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Abstract
Starvation could be the cheapest solution for cancer treatment. Alternatively, controlled amino acids diets could be another solution. Starving 

the body from certain amino acids as well as changing the amount of some used amino acids controlled diet is the main idea of this study. In this 
study, acrylamide was used to induce cancer in the rats. Acrylamide is a cancer causative agent. We utilize it through a diet containing potato. 
To evaluate the effect of such change in the cancer cells induced by acrylamide in rats, five diets different in their amino acids constituents were 
designed. Rats were feed on the different amino acids diets to investigate their effect on the cancer induced by the acrylamide. Biochemical analysis 
for the liver functions represented by GOT, GPT and ALP assays as well as the amount of the produced billirubin and cholesterol were performed. 
Additionally the weight and the histo-pathological changes in each of the liver, lung and kidney tissues were investigated. To evaluate the effect 
of the treatments on the molecular level P53, expression level as a cancer genetic marker were investigated. The results were subjected to logical 
and statistical analysis. Statistical analyses for the data using LSD were generated. The data obtained from this study prove that the amino acids 
controlled diets could incapsitate for some extend the development of the cancer cells. In this study, protection against the formation of the cancer 
is also reported. The main explanation is that such controlled diet might be able to reduce the growth rate of the cancer cells or give suitable time 
to the cell self-killing mechanism to be complement with the cancer cells replication rate and growing time. Depleting seven amino acids from the  
diet show the best result (group E). The study prove that vegetarian, those how fasting or starving are safer and  can resist cancer. However they are 
more susceptible to exogenous source of toxins such as the acrylamide than those who include amino acids in their diets. Controlled amino acids 
diets show different results according to the amino acids composition. This study recommended use of controlled amino acids to save our health. 
And more study for the role of the controlled amino acids diets either in cancer protection, prevention or treatment as well as which amino acid(s) 
should be depleted from which cancer cells should be conducted. 
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Introduction
‘Cancer’ is a general term applied to a series of malignant 

diseases characterized by a rapid and uncontrolled formation 
of abnormal cells which may mass together to form a growth 
or proliferate throughout the body. Cancer may progress until it 
causes the death of the organism. Tumors were classified into two 
main types: benign and malignant. These two types represent 
the extreme spectrum of tumor growth, while some tumors may 
exhibit properties of both types, and others may slowly change 
from one type to another. Benign tumors proliferate locally and 
are composed of differentiated cells resembling those of the 
organs’ tissues, where the edge of the tumor is well defined. 

Malignant tumors are not encapsulated and their edges are 
ill-defined. Projections of tumor cells extend from the central 
mass into surrounding tissue. The most common strategy for 
cancer treatment includes surgery, radiotherapy, chemotherapy, 
gene therapy, immunotherapy, and treatment with natural 
plant products. Severe starvation is another tool used by folk. 
Controlling cancer using complex amino acids imbalance is a 
rather new strategy aimed to deplete the cancer cell nutritional 
requirement by introducing  synthetic meals to the patient with 
a defined percentage of each amino acid lead to the death of 
the cancer cells. In vivo controlling of amino acids using certain 
enzymes as L-asparaginase is currently used in the treatment of 
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cancer. However, L-asparaginas is heterogenous protein to the 
human particularly if produced from non-human source. So, it 
shows immunogenicity. Certain neoplastic tissue, including acute 
lymphoblastic leukemia cells required an exogenous source of 
the amino acid L-asparaginase. It was observed that the injected 
malignant lymphoma cells failed to survive in the guinea pig, and 
that guinea pig serum prevented the survival of lymphoma cells 
injected into mice. The explanation lied on the fact that the guinea 
pig serum contains the enzyme L-asparaginase which destroys 
the amino acid L-asparagin, which is necessary for the formation 
of nucleic acids by hydrolysis L-asparagine to aspartic acid and 
ammonia [1].

Depletion of a single essential nutrient for the cancer 
cell growth apparently will lead to their death. This fact was 
proved after the tissue culture technology. Microbial growths as 
contamination in a cell culture will lead to the cells death mainly 
by depleting the nutritional resources. Collectively cancer cells 
are similar to normal cells. But the most important criteria which 
put a spot on the differences between the cancer cells and the 
normal cells that cancer cells grow faster than the normal cells 
hence they are in need for more nutrients.

This observation brings the idea to control cancer growth by 
controlling the nutrient supplied to the cells [2]. protein free diet 
was the first to be examined [3]. In fact complete fasting, partial 
fasting and starvation for certain period or for long time were 
well known in old civilization either for improving the health 
or as a part of the religious ceremony. Some ethnic groups are 
completely vegetarian and others are fasting for long times. Such 
approach might in need to be re-evaluated while in such age their 
misunderstand for the ability of the cells to synthesize amino 
acids from sources other than protein still existed. For that later 
the scientists start to focus on the essential amino acids and their 
roles in cancer treatment, while they are the only amino acids in 
need to be supplied from exo-source [4]. Sugimura, et al. (1959) 
reported that tumor cells slow down in absence of methionine, 
isoleucine or valine [5]. Lorinz and Kuttner reported inhibition 
in patients fed with a diet low in phenylalanine only [6]. Other 
reports prove the effect of the other amino acids in a certain type 
of cancer cells [7]. 

Cancer cells have some main criteria as suggested by Hanahan 
and Weinberg (2000, 2011) and Amara (2011, 2012 and 2013) 
that essential alterations in the cell physiology collectively direct 
malignant growth: 

• self-sufficiency in growth signals,

• insensitivity to growth-inhibiting (antigrowth) signals, 

• evasion of programmed cell death (apoptosis), 

• limitless replicative potential,

• sustained angiogenesis,  

• tissue invasion and metastasis,

• reprogramming of energy metabolism, 

• invading immune destruction, 

• cancer cell still qualitatively similar to normal cell and can 
escape from the immune system, 

• Some DNA change or damage should happen to change the 
normal cells into tumor cells [8-12]. 

Controlling cancer cells’ growth will be so far by using one 
or more strategy based on the one or more of the cancer unique 
criteria. Finding differences between the normal cells and the 
cancer cells are the aim of the scientists. In this study, we re-
investigate and re-evaluate the role of amino acid-depletion 
and variation in the treatment of cancer induced in rats using 
acrylamide. The concept and the idea will be described in detail 
for the proper possibility of controlling cancer cell through diet 
rather than using the unsafe toxic antitumor compounds even 
mutagenic.

Materials and Methods
Experimental Animal Model

The experimental animals used in this study were represented 
in a total of thirty-five albino white male rats of Wistar strain, with 
weights ranging between 150-200g each at the beginning of the  
experiment. They were obtained from the animal house of the 
Medical Research Institute, Alexandria-University, Alexandria, 
Egypt. The animals were maintained on a 12-hour light/12-hour 
dark cycle at ambient temperature of (23±2)°C and housed for 7 
days before the experiment. Animals were clinically healthy and 
they were acclimatized to the laboratory condition before being 
used for two weeks and were allowed food and water adlibitum. 
Rats were divided into groups of five animals each. 

Media Compositions 

The general composition of the feeding media was as follows 
for each/L: 

A. Amino acids 350 mL (five different groups of amino acids 
(g/L) as in table 1); 

B. Sugar: 300 mL [Glucose 5 g; Starch 44 g]; 

C. Corn oil 11 g/l; 

D. Vitamins: stock (prepared in 100ml) contain the following 
vitamins: 

1. Vitamin A 0.0040 g;

2. Vitamin B1 0.0020 g; 

3. Vitamin B2 0.0020 g; 

4.Vitamin B6 0.0020 g; 

5. Vitamin B12 0.0002 g; 

6. Vitamin C 0.0333 l; 

7. Vitamin D3 0.0125 g; 

8. Vitamin E 0.3000 g; 

9. Vitamin K3 0.0050 g; 

10. Folic acid 0.0020 g; 

11. Biotin 0.0010 g. 
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E. Saline 0.9%: 190 mL. 

The volume completed to one L by water. The rats are given 
330 ml/kg from each of the different prepared medium. 

Acrylamide diet for cancer induction

Rats treated with acrylamide were given 500 µg/Kg body 
weight acrylamide according to Yousef and El-Demerdash (2006) 
[13]. 

Amino Acids Diets

Amino acids solution was classified into five groups A, B, C, 
D and E. The composition of each group is shown in table 1. Five 
nonessential amino acids are not included. 

• Group A contains all fifteen used amino acids. 

• Group B contains fourteen amino acids (methionine was 
depleted). 

• Group C consists of fourteen amino acids (valine was 
depleted). 

• Group D contains thirteen amino acids (methionine and 
valine-were depleted). 

• Group E contains thirteen amino acids (methionine 
and valine-were depleted) and the arginine concentration is 

duplicated.

The Experimental animal design was as follows:

• Control represent in Group 1 was given distillated water 
through gastric lavage (no amino acids pro-vided) and feed on the 
above described diet (without amino acids).

• Treatment represent in Group 2 was given acrylamide 
(as above) and feed on the above described diet (without amino 
acids). Acrylamide given in amount equal to 500 µg/Kg body 
weight according to Yousef and El-Demerdash (2006) [13].

• Group 3 to 7 which represent those received both of the 
acrylamide (Acrylamide given in amount equal to 500 µg/Kg 
body weight according to Yousef and El-Demerdash (2006) and 
they are feed on the above medium contain the amino acids diet 
designed for each group as above and as in table 1 [13]. 

A daily fresh solution of acrylamide dissolved in distillated 
water was prepared. Each animal had received its weight 
corresponding dose (according to the fortnight weight) orally, by 
using a round-head needle syringe. Rats, were fasted overnight 
before decapitation, and slaughtered at the end of experiment. 
After 90 days, blood samples were collected from all animals 
(from the retro-orbital plexus) in clean, dry and labeled tubes 
containing heparin (10 I.U/ml).

Table 1: Detailed Composition of amino acids solutions (g/L)

Amino acids g/L Group A Group B Group C Group D Group E

Isoleucine 5.5 5.5 5.5 5.5 5.5

Leucine 7.5 7.5 7.5 7.5 7.5

Lysine 7.0 7.0 7.0 7.0 7.0

Methionine 6.0 -- 6.0 -- --

Phenylalanine 4.0 4.0 4.0 4.0 4.0

Threonine 5.0 5.0 5.0 5.0 5.0

Tryptophan 1.5 1.5 1.5 1.5 1.5

Valine 6.0 6.0 -- -- --

Arginine 6.0 6.0 6.0 6.0 12.0

Histidine 3.0 3.0 3.0 3.0 3.0

Proline 4.0 4.0 4.0 4.0 4.0

Tyrosine 1.0 1.0 1.0 1.0 1.0

Alanine 20.0 20.0 20.0 20.0 20.0

Glycine 7.5 7.5 7.5 7.5 7.5

Aspartic acid 4.0 4.0 4.0 4.0 4.0

Oligonucleotides (primers)

MWG Company, Germany, synthesized primers used in this 
study. 

Primer’s sequences are: 

P53F 5´-CATCGAATTCTGGAAACTTTCCACTTGAT-3´ 
and  

P53 R                     5´-GTAGGAATTCGTCCCAAGCAATGGATGAT-3´

DNA and RNA Preparation from Blood

To 1 ml whole blood (EDTA, heparin, citrate) 3 ml lysis buffer 
were added, and the mixture was shaked gently and incubated 
for 30 min on ice, and centrifuged at 1200 rpm for 10 min at 
4°C. Supernatant was Removed, 1 ml lysis buffer was added, the 
pellet was re-suspend, and centrifuged for 10 min at 4°C (1200 
rpm). Supernatant was Removed and 0.5 ml SE-buffer was added, 
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the pellet was re-suspend, followed by centrifugation for 10 
minutes at 4°C (1200 rpm). The supernatant was removed and 
the pellet was frozen. 1 ml SE-buffer was added and the pellet 
was resuspended, 40 µl proteinase K (10 mg/ml) was added and 
250 µl 20% SDS, shaked gently, and incubated overnight at 37°C 
in a water bath. A 5 ml SE-buffer was added and 10 ml phenol 
shaked by hand for 10 min, and centrifuged at 3000 rpm for 5 
min at 10°C. The supernatant was transferred into a new tube, 
1 ml phenol/chloroform/ isoamyl alcohol (25:24:1) was added 
and shacked by hand for 10 min, and centrifuged at 3000 rpm for 
5 min at 10°C. The supernatant again was transferred into a new 
tube, 1 ml chloroform/ isoamylalcohol (24:1) was added, shaked 
by hand for 10 min, and centrifuged at 3000 rpm for 5 min at 
10°C. The supernatant was transferred into a new tube; 100 µl 
3 M sodium acetate (pH 5.2) was added and 10 ml isopropanol, 
shaked gently until the DNA precipitated (glass pipette was used 
to make a hook over a Bunsen burner, and capture the DNA. The 
DNA was washed in 70% ethanol and dissolved the DNA in 0.1 
ml TE-buffer overnight at 4°C on a rotating shaker [18, 19]. The 
RNA was prepared using the RNA isolation column kit (Biotech. 
lnc. USA) 

Amplification of P53 Gene from the Purified DNA and 
RNA

Purified DNA was subjected to the PCR reaction. 15 minutes 
initial denaturation step at 95°C in the beginning was followed by 
30 cycles of amplification. Each cycle consisted of denaturation 
step at 94°C for 1 min followed by annealing step at 58°C for 1 min 
and extension step at 70°C for 1 min with ten min delay at 70°C 
at the end of the last cycle as a post extension step. A ramping of 

Histopathological Study

The animals were killed for autopsy just before death and 
after appearance of symptoms. Sample of liver, lung and kidney 
were taken after 2 and 6 weeks, and placed in sample tube 
containing 10 ml of 10% formaline then kept in refrigerator for 24 
hrs the organs were transferred, without formaline to performed 
capsules. All capsules were placed into the automatically operated 
auto-technically apparatus, where basket was surrounded by 
10% formalin solution for 6-8 hrs. Successive series of alcohol 
was automatically followed with one hour and finally the 
basket immersed in absolute alcohol for two hrs to completely 
dehydrate the organs. After dehydration of the specimens, the 
basked is automatically moved to xylene for another two hrs, 
then the organ was infiltrated for about four hours with paraffin, 
after being transferred from the clearing (xylene). The paraffin 
(melting point 52-56°C) was made into block by the help of 
two L-shaped metal bars following paraffin- block hardening, 
the blocks containing the specimens, were attached to wooden 
object holder and inserted into a microtome. Sections were cut at 
thickness of 5µm. These sections were placed on albumin coated 
slides which were backed over night at 56°C, then the micro 
sections were stained.

Liver function determination

Blood samples were collected from the reto-orbital plexus 
from the different rats represent different treatment. Heparin 
as anticoagulant was used in concentration of 10 IU/ml. The 
samples were centrifuged at 3500 r.p.m for 15 min to separate 
the plasma. GPT (glutamic pyruvic transaminase), alkaline 
phosphatase  concentration [14], Bilirubin concentration [15], 
cholesterol concentration  [16], were determined in plasma using 
commercially available kits which were obtained from Diamond 
(Germany). ALT (Alanine aminotransferase), GOT (Glutamic 
oxaloacetic transaminase)  Aspartate aminotransferase (AST) 
[17] were determined by QCA kits, Spain. The various analysis 

Figure 1: Amplification P53 gene from extracted of DNA from treated 
and untreated animals. Lane M: IX-174 DNA marker. Lane 1, control 
Lane 3= treatment by (Acrylamide) Lane 4 and 5 = treatment (A) by 
(AA) Lane 6 and7) = treatment (B) by (AA) Lane 8 and 9= treatment 
(C) by (AA)

slower 10% of the default value modified extension temperature. 
Amplified products were stored at -20°C. The reaction mixture 
was analyzed by electrophoresis on 1.5% agarose in 1x Tris-
Borate EDTA buffer, stained with Ethidium bromide and visualized 
under Ultra Violet transilluminator [20]. For amplify the p53 from 
the extracted total RNA single step program was performed using 
GeneAmp 9700 thermocycler machine.

Figure 2: Amplification P53 gene from extracted of DNA from treated 
animals. Lane M: IX-174 DNA marke Lane 10, 11 and 12 treatment (D) 
Lane 13 and 14= treatment (E)
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were conducted regarding the standard methods described in 
each kit.

Statistical analysis of the data

The data which were obtained from the seven groups were 
subjected to the statistical analysis. Regarding that, the data 
represent different non-related experiments, so each treatment 
was statistically analyzed separately. And each data set contained 
the seven used group (as described above). In addition, each 
group under each experiment (e.g. ALP) was represented by five 
replica. 

The data of each group which represent the control (no 
acrylamid or amino acids), the treatment (no amino acids) and 
A, B, C, D, E, (amino acids different diets and acrylamide are 
received) were arranged for each in one column contain the result 
of five replicas in the Statgraphics Centrium XV version 15.2.11 (7 
columns of data). 

The final sheet for each group contains five replica represent 
each of the control, the treatment, and five groups with diets with 
different composition of the amino acids. 

From the Statwizard the option of “compare several data 
columns using multiple data columns” was selected. Then the 
groups were selected and the statistical analysis using LSD 
were generated where the method being used to discriminate 
among the means is Fisher’s least significant difference (LSD) 
procedure. With this method, there is a 5.0% risk of calling each 
pair of means significantly different when the actual difference 
equals 0. The software enable conducting ANOVA analysis for the 
7 columns of data for each biochemical analysis results as well 
as for the weight differences. Cluster analysis using the cluster 
analysis option were conducted to show any link between the 
groups, which are close to the control (normal cells). 

Results and Discussion
Amino acids are the backbone of any protein existed in the 

biological structure, including the cancer cells macromolecules. 
Their numbers, types, distribution are critical for the protein 
structure/function/specificity. Cancer cells are immunologically 

and collectively similar to the normal cells. For that, the body did 
not consider  cancer cells as  foreigner. Our bodies are unable 
to produce certain number of amino acids, which should be 
provided from exogenous source. Cancer and normal cells are 
in need for the amino acids to build their protein constituents. 
However, cancer cells need more amino acids than the normal 
cells do, while cancer cells are growing and replicating faster than 
the normal cells.

Evaluation of p53 gene as cancer marker using PCR in 
treated animals with acrylamide and amino acids

The p53 is one of the most important tumor suppressor 
proteins [21]. p53 function was associated with human cancers, 
indicating that p53 plays a key role in the anticancer pathway 
[22]. p53 is a transcriptional factor and exerts most of its tumor 
suppressor activities as a transcriptional factor on the regulation 
of cell cycle arrest. The p53 protein plays a key role in the control 
of the cell response to various kinds of stress. The expressed 
genes in the treated and non-treated animals was studied using 
RT-PCR; the band intensity considered as indicator for the level of 
the gene expression. The high band intensity means the high p53 
gene expression; where the low band intensity indicates of the 
p53 suppression. The results revealed that, a high band expression 
was demonstrated with the treated animals with the acrylamide 
in lane no. (3) Compared with the control. 

Internal Organs Weight 

Data in table 4 demonstrate that, treatment with acrylamide 
increased the absolute liver, lung and kidney weight in rats after 90 
days of administration compared with the control and decreased 
of weight after the animal had feed on the amino acids. In case 
of the liver, we noticed that the liver size mean in control animal 
was (3.8180 g) where in the treated animals with acrylamide was 
(4.2080 g). However, in the treatment animals with amino acids 
group (A, B, C, D, and E) the mean weight of the liver were (4.1760, 
4.1340, 3.8380, 3.9260 and 3.8420 g) respectively as showed in 
table 4. In case of the lung, we noticed that the lung size mean in 
control animal was (0.9040 g) wherever in the treatment animals 
with acrylamide was (1.5240g). But in the treatment animals 
with amino acids group (A, B, C, D, and E) the mean weight of 

Table 2: The bilirubin, cholesterol, ALK, GOT, and GPT biochemical analysis of the seven used groups

bilirubin level of 
white albino rats 

(mg/Di)

cholesterol level 
activity of white albino 

rats (mg/dI)

alkaline phosphatase 
activity u/L

GOT activity of white 
albino rats (u /ml)

GPT activity of white 
albino rats (u /ml)

Sample Mean Std. D Std. E Mean Std. D Std. E Mean Std. D Std. E Mean Std. D Std. E Mean Std. D Std. E

control 0.09 0.03 0.01 79.12 7.85 3.51 158.95 22.69 10.15 13.98 1.08 0.48 9.46 1.99 0.89

treatment 3.76 0.92 0.41 172 0.73 0.33 223.2 6.23 2.78 56.36 1.41 0.63 54.26 1.85 0.83

A 1.1 0.21 0.1 133.74 1.42 0.64 157.41 1.71 0.76 24.22 2.08 0.93 24.21 5.07 2.27

B 0.38 0.08 0.04 66.43 2.51 1.12 181.89 0.68 0.3 12.96 1.96 0.88 13.92 1.78 0.8

C 0.24 0.04 0.02 62.59 1.38 0.62 179.31 0.68 0.31 18.38 5.13 2.3 9.7 0.46 0.21

D 0.15 0.05 0.02 49.56 2.54 1.13 166.94 16.94 7.58 12 0.91 0.41 8.78 1.16 0.52

E 0.08 0.04 0.02 69.75 15.85 7.09 179.88 10.8 4.83 10.42 1.11 0.50 8.36 0.87 0.39
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the lung were (1.49110, 1.4220, 1.2820, 1.0360 and 0.9620g) 
respectively as showed in table 4. 

In case of the kidney, we noticed that the kidney size mean in 
control animal was (1.1760 g) wherever in the treatment animals 
with acrylamide was (1.4440 g). But in the treatment animals 
with amino acids group (A, B, C, D, and E) the mean weight of 
the kidney were (1.4500, 1.3460, 1.3100, 1.2340 and 1.1340 g) 
respectively as show in table 4. 

Effect of Complex Amino Acids Imbalance on Growth 
of Tumor 

In this study, we have used five different groups of amino acids. 
Group (A) contains a complete  collection of amino acids as in the 
table 1- 3 in material and method. But group (B) lacks methionine 
amino acid where it is found that decrease in methionine level 
has a potent effect on tumor growth in addition to decrease in 
size of tumor and decrease in enzymes till its normal value like, 
GOT, GPT, ALK, as well as Bilirubin and Cholesterol. Methionine 
has an important role in the addition of methyl group to DNA, 
RNA, protein structure decrease in its level of inhibition, DNA, 
RNA, formation and prevent the tumor growth at the molecular 
level. Methionine is the principal biological methyl donor via 
S-Adenosyl-L-Methionine (SAM). SAM can easily transfer its 
methyl group to a large variety of acceptor substrates including 
rRNA, tRNA, mRNA DNA, proteins, phospholipides, biological 
amines, and a long list of small molecules. Low methionine 
level inhibits the activity of transmethylase that suggested the 
invasive ability for metastasis be suppressed during methionine 
starvation [23]. In group (C) there is no valine. It has a great 
inhibitory effect on Walker-256 carcinosarcoma cells and 
alterations of intracellular protein synthesis [24]. In addition to 
inhibitory effect on synthesis of prolactin, which participate in 
tumor growth. In group (D) methionine/Valine depleted complex 
amino acids imbalance group, the volume of tumor decreases 
more than group A, B, C. 

The enzymes reach the normal value due to low methionine/
Valine. In group (E) methionine/Valine deplete complex amino 
acids imbalance with double increase in arginine. The volume of 
tumor decreases with group A, B, C, D, and the concentration of the 
enzymes reach the normal. The amino acid arginine has immune 
activities that are related to increased production of hormones 
(growth hormone, insulin, and Prolactin) and of polyamine 
synthesis. It also induces cytokine release or activation of the 
nitric oxide pathway [25, 26].  It is the common substrate for two 
enzymes: arginase and nitric oxide synthase arginase converts 
L-arginineto L-ornithine, which is the precursor of polyamines. 
They are essential components of cell proliferation Nitric oxide 
synthase.

Table 2 shows the results of the different biochemical analysis 
which represent the Bilirubin, Cholesterol, ALP, GOT and GPT levels 
against the seven used rats groups. Each group was represented 
by five replica (data not shown) and summarized as mean, std. D. 
std. E. The results show that the absence of the amino acids as in 
case of the treatment group in the presence of the acrylamide give 
significant increase in all of the level of the biochemical five test. 

That means acrylamide is efficient and represent correct toxins. 
Acrylamide is proved to be mutagen [13]. The most dangerous 
point that it could be performed from the potato frits. In addition, 
consumption regularly and daily by many, particularity through 
the fast foods. In this study, the design was made similar to the 
vegetarian or those who made fasting particularly for long time 
or against the protein containing foods. In such case utilizing 
acrylamide in the food by them will cause severe health problem 
as proved in the treatment group. The control represents also 
those who did not receive amino acids through diets but safe from 
exogenous source of the acrylamide. In such case (the control), 
the different groups are safe and have significantly lower level 
of the five biochemical analysis comparing with the treatment 
(received acrylamide). In the five other groups, which received, 
all both of the acrylamide and in addition each was received a 
particular amino acids diet different from the other one. In fact 
the first group where it receive fifteen amino acids contain all of 
the essential amino acids, this group might represent the one who 
feed normally but receive acrylamide through his diet. Apparently, 
from the data shown by the Acrylamid-different amino acids 
five used groups there is significant differences between them 
and between the treatment groups where no amino acids were 
received. That clearly prove the importance of the amino acids in 
diluting, protecting or treating the side effect of the acrylamide. 
And that those who receive amino acids are healthier and more 
resistant to a toxic compound such as the acrylamide. In additions 
they show different results based on that they are different in 
their composition of the amino acids. The results prove that 
amino acids improve the protection against the acrylamide and 
they have different protection level. Based on that the five diet 
of the amino acids are controlled where some amino acids were 
removed (e.g. five were removed from all groups). In addition 
group E has an increased amount in one amino acids where two 
other (beside the five removed ones) were removed. That all 
enables some sort of randomization and control, which enable 
clear variation. For logical interpretation of the result obtained of 
the data group E in table 2 shows the closest result to the control. 
That means lesser effect to the side effect of the acrylamide. The 
weight of the liver, kidney and the lung give similar results where 
group E was the closest one to the control. In group E arginine 
was used in more quantity. Arginine is used for treating hepatic 
coma, for liver function promotion and for ammonia poisoning 
in Europe. The only test, which did not give good result (similar 
to the control) it, was the ALP group. Those spot the sensitivity 
of the alkaline phosphatase to any toxins. Group A, which show 
the worst result (similar to the treatment) show good result in 
case of the ALP level but it shows the highest cholesterol level, 
bilirubin, GOT and GPT. It is suggested that ALP might decreased 
by the increase of some other elements in the bodies. And that 
might include one of the increased tested elements (cholesterol 
level, bilirubin, GOT and GPT). Groups B, C, D and E show lesser 
cholesterol level than the control. That also proves the critical 
role of the amino acids in decreasing and/or controlling the 
cholesterol level. In general, group E show the best similar result 
to the control, followed by group D then B.

The statistical analysis of the data shows that group D 
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Table 3: Statistical analysis (ANOVA with LSD) for the bilirubin, cholesterol, ALK, GOT, and GPT biochemical analysis of the seven used groups

Effect of Acrylamide 
(500ug/kg body 

weight) and amino 
acids treatment on GOT 
activity of white albino 

rats (u /ml).

Effect of Acrylamide 
(500ug/kg body weight) 

and amino acids treatment 
on GPT activity of white 

albino rats (u /ml).

Effect of Acrylamide 
(500ug/kg body weight) 

and amino acids treatment 
on alkaline phosphatase 
activity of white albino 

rats (u/L).

Effect of Acrylamide 
(500ug/kg body weight) 

and amino acids 
treatment onbilirubin 

level of white albino rats 
(mg/dI).

Effect of Acrylamide 
(500ug/kg body 

weight) and amino 
treatment on 

cholesterol level 
activity of white 

albino rats (mg/dI).

Contrast Difference Contrast Difference Contrast Difference Contrast Difference Contrast Difference

control - 
treatment -42.38* control - 

treatment -44.796* Control - 
Treatment -64.248* Control - 

Treatment -3.677* A - B 67.316*

control - A -10.24* control - A -14.746* Control - A 1.542 Control - A -1.0174* A - C 71.152*

control - B 1.02 control - B -4.458* Control - B -22.938* Control - B -0.2934 A - control 54.622*

control - C -4.4* control - C -0.238 Control - C -20.354* Control - C -0.1534 A - D 84.184*

control - D 1.98 control - D 0.686 Control - D -7.986 Control - D -0.0638 A - E 63.99*

control - E 3.56* control - E 1.104 Control - E -20.924* Control - E 0.0108 A - 
treatment -38.252*

treatment 
- A 32.14* treatment - A 30.05* Treatment - A 65.79* Treatment 

- A 2.6596* B - C 3.836

treatment 
- B 43.4* treatment - B 40.338* Treatment - B 41.31* Treatment 

- B 3.3836* B - control -12.694*

treatment 
- C 37.98* treatment - C 44.558* Treatment - C 43.894* Treatment 

- C 3.5236* B - D 16.868*

treatment 
- D 44.36* treatment - D 45.482* Treatment - D 56.262* Treatment 

- D 3.6132* B - E -3.326

treatment 
- E 45.94* treatment - E 45.9* Treatment - E 43.324* Treatment 

- E 3.6878* B - 
treatment -105.568*

A - B 11.26* A - B 10.288* A - B -24.48* A - B 0.724* C - control -16.53*

A - C 5.84* A - C 14.508* A - C -21.896* A - C 0.864* C - D 13.032*

A - D 12.22* A - D 15.432* A - D -9.528 A - D 0.9536* C - E -7.162

A - E 13.8* A - E 15.85* A - E -22.466* A - E 1.0282* C - 
treatment -109.404*

B - C -5.42* B - C 4.22* B - C 2.584 B - C 0.14 control 
- D 29.562*

B - D 0.96 B - D 5.144* B - D 14.952 B - D 0.2296 control - E 9.368*

B - E 2.54 B - E 5.562* B - E 2.014 B - E 0.3042 control - 
treatment -92.874*

C - D 6.38* C - D 0.924 C - D 12.368 C - D 0.0896 D - E -20.194*

C - E 7.96* C - E 1.342 C - E -0.57 C - E 0.1642 D - 
treatment -122.436*

D - E 1.58 D - E 0.418 D - E -12.938 D - E 0.0746 E - 
treatment -102.242*

+/- Limits3.0862 +/- Limits3.04262 +/- Limits15.1807 +/- Limits0.465156 +/- Limits8.8974

contains more insignificant changes against the control (similar 
to the control). The insignificant results are more important in 
this study while they show the successful effect of the amino 
acids diets. The more insignificant results could be explained 
by the fact that the statistical analysis of the data is not able to 
distinguish between the increase and the decrease in the level 
of the biochemical tested parameters. The decrease might not 
represent health problem in some extend but the statistical 
analysis will consider it as significant results. For that LSD was 
used to compare each group by each another one. The insignificant 

results were highlighted in table 3, 4. However, in general both of 
the logical and the statistical analysis of the data prove that group 
E is the best one followed by group D. Each of the Biochemical 
treatment level of the different used parameters and the weight 
of the organs prove that group E is able to give the best result.

The ANOVA table decomposes the variance of the data into 
two components: a between-group component and a within-
group component. In case of the alkaline phosphatase activity 
the F-ratio, which in this case equals 18.0387, (is a ratio of the 
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Table 4: The weight of the liver, the lung and the kidney of the albino rats different groups

liver weight with (gm) of white 
albino rats

lung weight with (gm) of white albino 
rats

kidney weight with (gm) of white 
albino rats

Sample Mean Std. D Std. E Mean Std. D Std. E Mean Std. D Std. E

control 3.82 0.08 0.03 0.9 0.04 0.02 1.18 0.04 0.02

treatment 4.21 0.04 0.02 1.52 0.18 0.08 1.44 0.09 0.04

A 4.18 0.05 0.02 1.49 0.16 0.06 1.45 0.05 0.02

B 4.13 0.04 0.02 1.42 0.11 0.05 1.35 0.02 0.01

C 3.84 0.46 0.21 1.28 0.06 0.03 1.31 0.07 0.03

D 3.93 0.06 0.03 1.04 0.02 0.01 1.23 0.05 0.02

E 3.84 0.07 0.03 0.96 0.02 0.01 1.13 0.06 0.03

between-group estimate to the within-group estimate). In case of 
bilirubin level the F-ratio, this in this case equals 69.9103. In case 
of cholesterol level the F-ratio, this in this case equals 213.886. 
GOT activity the F-ratio, which in this case equals 231.162. GPT 
activity the F-ratio, which in this case equals 255.125. Lung 
weight the F-ratio, which in this case equals 43.4766. Kidney 
weight the F-ratio, which in this case equals 43.4766. Since the 
P-value of the F-test is less than 0.05 in all the above groups, there 
is a statistically significant difference between the means of the 7 
variables for each group at the 95.0% confidence level. 

This applies a multiple comparison procedure to determine 
which means are significantly different from which others. 
The bottom half of the output shows the estimated difference 
between each pair of means. An asterisk was placed next to twelve 
pairs, indicating that these pairs show statistically significant 
differences at the 95.0% confidence level. The method which 
used to discriminate among the means is Fisher’s LSD procedure. 
With this method, there is a 5.0% risk of calling each pair of 
means significantly different when the actual difference equals 0.

Histopathological Findings in Treated Rats 

Data concerning the histopathological examinations in the 
tissues organs of the treated rats with acrylamide for 70 days 
followed by amino acids treatment. The obtained results showed 
the effect of both of the acrylamide and amino acids on the tested 
animal organs and tissues. To facilitate the presentation of data, 
each organ will be separately discussed as follow:

Liver

In control sample, histopathological examination of the 
liver, showed normal liver tissues with hepatocytes sinuso-ids 
and central vein is present at central port of each lobe, portal 
tract present peniphry. However, in acrylamide-treated group, 
showed loss of normal structure of hepatic cords in large areas 
of liver tissues a combined with malignant hepatocytes showing 
pleomorphism and hyperchromatism. But in amino acids (A)-
treated group, malignant criteria at witch malignant hepatocytes 
arranged in cords and sheets table 7. Higher magnification clarify 
malignant hepatocytes with pleomorphism and hyperchromatism 
whatever the amino acids (B)-treated group, hepatocytes showed 
little pleomorphism and little hyperchromatism. However the 

amino acids (C)-treated group, revealed small areas of liver tissue 
still malignant criteria but most of cells showed monomorphic 
appearance and number of malignant cells. Amino acids (D)- 
treated group, represent the most of liver tissue look like normal 
cells may see small numbers of hyperchromatism. 

Amino acids (E)- treated group, showed normal structure 
of hepatic cords of hepatocytes arranged in cords in between 
hepatic sinusoids with central veins table 7. In previous study, 
similar changes were observed in the liver showing severe bal-
looning degeneration of the hepatocytes, necrosis and formation 
of mallory bodies table 7 [27].

Lung

In control sample, histopathological examination of the lung, 
showed lung acinus which composed of respiratory bronchioles 
which gave  several alveoli. However, in acrylamide-treated group, 
malignant proliferation of epithelial cells producing glandular 
structure with central lumina, the glands are available in size 
and shape with great polymorphism and loss of polarity table 7. 
There are glands closely packed to each other and some glands 
are fused. Areas of necrosis represented by eosinophilic fibrous 
liver amorphous material. Normal alveoli are not seen in the 
slide. Amino acids (A)-treated group, showed mild improvement 
in the shape of adenocarcinoma than the previous slide. The 
glands tend to be separated from each other. The center of some 
glands tends to be more regular. But the amino acids (B)-treated 
group, revealed that, there is moderate importance of the shape 
of malignancy. The number of malignant glands are decreased in 
size more regular contour and some alveoli are seen. However the 
amino acids (C)-treated group. Showed there are no abnormal 
glands and the alveoli with districted walls as well as emphysome 
in some of them. Amino acids (D)-treated group revealed that 
the alveoli tend to be more normal but some emphyse are seen 
table 7. But the amino acids (E)-treated group. Normal alveoli are 
seen but with edema in the interstitial tissue. In previous study, in 
the lungs diffused alveolar and capillary damage as well as early 
formation of hyaline membranes were evident.

Kidney

In control sample, histopathological examination of the 
lung, normal kidney tissue contains numerous tubules and 
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glomeruli separated by vascularized stroma observed. However, 
in acrylamide-treated group, showed tumor formed of cordes and 
small groups of malignant cells separated by very thin vascula 
(c.t) storms containing thin walled ill formed (b.v) table 7 the 
cells are large polyhedral with pale vacuolated cytoplasm giving 
the clear cell appearance the nuclei are small, central pyknotic 
and deeply stained there is diffused pattern of growth with 
entrapping of glomerulus. Amino acids (a)-treated group the 
slides showed some b.v invade tumor tissue the malignant cells 
are decreased in size and tubules appears which dilated and lined 
by flat epithelia but the amino acids (b)-treated group, showed 
the clear cells are decreased markedly and well formed b.v and 
well formed tubules appearance. However the amino acids (c)-
treated group, showed the malignant clear cells but some tubules 
are atrophic and contain hyaline casts. Amino acids (d)-treated 
group, normal tubules are seen, and normal lining the hyaline 
casts are decreased in case of amino acids (e)-treated group, 
normal tubules normal glomeruli’s vascular tuft and clear haloes 
amount table 7 in previous study, in the kidneys, there was 
acute tubular necrosis with diffused interstitial and glomerular 
haemorrhage characteristic of irreversible cellular injury of the 
epithelium and parenchyma [27].

Conclusions
This study investigates the role of the amino acids different 

diet composition in the rats treated by acrylamide. The acrylamide 
was selected while it exited in the potato frits. The experimental 
design is based on our aim to investigate if vegetarians might 
be more susceptible to the side effect of the acrylamide where 
they receive less aminoacids through diets (they did not eat any 
of the mammalian meat or their product). Additionally, the study 
investigates the role of the different amino acids in the protection 
against the acrylamide different side effects. For that each of the 

control and the treatment receive no amino acids to evaluate 
the effect of the acrylamide. After that five different amino acids 
controlled diets were designed to prove or disprove the essential 
role of the amino acids in the protection and in the treatment. 
For evaluating the; effect of both of the acrylamide and the amino 
acids different results were calculated they are: 

a) Five biochemical tests (the cholesterol, the billirobin, ALP, 
GOT, GPT).

b) The liver, kidney and lung weight 

c) The level of the p53

d) Histological study for the liver, kidney and lung.

Two tools for the data interpretation were followed. The first 
based on the logical evaluating of the differences obtained from 
the various experiments and the other by statistical analysis of 
the data.

In general the results prove that:

a) The acrylamide is a dangerous compound for the rats 
health hence for the human.

b) Amino acids free medium (in this study) might not 
seriously affect the rats health in the short run (the time of the 
experiments). This represents a fasting or a starvation for a 
particular period.

c) The amino acids are significantly able to rebalance the 
disturbance in the animal biological function (investigated ones) 
due to the effect of the acrylamide.

d) Different amino acids compositions give different results. 
The best one which contain a removal of seven amino acids from 
the diet (group E) as in Tables 1-6.
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Table 5: The statistical analysis of the weight of the liver, the lung and the kidney of the albino rats different groups

Effect of Acrylamide (500ug/kg body weight) 
and amino acids treatment on liver weight 

with (gm) of white albino rats

Effect of Acrylamide (500ug/kg body 
weight) and amino acids treatment on 

lung weight with (gm) of white albino rats

Effect of Acrylamide (500ug/kg body 
weight) and amino acids treatment on 

kidney weight with (gm) of white albino rats

Contrast Difference Contrast Difference Contrast Difference

control - 
treatment -0.39* control - 

treatment -0.62* control - treatment -0.62*

control - A -0.358* control - A -0.654* control - A -0.654*

control - B -0.316* control - B -0.518* control - B -0.518*

control - C -0.02 control - C -0.378* control - C -0.378*

control - D -0.108 control - D -0.132* control - D -0.132*

control - E -0.024 control - E -0.058 control - E -0.058

treatment - A 0.032 treatment - A -0.034 treatment - A -0.034

treatment - B 0.074 treatment - B 0.102 treatment - B 0.102

treatment - C 0.37* treatment - C 0.242* treatment - C 0.242*

treatment - D 0.282* treatment - D 0.488* treatment - D 0.488*

treatment - E 0.366* treatment - E 0.562* treatment - E 0.562*

A - B 0.042 A - B 0.136* A - B 0.136*

A - C 0.338* A - C 0.276* A - C 0.276*

A - D 0.25* A - D 0.522* A - D 0.522*

A - E 0.334* A - E 0.596* A - E 0.596*

B - C 0.296* B - C 0.14* B - C 0.14*

B - D 0.208 B - D 0.386* B - D 0.386*

B - E 0.292* B - E 0.46* B - E 0.46*

C - D -0.088 C - D 0.246* C - D 0.246*

C - E -0.004 C - E 0.32* C - E 0.32*

D - E 0.084 D - E 0.074 D - E 0.074

+/- Limits0.235253 +/- Limits0.120112 +/- Limits0.120112

Table 6: Cluster analysis of the different groups

Dendrogram for the alkaline-phosphatase activity
Nearest Neighbor Method,Squared Euclidean
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Dendrogram for the GOT activity
Nearest Neighbor Method,Squared Euclidean
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Dendrogram for the GPT activity
Nearest Neighbor Method,Squared Euclidean
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Dendrogram for the bilirubin level
Nearest Neighbor Method,Squared Euclidean
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Dendrogram for the liver weight
Nearest Neighbor Method,Squared Euclidean
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Dendrogram for the lung weight
Nearest Neighbor Method,Squared Euclidean
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e) The amino acids used biochemical parameters prove to be 
so sensitive particularly the ALP.

f) The presence of the amino acids in the diets can improve 
significantly the liver function and can adjust the cholesterol level.

g) Apparently, the amino acids play more roles than we 
know in the balance of the physiological and the bio-chemical 
properties of the rats hence the human.

Recommendations
Those who are vegetarian or fasting for log time might be safe 

if not received compounds able to affect on the body organs such 
as the acrylamide (presence in potato frits).

And they are more susceptible than those receive amino acids 
through diets.

Amino acids controlled diets should be find more attention 
either for the aim of the protection, health improvement or in the 
treatment of some diseases including the cancer.

This study investigates the role of the amino acids different 
composition in the rats treated by acrylamide. The acrylamide 
was selected while it existed during the eating of the potato frits. 
The experimental design is based on our aim to investigate if 
vegetarian or those how starve or fast from protein containing 
food are susceptible to the side effect of the acrylamide based 
on the fact that they receive lesser amino acids. Additionally, 
the study investigates the role of different amino acids in the 
protection against the acrylamide side effect. For that each of the 
control and the treatment receive no amino acids and represent 
those who keep amino acids away from their diets but not 
receive/ or receive acrylamide in their food. To prove/or disprove 
the role of the controlled diets in the protection, treatment of the 
toxic (as well as the carcinogenic) side effect of the acrylamide 
five different diets contain different amino acids were used. 
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