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Abstract: The present work was conducted to evaluate the effect of feeding diet containing Lupinus termis
seeds on biochemical and histopathological changes induced by Aflatoxin-B1 in the liver of albino rats . Treating
animals with AFB1 induced significant decrease in total proteins, glucose-6-phosphatase, DNA and RNA in
the liver. Many histological changes in the liver were observed such as cytoplasmic vacuolization of the
hepatocytes,congestion of blood vessels, fatty degeneration and leucocytic infiltrations. The magnitude of such
changes was time-dependent. Addition of Lupinus termis to the diet of the animals which treated with AFB1

improved both the biochemical and histopathological alterations. It is  speculated that the high protein content
of Lupinus termis may overcome the action of Aflatoxin B1.
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INTRODUCTION

Leguminous plants are important source of protein
of human diet. Lupines are among the leguminous plants
which have been consumed by people living in many
countries, the most abundant variety is Lupinus termis.
Enrique et al.[7] reported that the protein content of the
whole seed of sweet lupines ranged from 34 to 44%, these
values are similar to those of soybean and much higher
than those in common grain legumes. The oil content,
which reaches 20% in soybean, is  only 12% in Lupines.
The fatty acid composition of the oil showed that the oliec
and  linoleic acids made up approximately 75% of the
total  fatty  acids.  Lupines contain  a  number of
alkaloids.  Of  these quinolizidinic alkaloids which
showed antimutagenic  effect  against  1-nitropyrene[17].
Kaufman et al.[13] reported that Lupinus seeds were
considered as excellent source of genistein and daidzein.
The protective role of protein-containing diet was
observed by many investigators. A lower incidence of
tumors  has  been  correlated  with  high legume and
cereal  consumption[4].  Hakkak  et  al.[10] showed that
female rats receiving  dietary  proteins  (soy protein
isolate and bovine whey) had a protective effect against
7,12-dimethylbenzanthacen induced mammary tumor. A
significant risk-lowering effect of a soybean diet was
discovered by many investigators [18,28]. Aflatoxin-Bl is  a
metabolite of the fungus Aspergrillus flavus which
contaminates grains, beans and related products [11]. It is  a
hepatocarcinogen in various animal species including fish,

birds and rodents [19]. Epidemiological evidence indicates
that AFB1 also be an important factor in etiology of
human liver cancer[20]. The present work was aimed at
studying the effect of feeding a diet containing Lupinus
termis on biochemical and histopathological changes
induced in rats by Aflatoxin-Bl.

MATERIALS AND METHODS

Adult male albino rats (Wistar strain) weighing
110±5g. were used. Rats were housed individually in
suspended wire-mesh cages in a temperature- controlled
room (24°C) that had a 12:12 -hour light dark cycle.
Animals  were fed a standard commercial diet (Egyptian
Company of Oils  and Soap, Cairo, Egypt) composed of
20% casein, 15% corn oil, 55% corn starch, 5% salt
mixture (KCl, CaCO3, Na citrate, FeCl3, copper citrate,
KI03, MgO), 5% vitamin mixture (A, B12, D, E) and
vegetables such as  lettuce and carrots. They were given
water ad libitum. Animals  were divided into five groups
of 20 animals  each. Animals  of the first group were
administered AFB1 by gastric intubation at a dose level of
2 mg/kg body weight, once per week for 6 weeks, AFB1

was  dissolved in DMSO. Animals  of second group were
fed the control diet which was mixed with 25% of
Lupinus termis seeds. Dried seeds were moisted in water
for 3 days to remove alkaloids[9] and crushed in a mixer
before added to the diet. Animals of the third group were
treated with AFB1and given control diet mixed with 25%
of Lupinus termis. Animals of the fourth group were
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given the control diet only and those of the fifth group
were given DMSO. For histopathological examination,
five animals  from the different groups were sacrificed by
cervical decapitation at different post-treatment intervals
of 2,4 and 6 weeks. Immediately after decapitation,
animals were dissected and small pieces of the liver were
quickly removed and fixed in Bouin's fluid, embedded in
paraffin wax, cut and stained with haematoxylin and
eosin. For biochemical studies, nucleic acids (DNA,
RNA) were determined according to the method of
Shibko et al.[25] and total proteins was determined using
the method of Lowry et al.[15]. Glucose-6-phosphatase
activity was determined by the method of DeDuve et al.[6].
Statistical analyses were performed with Student's  "t" test.

RESULTS AND DISCUSSIOS

Change in body weight: Table 1 showed the change in
mean body weight of the animals  for different treatments.
Animals maintained on control diet or diet mixed with
L.termis showed a non-significant decrease in body
weight during the period of treatment. A significant
decrease (P<0.05) in body weight was recorded in the
animals   treated with AFB1 for 4 and 6 weeks. On the
other  hand,  animals  treated  with  AFB1  and   fed   on
L. termis – containing diet showed a non-significant
decrease in body weight. 

Biochemical results: Table 2 showed the effect of
different treatments on the level of proteins, nucleic acids
and activity of glucose-6-phosphatase in rat liver
homogenate. Animals  treated with AFB1 showed a
significant decrease in total proteins and glucose-6-
phosphatase after 6 weeks, whereas DNA and RNA
showed a significant decrease after 4 and 6 weeks.
Animals  treated with AFB1 and fed on Lupinus termis –
containing diet showed insignificant change. Feeding
animals  with control diet or Lupinus termis – containing
diet showed insignificant changes in these parameters.

Histopathology: No tumors or other pathological
abnormalities were recorded in animals  fed on a control
diet or L. termis – containing diet. Animals  treated with
AFB1 showed many histopathological changes. The portal
and central veins were distended and congested. Among
the signs encountered is inflammatory leucocytic
infilitrations comprised mainly of lymphocytes and spare
eosinophils . Hepatocyte damage was manifested by
marked cytoplasmic vacuolation and the nuclei were
pyknotic. Kupffer cells  became larger in size and rounded
in outline. Fatty infiltrations were seen in multiple areas
in rats treated for 6 weeks (Figs. 1-4). These changes
increased from mild to moderate to severe as the period of
treatment increased (Table 3). 

Animals treated with AFB1 and fed on a diet
conta ins  L. termis revealed that most of the
histopathological alterations induced in groups treated
with AFB1  alone were markedly reduced. The hepatic
cells  appeared normal with an increase of dividing ones
(Figs. 5 and 6).

Data presented in this  work indicated that treating
rats with AFB1 induced a significant decrease in their
body weights compared with their respective controls.
Similarly, Drabek et al.[5] and Pozzi et al.[22 ] found that
AFB1 caused a loss in body weight of pigs and ra t s ,
respectively. They added that this might be due to the
adverse effect of AFB1 on proteosynthesis. Addition of
Lupinu termis to the diet of animals treated with
AFB1restored the body weight to its nearly normal value.

Treating animals  with AFB1induced significant
decrease of liver total proteins and nucleic acids (DNA
and RNA). Svobada et al.[27] found that AFB1 given to rats
caused   a   decrease  in  DNA and protein synthesis.
Sporn et al.[26] reported that AFB1 induced a marked
reduction in the nuclear RAN/DNA ratio. Reduction of
total proteins was observed in the liver of monkeys given
AFB1 at a dose level of 1 mg/kg daily [29]. Injection of
AFB1 to rats produced inhibition of hepatic nuclear and
nucleolar RNA synthesis [30]. Croy et al.[3] reported that
AFB1 binds to DNA and chromosomal proteins and the
binding to DNA is responsible for inhibition of RNA
synthesis. Appleton et al.[1] confirmed that AFB1 is
binding to DNA,RNA and protein in the liver of rats.
Shen et al.[24 ] provided in vivo evidence that AFB1 can
cause lipid peroxidation in rat liver. The authors
suggested that oxidative damage caused by AFB1 may be
one  of the underlining mechanisms for AFB1- induced
cell  injury  a nd   DNA damage.  A significant decrease
of    glucose-6-phosphatase  was   observed    in   liver   of
AFB1 treated  animals. This  is  in  agreement  with
Shankaran et al.[23] and Pong and Wogan[21] who reported
that AFB1 treatment led to disturbance in carbohydrate
metabolism. They added that depression of enzyme
activity could be due to many factors. Among these are
repression of enzyme synthesis  or partial inhibition of the
enzymes. 

AFB1 induced many histopathological changes in the
liver of rats and the magnitude of such changes was time
dependent.The liver of AFB1-treated rats showed
congestion of blood vessels, cytoplasmic vacuolization of
the hepatocytes, fatty degeneration and leucocytic
infiltrations. These results were in line with previous
investigations which studied the toxic effects of
AFB1

[2,12,19]. It was reported that AFB1 is activated mainly
in the liver to from aflatoxin-Bl-2,3-oxite which
subsequently  binds DNA and changes the metabolic and
structural characteristics of the hepatic cells [14].

The present results showed that there is  no
significant    difference   in  the  biochemical  parameters
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Table 1: Effect of different treatments on body weight of rats
Period of treatments
(weeks) Control L. termis AFB1 AFB1 + L. termis
2 117.5±1.50 116.4±2.00 110.5±4.15 114.3±1.75
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 152.0±2.2 145.4±3.75 120.0±4.6* 149.0±3.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 177.5±8.2 168.3±1.74 130.0±2.9* 173.5±4.6
Values are expressed as mean ± SE g.   (*) Significant in comparison with control. -

Table 2: Total protein, DNA and RNA contents and glucose-6- phosphatase activity in liver tissue of rats in the experimental groups
Period of Group
treatments ----------------------------------------------------------------------------------

Parameter (weeks) Control Mean±S.E AFB1
a AFB1 + L. termis

Total proteins (mg/g wet tissue) 2 112.3±9.8 4.2 6.5
-------------------------------------------------------------------------------------------------------------------
4 118. 8±10.3 6 2.3
-------------------------------------------------------------------------------------------------------------------
6 124. 6±8.2 21.3* 11.9

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
RNA (mg/g wet tissue) 2 7.5±0.62 6.5 8.2

-------------------------------------------------------------------------------------------------------------------
4 9.2±0.74 23.4* 9.4
-------------------------------------------------------------------------------------------------------------------
6 10.4±0.62 24.6* 12.25

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
DNA (mg/g wet tissue) 2  2. 7±0.11 14.5 13.8

-------------------------------------------------------------------------------------------------------------------
4 1.28±0.10 24.8* 11.49
-------------------------------------------------------------------------------------------------------------------
6 1.65±0.06 27.8* 12.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
G-6-phosphatase (umol iP/min/g µwet tissue) 2 0.190±0.01 11.3 11.2

-------------------------------------------------------------------------------------------------------------------
4 0.184±0.04 10.5 9.8
-------------------------------------------------------------------------------------------------------------------
6 0.194±0.03 25.4* 13.8 

(a) Values are means of percentages taking the control mean value as100%;  (*) Significant at p<0.05. 

Table 3: Histopathological changes induced in liver of rats during the experimental periods
Animal Groups Time elapsed after initiation Number of Lymphocytic Cytoplasmic Congestion of Fatty

of treatment( weeks) animals infiltration vacuolation blood vessels infiltrations
Control - 40 - - - -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
AFB1 2 5(2) + - ++ -

--------------------------------------------------------------------------------------------------------------------------------------------------
4 5(1) ++ ++ ++ -
--------------------------------------------------------------------------------------------------------------------------------------------------
6 6(1) +++ +++ +++ ++

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lupinus temis 2 5 + - - -

--------------------------------------------------------------------------------------------------------------------------------------------------
4 5 - - - -
--------------------------------------------------------------------------------------------------------------------------------------------------
6 9(1) - - - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
AFB1+L.termis 2 5(1) ++ - + -

--------------------------------------------------------------------------------------------------------------------------------------------------
4 5 + - - -
--------------------------------------------------------------------------------------------------------------------------------------------------
6 8(1) + - - -

-( ):Dead animals. + Mild, ++ Moderate,+++ Severe 

studied in rats treated with AFB1and fed on a diet contains
L. termis compared with the control group. Moreover, a
marked reduction of histopathological features was
observed. These results proved that L. termis produced a

prophylactic action against the effect of AFB1.In
accordance with these findings, Appleton and Campbell[1]

found that rats fed high protein diets during dosing period
of AFB1showed mild histopathological alterations and 
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Fig. 1-4: Sections in the liver of rats treated with AFB1 showing congested portal vein (PV), X 300, laucoytic
infiltrations (Li), Gaint nucleus (G) X 400, cytoplasmic vacuolization of the hepatocytes  (arrows), X300 and
Fatty infiltrations (F) X300

Fig. 5 and 6: Sections in the liver of rates treated with AFB1 and L. termis showing congested central vein (CV) and
binucleated hepatocytes (arrow) X300
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low GGT-positive foci. The influence of protein intake on
biochemical and histopathological alterations, including
carcinogenesis  was reported by many investigators.
Fitzsimons et al.[8] reported that soybean significantly
decreased ultrastructural changes in liver of rats
administered dibutylamine and nitrite. Mokhtar et al.[18]

found  a  lower  incidence of tumor  induced  by
nitrosamine process in mice fed diets containing soybean.
Zakhary et al.[31] reported that vicia faba and bran feeding
reduced the incidence of hepatoma and bladder papilloma
induced by dibutylamine precursors in mice. They added
that the activity of the enzymes alkaline phosphatase and
5-nucleotidase was improved after feeding vicia faba and
bran. Mansour et al.[ 1 6 ] showed that Lupinus termis
exerted  antihyperglycemic  effects  and consequently
may alleviate liver and kidney damage caused by alloxan-
induced diabetes in rats. The mechanism of curative
action of Lupinus termis recorded in the present work is
unknown, but it is speculated that the high protein value
of L. tremis[7] may antagonizes the destructive effect of
AFB1.
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