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Abstract

The present study was performed to evaluate the effect of wheat germ
and fermented wheat germ on some Immunoglobulin’s productions , lipids
profile and liver functions in cirrhotic rats by carbon tetrachloride (Ccl4) .
Rats were divided into eight groups , control groups (1&2) negative and
positive were fed on basal diet without supplementation. All treated
cirthotic groups (3-8 ) were fed on experimental diets with raw or
fermented wheat germ by different levels ( 5, 10 &15%) . Results clearly
revealed that fermented wheat germ recorded the highest values content in
Vitamin (A), (E) and (C), compared with raw wheat germ . The best
treatment were fermented wheat germ (15%) and raw wheat germ (15% )
which had lowest values of total lipid , triglycerides , total cholesterol LDL
, VLDL , AST , ALT and had the highest values of HDL , respectively.
While , all groups fed on fermented wheat germ by different levels (5,
10,15%) had the highest values of serum level of interferon gamma (INF-y)
and interleukin -10 (IL-10) respectively . It could be concluded that wheat
germ and fermented wheat germ improve some Immunoglobulin’s
production , lipids profile and liver functions especially fermented wheat
germ 10 and 15% which has the best significant protective effect against
acute hepatotoxicity induced by carbon tetrachloride (Ccl4) in rats.

Key Word: fermented wheat germ — cirrhosis — CCl4 — liver oxidative stress
- immune
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INTRODUCTION :

Reactive oxygen species (ROS) are constantly generated in vivo for
physiological purposes. Their productions are often balanced by antioxidant
defense system. However, excess ROS production beyond the ability of
antioxidant defense system can cause oxidative damage to protein, lipid and
nucleic acid (1) . Antioxidant defense include antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPx), in addition to low molecular agents and dietary antioxidants.
Disturbing of oxidant-antioxidant balance system is involved in
development of many chronic diseases (2) .

Liver, largest organ in the body is being involved to maintain the
body’s internal milieu and also protect itself from the challenges it faces
during its functioning. Since it is involved in the biochemical conversions of
various endogenous and exogenously administered substances, there is a
possibility of generating various highly reactive species of free radicals. In
spite of this free radicals generated by hepatotoxins like carbon tetrachloride
(Ccl4) may overpower the protective mechanism of the liver and cause
hepatic damage. Though the modern medicinal system has grown
phenomenally, the drug for treating hepatic disease is still a dream. Hence,
people are looking at traditional systems of medicines for remedies to
hepatic disorders (3).

Wheat germ, being a by-product of the flour milling industry is one of
the most potential and excellent sources of vitamins, minerals, fiber and
proteins at a relative low cost (4) . In addition to, wheat germ is the richest
known natural source of tocopherols and also abundant in B-group vitamins
(5). Wheat germ protein has been classed with effectively better animal
proteins and is rich in seventeen amino acids, especially the essential amino
acids lysine, methionine and threonine, in which many cereals are deficient

(6).
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Wheat germ is rich in polyunsaturated fats (~12 %), mainly oleic,
linoleic, and a- linolenic acids, and vitamins, especially vitamin E, A and B.
Its protein content is ~ 28 % and hence wheat germ is a source of essential
amino acids with improved nutritional potential if compared to other cereal
products(7). Whole grain, such as wheat germ are rich sources of
phytochemicals including phenolics, carotenoids, vitamin E, lignans, [-
glycan, inulin, resistant starch sterol and phytates(8). Plant based foods
contain significant amount of bioactive phytochemicals, which when
consumed together may have a synergistic affect that goes beyond the basic
individual function of each single component in combating diseases (8).
Wheat germ is therefore sensitive to oxidation that may cause destruction of
essential fatty acids and vitamins. Oxidation could be prevented, and shelf
life prolonged, by inactivating its enzyme contents by heat treatment or by
removing the oil fraction from wheat germ by extraction, or combined
techniques (9-12).

There are two types of antioxidants: antioxidant enzymes and
nonenzymatic, antioxidant including vitamins E and C, caroteins and
phytochemicals. They work by intercepting and stabilizing the reactive
oxygen species. Adequate vitamin and mineral intake is necessary for an
optimally functioning immune system. Deficiencies and/or excesses of these
nutrients can alter the immune response(10).

The present study was performed to evaluate the effect of wheat germ
and fermented wheat germ on some Immunoglobulin’s production , lipids
profile , liver functions and kidney functions in cirrhotic rats induced by
carbon tetrachloride (Ccl4) .

Materials and Methods
Wheat germ:

Wheat germ Giza 60 were obtained from Agricultural Research
Centre, Ministry of Agriculture Cairo, Egypt. It was washed, dried and
ground. Powdered wheat germ was used in the present study.

Preparation of fermented wheat germ powder :

100 g of Wheat germ powder was fermented using 30g of
Saccharomyces cerevisiae (baker’s yeast) for 48 hours and the paste was
filtrated and concentrated using rotary evaporator and stored at room
temperature.
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Chemicals:

Carbon tetrachloride (Ccl4) was obtained from EI-Gomhorya
Company for Chemical and Pharmaceutical, Cairo, Egypt.

Kits for biochemical analysis were purchased from the Gamma Trade
Company for Pharmaceutical and Chemicals, Dokki, Egypt.

Experimental animals :

Male Sprague-Dawley rats weighing 200+10g were purchased from
Farm of experimental animals in Helwan, Egypt.

Preparation of basal diet .

The basal diet consisted of protein (13%) , fat (4%) , salt mixture
(3.5%) , vitamin mixture (1%) , choline (0.2%) , cellulose (5%) and the
remainder was starch(13) .

Experimental design:

A total of forty male healthy rats , weighing between (200+10g) were
divided into eight groups . To induce cirrhosis all rats except control
negative were injected subcutaneously by carbon tetrachloride (Ccl4) ,
diluted by paraffin oil (1:1) { in a dose of 2 ml /kg of body weight of rat},
twice in the week during the experimental feeding period (8 weeks )
according to the method described by (Wilfried,et al.,1994) (14); Each
group containing 5 rats . Control groups (1&2) negative and positive were
fed on basal diet without supplementation . all treated cirrhotic groups
(3:8) were fed on experimental diets as the following :

Group (3): Fed on basal diet containing 5% wheat germ.

Group (4): Fed on basal diet containing 5% fermented wheat germ.
Group (5): Fed on basal diet containing10 % wheat germ.

Group (6): Fed on basal diet containing10 % fermented wheat germ.
Group (7): Fed on basal diet containing 15 % wheat germ.

Group (8): Fed on basal diet containing 15 % fermented wheat germ.

Blood sampling.

At the end of the experimental period (8 weeks), rats were starved
for 12 hr. , then sacrificed under ether anesthesia . Blood samples were
collected from the aortic vein into clean dry centrifuge tubes and were
stored at room temperature for 15 minutes , put into a refrigerator for 2 hour
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, then centrifuged for 10 minutes at 3000 rpm to separate serum. Serum was
carefully aspirated and transferred into dry clean Wasser —man tubes by
using a Pasteur pipette and kept frozen at (-20c) till analysis .

Biological Determination :

Determination of food intake, body weight gain and feed efficiency
ratio: Food Intake (FI) was calculated every other day, The biological value
of the different diets was assessed by the determination of its effect on Body
Weight Gain (BWG) and Feed Efficiency Ratio (FER) at the end of the
experimental period using the following formulas:

BWG = Final body weight - Initial body weight
FER = BWG (g)/Food consumed (g)

Chemical methods:

Determination of vitamin contents:

Determination of vitamin A , E and C were determined according to
Klimes and Jedlicka, 2005(38) .

Biochemical Determination :
Determination of total Lipids :

Total Lipids (TL) were determined colorimetrically using
sulfophosphovanillic mixture according to the method described by Schmitc
, 1964 (20) .

Determination of total cholesterol

Serum cholesterol was determined according to the enzymatic method
described by Allain et al., 1974 (15) .

Determination of triglycerides

The triglycerides in serum were colorimetrically determined according
to Wahlefeld , 1974 (16) .

Determination of high density lipoprotein (HDL) cholesterol :
The HDL-c was determined according to Albers et al., 1983 (17) .
Determination of very low density lipoprotein (VLDL) cholesterol

The concentration of VLDL-c was estimated according to the
Fridewald’s equation Fridewald et al., 1972(18) .
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VLDL-c = triglycerides / 5

Determination of low density lipoprotein (LDL) cholesterol :

According to Fridewald et al., 1972 (18) , low density
lipoprotein cholesterol can be calculated as follows :

LDL-c = Total cholesterol — (HDL-c) -(VLDL-c) .
Determination of liver functions :

Serum activities of aspartate amino transferase AST, alanine
amino transferase ALT Alkaline Phosphatase (ALP) activities were
measured according to the method described by Reitman and Frankel
(1957) (21).

Determination of kidney functions :

Serum urea nitrogen, uric acid, creatinine were determined
according to the methods described by Patton and Crouch, (1977) (22) ,
Fossati et al., (1980) (23) and Husdan and Rapoport, (1968) (24)
respectively.

Determination of interferon gamma (IFN-y) and interleukin-10 (IL-10)

Serum levels of IFN-y were determined by Human Interferon Gamma
(Hu-IFN-y) ELISA Kit (25 -28) .Serum levels of IL-10 were determined by
Human IL-10 Colorimetric ELISA Kit (29- 36) .

Histopathological Examination:

Specimens from the liver was taken immediately after sacrificing the
rats and immersed in 10% neutral buffered formalin. The fixed specimens
were then trimmed, washed, and dehydrated in ascending grades of alcohol,
then cleared in xylene, embedded in paraffin, sectioned at 4-6 micron
thickness and stained with Hematoxylen and Eosin (Carleton, 1979) (37)
and examined microscopically.

Statistical Analysis :

The obtained data were statistically analyzed according to SAS,
1996 (19).
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Results and Discussions

Table (1): Vitamins content of raw and fermented wheat germ.*

Treatments Vitamin(A) Vitamin (E) [U/g | Vitamin (C) mg/g
1U/g
Raw wheat germ 103.5 13 0.95
Fermented  wheat 159.54 15.5 1.3
germ.

*Mean of three replicates.

Wheat germ is a rich source of antioxidants that include carotenoids,
tocopherols, flavonoids and phenolics acids(42) . Most of the essential
amino acids from wheat germ proteins are present at concentrations higher
than in the reference egg protein pattern (43) .

Since the rapid increase of the global demand for protein consumption,
wheat germ may represent one of the most attractive and alternative source
of proteins from cheap vegetable sources (44) . Wheat germ is also rich in
unsaturated fatty acids, mainly oleic, and a-linoleic acids (7) , and in
functional phytochemicals, mainly flavonoids, sterols, octacosanols and
glutathione (44). Data in table (1) showed vitamins content of raw and
fermented wheat germ . Results clearly revealed that fermented wheat germ
recorded the highest values in Vitamin (A), (E) and (C), compared with raw
wheat germ .

Oxidative stress caused by various agents (toxins, metals, dioxin and
pesticides) is considered as an imminent threat for many organisms since it
can lead to death. However, the imbalance between production of oxygen
free radicals (OFRs) and antioxidant defenses in the body is called oxidative
stress which has important health implications (39) . If there are too many
OFRs or too few antioxidants for protection, a condition of oxidative stress
develops, which may cause chronic damage (40). The components
associated with such antioxidant defense mechanism are altered under the
influence of organophosphorus pesticides and that lipid peroxidation is one
of the molecular mechanisms involved in pesticide induced cytotoxicity
(41). Also, there is a possibility of generating various highly reactive species
of free radicals. In spite of this free radicals generated by hepatotoxins like
carbon tetrachloride (Ccl4) may overpower the protective mechanism of the
liver and cause hepatic damage (3).
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The effect of raw and fermented wheat germ on food intake (FI), body
weight gain ratio (BWG%) and food efficiency ratio (FER) were illustrated

in table (2).

Table (2): Effect of raw and fermented wheat germ on food intake, BWG % and

FER (mean +SD).
Groups Food intake | BWG % FER

g/day
1- Control Negative 21.35 55.33+324a |022+£0.07a
2- Control Positive 20.85 34.2242.56b | 0.16+0.06 b
3-Raw wheat germ (5%) 20.40 52.33+1.75a | 0.26 +0.012a
?g%F)e“nemed wheat germ | 54 1 54914234 a | 023+0.08a
5- Raw Wheat germ (10%) | 19.99 51.66+1.87a |0.23+£0.07a
?1' O(Ef)“nemed wheat germ | 54 5, 53.4542.98a | 0.21+0.09a
7- Raw Wheat germ (15%) | 19.88 51.73£1.59 a | 0.23£0.08 a
?1 S(Ze)memed wheat germ | 5 5g 53.89+231 a | 0.25+0.07a
* Values with the same letters indicate non- significant difference (P<0.05) and
vice versa.
BWG% : Body weight gain ratio FER : Food
efficiency ratio

It could be observed that cirrhotic rats (control positive group ) had
significant decrease in body weight gain (BWG%) and food efficiency ratio
(FER) compared with the control negative group . Our findings are similar
to the results of Mansour and Mossa, (2010) (45) who reported that oral
administration of Chlorpyrifos (CPF) at different doses to lactating rats
resulted in significant decrease, in body weight as well as reduction of food
intake.

Moreover, our results observed that all cirrhotic groups fed on basal
diet with raw or fermented wheat germ by different levels (5, 10 and 15%)
had significant increase in body weight gain (BWG%) and food efficiency
ratio (FER) compared with control positive rats. These results are in

agreement with Gregorio et al., (2001) (46).

Data in table (3), it could be observed that cirrhotic rats (control
positive group ) had significant increase in serum total lipid , triglycerides
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and total cholesterol compared with control negative rats. Also, it could be
observed that all cirrhotic groups fed on basal diet containing raw or
fermented wheat germ by different levels (5,10 and 15%) had significant
decrease in total lipid , triglycerides and total cholesterol compared with
control positive group of rats.

Table (3): Effect of raw and fermented wheat germ on serum total lipid,
triglycerides and total cholesterol (mean +SD).

Parameters as Mean +SD
Groups Total lipid Triglycerides | Total cholesterol
(mg/dl) (mg/dl) (mg/dl)

1- Control Negative 315.45£2.15¢ | 39.43+2.44 ¢ 69.98+2.65 ¢
2- Control Positive 391.55£2.10a | 69.88+2.66 a 110.21£2.32 a
3-Raw wheat germ (5%) 339.54+1.70b | 57.89£1.90b 89.29+2.69 b
4- Fermented wheat germ (5%) 334.5442.66b | 53.65£1.89b 79.98+2.51 b
5- Raw Wheat germ (10%) 329.66+2.89b | 46.66+2.88 b 82.00+£2.99 b
6- Fermented wheat germ (10%) | 327.67+2.33b | 47.35+247 ¢ 74.54+176 ¢
7- Raw Wheat germ (15%) 319.14+1.83 ¢ | 41.55¥1.97¢c 73.57+2.64 ¢
8- Fermented wheat germ (15%) | 314.14+1.74 c | 38.95+2.69 c 71.44+233 ¢

* Values with the same letters indicate non significant difference (P<0.05)
and vice versa.

The best treatment were fermented wheat germ (15%) and raw wheat
germ (15%) which had lowest values of total lipid , triglycerides and total
cholesterol. Similar results were found in the study of Lairon et al., (1987)
established that the addition of 7% wheat germ to a high-fat and high-
cholesterol diet improved lipoprotein in rats (48). The inclusion of wheat
germ in a test meal reduced plasma chylomicron cholesterol concentrations
by 27.1% over several hours in 6 normolipidemic subjects (49). These data
suggest that wheat germ may delay the absorption of cholesterol and hence
may lower circulating cholesterol. However, the exact mechanism of
cholesterol lowering effect by wheat germ is not known. It has been thought
that some effects on cholesterol metabolism might be mediated by dietary
fiber in the wheat germ (49) .

However, several other mechanisms have been proposed by Borel et
al., (1989) who reported that in rats , the absorption of labeled
triacylglycerol and cholesterol was both delayed and reduced by wheat germ
and other wheat fractions in part as a result of the inhibition of pancreatic
lipase and the reduction in triacylglycerol lipolysis (47) . Soluble protein
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components of wheat germ are known to inhibit pancreatic lipase activity
(50) , and partially defatted wheat germ increases the fecal excretion of bile
acids in rats (51). Therefore, the mechanism of reducing cholesterol by the
use of wheat germ is likely to be complex.

Data in table (4), it could be observed that cirrhotic rats (control
positive group ) had significant increase in serum low density lipoprotein
LDL , very low density lipoprotein vLDL and decrease in serum high
density lipoprotein HDL comparing with control negative.

Table (4): Effect of raw and fermented wheat germ on serum LDL-C, HDL-C and
VLDL-C (mean +SD).

Parameters as Mean +SD
Groups LDL- VLDL-
C(mg/dl) HDL-C(mg/dl) | C(mg/dl)
1- Control Negative 33.53+£2.55¢ | 28.56+1.77 a 7.89+1.64 ¢
2- Control Positive 72.76£2.98 a | 23.47£2.55 b 13.98+1.76 a
3-Raw wheat germ (5%) 52944276 b | 24.77£2.66 b 11.58+1.26 b
4- Fermented wheat germ (5%) 42.51£1.86 bec | 26.65+1.86 a 10.73£1.11b
5- Raw Wheat germ (10%) 46.41+£1.09 bc | 26.26+x1.80 ab | 9.33+1.50b
6- Fermented wheat germ (10%) | 37.95+1.14 ¢ 27.124£2.13 a 9.47+1.64b
7- Raw Wheat germ (15%) 38.04+1.65¢c | 27.22+1.64a 8.31+£0.98 ¢
8- Fermented wheat germ (15%) | 34.41+1.34c | 29.24+1.33 a 7.794+0.89 ¢

* Values with the same letters indicate non significant difference
(P<0.05) and vice versa.

Also, it could be observed that all cirrhotic groups fed on basal diet
containing different levels of raw or fermented wheat germ (5,10 and 15%)
had significant decrease in serum low density lipoprotein (LDL) , very low
density lipoprotein (vVLDL) and increase in serum high density lipoprotein
(HDL) compared with control positive rats . The best treatment was
fermented wheat germ (15%) and raw wheat germ at the same level, which
had the lowest value of serum low density lipoprotein (LDL) , very low
density lipoprotein (vVLDL) and the highest value of serum high density
lipoprotein (HDL) .

Our findings are in line with that of Cesare et al., (2006 ) (52) , who
concluded that wheat germ oil is an important source of n-3 fatty acids,
which may exert an antiatherosclerotic effect via inhibition of oxidative
stress—mediated CD40L upregulation.
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Liver enzymes activities were used as important biomarkers for
detection of hepatotoxic. Four serum hepatic marker enzymes (ALT, AST
and ALP) were evaluated for hepatotoxicity. The liver is the most sensitive
organ to preoxidative damage because it is rich in oxidizable substances.
The increment of the oxidative stress on the cells of the liver and the
consequent decrease in the antioxidant ability of the cells result in the
occurrence of aggressive cellular damage to the liver cells with destruction
of their membranes and the release of the enzymes into the blood stream
.The more severe the liver damage the higher the release of the liver
enzymes (53) . The increased levels of serum enzyme such as AST and ALT
indicate the increased permeability and damage or necrosis of hepatocytes
(54) . The membrane bound enzymes like ALP and yGT are released
unequally into bloodstream depending on the pathological phenomenon.
The procyanidins found in grape can inhibit the apoptosis and damage of
cells by oxygen free radicals (55) .

From data in table (5), it could be observed that cirrhotic rats (control
positive group ) had significant increase in serum liver function and kidney
function parameters ( AST, ALT, ALP, uric acid , urea and creatinine )
compared with the control negative group. Also, it could be observed that
all cirrhotic groups fed on basal diet containing raw or fermented wheat
germ in different levels (5,10 and 15%) had significant decrease in serum
liver function parameters (AST ,ALT and ALP) and serum kidney function
parameters (uric acid , urea and creatinine ) compared with the control
positive group rats. The results was in agreement with previous authors
Yuguang et al., (2004) (56) who reported that the potential short-term
adverse effects of concentrated wheat germs policosanol (WGP) when used
as a supplement, caused no adverse effects in the volunteers as indicated by
plasma hepatic enzyme activities. For each volunteer, the activities of
plasma ALT, AST, and YGT were within the normal range at the beginning
and the end of the trial.
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Table (6) : Effect of raw and fermented wheat germ on Serum levels of interferon
gamma(INF-y ) and interleukin-10 ( IL-10 ) (pg/mL).

Parameters INF-y (pg/mL) | IL — 10 (pg/mL)

Groups Mean + S.D. Mean + S.D.

1- Control Negative 31.97+2.86d 21.00+3.49b
2- Control Positive 2429 £2.55 ¢ 17.42 £3.58 ¢
3-Raw wheat germ (5%) 3471 +2.88d 20.19 £ 2.45 be
4- Fermented wheat germ (5%) 62.00 £ 3.65 ¢ 25.29+4.18b
5- Raw Wheat germ (10%) 37.59+5.77d 22,71 +3.88 b
6- Fermented wheat germ (10%) 97.00 + 4.78b 37.00£3.95a
7- Raw Wheat germ (15%) 69.70 + 5.33¢ 23.29+2.89b
8- Fermented wheat germ (15%) 112.23 +6.11a | 38.86 £ 4.34 a

* Values with the same letters indicate non significant difference
(P<0.05) and vice versa.

From data in table (6), it could be observed that cirrhotic rats (control
positive group ) had significant decrease in serum level of interferon gamma
(INF-y) and interleukin -10 (IL-10) compared with control negative group.
Also, it could be observed that all cirrhotic groups fed on basal diet
containing raw or fermented wheat germ at different levels (5,10 and 15%)
had significant increase in serum level of interferon gamma (INF-y) and
interleukin -10 (IL-10) compared with control positive group rats.

This might be due to the fact that wheat germ is rich source of dietary
fibers, vitamins, minerals and phytochemicals including phenolics,
carotenoids, vitamin E, lignans, B-glycan,inulin, resistant starch sterol and
phytates (57) . Deficiencies of its, for any reason, affect all components of
immunity. Among the causes deficiency are an inadequate diet, impaired
digestion and /or absorption, altered metabolism, a disease state, increased
utilization of a nutrient and increased need for a nutrient. Excesses of
specific nutrient can also alter immune function. Certain nutrients, including
vitamins C and E, affect various parts of immune function when present in
excess (58) .The effects of malnutrition on immunity had been extensively
studied and were well documented (59). In case of protein energy
malnutrition there is increased morbidity and mortality from infections due
to suboptimal immune systems. The increased rate of infection and death in
protein energy malnutrition is due to the inability of the immune system to
resist and/or effectively fight the infection. Without adequate vitamin E the
immune system does not function normally. Phagocytosis as well as cell
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mediated and humoral immunity are all impaired. Vitamin E
supplementation appears to enhance immunity and resistance to infections
in animals and quite possibly humans (60).Vitamin E has immune functions
beyond its role as an antioxidant, such as regulation the synthesis of
eicosanoids on immune cell membranes, keeping the cells from
overproducing eicosanoids. When vitamin E is deficient, production of the
immunosuppressive PGE, is increased, which impairs immune function (61)
.Vitamin E supplementation increase differential count (lymphocytes and
monocytes) ( 62) .On the other hand, vitamin E deficiency induces the
decrease differentiation of immature T cells which results in the early
decrease of cellular immunity (63) . Vitamin E enhances some measures of
immune-cell activity in the elderly(64). This effect was more pronounced
with 200 IU per day, while under 200 IU per day had not boosted immune
function in some reports ( 65) . Beta-carotene and other carotenoids had
increased immune cell numbers and activity in animal and human research.
An effect that appears to be separate from their role as precursors to
Vitamin A(66) .

The best results in our study were found in all groups fed fermented
wheat germ at different levels (5, 10,15%) which had the highest values of
serum level of interferon gamma (INF-y) and interleukin -10 (IL-10)
respectively .This might be due to that the nutritive quality or digestibility of
plant protein is affected by the presence of anti-nutritional factors such as
proteinase inhibitors, specially trypsin and chymotrypsin inhibitors (67).
Several conventional processing methods, such as soaking and fermentation
had been used to inactivate these undesirable components from plant
seeds (68).

Avemar is the product of industrial fermentation of wheat germ. Since
its invention, a series of in vitro and in vivo studies and clinical trials had
been carried out to determine whether Avemar could help cancer patients
struggling with both the effects of their disease and the side effects of
standard anticancer therapy (SAT). Subsequently, evidence of the efficacy
of the fermented wheat germ extract in some autoimmune diseases had also
been found (69) .

Histopathological examination:

Microscopicall examination of liver of rat in negative control group ,
showing the normal histological structure (photol) .While microscopicall
examination of liver of cirrhotic rats fed on basal diet with Subcutaneous
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injection by Ccl4 (control positive) showing more severe and prolonged
degeneration alteration , swelling of hepatocytes (Photo 2). In addition,
microscopic examination of liver of cirrhotic rats when fed raw or
fermented wheat germ at different levels (5,10 and 15%) show fatty change
of hepatocytes in rats fed on raw wheat germ 5% (photo 3) and small
vacuoles in the cytoplasm of hepatocytes for rats fed on raw wheat germ
10% (photo 4), while showing only a slight alteration in hepatocytes in rats
fed on raw wheat germ 15% (photo 5). Moreover, showing only apparent
normal histological structure in hepatocytes of rats fed on fermented wheat
germ 10 and 15% , while showing mild Degeneration alteration and mild
swelling of hepatocytes of rats fed on fermented wheat germ 5% (Photo 6) .
This might be due to increased levels of serum enzyme such as AST and
ALT indicate the increased permeability and damage or necrosis of
hepatocytes (54) .

Conclusion: It could be concluded that wheat germ and fermented
wheat germ improve some Immunoglobulin’s production , lipids profile and
liver functions especially fermented wheat germ 10 and 15% which has a
best significant protective effect against acute hepatotoxicity induced by
carbon tetrachloride (Ccl4) in rats , which may be due to its free radical
scavenging effect and its ability to increase antioxidant activity.

photo (1): Microscopicall examination Photo (2): Microscopicall examination
of liver of rat in negative control group, of liver of rats fed on basal diet with
showing the normal histological Subcutaneous injection by Ccl4 (control

structure . positive) showing more sever and
prolonged degeneration alteration
swelling of hepatocytes .
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Photo (3) : Microscopicall examination
of liver of rats fed on basal diet with
Subcutaneous injection by Ccl4 and
administrated with raw wheat germ5%
showing fatty change of hepatocytes .

Photo (4) : Microscopicall examination
of liver of rats fed on basal diet with
Subcutaneous injection by Ccl4 and
administrated with raw wheat germ10%
showing small vacuoles in the
cytoplasm of hepatocytes

Photo (5) : Microscopicall examination
of liver of rats fed on basal diet with
Subcutaneous injection by Ccl4 and
administrated with raw wheat germ15%
showing only a slight alteration in
hepatocytes.

QVEP,

Photo (6): Microscopicall examination
of liver of rats fed on basal diet with
Subcutaneous injection by Ccl4 and
administrated with fermented wheat
germ 5% showing mild Degeneration
alteration and mild swelling of
hepatocytes
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