cholesterol/ cholic acid mixture (3:1) mixed with the synthetic diet
cosity due to its lower molecular weight and its tendency to form : in a dose calculated on the basis that each rat received 0.5g of this
viscous gummy solution resulting in reduced bile acid and choles- | mixture/kg b.w daily for 10 weeks. Two main experiments were
terol or triglycerides absorption thus lowering plasma cholesterol | conducted as follows:
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The prophylactic effect against hyperlipidemia: to study the
protective effect of the whole barley and bran against hyperlip-
idemia, a total of 40 rats were used the experiment lasted for 8
weeks. Animals were divided randomly into equal five groups (8
rats each): Group 1 fed on the standard synthetic diet and served
as negative control (-ve).Group 2 was daily attained to the hyper-
lipidemic diet (H.L.D) and served as positive control group (+ve).
Group 3 administered barley bran at a dose of 100mg/kg b.w (add-
ed to the H.L.D) daily. Group 4 administered barley bran at a dose
of 200mg/kg b.w (added to the H.L.D) daily. Group 5 administered
whole barley at a dose of 200mg/kg b.w (added to the H.L.D).
The curative effect on hyperlipidaemic rats: in this experiment,
a total of 48 rats were used. Eight rats were fed on the standard
synthetic diet and served as negative control (-ve) “Groupl”. The
other rats were subjected to the induction of experimental hyper-
lipidemia for 10 weeks as described before. The hyperlipidaemic
rats (40rats) were divided randomly into equal 5 groups (8 rats
each): The first one; Group 2 served as hyperlipidemic control (-ve
control). Group 3 received barley bran at a dose of 100mg/kg b.w.
(added to the diet) daily. Group 4 received 200mg/kg b.w.of barley
bran (added to the diet) daily. Group 5 received whole barley at a
dose of 100mg/kg b.w. (added to the diet) daily. Group 6 received
0.9mg/kg b.w. Atorvastatin as a standard hypolipidemic agent
(added to the diet) daily.

All doses administered to the animals were calculated according
to the recommended therapeutic human dose and converted to the
dose of the adult rats 19,

Blood sampling

In the first experiment, blood samples were collected before treat-
ment and then after 4 and 8 weeks. In the second experiment,
blood samples were collected before and after induction of hyper-
lipidemia and then 4 & 8 weeks after administration of the differ-
ent treatments.

Analysis

AACC approved methods Y were used to analyze the test samples
for protein (Kjeldahl), fat (acid hydrolysis) and ash .p-Glucan con-
tent was measured 2. Moisture was determined under vacuum (16
hr, 7000 C, 25 mmHg).Total dietary fiber (TDF) and soluble fiber
(SF) contents were determined “?. The following parameters were
assayed; serum total lipids ¥, total cholesterol ">, HDL-choles-
terol 19, triglycerides 17, transaminases enzymes (ALT& AST)
(% alkaline phosphatase (ALP) !, lactate dehydrogenase (LDH)
@9 total proteins @Y, albumin @?, urea @ and creatinine ®¥.The
obtained results were statistically analyzed .

Results

Chemical composition of Barley and Barley bran: The chem-
ical composition of whole barley and barley bran was presented
in Table (1). It is obvious that the whole barley contains higher
fat than bran, while fat contents were 4.1 g/100g and 3.4 g/100g.
Total respectively carbohydrate amounts 51.8 g/100g and 52.1
2/100g, respectively. Barley bran contains higher amount of solu-
ble fiber (12.5 g/100g) than whole barley (6.8 g/100g). B-Glucan
concentrations were found in the same order, i.e. barley bran (13.2
g/100g) and whole barley (9.8 g/100g).

Table (1): Chemical composition of test material. (Components in g/100g)

Material Moisture Protein Fat Ash | Total Soluble Carbo- B-Glucan
(TN=<6.25) dietary fiber hydrates
fiber.
Whole barley 10.2 11.7 4.1 2.1 20.1 6.8 (34) 51.8 9.8
Barley bran 94 11.2 34 2.0 219 12.5(57) 52.1 13.2

Biochemical analysis

Prophylactic effect of Barley and Barley bran against hyper-
lipidemia: Table (2) revealed the effect of different treatments on
serum lipid profile. It is clearly shown that the value of T. Lip-
ids in the first group (-ve control) were not affected during the
experimental period. In the (+ve control) group, where rats were
fed on the hyperlipidemic diet, serum T. Lipids were significantly
increased by 180.2% after 8 wks of treatment compared with the
corresponding control and by 98.9% , 51.0% and 88.6% for barley
bran (100 , 200) and 200 mg/kg.b.w of whole barley, respectively.
Serum triglycerides in the (-ve control) group were not affected
during 8 weeks of treatment, while in the (+ve group), this level
was increased by 144%. Barley bran in the two different doses and
whole barley (200 mg/kg.b.w.) caused a decrease by 5.60, 29.5
and 10.5, respectively. Serum total cholesterol level was increased

by 225% in the (+ve control) group, while it was increased only
by 4.11% in the negative control group. Barley bran in the dose
of (100,200) mg/kg. b.w. and whole barley (200 mg/kg.b.w.) in-
creased the T. Cholesterol by 36.2% , 20.8% and 37.7%, respec-
tively. Serum HDL-cholesterol level was decreased by 19.4%,
11.4% and 17.6% in barley bran (100, 200 mg/kg.b.w) and whole
barley groups, respectively. While in the (+ve control) group this
value was decreased by 42.6% after 8 weeks. The risk ratio in the
(+ve control) group was increased by 466%, while barley bran
in the two different doses and whole barley (200 mg/kg.b.w) de-
creased this value only by 91.8%, 35.8% and 66.7%, respectively
compared to the corresponding control.

A marked elevation in serum ALT, AST, ALP and LDH by 68.2%,
89.1%, 150% and 33.5%, respectively was observed in the +ve
control group after the induction of hyperlipidemia (Table3) . The
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daily dose of (100,200) mg/kg.b.w. of barley bran and 200mg/
kg.b.w of whole barley decreases the levels of S-ALT , AST , LDH
and ALP compared to +ve control group. Table (4) revealed the
effect of bran and whole barley on serum total proteins, albumin,
globulin and Alb / Glob. The daily dose of 200 mg/kg.b.w. of bran
and whole barley caused a moderate increase in bl. urea level after
8 weeks of treatment. Both doses of barley bran and the dose of
whole barley induced a slight increase in S.creatinine level after 8
weeks of treatment.

Curative effect of Barley and Barley bran on hyperlipidemic
rats: In this experiment, rats were fed on the hyperlipidemic diet
for 10 weeks, and then treated with the different treatments for
8 weeks. Atorvastatin was used as a reference standard hypolip-
idemic agent. It revealed appreciated effects on the different lip-
id parameters of hyperlipidemic rats after treatment for 8 weeks
(Table 6). Also, this agent reduced ALT, AST, ALP and LDH
levels. Bran and whole barley also decreased these levels (Table
7). Serum total protein concentration was significantly decreased
by 14.8%, 18.5%, 24.2% and 25.0% in the groups of barley bran,
whole barley and Atorvastatin (Table 8), respectively. The values
of serum albumin were also decreased by 31.0%, 28.6%, 30.5%
and 31.7% in the groups of barley bran, whole barley and Atorvas-
tatin. The high dose only of barley bran caused a slight increase
in bl.urea level after 8 weeks of treatment. There was no effect of
the different treatments on serum creatinine level during 8 weeks
of treatment.

Discussion

Induction of hyperlipidemia: Induction of hyperlipidemia was
performed using cholesterol: cholic acid mixture at a ratio of 3:
1 @ In addition, saturated fats (10%) and sucrose (50%) were
added to the diet. Cholic acid was used to overcome the difficulty
of cholesterol absorption.

As can be seen from the data shown in Table (5), very highly
significant elevations were indicated in the level of serum total
lipids, total cholesterol, risk ratio, triglycerides, ALT, AST, ALP,
LDH and Alb/Glob ratio. While slight elevations were indicated
in the level of serum creatinine and albumin after 10 weeks from
the induction of hyperlipidemia. Also, highly significant reduc-
tions were indicated in the level of serum HDL-C. The level of
serum total proteins and blood urea were not affected. The slight
elevation in serum creatinine after induction of hyperlipidemia is
statistically not significant and lies in the normal range. Elevations
indicated in serum total lipids seem to be logic and runs parallel
with the excess of saturated fat and sugar available in the diet.
Elevations in serum total lipids were also indicated after the in-
duction of experimental hyperlipidemia ®” .The increase indicated
in the level of cholesterol runs parallel with the similar elevations
indicated by the previous authors. Reductions indicated in HDL-C
may be important. since it stimulates the removal of cholesterol
from the peripherol cells back to the liver for excretion. The in-
crease in the level of triglycerides could be referred to the presence
of excess saturated fats in the dietary intake. This excess of body
needs leads to their conversion into triglycerides in the liver. These
triglycerides are packaged into VLDL and released into the circu-
lations to be delivered to various tissues for storage or production

of energy through oxidation @®.

Elevations indicated in serum ALT, AST, ALP and LDH after the
induction of hyperlipidemia may be due to the destruction of some
liver parenchymal cells or by enhancement of the activity of the
enzyme itself to face the damaging effect of free radicals accom-
panying the hyperlipidemia .

In most human studies as well as experimental animals there is
a positive correlation between cardiovascular disease and blood
cholesterol level. Free radicals play an important role in this con-
cept. Lipid oxidation and generation of free radicals are considered
to be natural phenomenon in biological systems. The formation
of reactive free radicals is mediated by a number of agents and
mechanisms such as xenobiotic metabolism. The free radicals
formed are highly reactive with molecular oxygen forming peroxy
radicals and hydroperoxides and thus initiating a chain reaction.
Pro-oxidant states cause cellular lesions in all major organs by
damaging cellular components and cell function. The free radical
has been implicated in the etiology of several genetic as well as
acquired metabolic disorders. One of these diseases is hyperlipi-
daemia which favors the formation of free radicals, leading to arte-
rial damage and platlet aggregation.Cholesterol oxidation products
have received a lot of attention because of their involvement in the
development of coronary artery disease ©°.

Oxygen free radicals and lipid peroxidation are major factors in
the etiology of atherogenesis and its associated clinical disorders,
which include coronary artery disease, stroke, ischemic demen-
tia and various other atherosclerotic disorders V. Atherosclerosis
is a vascular disease with a complex etiology ©?. The oxidative
modification hypothesis of atherosclerosis proposes that oxidation
of LDL leading to the accumulation of lipid peroxides and other
oxidized radicals, is a major cause of atherosclerosis. It is now
known that the level of serum LDL is positively correlated with the
incidence of hyperlipidaemea and then atherosclerosis. One wide-
ly accepted theory for explaining this phenomenon is the oxidation
of LDL. However, epidemiological studies have shown that the
concentration of serum HDL was inversely correlated to the risk of
atherosclerosis. Experimental evidences have suggested that HDL
can protect LDL against oxidation. However, the HDL — cholester-
ol may be increased by N — acetyl cysteine suggesting the possibil-
ity that a decrease in HDL — cholesterol may be related to changes
of the thiol level and / or the thiol / disulfide redox status (REDST)
in the plasma. They concluded that there is a strong possibility
that the changes in plasma thiol level / plasma and intracellular
thiol disulphide redox status of peripheral blood mononuclear cells
may play a causative role in the pathophysiology of the arterio-
sclerotic process and the development of coronary heart disease.
This conclusion is in line with the fact that abnormally high “total
homocysteine levels” which are also typically associated with an
oxidative shift in REDST have been identified as an independent
risk factor for CHD. The oxidative shift in REDST may therefore
be a consensus risk factor common to several or all independent
other risk factors ¢3.

Evaluation of barley and its bran: barley bran lowered the se-
rum total cholesterol and serum triglycerides in the rats more than
the whole barley did (Table 6). Elevated serum HDL- Cholesterol
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levels, unlike total cholesterol levels, is reported 4 to provide pro-
tection against heart disease. In barn fed animals, however, an in-
teresting pattern again emerged. The different results may be due
to diet, i.c. the amount of soluble fiber and B-glucan in the diet. For
example, rats fed the diet containing the highest level of soluble
fiber and B-glucan (diet formulated with barley bran) showed the
lowest serum cholesterol levels throughout the eight- weeks test
period (Table 6).

The physiological effects of dietary fiber have proven to be more
complex than once thought. Currently, the major nutritive effect of
fiber receivins the most focus is its hypolipidaemic effect, which
is more pronounced by soluble fiber such as B-glucan than non
soluble fiber. The most widely held hypothesis of the mechanism
by which fiber influences lipid metabolism is that it interrupts en-
terohepatic circulation by binding the circulating bile acids and
preventing their subsequent reabsorption ©>3% . Thus, an increased
proportion of cholesterol produced by the liver is converted to bile
acids, thereby making less cholesterol available for packaging into
lipoproteins.

Barley reportedly contains other factors that affect blood plas-
ma cholesterol G738 439 Tt was reported that “0 barley contains
compounds that inhibit 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-COA) reductase in chickens, the rate-limiting enzyme in
the cholesterol biosynthetic pathway. One of these compounds was
isolated from high-protein barley flour (HPBF) and identified as
a-tocotienol. The present authors hypothesized that the presence
of dietary HPBF would partially alleviate the hypercholesterolae-
mia resulting from dietary cholesterol because reports indicate that
various fibers moderate the increase in plasma and liver choles-
terol diets “*?. Furthermore, Gallaher et al. found a significant
serum lipid- lowering effect of a f-glucan rich barley fraction in
hypercholesterolaemic men. These findings also indicate that the
B-glucan in barley influences sterol metabolism “%.

Barley also contains lipids and phytosterols, which have both been
postulated to reduce serum cholesterol “. Recently, barley oil
was found to have a lipid- lowering effect similar to that of barley
bran flour when added to a low-fat diet “Y. The authors suggested
that the lipids of certain barley fractions, such as brewer’s spent
grain, may have lipid-lowering properties. B-glucans in barley in-

creased intestinal viscosity and decreased plasma cholesterol of
male broiler chicks fed barley and cholesterol “. In the chicken
model @” reported a cholesterol-lowering effect in barley due to a
decrease in a rate- limiting enzyme in cholesterol synthesis; subse-
quently, the authors identified a-tocotrienol as an inhibitor of this
enzyme .However, if human subjects respond like the rats used in
this study, it would suggest that the ability of soluble fiber (SF) in
barley meal to lower cholesterol is negated by some mechanism
(activation of B-glucanses, for example).

Elevated serum triglycerides (TG) levels are viewed by some as an
independent risk factor in heart disease (34). Barley diets appeared
to be strong predictors caused a reduction in serum cholesterol and
serum triglycerides content in liver of rats .The viscous property of
soluble B-glucan may result in reduced absorption, or reabsorption
of lipids “9).

B- glucan decreased LDL- Cholesterol and increased HDL-Choles-
terol. High density lipoprotein may hasten the removal of choles-
terol from peripheral tissue to the liver for catabolism and excre-
tion. Also, high levels of HDL may complete with LDL receptor
sites on arterial smooth muscle cells and thus partially inhibit up-
take and degradation of LDL. The increase of HDL concentration
could protect LDL against oxidation in — vivo because the lipids in
HDL are preferentially oxidized before those in LDL 7,

A considerable attention has been devoted to the role of the differ-
ent natural antioxidants as inhibitors of LDL oxidation and their
possible therapeutic effects to prevent hyperlipidemia and ath-
erosclerosis. It was reported that total and LDL-Cholesterol were
reduced “¥, both decreases being significantly correlated with
soluble B-glucan content. It has been hypothesized that soluble
B-glucan tends to increase intestinal viscosity due to its low mo-
lecular weight and tendency to form viscous solutions, resulting in
reduced bile acid and cholesterol production ,and increased faucal
fat bile acid excretion thus reducing plasma cholesterol “849).
These results suggested that barley and its bran may evoke differ-
ent lipidaemic responses. Thus, it seems that the bran fraction of
barley which is rich in soluble fiber and - glucan would likely ex-
ert a more favorable effect on blood lipids than any other fraction
of the whole barley.
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Table (2): Prophylactic effect of whole barley and barley bran on serum lipids (mg/dl + S.D) and % variation from the corresponding
control during the induction of hyperlipidemia for 8 weeks in male rats.

GROUP TREATMENT Time intervals (Wk's)
ITEM
NUMBER 0 4 %% var. 8 % var.
TL 293 +£3554 299+ 3537 2.05 7 301+60.97% 2.73
Trig. 5024547 5131707 2197 1992700 7 0.604
1 Negative control [ TCh 53.5 7,78 567610 + 508 1 55724231 1117
HDL.Ch. 36.6=2.42 3652430 0.274 333=162% 333 .
T HDL 1.46=0.12 1332027+ 6.16 7 1.38=0.007 82227
TL 268 £33.6 723 +£414% 169.8 7 731 £353.0% 180.2 7
Tnz. 5442781 65.0=139" 1957 132.6=6.15"" 1447
2 Positive control || T.Ch. 5542671 128.1£5.24 ** 13127 17992144 225
HDL.Ch. 34.0£2.93 26.2=1.81" 229 19.522.38" 426
T HDL 1.63=0.08 4.89=0.44 20007 9232120 466 7
TL 273+642 410 £ 79 2% 53357 543 £76.7 989
Trig. 50.0=6.28 39.1=395 = 218 47.2235.49% 3.60]
Barlev Bran
3 T.Ch. 55.6=3.18 113.0=1.0g%== 103.27 7372395 3627
(100 mgkg b.w)
HDL.Ch. 37.7=2.36 27.3=1.18%%% 27.1] 30.4=1.64%* 194
T HDL 1.47=0.06 4.10=0.40%%* 1789 1 24920 23% % 9187
TL 251+2756 612 + 63 6% 14387 370 £ TR 4w 5107
Trig. 57.0=0.41 42.1=9.70 * 26.1 | 10.2=0.40% 295 |
Barlev Bran
1 T.Ch. 53.0=6.06 10741 64.0=595 087
(200 mgksg b.w])
HDL.Ch. 3592271 289 31.8+2.93 114
T.HDL 1.48=0.07 191.21 2.01=0.29 3587
TL 281305 500 £50.7%* 7797 88.6
Trig. 48.826.44 168 1035
Whole Barlev
5 T.Ch. 55.4=7.67 10137 3777
{ 200 mgkg bow)
HDL.Ch. 36.3=1.92 27221 65%** 2351 176
T HDL 1.5320.13 4.10=03 167.9 1 2552047 66.71
P> 0.1. * P<0.05. ** P < 0.01. *** P < 0.001. T.L.: total lipids. T.C.: total cholesterol.
TG.: triglycerides. HDL-C: HDL-cholesterol. T. 'HDL-C: total cholesterol / HDL-cholesterol. EGb: Ginkgo biloba extract.
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Table (3): Prophylactic effect of whole barley and barley bran on serum enzymes (U/L £+ S.D) and % variation from the corresponding
control during the induction of hyperlipidemia for 8 weeks in male rats.

GROUP TREATMENT ITEM Time intervals (Wk's)
NUMBER 0 4 %% var. 8 % var.
ALT 32.3=5.74 324357+ | 0317 32.1=5507 | 0.62 4
- AST 65.3=2.77 64.9=6.06 T | 0.61 & | 66.2=13.3% 1.38 7
1 Negative control . .
ALP 30.3=3.22 3091987 | 1.98 T | 32.8=3.80 7 8.257
LDH | 694=89.9 683=66.2 1 1.59 ) | 698=86.9 % 0.58 "
ALT 33.7=1.53 61.7=3.48 " | 831 T | 56.7=8.33* 682 T
- AST 63.3<0.80 | 100.8=11.4 == | 73.5 7| 119.7=17.0*= | 80.1 "
2 Positive control i ,
ALP 20.7+2.21 26.5£3.79% | 10.84 | 74.426.39" | 1507
LDH | 741=80.1 694=64.41 | 6344 | 989=47.8 | 3357
ALT | 31.424.20 36.31.69° | 156 T | 36.2£5.22° 15.3
) Barley Bran AST | 60.2%5.04 | 98.9=10.8" |64.3 T| 75.7210.0™ | 257 ©
2
(100 mgksbw ) | ALP 30.5+4.77 25.2+3.41° 1744 | 34326207 | 125 1
LDH | 716=95.8 720=57.8+ | 1.82 7| 303=19.9" | 57.74
ALT | 30.6=4.92 34124671 | 11.4 7| 3385699+ | 105 71
) Barley Bran AST 67.6=4.16 | 115.8=8.94* | 713 1| 68.1=128% | 0.74 T
ALP 31.5+5.55 41.6=5.98" | 32,1 | 23554417 | 2544
(200 mgkgbow ) o e s - ey e "o 2
LDH | 771=64.9 560=74.9 2744 | 4722271 38.3 4
ALT | 34.8£3.07 36.5£1.371% | 488 7| 4192694 | 204 7
) Whole Barley AST | 6042692 | 90.722.20" |502 1| 92.825.53 | 53.6 7
i (200 mgkgbw ) | ALP 30.1£3.52 4155458 370 7| 4332082 | 43¢ 7
LDH | 739=01.4 628=00.2 1 15.0 4 | 384=38.0" | 480+

P> 0.1. * P <0.05. ** P < 0.01. *** P < 0.001. ALT: Alanine aminotransferase. AST: Aspartat aminotransferase. ALP: Alkaline
phosphatase. LDH:Lactate dehydrogenase. EGb: Ginkgo biloba extract.
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Table (4): Prophylactic effect of whole barley and barley bran on serum proteins, urea and creatinine (mg/dl + S.D) and % variation from
the corresponding control during the induction of hyperlipidemia for 8 weeks in male rats.

GROUP TREATMENT Time intervals (Wk's)
NUMBER TTEM 0 4 % var. s % var.
TP. 6.0320.62 6.4420.19 6807 6425023t | 6477
Alb. 3.5420.20 3.772024 1 6507 3722015+ | 5087
. Glob. 2492040 2.67=0.15 % 722 1 27020141 | 8437
1 Negative control f \\\ o 142026 1412015+ 0.70 | 1382013+ | 282
Urea 252+ 5.09 246+ 1.50% 238 L | 249+314F | 1.194
Creat. 0.39 +0.09 0.40 +0.02% 2567 041£002% | 5137
TP 6.28=0.61 7.0720.38" 1267 6402029+ | 1017
Alb. 3.92=0.28 3320.38" 1057 372045 % 1157
) Positive comteal Glob. 2362042 2.?4:0.34 1 1617 2.03_:0.49 1 13.9 !
Alb/Glob 1.66=0.30 1.58=0.30 182 ] 2.1520.43° 295
Urea 239+159 31.1+2.79° 301 7 273+246 | 1427
Creat. 0.55+0.09 0.83 +0.02" 5097 0592006t | 7277
Barlev Bran TP. 6.08=0.14 6.76=0.39%* 1121 6.4020.27* 5267
) Alb. 3.8220.23 3.842024 1 0521 39020341 | 209
. (100 mgkg b.w) | oy, 2262018 2922024 *== 2021 | 2502035+ | 1067
: Alb/Glob 1.69=0.21 1.3120.12%* 225 1.5620.17 + 7.69 |
Urea 256+424 28.6 +3.99% 11.77 27.0£3.72¢ | 5477
Creat. 0.49 +0.03 0.61+0.03" 2457 0.59£004° | 204
TP 6.54=0.20 6.842039 % 1507 6.67=043% 1997
Alb. 1152022 3.8520.26% 7.23) 4222016+ | 1697
Barley Bran Glob. 2.39=0.24 2.992035 ** 2517 2452032+ | 2517
4 (200 mg'kg b.w ) | AlbGlob 1.7420.25 1.2920.20%* 259 | 1.7220.18 + 1.15 |
Urea 26.6+3.19 153 +8.00" 7037 | 417+860" | 5687
Creat. 0.50 +0.03 0.83 +0.02° 6607 061£007° | 2207
TP. 6.17=0.26 6.97=0.65% 1297 6432047+ | 4217
Alb. 3.8120.28 4.00=0.49 1 1997 38020347 | 026
5 Whole Batlev Glob. 2362028 2.9?-_:0.49 * 2587 2632035+ | 1147
(200 mg kg bw) Alb/Glob 1.61=0.36 1.3520.30F 16.2 L 1442027 + 10.6 L
Urea 263+ 163 349 +265" 327 342+430% | 300
Creat. 0.51+0.03 0.83 +0.02° 6277 060+002 | 1767

P>0.1. * P<0.05. ** P<0.01. *** P <(.001. T.P.: Total protein. Alb.: Albumin. Glob: Globulin. Alb/ Glob: Albumin/ Globulin.
Creat: Creatinine. EGb: Ginkgo biloba extract
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Table (5): Arithmetic mean values + S.D and % changes from the corresponding control of different biochemical parameters before and
after induction of hyperlipidemia in male albino rats

) Hyperlipidemi )
Normal 0o Normal | Hyperlipidemia %%
Parameters a Parameters
level change level Level change
Level
S.T. lipids (mg /dl} 266 £39.7 7394647 178 S.T Proteins (g/dl) 624032 61702717 112+
S Triglve.(mg /dl) 5152 7.26 130 £ 8517 152 S Alb.(g/dl) 3.78x0.21 437+£039° 156
S.T.chol.(mg /dl} 35.1%£6.16 181 £ 129" 228 5.Glob.(g/dl) 246x0.15 180z 0227 268«
S.HDL-chol.(mg /dl} 3571245 193+ 042% 459 « S.Alb. / Glob 1.34£0.07 2434026 57.8
R.R(T'HDL-chol.} 1.34£0.11 938+0417 3091 Bl Urea (mg/dl) 251£321 26.6 4357 5087
SALT.(UWml) 3224370 581525 804
S.AST.(Uml) 6271629 1176+ 128" §7.6 n
S. Creat. (mg/dl) 046 £ 0.08 0.32+004 13.0
SALP.(IUL) 3061383 66.1 4617 116
S.LDH.(U1) 14T+ 756 986 £ 38.67 3207

P> 0.1. * P<0.05. ** P < 0.01. *** P < 0.001. T.L.: total lipids. T.C.: total cholesterol.

TG: triglycerides. HDL-C: HDL-cholesterol. T. /HDL-C: total cholesterol / HDL-cholesterol. ALT: Alanine aminotransferase. AST:
Aspartat aminotransferase. ALP: Alkaline phosphatase. LDH:Lactate dehydrogenase. EGb: Ginkgo biloba extract
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Table (6): The Curative effect of whole barley and barley bran on serum lipids (mg/dl + S.D) and % variation from the corresponding

control during the induction of hyperlipidemia for 8 weeks in male rats.

GROUP TREATMENT Before After Time intervals (W's)
NUMEEE. ITEM induction of hyperlipidemia 0% var 4 Wh g U var,
var.
TL 2932354 3012435 2.731 29922857 0.66, | 29824627 | 1.00
Trig. 502547 49.9=7.00% 0.60} 418924381 | 2000 | 33026407 | 6217
1 Negative control | T.Ch 33.527.78 35.724.23% 1111 33.728.54% 359 | 36826137 | 2137
HDLCh | 3662142 33321621 3.53) 36.6=4.607 | 3687 | 35724157 | 1131
T/HDL 1.4620.12 1.38=0.09% 8221 1472012 | 696 | 13920307 | 0.637
TL 2682336 751233.0" 1801 854444 1377 | 861=348" | 1467
Trig, 3442781 132.626.15" 1441 143.628.16" | 8307 | 138721211 | 4.607
2 Positive control | TCh 35.426.71 178.6214.4" 188.520.50% | 4787 | 168424287 | 639)
HDLCh |  34.02293 19.52.58" 426} 1912122+ | 2.03) | 201=041% | 3.081
T/HDL 1.63=0.08 9.23+1.20" 4661 9.87=1.03F | 6937 | 83820197 | 921y
Barley Bran TL 26833 1 740544 1761 516=32.6™ | 303) | 44629127 | 397]
' | e 49.7=4.99 131.327.23" 1641 123.0=18.0% 320 | 99.7=108" | 241}
3 (100 mg/kgb.w) TCh 55.8£5.74 190.012.2* 2411 148.6217.8% | 218 | 10042948~ | 472]
HDLCh |  33.8=407 19.23.29* 46.4 28.0=1.18" | 4381 [ 3152221 | 6411
T/HDL 1.5620.06 9.90=0.97" 5351 5312075 | 464 | 3192020 | 67.8)
TL 2882461 7352473 1621 3072402 | 328) | 3702674 | 310/
Trig. 34.6=9.64 133.020.08" 1441 11752213+ | 117) | 82.1=0.02™ | 383)
4 Barley Bran T.Ch. 33.023.13 178.9218.7" 2381 14362100 | 186 | 8432826™ | 329]
(200 mg/kgb.w) [ HDLCh 35.9=2.00 19.6=3.69° 45.4] 28722287 | 4647 | 33121397 | 6891
T HDL 1.4820.04 9.13=1.06™ 5171 5.0721.03 | 445) [ 2352035 | 7214
TL 2612338 7492777 1871 362775 | 2500 | 4012422 | 463)
q Whole Barley Trig. 1=|54 13:50? 1 1:_3.9:13.31 3.38) 55.9::‘.53: 308
i (200 mg/kab.w) TCh, 33.226.4 175.4210. 2301 14742161 1600 | 93.426.43 46.8)
HDLCh |  33.223.90 1942331 30.6 2762180 | 4231 | 31722327 | 6341
T.HDL 1.5120.10 0.04=1.20" 4991 5342049 | 409 | 20320.15" | 674)
TL 251233, T46287.7° 1971 618=64.3" 1720 | 4432852 406
, Trig. 34.028.62 132.820.42° 1461 118.327.50° | 109 | 7T47=101" | 437]
Atorvastatin
6 (0.9mg/kgb.w) TCh. 5522377 179.6=12.0 132.0=11.9" | 265 | 73.929.70™ | 329]
HDLCh. |  344=3.16 19.422.06" 43.6 3122205 | 6081 [ 3442274 | 7731
T HDL 1.60=0.05 0.30=1.19" 4811 4232060 | 545, [ 2152024 | 76.9)

TP>0.1. * P<0.05. ** P<0.01. *** P < (0.001. T.L.: total lipids. T.C.: total cholesterol.
TG: triglycerides. HDL-C: HDL-cholesterol. T. /HDL-C: total cholesterol / HDL-cholesterol. EGb: Ginkgo biloba extract.
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Table (7): The Curative effect of whole barley and barley bran on serum enzymes (U/L + S.D) and % variation from the corresponding
control during the induction of hyperlipidemia for 8 weeks in male rats.

GROUP TREATMENT Before After Time intervals (Wk’'s)
NUMBER ITEM | induction of hyperlipidemia % 4 % var. g %%
Yvar. Yvar.
ALT 32.325.74 32.125.50% 062 | 31.6x2.09% 1.56] 31424801 | 218
, AST 63.322.77 66.2=13 3+ 1387 | 60.3=3.87% 891 60325887 | 891
1 Negative control A N -
ALP | 303+£322 | 3282330 [8257| 340£176% | 336 3414447 | 396
LDH | 694£899 698 +869f | 0587 | 6741667 | 344 670 £57.57 | 4.01]
ALT 33.7+1.53 56.7=8.33" | 68.27 | 356.9=5.88% 0.357 36.6+3.48F | 0.18]
. AST 63.329 80 119.7=17.9" | 89.17 | 10432125t | 129] 112.727.73% | 5.85]
2 Positive control _ - e R R . - o
ALP | 2074221 | 744+639 150 7374188t | 0944 73242137 | 1614
LDH | 741+80.1 989+ 478" | 33357 | 986+49.1F | 0304 953 +31.07 | 3.64]
Barley Bran ALT 36.0=4.90 58.727.50° | 63.17 | 489321 16.7] 4392355 | 252
- AL 17 3 L] SrEE s 7 =~ e 3 2 QL5 PEEE 7
; (100 mg/kg b.w) AST 61.2=2.12 120.0=125 96.1/\ 97.0=11.4 192 63.925.25 46.7)
ALP | 328+436 | 656521 | 1007 | 62.7£580F | 442+ | 52.0£533° | 207
LDH | 715£774 | 996+59.1" | 3937 | 761£61.0" | 236+ 690 +61.9° | 307
ALT 31.622.01 58.526.15° | 85.17 | 4552636 22| 37.024.41° | 367
s Badew B AST 61.7+3.84 120121047 | 9477 | 86.8=105" | 27.7] 63.626.34° | 47.0]
AREY ST L ALP | 239+300 | 637+410% | 1207 | 546+750° | 1434 | 4364481 | 316l
(200 mg/'kgb.w) o S )
=0 LDH | 721£782 | 979+535* |3587| 7312702 | 253+ 692 £79.0° | 293
ALT 31.1=428 63.7=1.89° | 1057 | 4832338 | 242] 4262384 | 331
. Whole Barley | AST 60.1=6.51 118.0=4.08" | 9637 | 98.126.18" | 169 62.724.92° | 469
. (200 mg'kgb.w) | ALP | 33.0+£3.57 | 659+624™ | 1007 | 60.1£120° | 880+ 46,542,517 | 2040
LDH | 740+8358 | 995+643 |3457| 710+969" | 286+ 679 +302° | 318
ALT 31.3=3.79 57.0£5.33° | 8217 | 4192487 | 263 38.624.53° | 323
. Atorvastatin | AST 60.9=4 44 115125047 | 2907 | 9022593 | 216 5692253 | 506
(0.9mgkgb.w) | ALP | 3104540 | 639+887* | 106 7| 5124535 | 199. | 3534540 | 448
LDH | 703 £882 992 +949% | 4117 | 731£81.0" | 263+ 674+61.8" | 32.1]

P> 0.1. * P<0.05. **P < 0.01. *** P <0.001. ALT: Alanine aminotransferase. AST: Aspartat aminotransferase.

tase. LDH:Lactate dehydrogenase. EGb: Ginkgo biloba extract.

ALP: Alkaline phospha-
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Table (8): The Curative effect of whole barley and barley bran on serum proteins, urea and creatinine (mg/dl + S.D) and % variation
from the corresponding control during the induction of hyperlipidemia for 8 weeks in male rats.

GROUP
NUMEBEE.

TREATMENT

ITEM

Before

After

Time intervals (Wk's)

induction of hyperlipidemia

% var.

% var. 8

Negative control

TF

Alb.
Glob.
Alb/ Glob
Urea

Creat.

6.03 £0.62
3.34£0.20
249z 040
142026
232309
0.39=0.09

6420237
3720157
2.70£0.147
13820137
249=3147
0.41=0.027

6.48x0.317
3910427
2570427
1520217
24.6=2.887
0.44=0.027

0.937 6.73£0.367
5.117 3.60£0.187
4814 3.13£0.167
10.17 11320127
120] 2433287

311 0.43=0.10%

[

Positive control

TF

Alb.
Glob.
Alb/Glob
Urea

Creat.

6.28z0.61
3921028
236z 042
1662030
23.9=1.39
0.33=0.09

6400297
43720457
20504097
213045
273=2.46%
0.39=0.067

6.73 £0.337
4050377
2680137
131017
32.0=346°

A2=0.06™

3167 4900627
324 3.03 033"
3207 187 20.25%
20.8. 16220197

2702377

0.49=0.107

LN

Barley Bran

(100 mg'kg b.w)

TE

Alb.
Glob.
Alb/Glob
Urea

Creat.

640051

6.30£0.267
436033
1840347
225x025%

26.2=4 497

0.47=0.04%

0

6.33 £0.527
386027
2670447
1430127
2595207

0450037

3.637 33720897
1134 3.01 £0.39™
3767 23610307
3.6+ 128203527
> 26.7=2.11%

0.49=0 06T

Barley Bran
(200 mg'kg b.w)

TF

Alb.
Glob.
Alb/ Glob
Urea

Creat.

6.20£0.307
1340427
186x0.23™

6.44 20337
3960307
24820197
1.60£0.29"
21.8=2.33%
0.44=0.03"

3877 303078
8.76. 3.10 20,177
3337 1952027%
3 1.50+037"
2 20.3=193%
700 0.46=0.067

Ln

Whole Batley
(200 mg'kg b.w)

TE

Alb.
Glob.
Alb/Glob
Urea

Creat.

1804
4237
8471
1.96]

640 +0.757
38420327
2.56£0.30%
1.50£0.24"
24324397
0.4520.027

231 4.70x0.74™

1.3 3.01z0317
3697 1.6920.407
353~ 1.78+0.16™
233=1967
0.47=0.067

Atorvastatin
(0.9mg'kg b.w)

TP

Alb.
Glob.
Alb/Glob
Urea

Creat.

0.34=0.11

1850187
230x038™
20.5+2.

0.30=0.067

-

139
113

[

2

[

4567
1997
7410

6.13£1.007
38620377
227103547
1.70£0.147
33.0=4.697
0.46=0.027

1680427
1134 297008
20.17 1.71£0.18%
26.1+ 1740117
1197 28823137
8.00] 0.47=0.037

P> 0.1. * P <0.05. ** P < 0.01. *** P <0.001. T.P.:
Creatinine. EGb: Ginkgo biloba extract.

Total protein. Alb.: Albumin. Glob: Globulin. Alb/ Glob: Albumin/ Globulin.
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