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Abstract
Background: oxidative stress plays a major role in the process of carcinogenesis, this
fact highlights the questions about the effect of Antioxidant in cancer therapy, ALA
has gained a lot of concern in the last decade as antioxidant in many pathological
conditions including cancer therapy.
Objectives:To identify the role ofalpha lipoic acid when used as adjuvant to
chemotherapy in breast cancer. The study emphasized the role of ALA on oxidative
stress and its biomarker MDA
Methodology: This case control study was conducted in n Gaza strip, the sample was
chosen from women and diagnosed as breast cancer patients, 15 caseswere given
ALA (one tablet of 600 mg per day for six months), and 15 controls, the MDA,
creatinine and lipid profile were examined at zero time, after three months then after
six months, adverse events were examined by a questionnaire to cases at zero time
,after six months .
Results: according to oxidative stress biomarker (MDA)in cases ,it was significantly
decreased in the first three months ( P-value = 0.013), after six months it was not
significantly decreased (P – value = 1). creatinine was significantly decreased after six
months (P- value = 0.000). According to Adverse events, CIPN . fornumbness, 80 %
of cases stopped feeling numbness (P–value = 0.008). Regarding tingling sensation,
83% of cases stopped feeling tingling sensation ( P – value = 0.002) , trouble in
holding things 81 % of cases had no trouble in holding things ( P – value =
0.004).Mean of vomiting per daydecreased significantly with (p - value = 0.00(.
Conclusion:ALA has beneficial effect on oxidative stress which has major role in
carcinogenesis, It has protective effect on renal functions,has beneficial effect on the
CIPN, CINV.
Recommendation : For health providers to approve ALA as adjuvant therapy to
chemotherapy in breast cancer patients
Key words: Oxidative stress, Alphalipoic acid, Malondialdhyde, CIPN, CINV, ROS.
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الملخص باللغة العربيه
ملخص الدراسه :تلعب األكسدة دورا أساسيا في عملية السرطنه وهذا يسلط الضوء على دور
مضادات األكسدة في الحد من هذا الدور وقد القى مركبأ لفاليبويكاسيد اهتماما كبيرا في العقد
األخير في كثير من اإلمراض المتعلقة باألكسدة وخاصة في مجال السرطان.
األهداف :أجريت هذه الدراسة للتأكيد على دور مركب الفاليبويكاسيد كعالج مساند للعالج
الكيميائي المستخدم في سرطان الثدي وأثره على المالون داي الدهايد.
منهجية البحث :أجريت هذه الدراسة (الحاالت والشواهد) في مستشفى الشفاء في قطاع غزة.
وقد تم اختيار العينة من النساء الذين تم تشخيصهم على أنهم مرضى سرطان الثدي .الحاالت تم
إعطاؤهم ألفاليبويك أسيد (حبة يوميا )600mg.لمدة ستة اشهر وتم عمل فحص لمستوى
المالونداي الدهايد كمؤشر على مستوى األكسدة عند قبل أعطاء ألفا ليبويك اسيد كذلك تم فحص
الكرياتينينو اليورياو كذلك فحص مستوى الدهون ,ثم أجريت هذه التحاليل بعد ثالثة اشهر وبعد
ستة أشهر لكل من الحاالت والشواهد ,وتم عمل استبانه للحاالت قبل وبعد استخدام
الفاليبويكأسيد فيما يخص أعراض االعتالل العصبي المصاحب للعالج الكيميائي وأعراض
الغثيان و االستفراغ.
النتائج :فيما يتعلق بمستوى األكسدة المتمثل بالملون داي الدهايد .فقد انخفض هذا المستوى
بدالله احصائيه في اول ثالثة اشهر للحاالت (دالله احصائيه =  , )0.013بعد ستة أشهر لم
يكن االنخفاض ذا دالله احصائيه )دالله احصائيه = .(1انخفض مستوى الكرياتينين انخفاضا
ذو داللة إحصائية للحاالت بعد ستة اشهر (دالله احصائيه =  .)0.00فيما يتعلق باالعراض
الجانبية للعالج الكيميائي ( االعتالل العصبي)  ,فيما يخص الخدالن  %58من الحاالت توقفت
عن الشعور بالخدالن )بدالله احصائيه  .)0.008اما الشعورب الوخز  %58 :من الحاالت لم تعد
تشعر بالوخز (دالله احصائيه  ,)0.002عدم القدرة على حمل األشياء %58 :من الحاالت لم تعد
تعاني من هذا الغرض (دالله احصائيه  ,(0.004فيما يتعلق باالستفراغ انخفض معدل االستفراغ
اليومي انخفاضا ذا داللة احصائية (داللة احصائية )0.00
الخالصة:توجد تأثيرات ايجابيه الستخدام الفاليبويك اسيد كعالج مساند للعالج الكيميائي كمقلل
لمستوى األكسدة التي تلعب دورا اساسيا في عملية السرطنه .توجد تأثيرات واقية الستخدام
الفاليبويك اسيد على وظائف الكلى .توجدت أثيرات ايجابيه أللفاليبويك اسيد على االعراض
الجانبية للعالج الكيمياوي (االعتالل العصبي واعراض الغثيان واالستفراغ).
التوصيات  :لمقدمي الخدمة الصحيه القرار استخدام الفاليبويكاسيد كعالج مساند للعالج
الكيميائي لسرطان الثدي وتوضيح دور المواد المضادة لالكسدة في عالج السرطان
مفاتيح الكلمات :األكسده ,سرطان الثدي ,األلفاليبويكاسيد ,مالوندايالدهايد,CINV, CIPN,
ROS
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Chapter 1
Introduction
1.1.Overview
Cancer is a group of diseases characterized by abnormal and uncontrolled growth and spread of
cells, anyone can develop cancer, as the risk of being diagnosed increases with age, most of
cases occur in adults who are middle age or older, about 78% of all cancers are diagnosed in
patient by the age of 55 years and older (Alhams et al. , 2014).
"breast cancer is a complex multifactorial disease where there is a strong interplay between
genetic and environmental factors" (Martin and Weber, 2000).
Cancer is the second leading cause of death after heart disease worldwide and s يpublic health
problem in USA and other countries (Seigel et al., 2015).
Cancer accounted for 7.4 million deaths (around 13% of all deaths), the main types of cancer
are:
• Lung (1.3 million deaths/year)
• Stomach (803,000 deaths)
• Colorectal (639,000 deaths)
• Liver (610,000 deaths)
• Breast (519,000 deaths).
More than 70% of all cancer deaths occurred in low- and middle-income countries. It is
expected that deaths from cancer worldwide continue to rise, with an estimated 11.5 million
deaths in 2030 ( World health organization ,2010).
Cancer begins when cells in part of body , start to grow out of control , cancer cells differ from
normal cells in that cancer cells will not die, they continue to grow and form new abnormal cells
(American cancer society, 2015).
Eleven million cases of cancer now occur annually worldwide, six million of them in low- and
middle- income countries, five million deaths from cancer (Alhams et al., 2014).
Breast cancer is the most common cancer worldwide and second leading cause of cancer deaths.
(Abdulkareem, 2013).
1.2. Epidemiology
One million new cases of breast cancer all over the world each year and compromises 18% of all
women malignancies , where the age standardized incidence and mortality is the highest in U.K
(McPherson et al., 2000).
One in nine woman in U.K and USA will develop the disease in their lifetime (Abdulkareem,
2013).
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Breast cancer is the most common type of cancer among women , An estimated 232,340 new
cases of invasive breast cancer were diagnosed among women in the USA during 2013, Deaths
are estimated by 40,030 (American cancer society, 2014).
In the UK, the screening program with biplanar digital mammography every three years in
women aged 50-70 and improvements in multimodality treatment , have improved overall
survival and rates of cure ( Kumar and Clarkes , 2009).
In mortality (both West Bank and Gaza Strip)breast cancer occupies the third place after
colorectal (second) and lung (the first), breast cancer was Known to be the first leading cause of
death among females (21.1%) (Al hams et al., 2014).
In Gaza strip breast cancer prevalence rate is 149.1/100000, the number of all breast cancer
cases in female is 1207 which represents 31.1% of all female cancer cases, the maximum level
of cases is 317 cases in Age group (55 – 64) (Palestinian Health information centre,2015).

2

Chapter 2
Literature review
2.1. Breast Anatomy
To understand breast cancer, it is important to understand the normal structure of breast , breast
cancer can spread via hematogenous route as well as lymphatic routes. Knowledge of the
lymphatic drainage of breast is required not only for the performance of surgical procedures but
also in planning therapeutic radiation, predicting sites of locally recurrent disease (Rassol et al.,
2013).

Figure (1) Normal breast tissue


Female breast consists of three main parts

- glandular Lobular milk producing (secretory) : lobules containing between10 and 100 alveoli
that are approximately 0.12 mm in diameter (Geddes, 2007).
- Spaces around the lobules and ducts are filled with fat , ligaments and connective tissues, the
amount of fat in breasts largely determines their size (Geddes, 2007).
- Ducts (tiny tubes through which the milk transferred to nipples, Younger woman has denser
breast than older - Adipose (fatty) tissue (Geddes, 2007).
- Stoma (connective tissues and fatty tissues surrounding ducts and lobules ) (American cancer
society, 2013)
- Lymphatic channels within the breast follow centrifugal pathways from the subareolar plexus
along major lactiferous ducts and then along efferent veins to draining nodal beds. The major
and most important site of drainage is to central axillary nodes (Rasool et al.,2013).
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The drainage of lymph from the breast has been extensively investigated with particular
reference to breast carcinoma, and there are two main pathways by which lymph is drained from
the breast. The first is to the axillary nodes; the second is to the internal mammary nodes
(Geddes, 2007).

Figure (2): Lymph node in relation to breast(American cancer society, 2014)

• Lymphatic drainage is divided into
Superficial Lymphatics
Drain to the skin except nipple and areola, they pass to axillary, internal mammary, and
supraclavicular nodes, Drain Parenchyma of the breast plus Nipple and areola, they pass to
axillary , posterior, Intercostal nodes (Rasool et al.,2013). Axillary nodes receive more than 75%
of the lymph from the breast They are:





Pectoral (anterior)
Subscapular (posterior)
Central
Apical (Rasool et al., 2013).

2.2.Types of breast cancer
Breast cancer can be classified as invasive and non invasive


Ductal carcinoma in situ DCIS ( intraductal carcinoma )

A non invasive or pre invasive differ from other invasive types in that it does not spread through
the wall of the duct to the breast tissues , one from five woman detected at this stage and so can
be cured (collaborative group on hormonal factors in breast cancer, 2012).
4



Invasive (an infiltrating ductal carcinoma) IDC

The majority of breast cancer arise from the epithelial cells of the milk and reproduce their
histological features in a variety of patterns of which the most common is an infiltrating ductal
carcinoma (Vogel et al., 2002).
this is the most common type of breast cancer, at this point it is able to metastasize to lymphatic
system and to blood stream and so to other parts of the body , about 8 from 10 of invasive breast
cancer are infiltrating ductal carcinoma (American cancer society, 2014).
The danger in breast cancer comes from spreading of cancer cell to lymphatic system and then to
blood stream and so metastized to other organs (collaborative group on hormonal factors in
breast cancer, 2012).

Figure(3) Ductal carcinoma in situ (American cancer society, 2014)


Lobular carcinoma in situ: starts in the milk-producing glands (lobules). Like IDC, it can
spread (metastasize) to other parts of the body. About 1 in 10 invasive breast cancers is
an ILC

Figure( 4 ):lobular carcinoma in situ(American cancer society, 2014)
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2.3. Stages of breast cancer
TNM classification
This classification has been set by Joint Committee on Cancer (AJCC) and International Union
Against Cancer (UICC). This staging system uses three variables: diameter of tumor(T), number
of lymph nodes involved with metastasis (N)

Figure (5) stage 1A, stage 1B of breast cancer (American cancer society, 2014)
Primary Tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
Tis (DCIS) Ductal carcinoma in situ
Tis (LCIS) Lobular carcinoma in situ
Tis (Paget’s) Paget’s disease of the nipple not associated with invasive carcinoma and or
carcinoma in situ (DCIS and/or LCIS) in the underlying breast parenchyma. Carcinomas in the
breast parenchyma associated with Paget’s disease are categorized based on the size and
characteristics of the parenchymal disease, although the presence of Paget’s disease should still
be noted ( The American Joint Committee on Cancer,2014).
T1 Tumor ≤ 20 mm in greatest dimension
T1mi Tumor ≤ 1 mm in greatest dimension
T1a Tumor > 1 mm but ≤ 5 mm in greatest dimension
T1b Tumor > 5 mm but ≤ 10 mm in greatest dimension
T1c Tumor > 10 mm but ≤ 20 mm in greatest dimension
6

T2 Tumor > 20 mm but ≤ 50 mm in greatest dimension
T3 Tumor > 50 mm in greatest dimension
T4 (includes T4a, T4b, T4c, and T4d):Tumor of any size growing into the chest wall or skin.
This includes inflammatory breast cancer (The American Joint Committee on Cancer,2014)
Regional lymph nodes
NX Regional lymph nodes cannot be assessed (e.g., previously removed)
N0 No regional lymph node metastasis
N1 Metastasis to movable ipsilateral axillary lymph node(s)
N2 Metastases in ipsilateral axillary lymph nodes fixed or matted, or in clinically apparent
ipsilateral internal mammary nodes in the absence of clinically evident axillary lymph node
metastasis) (The American Joint Committee on Cancer,2014)
N2a Metastasis in ipsilateral axillary lymph nodes fixed to one another (matted) or to other
structure
N3 Metastasis only in clinically apparent ipsilateral internal mammary nodes and in the absence
of clinically evident axillary lymph node metastasis; metastasis in ipsilateral infraclavicular
lymph node(s) with or without axillary lymph node involvement, or in clinically apparenta
ipsilateral internal mammary lymph node(s) and in the presence of clinically evident axillary
lymph node metastasis; or metastasis in ipsilateral supraclavicular lymph node(s) with or
without axillary or internal mammary lymph node involvement (Rasool et al., 2013).
N3a Metastasis in ipsilateral infraclavicular lymph node(s).
N3b Metastasis in ipsilateral internal mammary lymph nodes(s) and axillary lymph node(s)
N3c Metastasis in ipsilateral supraclavicular lymph node(s) (Rasool et al., 2013).
Distant Metastases (M)
M0 no clinical or radiographic evidence of distant metastases.
M0(i+) :no clinical or radiographic evidence of distant metastases, but deposits of molecularly
or microscopically detected tumor cells in circulating blood, bone marrow, or other non regional
nodal tissue that are no larger than 0.2 mm in a patient without symptoms or signs of metastases.
M1 Distant detectable metastases as determined by classic clinical and radiographic means
and/or histologically proven larger than 0.2 mm (Rasool et al., 2013).
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2.3.1. Anatomic staging
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Table (1): Stages of breast cancer
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2.4. Etiology and risk factors of breast cancer
The precise theory of breast cancer etiology is not fully understood, as other types of cancers.
breast cancer is multifactorial
2.4.1. Inherited gene mutations
Family history
in western countries , Up to10 percent of breast cancer is due to genetic predisposition. Breast
cancer susceptibility is generally inherited as an autosomal dominant and can be transmitted
through either sex so some family members may transmit the abnormal gene without developing
cancer themselves (McPherson et al., 2000).
Certain types of cancer are caused by inherited mutation in the tumor suppressor gene (BRCA1
and BRCA2) or less commonly in other genes such as (PTEN or TP53) (American cancer
society, 2014).
Breast cancer is a complex, multifactorial disease and there is a great connection between
genetic and environmental factors, Breast cancer related genes have been identified, Also non
genetic factors play major role , 5%-10% of breast cancer can be explained by inheritance of
mutations , two major susceptibility genes BRCA1, BRCA2 (Martin and Weber, 2000).
according to the most recent estimates, 55 to 65 percent of women who inherit a harmful
BRCA1 mutation and around 45 percent of women who inherit a harmful BRCA2 mutation will
develop breast cancer by age 70 years (American cancer society, 2014)
BRCA1
It was first isolated in 1994 it was localized on the chromosome 17q21, this gene represent 1445% of hereditary breast cancers , BRCA1 has a number of distinguishing clinical features such
as early age onset, high presence of associated tumors , high prevalence of bilateral breast cancer
(Martin and Weber, 2000).
BRCA1 gene is a tumor suppressor gene and malignancies occur when both functional alleles of
this gene are lost which is characteristic of tumor suppressing (Martin and Weber, 2000).
BRCA2 Was identified in 1995 As with BRCA1 mutation carriers the life time breast cancer
risk of BRCA2 mutation carriers is estimated to be the range 60 -85% risk of breast cancer.
(Martin and Weber, 2000).
Both genes play role in DNA damage response pathway , BRCA2 messenger RNA is expressed
at higher level in G1 and S phase of cell cycle similar to BRCA1 suggesting that both are
coordinately regulated (Martin and Weber, 2000).
Breast cancer: About 12 percent of women in population will develop breast cancer sometime
during their lives . By contrast, according to the most recent estimates, 55 to 65 percent of
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women who inherit a harmful BRCA1 mutation and around 45 percent of women who inherit a
harmful BRCA2 mutation will develop breast cancer by age 70 years (American cancer society,
2014)
2.4.2. Acquired gene mutations
Most DNA mutations related to breast cancer occur in one breast cell , this type of mutation in
the tumor suppressor gene is caused by external factors as radiation and chemicals (American
cancer society,2014).
Hormonal
Estrogen therapy is directly related to an increased risk for developing breast cancer whereas
less exposure is thought to be protective, so early menarche and late menopause will give high
risk factor (Martin and Weber, 2000).
The fact that breast cancer pathogenesis involves the steroid hormones is that the adipose tissues
contain aromatase enzymes which convert cholesterol to estradiol where menopause woman has
higher proportion of these fat cells so the levels of estradiol is greater in woman after
menopause, this probability accounts for rising incidence of breast cancer with aging and
supports the role of steroid hormones in pathogenesis of breast cancer (Martin and Weber,
2000).
Age:
The incidence of breast cancer increases with age and double each 10 years (Mcpherson et al.,
2000). It's rare before the age of twenty and by age of ninety one fifth of women will be affected
(Abdulkareem, 2013).
Age at first menarche and menopause
Menarche and menopause are markers of onset and cessation of ovarian related endocrine
activity associated with reproduction and they affect the breast, the earlier menarche the higher
risk of developing breast cancer , the later menopause the higher risk (collaborative group on
hormonal factors in breast cancer, 2012).
Age at first pregnancy
Nulliparity and late age at first birth increases the incidence of breast cancer, the risk of breast
cancer for women who have their first pregnancy at the age of 30 is twice that of having first
pregnancy at the age of 20 (McPherson et al., 2000).
The use of oral contraceptives
There is small increase in the risk of breast cancer in those taking contraceptive pills especially
after 10 years of cessation (Mcpherson et al.,2000).

11

Hormone replacement therapy
Among users and those stop for 1-4 years there is an increase in the relative risk. This is because
of their effects on delaying menopause (Mcpherson et al., 2000).
Non hormonal
The non hormonal etiopathological causes of breast cancer are those risk factors :
Gender: Only less than one percent of patients are male, the difference is thought to be
according to the difference of exposure to estrogen and progestron (Abdulkareem, 2013).
Geographical variation:
The difference is still far about five fold between eastern and western countries however it is
diminishing, studies for migrants from Japan to Hawaii show that the rate of breast cancer
resembles that of host country for two generations indicating the effect of environmental factors
(McPherson et al., 2000).
Race and ethnicity
Ethnic difference is supposed to be another factor affecting breast cancer prevalence, Studies of
U.K and Australian residents have shown that the incidence rate of breast cancer lies between
the rate of their country of birth and that of their country of residence , studies showed an
increase in the incidence among south asian groups compared to non Asian (Dewis, 2006).
In United States, breast cancer is more common among whites. Much of these differences arise
from lifestyle factors and social conditions. Furthermore, there are marked variations in breast
cancer incidence and mortality among countries, Women with higher educational, occupational
and economic level are at greater risk because of their reproductive pattern including age of
parity and age of first birth (Ostad and Parsa,2013).
Previous benign breast disease:
Woman with epithelial hyperplasia has four to five times higher risk of developing breast cancer
than woman who do not have any proliferative changes, this effect along with first degree
relative have nine fold higher risk (McPherson et al., 2000).
Obesity, life style and physical activity
in recent years, interest has grown in the relationship between obesity and cancer. Increasingly,
obesity is a significant risk factor for many types of cancer and, after tobacco use, may be the
single greatest modifiable cancer risk factor, decreasing weight contribute in decreasing risk
factors of cancer particularly in post-menopausal women ( Dignam and Mamounas ,2004).
generally it is accepted that being overweight or obese is a risk factor for several types of
cancers, including breast, thyroid, colon, pancreatic and liver. In fact, people who are obese have
more fat tissues that can produce hormones, such as insulin or estrogen, which may cause cancer
cells to grow (Moon , 2016).
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This is related to inactivation of the estrogen receptor (ER) α promotes obesity and metabolic
dysfunction in women, Drew et al examined genetic ablation of estrogen receptors in adipose
tissue in female mice , an increase in obesity and tissue inflammation take place, and that
adipocytes constitute the largest cellular compartment of breast tissue ,he tested whether
adipocyte-secreted factors could influence the behavior of breast cancer cells. he showed that
adipocytes lacking ERα secrete factors that exert marked effects on breast cancer cell
proliferation and migration (Drew et al,.2015).
obesity increases risk for all-cause and breast cancer mortality and comorbidities in women who
have been diagnosed and treated for breast cancer (Rock et al,.2015).
Key among the signaling pathways linking obesity and cancer is the PI3K/Akt/mammalian
target of rapamycin (mTOR) cascade, which is a target of many of the obesity-associated factors
and regulates cell proliferation and survival ( Moon, 2016).
along with diet, excersise can interfere with plasma levels of hormones which may
influence breast cancer development (Abdulkareem, 2013).
A behavioral weight loss intervention can lead to clinically meaningful weight loss in
overweight/obese survivors of breast cancer (Rock et al.,2015)
Radiation
A doubling of risk of breast cancer was found in teenage girls exposed to radiation in second
war , ionizing radiation increases the risk later in life (Mcpherson, et al., 2000).
Familial breast cancer—criteria for identifying women at substantial increased risk

The following categories identify women who have three or more times the
population risk of developing breast cancer
A woman who has:







One first degree relative with bilateral breast cancer or breast and ovarian cancer or
One first degree relative with breast cancer diagnosed under the age of 40 years or one
first degree male relative with breast cancer diagnosed at any age or
Two first or second degree relatives with breast cancer diagnosed under the age of 60
years or ovarian cancer at any age on the same side of the family or
Three first or second relatives with breast and ovarian cancer on the same side of the
family.
First degree relative is mother, sister, or daughter. Second degree female relative is
grandmother, granddaughter, aunt, or niece (McPherson et al., 2000).
Families with four or more relatives affected with either breast or ovarian cancer in three
generations and one alive affected relative (McPherson et al.,2000).
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2.5. Clinical picture of breast cancer
2.5.1. Signs and symptoms
Because of the use of screening mammograms, the number of breast cancers found is increased
before they cause any symptoms. Still, some breast cancers are not found by mammogram,
either because the test was not done or because, even under ideal conditions, mammograms do
not find every breast cancer (American cancer society, 2014).
The most common symptom of breast cancer is a new lump or mass. A painless, hard mass that
has irregular edges is more likely to be cancerous, breast cancers can be tender, soft, or rounded.
They can even be painful. For this reason, it is important to have any new breast mass or lump or
breast change checked by a health care professional experienced in diagnosing breast diseases
(American cancer society, 2014).
Other possible symptoms of breast cancer include:
· Swelling of all or part of a breast (even if no distinct lump is felt)
· Skin irritation or dimpling
· Breast or nipple pain
· Nipple retraction (turning inward)
· Redness, scaliness, or thickening of the nipple or breast skin
· Nipple discharge (other than breast milk)
Sometimes a breast cancer can spread to lymph nodes under the arm or around the collar bone
and cause a lump or swelling there, even before the original tumor in the breast ,tissue is large
enough to be felt (American cancer society, 2014).

2.6. Diagnosis and investigation of breast cancer
The diagnosis of breast cancer is based on clinical examination in addition to imaging, and
confirmed by pathological assessment, Clinical examination includes bimanual palpation of the
breasts and regional lymph nodes, and assessment for distant metastases (bones, liver and
lungs), a neurological examination is only required when symptoms are present. Imaging
includes bilateral mammography and ultrasound of the breast and regional lymph nodes (Senkus
et al., 2015).
2.6.1. Investigation
There are three assessments of any symptomatic breast cancer by palpation, radiology
(mammography, ultrasound and MRI scan) and fine needle aspiration cytology is the most
reliable way to differentiate from the most common benign breast masses (kumar and clarkes ,
2009).
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Mammogram

A mammogram is an x-ray exam of the breast that is used to detect and evaluate breast changes.
X-rays were first used to examine breast tissue a century ago, by the German surgeon, Albert
Salomon. Modern mammography has only existed since the late 1960s, when special x-ray
machines were designed and used just for breast imaging. Since then, the technology has
advanced, and today’s mammogram is very different even from those of the 1980s and 1990s. xray machines used for mammograms today expose the breast to much less radiation than those
used in the past. The x-rays do not go through tissue as easily as those used for routine chest xrays or x-rays of the arms or legs, which also improves the image quality (American cancer
society , 2015).
For diagnostic woman: with a breast problem (for instance, a lump or nipple discharge) or an
abnormal area found in a screening mammogram typically gets a diagnostic mammogram.
Sometimes diagnostic mammograms are done for screening in women without breast problems
who were previously treated for breast cancer (American cancer society , 2015).


Ultrasonography

Ultrasound is an important complementary imaging technique to mammography and physical
examination. Breast ultrasound is used primarily to differentiate between a cyst and solid mass,
several published papers from independent breast imaging facilities have reported that breast
ultrasound screening in women with dense breasts and negative mammograms and clinical
examinations yielded an incremental cancer detection rate of 2.8 to 4.6 cancers per 1,000
women, ultrasound also effective for detection not only for those had dense breasts but who
were also at increased risk for breast cancer ( Lee et al., 2010 ).


Magnetic Resonance image (MRI)

Remarkable advances in MRI technology have allowed sensitive detection and anatomic
definition of cancer, and the introduction of MRI in several aspects of breast cancer diagnosis
and management and screening women at high risk of breast cancer, is now being extended to
screen the contra lateral, clinically unaffected breast, so is it is preventive, diagnostic, or
therapeutic, that improves care and/or prognosis in breast cancer (Houssami and Daneil, 2009).
Studies during the past 10 years showed that MRI increases detection of tumor foci not
identified with conventional imaging. Meta-analysis of all observational studies of preoperative
MRI has shown that MRI play a major role in detection of additional foci of cancer within the
affected breast( multifocal, multicentric cancer preoperatively) (Houssami and Daneil, 2009).
2.6.3. breast cancer screening
Eighteen European countries have established national or regional population-based
mammography screening programs, to detect breast cancers at a pre-clinical stage (Senkus et al.,
2015).
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Mammography screening, every 2 years, has shown the greatest mortality reduction benefit in
the age group of 50–69 years. The evidence for effectiveness of mammography screening in
women aged 40 49years is limited . This was also the conclusion in the recent breast cancer
screening report from the International Agency for Research on Cancer (Senkus et al., 2015).
2.6.3.1.Screening mammogram :
Usually takes 2 x-ray pictures (views) of each breast. Some women, such as those with large
breasts, may need to have more pictures to see as much breast tissue as possible, Screening
mammograms are x-ray exams of the breasts that are used for women who have no breast
symptoms or signs of breast cancer (such as a previous abnormal mammogram). The goal of a
screening mammogram is to find breast cancer when it’s too small to be felt by a woman or her
doctor. Finding breast cancers early (before they have grown and spread) greatly improves a
woman’s chance for successful treatment (American cancer society , 2015).
2.6.4.Prognosis
There are many significant independent factors controlling the prognostic factors
•

Size of primary tumor

•

The histological subtype ( most are infiltrating ductal carcinoma)

•

Histological grade/ differentiation

•

Estrogen and progesterone receptor status and menopauseal status

•

Expression of Her2 : there are up to 50 genes identified which are the area of adjuvant
directed therapy (Kumar and Clark, 2009).



Early breast cancer
The prognosis (10- year survival) can be predicted from the combined effect of the
independent prognostic factors , poor prognostic factor are:

•

Premenopause

•

Young age

•

High tumor grade

•

Estrogen and progesterone receptor negative

•

Positive nodes (Kumar and Clark, 2009).
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2.7.Treatment
The final decision should also incorporate the predicted treatment sequale, the patient’s
biological age, general health status, co-morbidities and preferences. Treatment should start
preferably within 2–6 weeks after surgery (Senkus et al., 2015).
There are two lines for breast cancer therapy :
2.7.1. Local treatment( Surgery):
Surgery may vary from local excision or segmental mastectomy and breast conservation for
masses less than 4 cm in diameter, so simple mastectomy, the choice is taken according to the
location and extent of the breast mass in relation to the breast size and the patient preferences.
Surgery of the axilla is by sentinel lymph node guided sampling ( after dye injection) (Kumar
and Clark, 2009).
2.7.2.Chemotherapy
In advanced cancer , patients who will not respond to hormonal therapy or who fail to respond
endocrine therapy or who require rapid response if at risk as liver or respiratory failure
chemotherapy if chosen carefully will provide good palliation this is the list of chemotherapy
used:
MM- mitoxatrone and methotrexate
AC/EC – doxorucin or epirupcin and cyclophsphamide
DC- docetaxol and capicitabine
PG-paclitaxel and gemicitabine
VC- vinorelbine and cabcitabine (Kumar and Clark, 2009).
the addition of trazumab to the cytotoxic except anthracyclines has signifacantely improved
survival for those whose tumor over expresses Her2/cerb2 oncogenes
CMF( cyclophosphamide, methotrexate, 5 flourouracil) for six months, More effective second
generation regmins with epirubicine plus drugs in first generation.
A third generation regimen with taxane (AC-T) cyclophsphamide, adiramycin , taxane (Kumar
and Clark, 2009). This regimen is the one which is used in Gaza strip as a protocol of therapy
it decreases the relative risk of death by 33% but it also increases the toxicity (Kumar and
Clark, 2009).
Menopauseal status does not affects the relative efficacy of chemotherapy , since the recurrence
is less after menopause , the absolute improvement in survival is lower . toxicity may be higher
so the choice must be individualized to each patientt , the combined chemotherapy and
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radiotherapy and tamoxifen or aromatase inhibitors halves the risk of dying of breast cancer for
appropriately selected patient (Kumar and Clark, 2009).
Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) compared between tamoxifen
and aromatase inhibitors and compared the aromatase inhibitor versus 5 years of tamoxifen,
recurrence RRs favoured aromatase inhibitors signifcantly. 10-year breast cancer mortality was
lower with aromatase inhibitors than tamoxifen (Early Breast Cancer Trialists’ Collaborative
Group, 2015).
Biphosphonates
bone metastasis are common problem in the management of breast cancer, and biophoshonates
have major role in delaying incidence of osteolytic deposits, bone pain and fracture if given
preventively, and in treating pain and hypercalcemia in established metastasis , second
generation biphsphonates pamidronate and oral clondronate are often sufficient , the more potent
third generation such as zoledronate may be more effective and require less frequent
administration (once every six months) (Kumar and Clark, 2009).
2.7.3. Endocrine therapy:
This indicated in all patients with detectable ER expression (defined as ≥1% of invasive cancer
cells) irrespective of the use of chemotherapy and/or targeted therapy The choice of agent is
primarily determined by the patient’s menopausal status. Other factors include differences in
efficacy and side-effect profiles (Senkus et al., 2015).
One third of breast cancer patient will have estrogen / progesterone receptors positive and will
be given Tamoxifen as adjuvant therapy immediately after surgery , receptor- positive disease
reduces death from breast cancer by about 25% (Kumar and Clark, 2009).
For post menopausal woman who have estrogen and or progesterone receptor positive either
tamoxifen or anastrosole (AIs) will be given for 5 years reduces the death from breast cancer by
about 25%,The choice between tamoxifen and AIs depends on side effects , AIs is preferred
because tamoxifen has risk on uterus and thromo embolism but AIs adds risk on arthralgia and
osteoporosis and serum lipids (Kumar and Clark, 2009).
2.7.4. Her2/cerb2 targeted therapy
The human epidermal growth factor receptor 2 (Her2/cerb2/neu) is a member of the human
epidermal growth factor receptors family. Her2 is over expressed in 20-30% of breast tumors
and is associated with aggressiveness and increased risk of recurrence and death (Hansen et al.,
2014).
The human epidermal growth factor receptor 2 (HER2) gene encodes a 185-kd trans membrane
glycoprotein receptor (p185Her2) and is amplified in approximately 25% to 30% of human
breast cancers, when amplified, the gene produces high levels of HER2 cell surface receptor
expression. Patients whose tumors demonstrate HER2 gene amplification and protein
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overexpression have an inferior prognosis manifested by shorter disease-free and overall
survival (Vogel et al., 2002).
There are recent trials on adjuvant IV trazumab with chemotherapy for 25%of patient who over
expresses HER 2 have all shown significant decrease in risk of mortality, trazumab which is
monoclonal antibody has direct toxic effect on myocardiam so left ejection fraction must be
monitored before and during therapy especially if given after or with anthracyclins which has
additional cardiotoxic effect (Kumar and Clark, 2009).
Trastuzumab is a recombinant monoclonal antibody with a hyper variable region of murine
origin inserted into a human IgG1 skeleton (Subramanyam,2013).
This antibody was humanized to minimize the immunogenicity associated with murine
monoclonal antibodies and maximize the potential for enhance endogenous immune effector
cells trials indicate that trastuzumab monotherapy is active against HER2-overexpressing breast
cancer in women who have been previously treated with chemotherapy for metastatic disease.
Additionally, trastuzumab significantly enhances the activity of first-line chemotherapy and
provides a survival advantage to women with HER2- over expressing breast cancer (Vogel et
al.,2002)
Trazumab alone reduce the risk of mortality by about 25% and 33% if used with taxane ,
trazumab has direct toxic effect on the myocardium in addition to the that toxic effect of
anthracyclines pre-existed ,so left ventricular ejection fraction has to be monitored before
therapy (Kumar and Clark, 2009).
Estrogens are capable of stimulating breast cancer , so manipulation of this fact by removal of
these growth factors may results in apoptosis and regression of the cancer , endocrine therapy
may be curative for those of micrometastatic disease , the presence of detectable cellular
receptors for hormone is strongly predictive for response, endocrine therapy is usually tried first
to those who are suggested to respond to endocrine therapy and who don’t have immediately
life-threatening disease remission lasts on average 2 years and will achieve excellent quality of
life , when relapse occurs, further treatment with alternative agents should be used (Kumar and
Clark, 2009).
2.8.Advanced breast cancer
Patient with established metasteitc disease may require endocrine therapy chemotherapy and
radiotherapy . this will not be curative but for great palliative benefit and for good quality of life
especially when start with least toxic most effective treatment (Kumar and Clark , 2009).

2.9. Apoptosis and Oxidative stress in relation to cancer
2.9.1. Apoptosis definition
Apoptosis (programmed cell death) "Is genetically regulated form of cell death, it has a role in
biological processes, including embryogenesis, ageing, and many diseases, the molecular
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mechanisms involved in death signals, genetic regulation, activation of effectors have been
identified"(Renehan, 2001).
"Apoptosis is a morphological phenomenon. As viewed with the assistance of the light (or,
preferably, the electron microscope), the characteristics of the apoptotic cell include chromatin
condensation and nuclear fragmentation (pyknosis), plasma membrane blebbing, and cell
shrinkage. Eventually, the cells breaks into small membrane-surrounded fragments (apoptotic
bodies), which are cleared by phagocytosis without inciting an inflammatory
response"(Reed,2000).

Figure (6): Apoptosis of the cell (the birth and death of cell, 2002).
There are two causes of apoptosis physiological and pathological Physiological as the
differentiation of the cells of embryo and engulfment of leucocyte to the bacteria , pathological
as exposure to sunlight causing damage to DNA so apoptosis take place when cell can't fix itself
or when cell produces a wrong protein ,it will undergoes apoptosis (Elmore, 2001).

2.9.2.pathways of apoptosis
There are two pathways (caspase dependent, non caspase dependent)
1. Caspase8 (Cysteinyl aspartic acid-protease) dependent
a- Intrensic mechanism
The stimuli starting by either growth factor or DNA damage (by radiatioin) or toxins and theses
will activate the protein called Bcl (B-cell lymphoma protein) which will cause other proteins
called BAX (B-cell lymphoma protein x) / BAK(BCL2 antagonist killer 1) to enter through a
pore to the mitochondrion which will cause cytochrome c and pro apoptetic proteins to leak out
from mitochoderia , Cytochrome c binds and activates Ap-1, as well as procaspase-9, forming an
“apoptosome” to cause caspase 9,3 activation which is a protolytic protein (Elmore, 2001).
There are regulators for this process , Bcl2 regulators; which inhibit the BAX and BAK to
borrow to the mitochondria and so inhibit the process of apoptosis, The tumor suppressor protein
p53 has a critical role in regulation of the Bcl-2 family of proteins (Elmore, 2001).
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Bcl2 are group of proteins that control the process of apoptosis and conversely BAX is a death
promoter in certain types of colon cancer BAX is inactivated in cancer (low and lin, 2000).
The Bcl-2 proto-oncogene, was discovered at human B-cell lymphomas. The Bcl-2 family of
proteins has expanded significantly and includes both pro- as well as anti-apoptotic molecules.
Indeed, the ratio between these two subsets helps determine, in part, the susceptibility of cells to
a death signal, play an important role in deciding whether a cell will live or die (Gross et al.,
2015).
Activation of the pro-apoptotic molecule BAX appears to involve subcellular translocation and
dimerization. In viable cells a substantial portion of BAX is monomeric and found either in the
cytosol or loosely attached to membranes, Following a death stimulus, cytosolic and monomeric
BAX translocates to the mitochondria where it becomes an integral membrane protein and crosslinkable as a homodimer , the membrane environment also induce the dimerization of
monomeric BAX and other family members (Gross et al.,2015).
b- Extrinsic mechanism
There is a death receptors on each cell as TNF-α( Tumor necrosis factor alpha) , and Fas
receptor (Fatty acid synthetase receptor) which is specific for T- lymphocyte , when a legend
binds to these receptors , activation of a protein called AP-1 (Apoptotic protease activating
factor) which will also activate caspase 8 then the end of this pathway will be the same as the
previous pathway (Elmore,2001).
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Figure (7): mechanism of extrinsic and intrinsic mechanism of apoptosis of cell (Gross et
al.,2015).
1. Caspase-independent pathway
This pathway does not involve Bcl/BAX and caspase activation. In this type of cell death,
apoptosis is often triggered by poly (ADP-ribose) polymerase (PARP). PARP is hyperactivated
in the caspase-independent pathway. DNA damage by various cell-death signaling, such as
Ca2+ and reactive oxygen species ROS, induces hyperactivation and up regulation of PARP and
translocation of apoptosis-inducing factor (AIF) into the nucleus and initiates apoptosis (Choi et
al.,2009).

2.10. Apoptosis and cancer
The genetic basis of apoptosis implies that the cell death as any other metabolic process can be
disrupted by mutation, in fact, defect in apoptotic pathway are now thought to contribute to
number of human diseases ranging from neurodegenerative disease to malignancy (low and lin
,2000)
Over expression of BCL2 family members can promote tumorogenesis and chemoresistance ,
suggesting that functional inhibition of these protein might be lethal to cancer cells , Indeed
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adenoviral gene transfer of BAX results in cytotoxicity in human ovarian cancer cell lines (low
and lin, 2000)
P53 was the first tumor suppressor gene linked to apoptosis , p53 mutation occurs in the
majority of human tumors and associated with advanced tumor stage and poor patient prognosis,
however P53 can induce apoptosis (low and lin, 2000)
What triggers apoptosis during tumor development ?
A variety of signals appear important , extracellular triggers induce growth /survival factors /
hypoxia /radiation and loss of cell matrix interaction /internal imbalances can also triggers
apoptosis involving DNA damage (produced by toxins) causing malfunction and in appropriate
proliferative signals produced by oncogenic mutation, disruption of apoptosis may also
contribute to tumor metastasis ( low and lin 2000).
2.10.1.Apoptosis signaling and cellular redox Environment
Cytochrome c (cyt c) is a heme-protein bound to the mitochondrial inner membrane by an
interaction with the anionic phospholipid cardiolipin, which keeps cytochrome c in its suitable
location and prevents its release to the cytosol, under oxidative stress, the peroxidase activity of
cytochrome c is activated, cardiolipin becomes peroxidized, and loses its affinity for cytochrome
c allowing its release to the cytosol, Once in the cytosol, cytochrome c can only induce apoptosis
in its oxidized form The presence of high levels of cytosolic GSH holds the released
cytochrome c inactive in a reduced state, thus preventing the progression of the apoptotic
cascade (Barros et al.,2013)
•Release of cytochrome c into the cytosol from the mitochondrion interrupts the
electron transport chain resulting in increased production of superoxide from the
mitochondrion.
•Binding of cytochrome c to form the apoptosome and activate caspase-9 does
not appear to depend on the ability of cytochrome c to transfer or accept
electrons.
•However, the reduction state of cytochrome c may still be important because reduction and
oxidation cause conformational changes that may be critical for cytochrome c binding to Ap-1
and procaspase-9 (Barros et al.,2013).

2.11.Oxidative stress and carcinogenesis
Before talking about the relation between oxidative stress and carcinogenesis , we have to talk
about oxidative stress.
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2.11.1. oxidative stress definition
"Is a state of where oxidative forces exceeds the antioxidant system due to loss of balance
between them" (Yoshikawa, 2002).
Also oxidative stress is defined as
"the imbalances in the equilibrium between pro-oxidants/antioxidants status in cellular systems,
which results in damaging the cells."( Bin Qasim,2012).
There is close relation between oxidative stress and lifestyle – related disease , it not only causes
hazardous events such as lipid peroxidation and oxidative DNA damage, but also physiologic
adaptation phenomena and regulation of intracellular signal transduction, if biomarkers of
oxidative stress are available, such markers would be useful to give an insight into pathological
features of various diseases and assesses the efficacy of drugs (Yoshikawa, 2002).
The following are the important key points taken into consideration:
• Molecular oxygen has ability to un-pair and leave free radicals which are unstable; This
unstable radical is highly reactive and causes formation of reactive oxygen species ROS (Bin
Qasim,2012)
• Beneficial biological functions such as apoptosis, necrosis, phagocytosis are mediated by
reactive oxygen species (Klauing et al.,2011)
• These reactive metabolites are selectively neutralized by body's defensive mechanism (Bin
Qasim,2012)
• Principal defensive agents are antioxidant enzymes and endogenous antioxidants; Balance is
created between pro-oxidant and antioxidant in a cell, and any impairment in equilibrium causes
deleterious effects on cell's life;
• Increased level of antioxidants may interfere with the normal oxidative process;
Decreased level of antioxidants generates reactive metabolites, balance should be exists (Bin
Qasim,2012).

2.11.2. Oxidants:
ROS is produced from normal cellular metabolism , ROS can be divided int two groups : free
radicles and non radicles. Molecules containing one or more unpaired electrons which give
reactivity for molecules are called free radicles. When tow free radicles share their un paired
electron a non radicle forms are created (Birben et al., 2012).
There are endogenous and exogenous sources for ROS

Endogenous source
Enzymatic sources
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The enzymatic sources of ROS under subcellular levels are xanthine oxidases, cyclooxygenases (COX) and lipoxygenases (LOX), NO synthases (nitric oxide synthase) and
mitochondrial oxidases (Bin Qasim,2012).
Generation of ROS in Cells , it takes place in
1-Mitochondria
2-Endoplasmic reticulum
3-Phagocytosis
4-Other sources ; apoptosis , autooxidation of small molecules (Birben et al., 2012)

Exogenous sources of oxidants
-Cigarette smoking
- Ozone exposure
- Hyperoxia: results from conditions of higher oxygen levels than normal partial pressure of
oxygen in the lungs or other body tissues , it leads to greater production of oxygen and nitrogen
species
- drugs
-Ionizing radiation (Birben et al; 2012).

2.11.3. Antioxidant
They are the body defensive mechanism against free radicles.
"Antioxidants are responsible for the neutralizing action of these reactive species. As definition,
an antioxidant is any substance that, present in low concentrations in relation to the oxidizable
substrate, retards or inhibits the oxidation of such a substrate, including enzymatic and nonenzymatic compounds" (Rossi et al,. 2009).
Antioxidants are classified
1-Primary antioxidants: It is involved in the prevention of oxidants formation.
2. Secondary antioxidants: exhibits scavenger of ROS.
3. Tertiary antioxidants: repairs the oxidized molecules through sources like dietary or
consecutive antioxidants , they are either enzymatic or non enzymatic( Bin Qasim,2012).
Enzymatic they are defense against ROS as catalase, superoxide dismutase,
peroxidase, glutathione reductase (Bin Qasim,2012).

glutathione

The non enzymatic are scavengeres of ROS , RNS these involve glutathione, vitamin E and C
(inhibits oxidation of membrane lipid) (Bin Qasim,2012).
Antioxidants are broadly divided into two depends on its solubility (Bin Qasim,2012).
Chemically they are classified as
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1) Hydrophilic antioxidants
2) Hydrophobic antioxidants
Hydrophilic antioxidants: Antioxidants react with oxidants in the cell cytoplasm and the blood
plasma. For example: Ascorbic acid, glutathione and Uric acid ( Bin Qasim ,2012).
Hydrophobic antioxidants: Protect cell membranes from lipid peroxidation. For example:
Carotenes, α-tocopherol and Ubiquinol. These compounds may be synthesized in the body or
obtained from the die (Bin Qasim ,2012).
Epidemiological studies suggest that a diet that is rich in antioxidants may help to prevent the
development of breast carcinoma; this evidence contributed to recent UK Government advice
that individuals should consume at least five portions of fruit or vegetables each day (Brown
and Bicknell, 2001).

2.11.4. Function of ROS in Cells
ROS performs beneficial functions in our body. Redox level should be maintained. as It is the
mediator of phagocytosis, apoptosis, detoxification reactions, executioner of precancerous cells
and infections, etc. It is beneficially involved in signaling pathways to maintain cellular
homeostasis in body. The ROS regulates many metabolic and cellular processes including
proliferation, migration, gene expression, immunity and wound healing, Biochemical reactions
are involved in the synthesis of prostaglandins, hydroxylation of proline and lysine, oxidation of
xanthine and other oxidative processes ( Bin Qasim,2012).
Under an environmental stress, ROS are produced over a long time, and thus significant damage
may occur to cell structure and functions and may induce mutations and neoplastic
transformation. Indeed, cancer initiation and progression has been linked to oxidative stress by
increasing DNA mutations or inducing DNA damage, genome instability, and cell proliferation
(Reuter et al.,2010)

2.11.5. Pathological effects of ROS
Oxidative stress occurs when the balance between antioxidant and ROS is disrupted , either by
depletion of antioxidants or accumulation of ROS. Cells attempts to counteract the oxidative
effects . higher production of ROS may change DNA result in modification of proteins and
lipids (Birben et al., 2012).
the electron transport chains are located in membranes of the mitochondria Under hypoxic
conditions, the mitochondrial respiratory chain also produces nitric oxide (NO), which can
generate other reactive nitrogen species (RNS) . RNS can further generate other reactive species,
e.g., reactive aldehydes-malondialdehyde (MDA) and 4- hydroxynonenal (4-HNE), by inducing
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excessive lipid peroxidation . Proteins and lipids are also significant targets for oxidative attack
and modification of these molecules can increase the risk of mutagenesis (Reuter et al.,2010)

2.11.6. Effects of Oxidative Stress on DNA
ROS can lead to DNA modifications in several ways, which involves degradation of bases,
single- or double stranded A breaks, purine, pyrimidine or sugar-bound modifications,
mutations, deletions or translocations, and cross-linking with proteins (Birben et al., 2012).

.
Figure(8): Base modifications introduced by reactive oxygen species (Birben et; al,2012).

2.11.7. Effect of oxidative stress in the process of carcinogenesis
Epidemiological studies indicated that chronic oxidative stresses are strongly associated with
carcinogenesis (Klaunig et al,.2011).
ROS results from oxidative stress can damage critical cellular macromolecules and/or modulate
gene expression pathways. Cancer induction by chemical and physical agents involves a multistep process. This process includes multiple molecular and cellular events to transform a normal
cell to a malignant neoplastic cell. Oxidative damage resulting from ROS generation can
participate in all stages of the cancer process. An association of ROS generation and human
cancer induction has been shown. It appears that oxidative stress may both cause as well as
modify the cancer process. Recently association between polymorphisms in oxidative DNA
repair genes and antioxidant genes (single nucleotide polymorphisms) and human cancer
susceptibility has been shown (Klaunig et al,.2011).

2.11.8. Effects of Oxidative Stress on Signal Transduction
Transcriptional factors and cell death
ROS can induce expression of several genes involved in signal transduction. A high ratio for
GSH/GSSG is important for the protection of the cell from oxidative damage. Disruption of this
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ratio causes activation of redox sensitive transcription factors, such as NF-kB(nuclear
transcriptional factor) and AP 1 (Birben, 2012).
NF-kB is a nuclear transcription factor that was first identified by It is ubiquitously expressed
and participates in a wide range of biological processes involved in cell survival, differentiation,
inflammation, and growth. This dimeric transcription factor is composed of different members
of the Rel family, consisting of p50 (NF-kB1), p52 (NF-kB2)(Klaunig et al., 2011).
There are two forms of NF-kB in the cell: an inactive form in the cytosol and an active form in
the nucleus. In uninduced cells, NFkB is present in the cytosol, where it is bound to a specific
inhibitor, IKB. Upon induction by any one of a variety of agents including cytokines, mitogens,
tumor promoters, and virus, IKB becomes phosphorylated and/or rapidly proteolysed in an
apparently redox status-dependent manner and released from NF-kB (Sun and Oberley,1996).
Activation of NF-kB occurs in response to a wide spectrum of extracellular stimuli, including
cytokines, oxidative stress, oncogenes, and DNA damage, which promote the dissociation of
IkBs by sequential phosphorylation and proteolytic degradation, a process that depends on the
IkB kinase (IKK) complex, of these inhibitors, thereby allowing the entry of NF- κB into
nucleus and binds κB-regulatory elements ). NF-κB has been known to be redox regulated and is
a direct target for oxidation that can affect its ability to bind to DNA . NF-κB activation has been
linked to the carcinogenesis process because of its critical roles in inflammation, differentiation
and cell growth, Experimental evidence has demonstrated that NF-κB activation 1 is required for
growth factor mediated cell proliferation, 2) promotes tumor cell survival, 3) mediates tumor
cell invasion, 4) is needed for angiogenesis, and 5) is involved in tumor cell metastasis. It is
therefore reasonable that NF-κB serves as a potential molecular target for chemoprevention and
therapy (Klauing et al,. 2011).
In general, reductants decrease p53 and NF-KB activities but dramatically activate AP-1
activity. Oxidants, on the other hand, greatly activate NF-KB activity. Furthermore, redoxinduced biochemical alterations sometimes lead to change in the biological functions of these
proteins. Therefore, differential regulation of these transcriptional activators, which in turn,
regulate many target/effector genes, may provide an additional mechanism by which small
antioxidant molecules play protective roles in anticancer and anti aging processes. Better
understanding of the mechanism of redox regulation, particularly in vivo (Sun and
Oberley,1996).
The activation of these transcription factors is involved in both cell survival and apoptosis. The
cellular concentration of ROS appears to influence the selective activation of these transcription
factors and therefore may help explain the observation that either cell death or cell proliferation
may result from exposure to oxidative stress (klauing et al.,2011)
Activation of transcription factors via ROS is achieved by signal transduction cascades that
transmit the information from outside to the inside of cell. Tyrosine kinase receptors, most of the
growth factor receptors, such as epidermal growth factor receptor, vascular endothelial growth
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factor receptor, and receptor for platelet-derived growth factor, protein tyrosine phosphatases,
and serine/threonine kinases are targets of ROS (Birben, 2012).
signal-regulated kinases, JNK, and p38, which are the members of mitogen-activated protein
kinase family and involved in several processes in cell including proliferation, differentiation,
and apoptosis, also can be regulated by oxidants (Birben, 2012).
NF-kB can be activated in response to oxidative stress conditions, such as ROS, free radicals,
and UV irradiation. Phosphorylation of IkB frees NF-kB and allows it to enter the nucleus to
activate gene transcription, Reducing agents enhance NF-kB DNA binding, whereas oxidizing
agents inhibit DNA binding (Birben, 2012).
oxidative damage beside its action on transcriptional factor it also inhibit apoptosis by
modulation of BcL-2 a group of protein that stimulates Bax which casuses leakage of
cytochrom c that bind to AP-1 and form apoptosomes . this activates caspase 9 and finally
causes phagocytosis of cell (Rossi et al., 2009).
Cancer has three phases , initiation, promotion and progression ,The promotion phase consists of
the stage in which the initiated cell suffers the action of a carcinogenic agent (promoter) for a
continuous period turning the cell malignant.2 Studies indicate that in populations of initiated
cells, as well as in small preneoplastic foci, ROS are synthesized in greater quantity than in
comparison with neighboring cells, indicating that the reactive species can be related with the
increase of the cell proliferation rate (Rossi et al.,2009)
In the progression phase, uncontrolled cell multiplication takes place with these cells continuing
to present greater levels of oxidative stress in comparison with neighboring cells. Such levels are
insufficient to induce the death of tumor cells because it presents a greater resistance to
oxidative stress . On account of increased oxidative stress, an increase in the expression of
antioxidant defenses can take place, which gives greater resistance to the tumors to
chemotherapy (Rossi et al.,2009).
In normal cells low-level concentrations of ROS, is required for signal transduction before their
elimination . However cancer cells which exhibit an accelerated metabolism , demand high ROS
concentrations to maintain their high proliferation rate different ways of developing ROS
resistance include execution of alternative pathways , which can avoid large amounts of ROS
accumulation whithout compromising the energy demand required by cancer cells , ROS levels
can be used as thermostat to monitor the damage the cell can bear . the implication for ROS
regulation are highly significant for cancer therapy because commonly used radiotherapy and
chemotherapeutic drugs influence tumor outcome through ROS modulation (Sosa, et al., 2013).

2.12. Lipid peroxidation and Oxidative stress biomarkers
peroxidation of lipids is particularly more damaging because the formation of lipid peroxidation
products leads to a facile propagation of free radical reactions , when hydrogen atom is
abstracted from poly un satutrated fatty acid moiety of membrane phospholipid the process of
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lipid peroxidation is initiated , alkyl radicles are conjugated forming dienes and stimulates the
autolytic lipid peroxidation. ROS then attacks on phospholipids hydroperoxides and fatty acid
hydroperoxides. The fatty acid carbon chain is spontaneously cleaved during lipid peroxidation
process and yield highly toxic pentane, ethane, α, β unsaturated fatty acids aldehydes.
Malonyldialdehyde (MDA), 4-HNE (4-hydroxy -2-nonenal) are the potent aldehydic lipid
peroxidation products of ω3 and ω6 PUFA. The accepted markers for oxidative stress are
aldehydic secondary products MDA and 4-HNE(4- hydroxyl 2-noneal) , they are potent
aldehydic peroxidation product , MDA and 4 HNE are acceptable biomarker of oxidative stress
(Bin Qasim,2012).
One consequence of oxidative stress and lipid peroxidation is the formation of DNA adducts.
Since DNA is believed to be the target molecule for carcinogens, endogenous DNA adducts
derived from oxidative stress, lipid peroxidation, and other sources have been proposed to
contribute to the etiology of human cancers. With regard to breast cancer, a higher ratio of the
carcinogenic hydroxyl adduct was obvious (Wang et al., 1996).

2.12.1. Oxidative stress biomarker
Oxidative stress biomarker can be defined as" predictive indicators of the development of a
pathology able to detect in vivo oxidative damage". Such markers can be subdivided into prooxidant and antioxidant, in accordance with the affected system (Rossi et al., 2009).
We can either measure preoxidants or anti oxidants , Cell antioxidant capacity can be reduced
through modification in gene expression or the reduction of the ingestion of antioxidants,
Antioxidants can be divided into two systems: enzymatic and non-enzymatic. The enzymatic
system involves enzymes produced by the organism itself, as superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GSHPx). The enzyme SOD acts as a defense against
superoxides, while the enzymes catalase and glutathione peroxidase act on H2O2, The nonenzymatic system is composed by vitamins A (retinol), E (β-tocopherol), C (ascorbic acid), and
glutathione (oxidized-GSSG and reduced-GSH) among other compounds as bilirubin and uric
acid, β-carotene, metallothionein, zinc, and selenium (Rossi et al.,2009).
Malondialdhyde (MDA).
lipid peroxidation is one of the pathways of oxidation in the body , lipid peroxidation has an end
product called Malondialdhyde MDA which is a biomarker, Malondialdehyde (MDA) is a
naturally occurring product of lipid peroxidation; it can also be generated during prostaglandin
biosynthesis in cells (Jetawattana,2005).
Conversion of arachidonic acid to prostaglandin endoperoxides (PGG2) resulting in formation of
MDA and potentiallyM1G adducts. Step 1 incorporates both oxygenase and peroxidase activities
of the cyclooxygenase (COX) enzyme. Step 2 represents breakdown of PGH2 (prostaglandin
H20 to MDA and hydroxyl heptadecatrieonic acid (HHT), which can occur spontaneously or via
catalysis by thromboxane synthases or other cytochromes P450. Step 3 is one possible
mechanism of formation of the M1G adduct (Jetawattana, 2005).
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Figure (9): biosynthesis of Malondialdhyde (Jetawattana,2005).
MDA reacts with amino groups on proteins and other biomolecules to form a variety of adducts,
including adducts with DNA bases that are mutagenic and possibly carcinogenic. Increased
levels of lipid peroxidation products, by measurement of MDA, have been associated with
various conditions and pathological states of diseases. Therefore, it is important to understand
the characteristics and function of MDA as well as the effective techniques of measurement for
using MDA as a tool in clinical monitoring of the patient (Jetawattana,2005).
Value of MDA
Basak et al examined the value of MDA in three groups: oral cancer , pre oral cancer and
control , All individuals were in the age group of 40 to 72 years (mean age 58 years) The mean
MDA level was higher in cancer group than pre cancer group which was higher than control
group (Basak et al.,2010).
So he concluded the Increased serum malondialdehyde in oral cancer and oral precancer would
serve as a valuable marker for both preventive and clinical intervention, and may deserve further
investigation for the early diagnosis, treatment, and prognosis (Basak et al.,2010).
It is well known that MDA serves as a reliable marker of free radical-mediated lipid
peroxidation. It is one of the important indicators of free radical-mediated tissue injury. It
participates in a variety of chemical and biological reactions including covalent binding to
protein, RNA, and DNA. The endogenous formation of MDA during intracellular oxidative
stress and its reaction with biologically important macromolecules (Basak et al.,2010).

Shams et al examined the effect of metal induced oxidative stress in women of breast cancer,
they examined benign breast tumor, metastatic and non metastatic breast cancer , he concluded
that mean of the total antioxidant capacity is higher in control group than non metastatic which
was higher than metastatic while the mean value of MDA was higher in metastatic patient than
non metastatic patient which was higher than control group (Shams et al,.2012).
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Kilic et al in Ghazi university examined the oxidative stress in breast cancer women and by
meausuring the MDA value and compared it to healthy individuals , MDA values were
significantly higher than that of healthy control (Killic et al., 2014).
Tupurani et al examined the extent of Lipid peroxidation as evidenced by the formation of
Malondialdehyde (MDA), Nitric Oxide (NO) in the Breast cancer patients. The biochemical
tests of blood samples of both breast cancer patients and age matched healthy controls showed
with average MDA levels were 6.90±4.59 nmol/mL in breast cancer patients were significantly
higher than those of controls 2.63±0.49 nmol/mL P < 0.001 and plasma nitrate level in patients
with breast cancer 3.74±4.0 m/mL was higher than that of normal subjects 1.51±0.51m/mL
higher than those of controls. Hence, identifying markers for oxidative stress may help in the
early diagnosis and medical management of the patients (Tupurani et al., 2013).
in the present study a significant elevation of serum MDA in cervical cancer patients in
comparison to healthy controls has been observed. The reason for increased lipid peroxidation
cold be due to increased generation of reactive oxygen species or suppression of the antioxidants
defense mechanism in the metabolically active tissues. Recently it was reported the antioxidant
defense was suppressed in various colorectal cancer tumors (Subramanyam et al., 2013).
The value of MDA was used also by Diazapetrin et al as an indicator for patient survival , he
used Kaplan- Meier survival estimates for this purpose in which he divided the values of MDA
to ≤ 8.6 and those are ≥ 8.6 (Diazapetrin et al.,2014)

Figure(10): Kaplan- meier survival estimate in relation to the value of MDA in cancer
patients.
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Factors raising the MDA
anything increasing the oxidative stress will raise the MDA value
Tobacco and alcohol induces generation of free radicals and reactive oxygen species, which are
responsible for high rate of lipid peroxidation. Malondialdehyde is the most widely used marker
of lipid peroxidation (Basak et al,.2010).
Type of diet : diet of high lipid and meat intake raises MDA while fiber intake decrease the
value of MDA (Diaziapetriene et al.,2014).

2.13. Oxidative stress in breast cancer patient
There is direct evidence that oxidative stress and lipid peroxidation (LPO) are linked to the
etiology of breast cancer. The increasing global incidence of breast cancer emphasizes the need
to understand the various mechanisms involved in breast tumorigenesis (Kilic et al,.2014).
Oxygen radicals are associated with different steps of breast carcinogenesis, either through
adducts formation, structural DNA damage, interaction with oncogenes or tumor suppressor
genes or immunological mechanisms )Tupurani et al., 2013).
The formation of DNA adducts indirectly by initiating autocatalytic lipid peroxidation, which
generates a large variety of potentially genotoxic breakdown products, such as aldehyde as
malondialdehyde (MDA). As a result, the DNA is constantly being damaged and oxidatively
modified. Any oxidative lesion that is not repaired can lead to mutations, increasing the risk of
carcinogenesis )Tupurani et al., 2013).

2.14. Oxidative stress during chemotherapy
It is a recognized that antineoplastic agents produce reactive oxygen species (ROS) to induce
apoptosis in cancer cells . However, ROS generated during chemotherapy may interfere with the
normal cells and tissues and may be associated with the various toxic events like cardio toxicity,
nephrotoxicity, neurotoxicity (Areti et al., 2014).
Experimental evidence support the involvement of mitochondria mediated oxidative stress in
development of peripheral nerve damage. Identification of these mechanisms might be helpful in
identifying newer biomarkers for the chemotherapy induced peripheral neuropathy (CIPN),
hence identification of levels of malondialdehyde ,glutathione (GSH), superoxide dismutase
(SOD) and activities of mitochondrial enzymes such as citratesynthase and ATP synthase can be
helpful in monitoring the course of peripheral neuropathy and response of neuropathy to the
treatment (Areti et al.,2014).
Chemotherapy treatment can be classified as: neoadjuvant, or in other words, to reduce the
tumor dimensions to realize a more conservative surgery; adjuvant, with the purpose of
eradicating micrometastases after surgical treatment; and palliative for symptom relief in the
advanced disease. Adjuvant chemotherapy in breast cancer includes all the forms of endocrine
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therapy (hormoniotherapy), used with or without cytotoxic therapy, together with surgical
resection of the tumor (Rossi et al.,2009).
The chemotherapy used in breast cancer in Gaza strip are Taxol, Adiramycin and
cyclophoshamide , Taxol and related taxanes have a unique mechanism of action where they
bind to the tubulin protein, thus inhibiting cellular division. Taxol interferes in the formation of
the bundles of microtubules in interphase and aster cells during mitoses, where micromolar
concentrations of the drug are frequently used to accent the aggregation of microtubules in the
cells, inhibiting the progression of mitoses (Rossi et al.,2009).
Doxorubicin (DOX) produced by the fungus Streptomyces peucetius var. caesius or synthesized
chemically from daunorubicin. This drug has effective antitumor action and is used in
chemotherapy treatment against a variety of malignant tumors. DOX acts in the tumor cells
through DNA intercalation and inhibition of topoisomerase II, 2 as it interferes in the synthesis
of DNA and RNA, inhibiting the phase of the cell cycle, inducing apoptosis of the tumor cells in
the G2 phase by block of the cell cycle and inhibition of the DNA polymerase enzyme. The
break of DNA can be mediated by the formation of free radicals, contributing to an increase of
oxidative stress provoked by the reduction of the availability of other antioxidant endogens
(Rossi et al.,2009).
Additionally, DOX inhibits the production of actin, troponin, myosin light chain and the isomer
of creatine kinase. The activation redox of the intermediary semiquinone (DOX-.) with reduction
of oxygen (O2) that produces radical superoxide (O2-.) as a mechanism attributed to the
cardiotoxicity in the treatment with DOX. The cardiotoxic potential observed in chemotherapy
treatment with DOX is dose-dependent, where high concentrations induce necrosis, and low and
submicromolar concentrations induce apoptosis. The acquired cardiomyopathy results in
functional alterations as congestive heart failure, serious hypotension, tachycardia, cardiac
dilation and ventricular insufficiency associated to contractile depression (Rossi et al., 2009).
Other side effects, persistent alterations in cognitive function, have been observed after
treatment with DOX in patients with breast cancer, showing the sensitivity and alterations in the
structure of cerebral tissue, significant reduction of aconitase enzyme activity and an increase of
calcium susceptibility by the opening of the transitory pores of permeability mitochondrial in the
brain cells, which can lead to the development of neurodegenerative conditions in patients who
have undergone chemotherapy (Rossi et al.,2009).

2.15. Mechanism of neuropathy related to chemotherapy
The constant generation of O2 by mitochondria is a further source of continuous oxidative stress
in neurons that may lead to chronic degenerative neurological diseases. The brain relies on
oxidative metabolism for a constant source of energy, but it is estimated that approximately 2%
of the oxygen used is converted to oxygen radicals (Packer et al.,1997).
Anti-neoplastic chemotherapy exercises its tumoricidal effect through the generation of
oxidative stress and induction of apoptosis, as much in tumor cells as in healthy cells and as a
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consequence can generate a secondary tumors, the mechanism is related to the action of
hydroxyl radicals of purines, pyrimidines and deoxyribose (Rossi et al.,2009)
In DNA, the reactive oxygen species are involved in the phases of initiation , promotion and
progression of tumor cells. The initiation phase is aware of the phase in which the cell suffers
DNA damage and turns heritable, this damage is mediated by ROS (Rossi et al.,2009)
The brain and nervous system are highly vulnerable to free radical-mediated invasion because of
high lipid content. Lipid peroxidation has been linked to microvascular damage and
hypoperfusion which if persist can lead to secondary ischemia, inflammation can also resulted
from overproduction of reactive oxygen species (Toklu et al.,2010).

2.15.1. Chemotherapy induced peripheral neuropathy(CIPN):
chemotherapy-induced peripheral neuropathy (CIPN) is a disabling side effect of several
commonly used antineoplastic agents. The development of CIPN may require chemotherapy
dose reduction or cessation, which can increase cancer-related morbidity and mortality and .
CIPN is a predominantly sensory neuropathy that may be accompanied by motor and autonomic
changes . Similar to other neuropathic pain conditions, pain in CIPN can be stimulus dependent
or independent The pathophysiology of CIPN is poorly understood, and treatments to prevent
CIPN are inadequate. Treatment options for established CIPN are also limited (Seretny et
al.,2014).
Anti-cancer drugs such as vincristine, paclitaxel, oxaliplatin, cisplatin and bortezomib are
reported to exert direct and indirect effects on sensory nerves to alter the amplitude of action
potential (Jaggi and Singh, 2012).
The risk of developing neuropathy depends on cumulative dose of anticancer, it increases with
duration of chemotherapy (Melli et al.,2008)
the clinical picture is dominated by severe symptoms including neuropathic pain, which can be a
reason for dosage limitation and even discontinuation of treatment. Chemotherapy induced
neuropathy is usually characterized by length-dependent axonal degeneration with major
involvement of distal sensory or sensory motor fibers. Sensory neurons are particularly
vulnerable to toxic agents because dorsal root ganglia (DRG) lie outside of the blood-brain
barrier and are supplied with fenestrated capillaries that allow free passage of circulating
substances , longer peripheral nerves, such as sensory fibers carrying touch, temperature and
pain sensation, are particularly susceptible to any interference with energy metabolism,
mitochondrial function, or axonal transport (Melli et al., 2008).

2.15.2.The clinical picture of neuropathy induced by chemotherapy
The symptoms or signs of chemo-induced peripheral neuropathy (CIPN) depend mostly on
which nerves are involved. The most common symptoms are:
• Pain (which may be there all the time or come and go, like shooting or stabbing pain)
• Burning
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• Tingling (“pins and needles” feeling) or electric/shock-like pain
• Loss of feeling (which can be numbness or just less ability to sense pressure, touch, heat, or
cold).
• Trouble using your fingers to pick up or hold things; dropping things
• Balance problems
• Trouble with tripping or stumbling while walking
• Being more sensitive to cold or heat
• Being more sensitive to touch or pressure
• Shrinking muscles
• Muscle weakness
• Trouble swallowing
• Constipation
• Trouble passing urine
• Blood pressure changes
• Decreased or no reflexes (Melli et al., 2008).
paclitaxel is well reported to induce neuropathy, however, instead of characteristic neuropathic
pain symptoms, the hypoesthesia and anesthesia like symptoms such as numbness and
paresthesias are observed. It is reported that higher doses of paclitaxel induces axonal
degeneration to the peripheral nerves, intraepidermal nerve fibers (Melli et al., 2008).

2.16. Chemotherapeutic induced Nausea and vomiting (CINV)
Another bothering side effects of chemotherapy
are nausea and vomiting , as stated
chemotherapeutic drugs exert their effect in killing cancer cells by their cytotoxic effect by
giving their own reactive oxygen species which when elevated has damaging effect on other
intact cells and so on the functions of these cells, from these cells are neuronal cells stated
before and the cells of gastrointestinal tract which may interrupt the course of treatment (Block
et al.,2008).
Symptoms reported at short term of therapy, The negative impacts of CINV on quality of life
(QoL) persist despite the introduction of newer treatments for nausea and vomiting, such as
serotonin (5-HT3) antagonists for acute CINV and Aprepitant [neurokinin-1 (NK-1) antagonist]
for delayed CINV (Zick et al., 2008).

2.17.Chemotherapy induced renal diseases
The kidneys are a major elimination pathway for many antineoplastic drugs and their
metabolites. Renal impairment can result in delayed drug excretion and metabolism of
chemotherapeutic agents, resulting in increased systemic toxicity (Lameire,2013)
The kidney is an organ highly vulnerable to damage caused by ROS, likely due to the abundance
of long-chain polyunsaturated fatty acids in the composition of renal lipids (Szalay et al,2015)
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Antineoplastic agents are commonly used for the treatment of metastatic cancers. Some of these
are nephrotoxic. Excess ROS production and depressed antioxidant defence mechanism are
responsible from nephrotoxicity. Cisplatin and cyclphosphamide are well-known and
commonly used antineoplastic and nephrotoxic agent. Other nephrotoxic anticancer agents are
carboplatin, methotrexate, doxorubicin, cyclosporine, and adriamycin. Immunosuppressant such
as sirolimus and cyclosporine leads to nephrotoxicity via oxidative stress ( Ozbek, 2012)
The anthracycline derivative chemotherapeutic drug, Doxorubicin (Adriamycin) is widely used
as a rodent model of proteinuric nephropathy leading to renal fibrosis (Szalay et al,2015).

2.18. Alpha lipoic acid
Alpha-lipoic acid (ALA) (thioacetic acid, 5-(1,2-dithiolan-3-yl)pentanoic acid,) is a naturally
occurring antioxidant synthesized in small amounts by plants and animals including humans
(Dozio et al ,2010)
Lipoic acid (LA) plays an essential role in mitochondrial bioenergetic reactions, has gained
attention as nutritional supplement and as therapeutic agent. Moreover, LA conjugates with
other pharmacophores represent a promising approach toward the development of
multifunctional drugs (Maria Koufaki, 2014).
" Alpha lipoic acid (ALA) represents a clear example of the thin line that exists between the
world of dietary supplements and that of drugs. ALA supplementation, which originally was
introduced to increase the energy requirements of tissues and organs is today more in demand as
a support for the treatment of all those diseases characterized by insufficient mitochondrial
activity responsible for a reduced production of cellular energy and an uncontrolled formation of
free radicals" (Brufani and Figliola, 2014).
Alpha lipoic acid exists in the form of two enantiomers, R or S. In physiological condition, LA
is present in the form of lipoate with the proton of the hydroxyl functional group substituted by
remains of an organic alcohol or with an inorganic ion. LA (in the form of lipoate) acts as a
cofactor in reactions of aerobic metabolism. It participates in transferring of acyl and
methylamine groups. It is essential for aerobic processes of life and serves as a coenzyme in the
Krebs cycle (Novotny et al , 2007).
ALA can be found in organs with an excess of mitochondria, such as heart, kidney, liver, and
muscle but the amount of ALA in those tissues is very low; for example, 10 tons of liver are
needed for obtaining 30 mg of ALA . So, for obtaining this compound from diet, there are
different chemically synthesized drugs and food supplements (Rahimifard et al.,2015).
The common use of ALA is antioxidant used for treatment of many neurological disorders such
as diabetic polyneuropathy and multiple sclerosis .The strong antioxidant effect influences a
number of cellular processes, including direct radical scavenging, recycling, metal chelation,
regeneration of endogenous antioxidants, and modulation of transcription factor activity. It has
been shown to improve endothelial function and blood flow, and accelerate glutathione
synthesis, which plays a crucial role in regulating the expression of several antioxidant and antiinflammatory genes (Choi et al., 2015)
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studies on cancerous cell-based models have suggested that the tumor – suppressive effect of
ALA corresponds with apoptosis induction, a critical parameter impaired in cancer cells, and
this induction is selectively exerted in cancer and transformed cells while being less active
toward non transformed cells (selvkumar and heish,2008).

Figure (11) :
Chemical structure of Alpha lipoic (A) and dihydrolipoic (B) acids (Novotny et al , 2007).

It participates in many reduction-oxidation reactions catalyzed by cellular dehydrogenases:
pyruvate dehydrogenase complex (PDG) and α-ketoglutarate dehydrogenase complex (KGDG)
[4]. Both enzyme complexes are necessary for proper functioning of the citrate cycle (Novotny
et al , 2007).
2.18.1.Physico-chemical properties
Alpha lipoic acid is a sulfurous fatty acid, It would be recognized as a vitamin. However, the
human body is able to synthesize it. in the organism, LA is bonded to various proteins and,
consequently, it is not possible to extract it by water or non-polar solvents. Dietary ALA is
obtained from both animal and plant sources. LA is found primarily in animal-derived foods,
such as red meat and liver, heart and kidney. The most abundant plant sources of ALA are
spinach, broccoli, tomatoes, brussel sprouts, potatoes, garden peas and rice bran (Goraca et
al.,2011).
since it is known that ALA can polymerize. Its degradation in the presence of light was
characterized
by a physical change in the compound (Koufaki ,2014).
The dithiol compound (ALA) is synthesized from octanoic acid in mitochonderia and also
absorbed from dietary supplement (Feuerecker et al.,2012)
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However, ALA is soluble in both water and lipids . ALA is highly reactive due to the tension of
the S-S-C bond in the heterocyclic disulfide circle. ALA is relatively stable as a solid but it
polymerizes when heated above its melting point (47.5 oC) (Novotny et al., 2007).
Appropriate plasma levels need to be achieved to ensure maximum therapeutic benefit. The use
of the A LA as drug or food supplement is hampered by its rapid metabolism (man plasma half
live of 30 min and bioavailability after oral administration of 30%) and its stability problems
(Novotny et al., 2007).

Figure(12): scheme summarizing the effects of alpha lipoic acid (Berkson et al ,. 2015).
38

2.18.2. Pharmacological effect of ALA
2.18.2.1. Antioxidant effect :
ALA is ROS scavenger and metal chelating The disulfide group of LPA can be reduced to
DHLPA, both of them have been reported to scavenge a variety of oxygen species, additionally
the pharmacological impact of LPA/DHLPA redox couple is due to metal chelating properties
(Feuerecker et al,.2012).
Lipoic acid (R-LA), and not its stereoisomer S(2)-lipoic acid (S-LA), serves as a prosthetic
group of several multienzyme complexes of oxidative metabolism, namely pyruvate
dehydrogenase complex (PDC), branched-chain a-keto acid dehydrogenase complex, aketoglutarate dehydrogenase complex, and the glycine cleavage system. R-LA is covalently
attached to these Enzymes (Kortochkina, 2004).

Figure (13): lipoic acid ; oxidized and reduced form (Bast et al.,2003).
Several features have been described for LA such as (a) specificity of free radical scavenging in
both oxidized and reduced forms, (b) interaction with other antioxidants, (c) metal-chelating
activity, (d) effects on gene expression, (e) bioavailability, (f) location (in aqueous or membrane
domains, or both), and (g) ability to repair oxidative damage, which make it an outstanding
antioxidant . Added to cell culture medium in vitro, LA readily enters cells and is reduced by
mitochondrial and cytosolic enzymes to dihydrolipoic acid, most of which is rapidly effluxed
from the cell to the culture medium (Selvakumar and Hsieh, 2008).
It can synchronize and scavenge free radicals inside and outside the cells, so it makes it more
powerful than other antioxidants ,moreover, it can prevent peroxidation of lipid (Rahimifard et
al., 2015).
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diatary supplementation with ALA results in its gastrointestinal absorption The uptake of ALA
into tissues and cells is mediated by diverse mechanisms, involving the monocarboxylate
transporter and Na +dependent multivitamin transporter . After internalization, ALA is
converted into its reduced form dihydrolipoic acid (DHLA) in a NADPH-dependent manner, it
is most likely catalyzed by thioredoxin reductase . Owing to the chemical reactivity of its
dithiolane ring, LA and its reduced counterpart DHLA form a potent redox couple and display
an impressive array of antioxidant functions . Both compounds were reported to directly
scavenge reactive oxygen species (ROS) and inhibit their formation by chelating transition metal
ions including Fe2+ (Dorsam et al.,2014).
it has a powerful lipophilic antioxidant activity in vitro and in vivo It is known to act as
scavenger of many reactive oxygen species (ROS), ALA has been proposed as a treatment for
oxidative disorders of the nervous system characterized by an increase level of free radicals
(Ranieri et al., 2010).
2.18.2.2. recycling other antioxidants
ALA enhance the Glutathion level which is mediated by Redox –sensetive transportaion factor
Nrf2 (Dorsam et al.,2014)
Activation of the transcriptional factor called nuclear factor (erythroid-derived 2)-like 2 (Nrf2),
which enhances the levels of antioxidant enzymes and phase-2-detoxifying enzymes by complex
mechanisms, may be one of the ways to reduce oxidative stress. Antioxidant enzymes destroy
free radicals by catalysis, whereas phase-2detoxifying enzymes remove potential carcinogen by
converting them to harmless compounds to eliminate it from the body. The nuclear
transcriptional factor, Nrf2 which when activated may contribute to the prevention of cancer
(Prasad,2016).
the biochemical parameters which are used to evaluate the effect of ALA are (SOD, CAT
activities, and malondialdehyde) (Ranieri et al., 2010).
2.18.2.3. Antitumor effect of alpha lipoic acid
The mechanismAntitumor activity
a- Inhibition of ROS
Unlike normal cells, tumor cells survive in a specific redox environment where the elevated
reactive oxygen species, which play role critical signaling molecules , contribute in enhancing
cell proliferation and to suppress apoptosis, alpha lipoic acid was able to induce cell cycle
arrest and apoptosis in different cancer cell lines (Dozio et al.,2010).
b-ALA inhibit glycolysis:
cancerous cells perform higher rates of glycolysis i.e., conversion of glucose to lactate instead of
complete oxidation of glucose to water and CO2 for generation of ATP (Zhang et al.,2015).
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In normal mammalian cells, glycolysis is down-regulated by oxygen, which allows mitochondria
to oxidize pyruvate and generate large amounts of ATP However cancer cells use anaerobic
glycolysis , even in the presence of oxygen . this phenomenon is known as Warburg , glycolysis
is inefficient , it produces only two molecules of ATP per molecule of glucose, while the
complete oxidation of glucose to water and CO2in TCA (tricarboxilic acid cycle) produces
about 32 molecules of ATP, so cancer cells has to metabolise large amount of glucose to meet
their high demands resulting from high energy need , this idea about using glycolysis opens up
promising ways for cancer therapy by inhibition of aerobic glycolysis through activation of
enzymes that shift the metabolism toward complete oxidation of glucose (Feuerecker et al.,
2012).
ALA can inhibit pyruvate dehydrogenase kinase, the enzyme responsible of deactivation the
pyruvate dehydrogenases by phosphorylation/ de phosphorylation thus increasing the activity of
pyruvate dehydrogenase (Feuerecker et al.,2012).
These dehydrogenases control the entry of carbon into the TCA cycle from two major sources,
carbohydrate and gluconeogenic amino acids (pyruvate; PDH) and glutamine KGDH (αketoglutarate dehydrogenase comple (Bingham and zachar, 2012).

For ATP production it is important for TCA to capture reducing potential from nutrients to
drive the oxygen dependent mitochondrial electron transport system which assure the important
effect of antioxidants (Bingham and zachar, 2012).
The presence of ALA shifts the production of ATP (Adenosin tri phosphate) by TCA cycle
toward oxidative phosphorylation instead of glycolysis in which cancer cell stick and
consequently apoptosis inhibited , Feuerecker examined the effect of ALA on human cells ,
slight dose dependent increase of pyruvate dehydrogenase activity was observed (Feuerecker et
al.,2012).
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Figure (14): Tricarboxilic acid cycle (Berkson et al ,. 2015).

ALA use in vivo and in vitro revealed its potential to interact with tumor cell metabolism and to
negatively influence cancer growth in dose dependent manner , in vivo cell proliferation was
assessed by measurement of the volume of tumor (Feuerecker et al.,2012).
c-Apoptosis induced by LA was found to be mediated through the mitochondrial death pathway,
which requires caspase-9 activation. Inhibition of caspase activity by the pan-caspase inhibitor
completely inhibited the apoptotic effect of LA. Likewise, the mitochondrial respiratory chain
inhibitor rotenone potently inhibited the apoptotic and ROS-inducing effects of LA, supporting
the role of mitochondrial ROS in LA-induced cell death (Moungjaroen et al.,2006).

Dorsam et al examined the antitumor effect of alpha lipoic acid using it as adjuvant to 5flourouracil in colorectal cancer in cell lines , LA induced caspase-dependent cell death via
activation of caspase-9, caspase-3 and caspase-7 (Dorsam et al.,2014).
d-ALA can down-regulate the mitochondrial Bcl-2 protein , a group fof protein which regulate
the process of apoptosis , overexpression of the Bcl-2 protein prevent the apoptosis
(Moungjaroen et al.,2006).
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Omran and Omer investigated the antitumor effect of ALA in albino mice injected with
malathion which is suggested to induce mammary histopathological changes ,case control study
was conducted , they found that the use of ALA acid in the mice injected with malathion
exhibited a striking reduction of malathion-induced mammary tumor incidence, and reversed
intra-tumor histopathological alterations. Alpha lipoic acid suppressed proliferating cell nuclear
antigen (PCNA) and p53 expression, induced apoptosis, upregulated proapoptotic protein Bax
which control Bcl (Omran and Omer, 2015).
Moungjaroen et al examined the effect of caspase -9- acyivation induced by Alpha lipoic acid ,
the mitochondrial death pathway, which requires caspase-9 activation. Inhibition of caspase
activity LA induced down-regulation of mitochondrial Bcl-2 protein through peroxidedependent proteasomal degradation, and overexpression of the Bcl-2 protein prevented the
apoptotic effect of LA (Moungjaroen ,2006).
Heish and selvkumar examined ALA on HL-60 cell (cells from American tissue culture ALA
inhibited cell growth in dose- time dependent manner by causing decrease in S- phase
accompanied with concomitant accumulation in G1- phase, they also found that ALA also
induces apoptosis by increasing bax/bcl2 ratio (Selvakumar and Hsieh, 2008).
The effect of ALA on apoptosis is restricted to transformed cells but not the non transformed
cells, Van de mark examined ALA in tumor cell lines , all initiated apoptosis following exposure
to Alpha lipoic acid. In contrast, treatment of non-transformed cell lines with alpha-lipoic acid
resulted only in reversible cell cycle arrest in G0/G1. Alpha Lipoic acid caused a posttranslational elevation in the levels of the cyclin-dependent kinase inhibitor p27Kip1. Studies
using p27Kip1-deficient cells demonstrated that p27Kip1 was required for the alpha-lipoic acidmediated cell cycle arrest. The differential selectivity of the pro-apoptotic effects of alpha-lipoic
acid for transformed cells supports its potential use in the treatment of neoplastic disorders (van
de Mark et al.,2003).
Joen et al examined the anti cancer effect of Alpha lipoic in thyroid cancer cell lines , he stated
that ALA could activate adenosine monophosphate activated protein kinase adenosine mono
phosphate kinase (AMPK) and inhibit transforming growth factor-β (TGFβ) pathway. In his
study, he evaluated the effects of ALA on thyroid cancer cell proliferation, migration and
invasion. he performed in vitro cell proliferation, analysis using (BCPAP, HTH-83, CAL-62 and
FTC-133) cells. ALA suppressed thyroid cancer cell proliferation through activation of AMPK
and subsequent down-regulation of mammalian target of rapamycin (mTOR)-S6 signaling
pathway. Low-dose ALA, which had minimal effects on cell proliferation, also decreased cell
migration and invasion These findings indicated that ALA can reduces cancer cell migration and
invasion through suppression of TGFβ production and inhibition of TGFβ signaling pathways in
thyroid cancer cells (Joen et al.,2016).
in 2010 dozio et al studied the role of alpha lipoic acid in cell cycle arrest due to its ability to
suppress proliferation and to induce apoptosis in different cancer cell lines. Since at the moment
little information is available regarding the potential effects of alpha-lipoic acid on breast cancer,
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they also investigated some molecular mechanisms which mediate alpha lipoic acid actions,
focusing on the role of the PI3-K/Akt signalling pathway, they observed that alpha-lipoic acid is
able to scavenge reactive oxygen species in MCF-7 cells and that the reduction of reactive
oxygen species is followed by cell growth arrest in the G1 phase of the cell cycle, via the
specific inhibition of Akt pathway and the up-regulation of the cyclin-dependent kinase inhibitor
p27kip1, and by apoptosis, via changes of the ratio of the apoptotic-related protein Bax/Bcl-2.
Thus, the anti-tumor activity of alpha lipoic acid observed in MCF-7 cells further stresses the
role of redox state in regulating cancer initiation and progression (dozio et al.,2010).
NOTE
(MCF-7 is a breast cancer cell line isolated in 1970 from a 69-year-old Caucasian woman. MCF-7 is the acronym
of Michigan Cancer Foundation-7, referring to the institute in Detroit where the cell line was established in 1973 by
Herbert Soule and co-workers. The Michigan Cancer Foundation is now known as the Barbara Ann Karmanos
Cancer Institute Prior to MCF-7, it was not possible for cancer researchers to obtain a mammary cell line that was
capable of living longer than a few months) (Wikipedia).

Rahimifard investigated the cytotoxic effect on human T-lymophocyte, mitochondrial assay
through caspase 9, 3 oxidative stress through measurement of ROS, and ipid peroxidation
through measurement of MDA , TNF α (Rahimifard et al.,2015).
The cytotoxic effects of ALA on human lymphocytes ALA not only is safe but also can raise the
viability of the lymphocytes compared to control group, ALA has no significant change in level
of caspase-3 activity, but it is has significant effect on the level of caspase- 9 activity,
significant decrease in the lipid peroxidation level ,significant derease in the level of ROS,
decrease level of TNF α (decreased inflammation) (Rahimifard et al.,2015).
The difference between lipoic acid and dihydrolipoic acid in cytotoxicity was examined by
Yamasaki et al in 2009, the cytotoxic activities of alpha lipoic and dihydro alpha-lipoic acid
were compared in HL-60 cells. The cell-killing activity of dihydro alpha lipoic acid was higher
than that of alpha lipoic acid. Both alpha lipoic and dihydro alpha lipoic acid induced caspase-3
cleavage and internucleosomal DNA fragmentation in treated cells (Yamasaki et al., 2009).
2.18.2.4. ALA prevents Metastasis
in 2010 lee et al studied the effect of alpha lipoic acid in prevention of metastasis in cell system,
their hypothesis was that LA inhibits metastasis via inhibition of matrix metalloproteinase
(MMP) in vitro the enzyme is responsible for metastasis . MDA-MB-231 cells, a human breast
cancer cell line, were treated with various concentrations of LA (0, 250, 500, or 1000 μmol/L) to
measure metastasis, MMP activity, and mRNA expression. The viability of cells was examined
by the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide assay. The effect of LA on
metastasis was evaluated using the motility, migration, and invasion assay in vitro. The activity
and mRNA expression of MMP-2 and MMP-9 were measured. After LA treatment, cell motility
and cell migration were significantly decreased (P < .05). α-Lipoic acid also reduced cell
invasion through a Matrigel-coated chamber (P < .05). Activities of MMP-2 and MMP-9 were
decreased by LA treatment in a dose-dependent manner. analysis confirmed the reduction in
44

mRNA expression level of MMP-2 and MMP-9 by LA treatment. they conclude that in this cell
culture model, LA treatment inhibits cancer metastasis, and this inhibition is likely due to the
decrease in the activity and mRNA expression levels of MMP-2 and MMP-9 caused by LA (Lee
et al., 2010).
Moon et al report evaluated the effect of ALA on metastasis, showing that, after ALA
treatment, cell motility, cell invasion and cell migration was decreased , he demonstrated that
ALA induces p27 (kip1)-dependent cell cycle arrest and apoptosis in MCF-7 human breast
cancer cells. He said that ALA is able to scavenge ROS in MCF-7 human breast cancer cells
and that the reduction of ROS is followed by cell growth arrest in the G1 phase of the cell cycle,
via the specific inhibition of Akt pathway and the up regulation of the cyclin-dependent kinase
inhibitor p27 (kip1), and by apoptosis, via changes of the ratio of the apoptotic related protein
Bax/Bcl-2
(Moon, 2016).
2.18.2.5.Effects on obesity
Based on scientific evidences so far, ALA might be useful agents in the management or
chemoprevention of obesity-related cancers
2.18.2.6. effect on lipid
Lipid peroxidation, the oxidative deterioration of the polyunsaturated fatty acids (PUFA), leads
to the formation of hydroperoxides, short-chain aldehydes, ketones and other oxygenated
compounds. This process is considered responsible for the development of various diseases like
cancer (Zulkhairi et al., 2001) .
The recent studies showed that Malondialdehyde (MDA) is the important marker of lipid
peroxidation and progression of atherosclerosis is correlated with oxidative stress and can be
followed up by MDA measurements Mogdam studies the relation between MDA and lipid
profile in patients with coronary artery disease, the study was performed 51 male patients with
angiographically confirmed CAD and60 healthy males that matched in age and sex as the
control group. The serum level of MDA was measured by colorimetric method using
thiobarbituric acid reaction and lipid and lipoproteins concentrations were determined by
standard enzymatic methods. The findings were analyzed using Pearson`s correlation test for
measurement of relation between MDA with other variables and t-test statistical method for
comparison in two groups. The result showed that serum concentrations of cholesterol,
triglyceride, LDL-C and LDL-C/HDL-C ratio and level of MDA in patients group were higher
than healthy group (p< 0.05). There was positive and significant relationship in patients group
between serum MDA, triglyceride, cholesterol, LDL-C and LDL-C/HDL-C ratio, but the
correlation between MDA and HDL-C was negative and meaningful (p< 0.05). No relationship
was observed between MDA with BMI and age in the patients group (p>0.05). There is an
increasing acceptance that oxidative modification of lipid and lipoprotein is a crucial step in the
development of atherosclerosis. In view of the relationship between changes in the serum levels
of lipids and lipoproteins and that of MDA in patients with CAD it was concluded that
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simultaneous control of both dyslipoproteinemia and lipid peroxidation may be of equal
importance in prevention of CAD. The independent association of MDA levels with stable CHD
indicates a possible role of these parameters as biomarkers of CHD patients (Mogdam et
al.,2008)
Zulkhairi et al investigated the effect of alpha lipoic acid on lipid profile , the analysis revealed
that the level of TC was significantly reduced in most of the treatment groups compared to
control, The mechanism of how ALA is able to reduce LDL-C and TC concentration is
unknown. Probably it may be via lipoprotein lipase (LPL) activity or through cholesterol
metabolism by the liver (Zulkhairi et al., 2001) .
2.18.2.7. Minimizing the side effects of chemotherapy
The effect of alpha lipoic acid also was investigated against the minimizing of the side effects of
chemotherapy , as said before the neuropathy accompanying the chemotherapy is related to the
damage of mitochondria because of the excess of ROS and as alpha lipoic acid is protective
against ROS so it is protective for mitochondria and consequently against neuropathy, in 2008
Melli et al studied the neuroprotective effect of Alpha lipoic acid they used an in vitro model of
chemotherapy induced peripheral neuropathy that closely similar to the in vivo condition by
exposing primary cultures of dorsal root ganglion (DRG) sensory neurons to paclitaxel and
cisplatin, two widely used and highly effective chemotherapeutic drugs. This approach allowed
investigating the efficacy of alpha lipoic acid in preventing axonal damage and apoptosis and the
function and ultra structural morphology of mitochondria after exposure to toxic agents and
alpha lipoic acid. their results demonstrated that both cisplatin and paclitaxel cause early
mitochondrial impairment with loss of membrane potential and induction of autophagic vacuoles
in neurons (Melli et al.,2008)
a-ALA prevents nephrotoxic effect of cyclophosphamide and adiramycin
Cyclophosphamide (CPM), an alkylating agent is used as an immunosuppressant in rheumatoid
arthritis and in the treatment of several cancers as well. Rehman et examined the effect of
antioxidant

on

oxidative

stress-

induced

nephropathy

of

cyclophohamide

,

high

malondialdehyde level with depletion in glutathione content accopmpained cyclophosphamide ,
antioxidant enzymes activities, viz. glutathione peroxidase, glutathione reductase, catalase,
quinone reductase, induced DNA strand breaks,. Serum toxicity marker enzymes like BUN,
creatinine, and LDH were also increased after CPM treatment which was significantly decreased
in antioxidant pretreated groups (Rehman et al.,2012).
ALA is also capable of influencing the nephrotoxixity potential of adiramycin.
Malarkodi et al examind the effect of alpha lipoic acid on adiramycin induced nephrotoxcicity
in adult male albino rat . Adriamycin-induced nephrotoxicity was characterized by
hyperlipidemia, proteinuria, and hypoproteinemia, by decreased activities of the enzymes N46

acetyl-beta-D-glucosaminidase and cathepsin D, by increased lipid peroxidation and decreases
in serum catalase and glutathione activities, and by increased urinary and serum urea, creatinine
and urinary glycosaminoglycans. Pretreatment with lipoic acid restored the changes, indicating
that lipoic acid is renoprotective in adriamycin nephrotoxicity (Malarkodi et al.,2003).
Malarkodi also investigate the effect of lipoic acid upon adriamycin induced peroxidative
damages in rat kidney. The increase in peroxidated lipids on adriamycin administration was
accompanied by alterations in the antioxidant defense systems. The extent of nephrotoxicity
induced by adriamycin was evident from the decreased activities of the enzymes γ-glutamyl
transferase and β-glucuronidase in the rat renal tissues. The study was carried out with adult
male albino rats, Rats subjected to adriamycin administration showed a decline in the thiol
capacity of the cell accompanied by high malondialdehyde levels along with lowered activities
of catalase, superoxide dismutase, glutathione peroxidase and glutathione metabolizing enzymes
(glutathione reductase, glucose-6-phosphate dehydrogenase, glutathione-S-transferase).while the
pretreated rats with ALA restored the activities of γ-glutamyl transferase and β-glucuronidase
nearly to control levels thereby suggesting nephroprotection. The study has highlighted the
beneficial effects of lipoic acid pretreatment in reversing the damages caused by adriamycin and
thereby bringing about an improvement in the oxidative stress parameters (Malarkodi, 2003).
b-Neuroprotective effect of ALA during taxol therapy
The membranes of the brain and nervous tissue are rich in polyunsaturated fatty acids, and their
antioxidant status is in some ways lower than in other tissues. Alpha lipoic acid can, In vitro
animal and preliminary human studies indicate that alpha lipoate may be effective in preventing
or treating numerous neurodegenerative disorders (Packer et al.,1996).
alpha lipoic acid exerts its neuroprotective effect against chemotherapy indued neuropathy in
sensory neurons, it rescues the mitochondrial toxicity and induces the expression of frataxin (an
essential mitochondrial protein with antioxidant properties (Melli et al., 2008).
it also protect sensory neurons against taxol induced axonal damage and apoptosis (Melli et
al.,2008).
It prevent the early loss of membreane potential in mitochnderia (Melli et al.,2008).

Figure (15): Role of Natural antioxidant in preventing oxidative stress of chemotherapy on
peripheral neurons (Areti et al.,2012).
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Areti et al,. revwied the CIPN during chemothotherapy due to high oxidative stress in and
suggested MDA as an indicator of oxidative stress biomarkerdue to high oxidative stress
induced by chemotherapeutic agent , he suggested MDA as an indicator to oxidative stress
(Areti et al.,2012).
c-It can help minimize CINV by its antioxidant effect and so its benefit effect on other cells that
is harmed by chemotherapy , Mantovani et al examined the effect of antioxidant on side effects
of chemotherapy as fatigue , nausea and vomiting, All patients were given as basic treatment
polyphenols plus antioxidant agents alpha lipoic acid, carbocysteine, and vitamins A, C, and E,
all orally . after 2 years No severe side effects including nausea and vomiting were observed
(Mantovani et al.,2008).
2.18.3. Adverse Events and Side Effects
In the majority of published studies, ALA has been well tolerated with minimal and mild side
effects when compared to control and placebo groups (5). Side effects are rare but possible and
usually occur only at doses greater than 600mg. Possible side effects include nausea
2.18.4. Safety and toxicity
LA exhibits low toxicity in low doses. Treatment of male or female Wistar rats with LA
administered at the doses of 31.6 or 61.9 mg/kg/d for four weeks did not cause any adverse
effects . In addition, the long-term (two-year) administration of up to 60 mg/kg/day did not
cause any adverse effects (Goraca et al.,2011).
The liver is the main detoxifying organ for many toxic substances and drugs that contribute to
oxidative stress. The increased ROS production makes mitochondrial membranes highly
susceptible to oxidative damage It is now widely accepted that ROS play a critical role in the
development of endothelial injury and hepatic fibrosis LA can scavenge a number of free
radicals, and it can therefore be used in the prevention or treatment of several pathological
conditions that are mediated by oxidative stress (Gorca et al.,2011).
2.18.5.Routes of Administration and pharmacokinetic
Intravenous (IV) and Oral
Pharmacokinetics
PK studies utilizing 600 mg racemic mixture-LA, the current authors suggest the threshold of
activation of the therapeutic effects of LA is equal to C-max of 4-5 mcg/mL (~20- 25 μM) and
AUC equal to 2.85 mcg hr/mL.17,45,46,55-59 More consistent therapeutic results may be
achieved at plasma concentrations of 10-20 mcg/mL (~50-100μM) of the natural enantiomer, RLA.17,60 The upper limit of the human therapeutic concentration range is ~50 mcg/mL (~250
μM).41A basic principle of pharmacology states that free drug (not bound to plasma proteins) is
more biologically active than plasma protein-bound drug and mostly responsible for the
therapeutic action ( Carlson et al., 2007).
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It has also been suggested that food intake reduces the bioavailability of LA. Therefore, it is
recommended that LA be taken 30 min before or 2 h after eating (Goraca et al., 2011).
Absorption and LA concentration in plasma LA administered as single-dose tablets (from 50 to
600 mg) was entirely absorbed after 30 min to 1 h .LA absorption when prepared as an aqueous
solution rather than in a gelatin has been shown to be more effective. The half-life of LA in
plasma is 30 min, and the endogenous plasma levels of LA and DHLA are 1–25 × 10 and 30–
140 × 10 g/ml, respectively (Goraca et al., 2011).
Lipoic acid availability and supplements LA in humans is synthesized in the liver and other
tissues. This antioxidant is readily absorbed from the diet and is converted to DHLA by reduced
nicotinamide adenine dinucleotide or by reduced nicotinamide adenine. The mitochondrial
reduced form of nicotinamide adenine dinucleotide-dependent dihydrolipoamide dehydrogenase
demonstrates a marked preference for R-LA, whereas the cytosolic reduced form of
nicotinamide adenine dinucleotide-dependent glutathione reductase shows greater activity
toward the (S)-(+)-LA stereoisomer. The activity of this reductase is particularly important in
the heart, kidney and liver. The amount of LA available in dietary supplements (200–600 mg) is
likely to be up to 1,000 times greater than the amount that could be obtained from diet alone
(Goraca et al., 2011).
AlA undergoes first pass effect in the liver limiting its bioavailability to 30% but the oral
supplement still the appropriate route in long term therapy in diseases related to oxidative stress
(Brufani and Figliola, 2014).
ALA supplements are recommended to be taken on an empty stomach in order to exploit the
acidic pH of the stomach that is necessary to favor the gastric absorption of a weak acid like
ALA and to reduce competition from other nutrients during enteric absorption (Brufani and
Figliola, 2014).
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Chapter 3
Methodology
3.1. Materials and Methods
3.1.1.Materials
1) Thiobarbeturic acid Kit for measurement of Malondaildhyde purchased from
Biodiagnosteic company , Egypt, and preserved in refrigerator in 2-8 C° .
2) Alpha lipoic acid (Neurogaurd ® 600 mg ) donated from The Advanced company,
Gaza, Palestine.
Biochemical Parameters:

123456-

Total Cholesterol (TC).
Low density Lipoprotein( LDL).
High density Lipoprotein (HDL).
Serum urea level.
Serum creatinine levels .
Lipid peroxide ( measured as MDA).

3.1.2. Study Design
The study conducted is prospective case control study useful for experimental purposes, it
examines the effect of the use of ALA in breast cancer patients receiving chemotherapy in
decreasing oxidative stress which play a major role in the process of carcinogenesis, by an
elevated levels of Malondialdhyde and examines the effect of ALA in the complications of
chemotherapy represented by renal function (urea and creatinine) , lipid profile (TC, LDL,
HDL), chemotherapy induced peripheral neuropathy, chemotherapy- induced nausea and
vomiting
3.1.3. Study population
The target population is breast cancer patients and who are admitted to the oncology
department in Al- Shefa hospital the sample was chosen according to specific criteria:Non
pregnant , Non lactating, Non metastatic cases who are at the beginning of the
chemotherapy, the choice was under the supervision of the head of oncology department.
Sampling:
The sample contained different ages, not less than 20 and not exceeding70, but matching of
the sample was done to have best results.
-The patient are all on AC-T protocol
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-The patient were given informed consent
-Serum sample was collected from patient when admitted for chemotherapy
Study group (cases)
patients were given information about the alpha lipoic acid and given the amount of drug
enouph for one month and given the instruction for use ( one tablet of 600 mg ) which was
donated from the Advanced company, Gaza.
blood sample were collected after the first chemotherapy and before the second dose.
Control group
No drug intervention but the blood samples were collected, the samples collected in serum
tubes on vacuum without pushing the sample through the needle to avoid hemolysis , all
samples were transmitted immediately to the laboratory for analysis.
Study setting :
The place of the study was the oncology department in Al- shefa Hospital , Gaza city
3.1.4. Period of the study
Actual sampling started at February, 2015. Blood samples were collected at zero time at
June , 2015, concomitantly of giving the ALA to the cases, Second blood samples were
collected at September 2015, and the third blood samples were collected at December, 2015.
3.1.5. Eligibility Criteria
3. 1.5.1. Inclusion criteria









Female.
Diagnosed to have breast cancer.
Age from 20-70 years old.
Live in Gaza strip.
Non pregnant.
Non Lactating.
Those who are on chemotherapy.
Non metastasized breast cancer.

3.1.5.2. Exclusion criteria






Male.
Age less than 20 and larger than 70.
Pregnant.
Lactating.
Those who are not on chemotherapy (Hormonal or immune therapy).
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Metastasized patients.
3.1.6. Data collection
Sample was chosen under supervision of the Head of the Oncology Department, and
from the files of the patients in which Age, Stage of breast cancer, Protocol of
chemotherapy were registered for both cases and controls. An Abstract Sheet(Annex I)
was designed and filled by face to face interview for cases only.
3.1.7. Tools of the Study
The Abstract Sheet was filled by face to face interview for all cases at the zero time of
the study and after six months
The Abstract Sheet was divided in to three parts
Part One (filled from file of patient)







Age .
Weight.
Other diseases.
Other medications taken
Stage
Protocol of chemotherapy

Part Two :(Filled by face to face interview):
This part was concerned with the number of times of vomiting (CINV) per day during
chemotherapy pre and post the use of ALA
Part Three: (Filled by Face to Face interview):
-This part was concerned with CIPN, in this interview patients were asked yes or no questions
for the symptoms of chemotherapy pre and post use of ALA
- CIPN symptoms are:
Pain , burning, tingling sensation, imbalance, trouble in picking or holding things.
Part Four
This part is concerned with biochemical studies





MDA
Urea
Creatinine
Lipid profile (TC,HDL,LDL)
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3.1.8. Methods
1- The Kit of MDA is thiobarbeturic acid which is colorimetric ,thiobarbeturic acid reacts
with MDA in acidic media at temperature of 95 C for 30 min to form thiobarbituric acid
reactive.
Serum MDA =
2- the blood samples were mixed and the test tubes were covered with glass beads , heated
in boilin water bath for 30 min , cooled then mixed and the absorbance was read at
534nm.
3- Analysis of serum lipids :Total cholesterol, LDL, HDL were analyzed at zero time, after
three months and after six months.
4- Urea and creatinine were also analyzed every three months.
All tests were performed in Al Nebrass Laboratory which is registered by Ministry of Health.
3.1.9. Ethical consideration






Approval was obtained from collage of pharmacy and Dean of postgraduate studies&
Research Affairs.
Permission letter was obtained to conduct the study at Al Shefa hospital from ministry of
Health, Gaza.
Written consent form was obtained from each participant and everyone received a
complete explanation about the purpose of the study , period of the study, the effect of
ALA ( for cases).
All ethical considerations were maintained including patient confidentiality, respect of
people, truth.

3.2 Statistical analysis
-Patients were given symbols
-Cases were given letters from (A1 – A15)
-Controls were given letters from (B1 – B15)
-Descriptive analysis were performed for study data , data were entered to SPSS version 18.
Alpha lipoic acid was given to 15 breast cancer patient who were chosen to be the cases , drug
(Neurogaurd) was given month by month (30) tablets for each patient and the compliance of
the patients was measured individually to ensure taking the drug.
Blood serum of 30 newly diagnosed breast cancer have been analyzed for: MDA, UREA ,
Creatinine , Cholesterol , HDL, LDL .
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3.2.1.Programs used for analysis







A repeated measures ANOVA with a Greenhouse-Geisser correction was used for
continuous data
kruskal wallis test was used for the relation between stage and value of MDA at zero
time.
Wilcoxon rank test was done for number of vomiting pre and post treatment with ALA.
QI square (McNemar test) was used to measure significance of pain, imbalance,
numbness, tingling and trouble in picking or holding things before and after the end of
six months treatment .
The median was taken and P-value was hypothized to be statistically significant on 0.05,
the confidence interval was 95%.
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Chapter 4
Results
Part one
4.1.Age and Stage of breast cancer
This part is concerned with description statistics of biochemical investigation and the
stage of sample
4.1.1.stage of sample
Stage
1
2
3
Total

frequency
5
18
7
30

Table(2): stage of cancer of the sample versus frequency
The above table shows the number of patients in each stage and the mean
Using kruskal wallis test for the relation between stage and value of MDA at zero time
There were no significant relation the P- value was 0.5
4.1.2 Age
Regarding the Age group and its relation to the value of MDA, using pareson correlation for
continuous variables , no significance between the Age and the value of MDA with p-value =
0.488 was found.

Median
Age
50

of Median
controls
zerotime
7.1

of Median of MDA Standard P- value
at of cases at zero deviation
time
8.4
9.6
0.488

Table(3) Table of Age versus median of MDA at zero time
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Part Two
4.2.Biochemical investigation
4.2.1.MDA For Healthy Individuals (Negative control)
MDA has been measured for 10 healthy individuals, the mean of MDA was 2.66nmol/ml
The healthy individuals were women who were chosen having no other diseases that are
related to an increase in the oxidative stress such as autoimmune diseases and cardiovascular
diseases ,They were also non pregnant, non lactating to avoid any confounding increase in the
values of MDA
They were sampled from N1 to N10 ,
Code of
sample
MDA(nmol/ml)
N1
2.8
N2
1.3
N3
2.1
N4
2
N5
3
N6
4
N7
3
N8
2.8
N9
2.1
N10
3.5
SUM
26.6
Mean
2.66(nmol/ml)

Table (4): MDA of healthy individuals
The mean value of MDA in healthy individual was 2.66 nmol/ml as indicated in previous
studies for example (Turpani et al.,2013).
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4.2.2.MDA for cases
The MDA for cases was measured at zero time and after 3 months and after 6 months, the
median value of MDA was 8.4 nmol/ ml with standard deviation 3.1995 . after three months of
the use of ALA , the median declined to 5.4 nmol/ ml with P- value at zero time was 0.013 with
standard deviation 2.3 .Then after 3 months (six months from the beginning of the study), The
median value became 4.6 nmol/ml with P- value 1 and standard deviation 3.1 , the significance
across time reveals that the first three months was significant while the second three months was
not significant.
Time

Median
nmol/ml
8.4

Standard
deviation
3.1995

After 3 months

5.4

2.3789

After 6 months

4.6

3.1806

At zero

Table (5): Measurement of MDA for cases at zero, after 3 months and after 6 months

(I) Time

(II)
Time

1

2

0.013

3

0.041

1

0.041

2

1.000

3

Significance.

Table (6) The significance across time

The above table showed that the first three months (time 1) ,the significance was 0.013 , and the
second three months (time 3 with time 1) the significance was 0.04 while the third three months
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(time 3) with (time 2) was not significant (P value = 1), so the significance comes from first
three months while the decrease of the MDA value for cases was not significant in the second
three months.

median

10

8.4

8
6
median

5.4

4

4.6

2
0
1

2

3

Figure (16): Median of MDA for cases versus time

4.2.3.MDA for controls
The MDA was measured at zero time for controls , the median was 7.1 nmol/ml, with standard
deviation 3.38, after three months the value of MDA was 7nmol/ ml with standard deviation
3.22 , after six months , no change on the median of MDA it returned to 7.1 nmol/ml with
standard deviation 4.35 , still the same after six months. P- value : 0.6

Time
At zero

Median
nmol/ml
7.1

Standard
deviation
3.3833

After 3months

7

3.2295

After 6 months

7.1

4.3582

Table(7): Measurement of MDA for controls at zero time, after 3months and after 6
months
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7.5
7.1

7

7.1

7

6.5

6
1

2

3

Figure (17):Median of MDA for controls versus time
The figure demonstrate that no change on the value of MDA that was 7.1. the decrease in the
first three months to 7 then returned to the same value (7.1).
4.2.4.Urea for cases
The urea for cases was measured at zero time, after three months and after six months , the
median at zero time was 29 mg/dl with standard deviation 7.6 , after three months it was 30
mg/dl with standard deviation 8.4, after six months it was 31 mg/dl with standard deviation 8.9,
no significant effect on the median of urea was seen with the use of ALA. p-value: 0.458

Time

Median
mg/dl
Urea at zero 29.000
time

Standard
deviation
7.6874

Urea
after 30.000
3months

8.4797

Urea
after 6 months

8.908

31.00

Table (8 ): Measurement of urea for cases at zero time, after 3months and after 6
month
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median
31.5
31

31

30.5
30
median

30

29.5
29

29

28.5
28
1

2

3

Figure (18): Median of urea for cases versus time
4.2.5.Urea for control
Urea of controls was measured for urea at zero , three and six months , the median was 26 mg/dl
with standard deviation 11 , after three months the median was 32mg/dl with standard deviation
7.6, after six months it was 30 mg/dl with standard deviation 9.3
As the table below shows, there is slight insignificant increase in the value of urea in control
group. P- value: 0.212

Time

Median
mg/dl
Urea at zero 26
time
Urea after 3 32
months
Urea after 6 30
months

Standard
deviation
11.0005
7.6923
9.306

Table (9): Measurement of urea for controls at zero time, after 3months and after 6
months
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33
32

32

31
30

30

29
28
27
26

26

25
1

2

3

Figure (19): Median of urea for controls versus time

4.2.6.Creatinine for cases
Creatinine for cases was measured at zero, after three months and after six months. The median
at zero time was 0.86 mg/dl and standard deviation 0.86, after three months the creatinine was
not significantly declined with P- value 1, after six months the median of creatinine declined
significantly to 0.67 mg/ dl with P-value 0.03.

Time

Creatanine
zero time

Median
mg/dl

Standard
deviation

at 0.86

0.15989

Creatinine after 0.74
3 months

0.29014

Creatinine after 0.67
6 months

0.10487

Table (10) Measurement of creatinine for cases at zero time, After three months and after
six months
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(I) time

(II)
time

1

2

1.000

3

0.000

1

1.000

3

0.212

1

0.000

2

0.212

2

3

Significance

Table (11): Significance across time

The above table shows the significance versus time, time 1( at zero time) with time 2 (after three
months) was non –significant, p -value was 1
In time 2 with time 3 the decrease was not significant p- value = 0.212 , while time 1 with time
three it was significant with p- value =0.00

median

median

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

0.86
0.74

1

2

0.67

3

Figure (20): Median of creatinine of cases versus time.
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4.2.7.Creatinine for controls
Creatinine for controls was measured at zero, after three months and after six months the median
was 0.77 mg/dl at zero time with standard deviation 0.161 , after three months 0.8 with standard
deviation 0.1419 , after six months 0.8 with standard deviation 0.121. P- value: 0.525

Time

Median
mg/dl
Creatanine at zero 0.77
time

Standard
deviation
0.16164

Creatinine after 3 0.8
months

0.14192

Creatinine after 6 0.8
months

0.12182

Table (12) :Measurement of creatinine for controls at zero time, after 3months and after 6
months

median
0.81
0.8

0.79

0.8

0.77
median

0.75
0.73
0.71
0.7

0.69
1

2

3

Figure (21): Median of creatinine for controls versus time
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4.2.8.Total cholesterol TC for cases
The total cholesterol was measured for cases at zero time it was 177mg/dl with standard
deviation 23.8 , then after three months it was 210 mg/dl with standard deviation 49.5, after six
months it was 203.2 with standard deviation 51.49 , the median of cholesterol was significantly
elevated after six months with P- value 0.003
Time

Median
mg/dl

Standard
deviation

TC at zero time 177

23.850

TC
after 210
3months

49.585

TC after
months

51.498

6 203.2

Table (13): Measurement of TC for cases at zero time, after 3months and after 6 months

median
220
210

210
203

200
median

190
180

177

170
160
1

2

3

Figure (22): Median of total cholesterol of cases versus time

64

4.2.9.Total cholesterol for controls
Total cholesterol for controls was measured at zero time it was , after three months and after six
months, the median at zero time was 177mg/dl with standard deviation 42.028 , after three
months it was elevated significantly to 204 mg /dl with standard deviation. P- value: 0.00

Time

Median
mg/dl
TC at zero time 177

Standard
deviation
42.028

TC
after 204
3months

59.258

TC after
months

58.232

6 222

Table (14): Measurement of TC for control at zero time, after 3months and after 6months

median

230

222

220
210

204

200
median
190
180

177

170
160
1

2

3

Figure (23): Median for total cholesterol of cases versus time
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4.2.10. Low density lipoprotein (LDL) for cases
It was measured at zero time , after three months and after six months, the median was 118
mg/dl, after three months it was elevated to 119 mg /dl and after six months it was elevated non significantly to 133mg /dl . P- value : 0.191

Time

Median
mg/dl
LDL at zero 118
time

Standard
Deviation
16.2794

LDL after 3 119
months

40.193

LDL after 6 133
months

39.736

Table (15):Measurement of LDL for cases at zero time , after 3 months, after 6 months

median

135
133
131
129
127
125
median
123
121
119
117
115

133

118
1

119
2

3

Figure (24) Median of LDL for cases versus time
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4.2.11.Low density lipoprotein(LDL) for controls
For controls the median at zero time was 120 mg/dl, after three months it was 118 mg/dl, after
six months it was 128 mg /dl (not significant). P- value : 0.267

Time

Median
mg/dl
LDL at zero 120
time
LDL after 3 118
months
LDL after 6 128
months

Standard
deviation
35.6103
45.348
50.880

Table (16):Measurement of LDL of controls at zero time , after 3 months, after 6 months

median
129
128
127
125
123
median

121

120

119
117

118

115
1

2

3

Figure (25): Median of LDL of controls versus time
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4.2.12. High density lipoprotein (HDL) for cases
The HDL was 38 mg/dl , after three months ,it was non significantly elevated to 44mg/dl and
after six months was non significantly elevated to 47 mg/dl with P- value 0.266

Time
HDL
time

at

Median
mg/dl
zero 38

Standard
deviation
8.968

HDL after
months

3 44

15.346

HDL after
months

6 47

12.489

Table (17): Measurement of HDL of cases at zero time , after 3 months, after 6 months

median
49
47

47

45

44

43
median 41
39

38

37
35
1

2

3

Figure (26): Median of HDL of cases versus time
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4.2.13. High density lipoprotein (HDL) for controls
For controls also no significant change on HDL at zero time , after three months and after six
months as indicated in the table below with P- value 0.78.

Time

Median
mg/dl
HDL at zero 54
time
HDL after 3 49
months
HDL after 6 55
months

Standard
deviation
18.4378
13.074
15.543

Table (18): Measurement of HDL of controls at zero time , after 3 months, after 6 months

median
56
55

55

54

54

53
median

52
51
50
49

49

48
1

2

3

Figure (27): Median of HDL for controls versus time.
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Part 3: Side effects
4.3. Measurement of vomiting pre and post treatment with Alphalipoic acid
The mean of number of vomiting before treatment with ALA was 5.5 times per day , 10 of 15
cases had no longer vomiting while 5 still not affected with P-value 0.005
12
10
8
6
10
4
5

2
0
number of patient before

number of patients after

Figure (28) Diagram demonstrating number of patients complain of CINV before and after
the use of ALA
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4.4. Measurement of chemotherapy induced peripheral neuropathy (CIPN)
4.3.1

Pain
Pain after
No
yes

total

2

1

3

Yes

7

5

12

total

9

6

15

Pain before No

Table (19): Number of patient complain of pain before and after use of alpha lipoic
Acid.

The number of patients who have no pain before the use of ALA and have no pain after the use
of ALA is 2 patients , the number of patients who have pain before the use of ALA and have no
pain after the use of ALA is 7 patients. The number of patients who said yes they have pain
before the use ALA and have pain after the use is 5 patients. The number of patients who have
no pain before the use of AL|A and still have after the use of ALA is one patient , the number of
patients who have no more pain was non-significantly decreased
4.3.2. burning

burn after
No
yes

total

2

0

2

Yes

9

4

13

Total

11

4

15

burn before No

Table (20): Number of patient complain of burning before and after use of alpha
lipoic acid.

The number of patients who have burning sensation before the use ALA and have no burning
sensation after the use of ALA is 9 patients, the number of patients who have burning and still
have burning after the use of ALA is 4 patients , the number is significantly decreased with Pvalue 0.004.
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4.3.3 Tingling sensation
Ting. after
No
yes

total

4

0

4

Yes

10

1

11

total

14

1

15

Ting. before No

Table (21): number of patient complain of tingling before and after use of alpha
lipoic acid

The number of patients have tingling sensation before the use of ALA and have no tingling
sensation after the use of ALA is 10 patients while the number of patients who have tingling
sensation before the use of ALA and still have tingling sensation after the use of ALA is one
patient with P- value 0.002.
4.3.4 Trouble in holding or picking things

Trouble. before no
Yes

Trouble. after
No
yes

total

4

0

4

9

2

11

total
15
13
2
Table (22): Number of patient complain of trouble in picking or holding things
before and after use of alpha lipoic acid.

The number of patients who have trouble in holding things before the use of ALA and they have
no trouble after ALA is 9 patients, The number of patients who have trouble in holding things
before ALA and still have trouble in holding thinhs after ALA is 2 patients with P- value 0.004 .
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4.3.5.Imbalance

Imbalance
No

Imbalance after
No
yes

total

3

0

3

4

8

12

before

Yes

total
15
7
8
Table (23): Number of patient complain of imbalance before and after use of alpha
lipoic acid
The number of patients who have Imbalance before the use of ALA and have no imbalance after
the use of ALA is 4 patients , while the number of patients who have imbalance and still have
after ALA is 8 patient with P- value 0.125, the decrease was non significant with P value 0.125

4.3.6. Numbness

Numbness
no

Numbness. after
No
yes

Total

5

0

4

8

2

11

before

Yes

total
15
13
2
Table (24): Number of patient complain of Numbness before and after use of alpha
lipoic acid
The number of cases who have pain before use of ALA and have no after the use of ALA is 8
patients , while the number that have numbness before and still have after ALA is 2 patients
with P- value 0.008, the decrease was significant
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pain

58 %
Decrease
inPercentage
of
cases
complaining
After ALA
Significance 0.07
level

burning

tingling

numbness balance

83%

Trouble
in
holding
things
81%

69%

80%

33%

0.004

0.002

0.004

0.008

0.125

Table (25) The percentage of cases that no longer complain of CIPN
-This table shows that 58% of cases no longer complain of pain after use of ALA with p- value
0.007.
- 69% of cases no longer complain of burning after use of ALA with p-value 0.004.
-83% no longer complain of tingling sensation after use of ALA with p- value 0.002.
-81% of cases no longer complain of trouble in picking or holding things after use of ALA with
p-value 0.004.
-80% of cases no complain of numbness after use of ALA with p- value 0.008.
-Only 33% of cases no longer complain of balance after use of ALA with p- value 0.125.
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10
9
8
7
6
5
4
3
2

number of cases before ALA
number of cases after ALA

1
0

Figure (29): Diagram of number of cases complain of CIPN before and after alpha
lipoic acid .
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From above results we can abbreviate these results and their significance among the six month
of treatment with Alpha lipoic acid by the following scheme:
At zero time

MDA

Urea

TC

LDL

HDL

Creatinie

After 3 months

After 6 months

MDA
0.01

Creatinine
0.00

ne

Figure (30): Scheme demonstrating the factors of biochemical investigation enter the
study and which factors were significant at end of the study.
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For Side effect

Pain

Tingling

Imbalance

Numbness

Burning

Trouble
in
holding

Vomiting

After six months

Tingling

Numbness

0.002

0.008

Burning
0.004

Trouble in
holding
0.004

Vomiting
0.00

0
0.004
Figure (31): Scheme demonstrating the factors enter the study and which
factors were
significant at the end of the study.
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Chapter 5
Discussion
Breast cancer is one of the global public health problems. It is the third most common cancer
leading to the death of women worldwide ( Tupurani et al.,2013).
Extensive research during last two decades has revealed the mechanism by which continued
oxidative stress can lead to chronic inflammation, which in turn could mediate most chronic
diseases including cancer (Reuter et al., 2010).
The role of free radicals, oxidative stress, and lipid peroxidation in carcinogenesis and their
contribution to the initiation and progression of the process are well documented (cupta et
al.,2012).
Wang et al addressed the hypothesis that lipid peroxidation plays a role in the etiology of breast
cancer, he examined the formation of MDA- DNA adduct ,the result of his study confirmed his
hypothesis and DNA adduct was detected suggesting that lipid peroxidation occurs continuously
in human breast cancer (Wang et al,.1996).
As we have noted, biomarkers of breast cancer are still lucrative, yet elusive means for
screening and improving the outcome of breast cancer patients. In this study we assessed the
levels of MDA in healthy individuals ,in controls and cases and compared their levels at
different stages of this disease. This was done in confirm the hypothesis that there is an elevation
in the level of MDA in cancer patients and might be one of the prognostic factors for survival of
cancer patients. This experimental study examined the use of ALA in breast cancer patients in
cases group compared to the control group , the effect of ALA assessed by measurement of
MDA as biomarker oxidative stress , the study also examined the effect of ALA in the
complications of the use of chemotherapy , Significant decrease in the levels of MDA in cases
group compared to controls.
Sotiga et al discussed previous findings that the use of antioxidant catalase enzyme targeted
directly to the mitochondria will be sufficient to lower the tumor grade and reduce the metastasis
, he found that oxidative stress is directly related to tumor progression and metastasis., also he
found that chemotherapy and radiation therapy both increase the risk of developing other
malignancies , he stated that medical oncologists reconsidered the use the antioxidants as key
component of patient therapy and cancer prevention to effectively reduce mitochondrial
oxidative stress (Sotiga et al., 2011).
"Similarly Pub Med search reveals that nearly 9000 articles have been published linking
oxidative stress with cancer pathogenesis. Thus, it is surprising that antioxidants are not
routinely used as component of cancer therapy" (Sotiga et al.,2011).
According to Kaplan- meier estimate, the use of ALA in breast cancer patients decreased the
levels of MDA below 8 so giving a hope for better survival rates and delaying the metastasis.
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Many studies suggested that there is relation between mitochondrial oxidative stress and normal
aging process (sotiga et al., 2011).
Other studies suggested that here is relation between the stage of breast cancer patients and the
levels of MDA as biomarker of severity of oxidative stress, Sharif et al examined the value of
MDA in breast in different stages
So This study examined the relation between Age , stage and the levels of MDA.
5.1. Age and stage in relation to MDA value
There were no correlation between the age of patient and the value of MDA at zero time with Pvalue = 0.488.
There were no correlation between the stage of cancer and the value of MDA with p- value =
0.5.
In contrast to our study (Sharif et al., 2009) examined the level of MDA in different types of
malignancies and found that value of MDA increased with advanced stages (Sharif et al.,2009).
Similar to our findings (Zarini et al .,2016) examined oxidant/antioxidant status in breast cancer
patients in different stages, he analyzed MDA in different stages , he concluded that the
severity of oxidative stress in different stages is similar to some extent (Zarini et al., 2016).
5.2. biochemical investigations
5.2.1.MDA
Malondialdhyde (MDA) is a widely used oxidative stress biomarker , it is used to measure the
oxidative stress in cancer patient because it tells us how much carcinogenesis are there in the
body of the patient , it was used in different types of cancers as biomarker for oxidative stress
(Sharif et al.,2009).
Alpha lipoic acid is an antioxidant that is widely investigated in recent studies in cancer therapy
because of its beneficial effect in tumor cells, and in peripheral neuropathy , some studies used
MDA as an indicator to the effect of alpha lipoic acid. Several areas of investigation have
implicated that MDA levels in Breast cancer women are elevated because of high oxidative
stress (Gonec et al.,2001).
Junior et al examined the MDA in breast cancer women , The aim of his study was to evaluate
the oxidative parameters of erythrocytes and genotoxicity in leukocytes of patients with breast
cancer, his study involved a total of 56 individuals including 28 patients exposed to
chemotherapy by the AC protocol (Adriamycin 60 mg/m2 and cyclophosphamide 600 mg/m 2)
and 28 patients not exposed to chemotherapy , results showed that the oxidative stress was
increased represented by MDA elevation compared to controls (Junior et al.,2015).
Rafiq Khan examined the MDA value in lung cancer patients in both smokers and non smokers
and in controls who are also divided to smokers and non smokers , he concluded that in controls
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smokers have higher levels of MDA than those who are non smokers , and in cancer groups
smokers have higher levels than those who are non smokers (Khan et al,.2013).
The increase in oxidative stress in patients with breast cancer, can be observed by the levels of
malondialdehyde (MDA) (Rossi et al., 2009).
Wang et al in 1996 stated in his study that The etiology of the majority of human breast cancers
is unknown; however, oxidative stress and lipid peroxidation have been suggested to play a role
in breast carcinogenesis. To address this possibility, DNA adducts induced by malondialdehyde
(MDA), were analyzed in surgical specimens of normal breast tissues of 51 breast cancer
patients. Normal breast tissue samples from 28 noncancer patients receiving reduction
mammoplasty served as controls. Two previously characterized putative MDA deoxyadenosine
(dA) and one MDA-deoxyguanosine adduct were detected in all tissue samples examined, the
values of cancer patients were higher than that of non cancer patient (Wang et al.,1996).
Gonec et al examined the value of MDA in both lung and breast cancer, Analysis of plasma
MDA, and serum uric acid, albumin, cholesterol and triglycerides in 26 breast and 12 lung
cancer patients and 41 healthy controls. The effects of age, body mass index (BMI), and
menopausal status on plasma MDA were evaluated in the 26 patients with breast cancer .Plasma
MDA levels in cancer patients were significantly higher than those in controls ( P < 0·001).
Average MDA levels were 6·33 μmol/L in breast cancer patients and 5·87 μmol/L in lung
cancer patients. There was no correlation between MDA and triglyceride levels in either controls
or cases. There was no correlation between MDA and cholesterol levels in patients with breast
cancer, but there was a correlation in patients with lung cancer. Albumin levels did not differ
significantly between controls and cases (P > 0·05), but uric acid levels in breast cancer patients
were significantly higher than those of controls (P < 0·01) (Gonec et al.,2001).
Kasapovic et al examined oxidative stress in breast cancer patient , he stated that Oxidative
stress is considered to be implicated in the pathophysiology of breast cancers. In this study he
investigated the level of oxidative stress and antioxidant (AO) status in the blood of breast
cancer patients of different ages. The level of lipid hydroperoxides (LP) was measured in blood
plasma and the activities of glutathione peroxidase (GPx), and glutathione reductase (GR)
enzymes, as well as the level of total glutathione (GSH) were measured in blood cells of breast
cancer patient results showed that breast carcinoma is related to increase of lipid peroxidation in
plasma with concomitant decrease of AO defense capacity in blood cells (Kasapovic et al.,
2008).
Various studies examined the oxidative stress status in breast cancer women, Abd-Asalam et al
examined the oxidative status in serum of breast cancer women , they examined the TAC (the
total antioxidant capacity ) , MDA , uric acid , nitic oxide (Asalam et al.,2011).
This ensure the idea that the MDA value as an indicator to lipid peroxidation. Some studies
indicated that MDA will be raised during chemotherapy but in my study the value of MDA
was not affected during chemotherapy in control group.
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In cases Alpha lipoic acid decreased the median of MDA, so expecting decrease in
carcinogenesis and better prognosis with cancer therapy .
Serum Malondialdehyde was significantly higher in breast cancer women compared to control
group, uric acid and nitric oxide also were significantly higher while total antioxidant capacity
was significantly lower in cancer women compared to control group (Asalam et al.,2001).
Another study examined oxidative stress in breast cancer , the study suggested that some trace
elements are toxic and carcinogenic, the study aimed to determine the levels of some trace
metals in breast tissues (healthy and tumor specimens) and to evaluate their concentrations in
relation to the oxidative stress status in breast cancer, Lipid peroxidation and oxidative status
were assessed. There were statistically high levels of iron, zinc and copper in the benign and
malignant breast tissues in comparison to the control group. Higher Malondialdehyde (MDA)
levels were detected in patients with breast tumors while Superoxide dismutase (SOD), Catalase
(CAT), Glutathione peroxidase (GSH), Glutathione-S-transferase (GST) and were low in
comparison to the healthy group. In conclusion, the alteration of the elemental content in
cancerous breast tissues and the disruption of oxidant/antioxidant balance highlight the role of
trace metals in cancer development, value of malondialdhyde in breast cancer women was
significantly increased (Shams et al.,2012).
Didziapetriene et al also examined the MDA value in ovarian cancer patients, significant
increase in serum MDA value (Didziapetriene et al., 2014).
Seraj et al., examined the levels of MDA in breast cancer patients and compared them with
control patients, as many other studies levels of MDA were higher in breast cancer patients
compared to control group , he concluded that these results referred to the decrease in seum
antioxidant levels as enzymatic antioxidants which are defense mechanism against the free
radicals (Seraj et al.,2015)
Our study shows significant increase in the levels of breast cancer patients compared to control
healthy individuals , the median of MDA of cases was 8nmol/ml and that of control group was
7.1 nmol/ ml while in healthy individuals the mean of MDA was 2.66 nmol/ml , this agrees with
the majority of previous studies in which MDA levels where higher in patients of breast cancer,
these findings supporting the relation between lipid peroxidation and the process of
carcinogenesis.
Similar to our findings, Tupurani et al. examined the levels of MDA in breast cancer patients
and healthy individuals. He found results around my result, MDA mean for healthy individuals
was 2.03nmol/ml and that for breast cancer was 6.9nmol/ml
After treatment with ALA for cases group there where decrease in the values of MDA in
patients who received AC –T protocol , case group have MDA median at zero time 8.4 nmol/ml
with SD = 3.199 , after three months of ALA the median decreased to 5.4 nmol/ ml with SD
=3.278 and P- value 0.013 ,after six months of using ALA (from beginning of the study) the
median became 4.6 nmol/ ml and SD = 3.18 and P- value 0.04 .
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These findings support the results of previous studies which found beneficial effect of the use of
antioxidants to counteract the harmful effects of oxidative stress in carcinogenesis and give
hope for cancer patients who are not metastasized that they will not go to metastasis.
this significance is calculated for the total period of giving ALA , but the second three months
was not significant as the P- value for this period was= 1 ,this findings may suggest that it is
enough to give ALA only for three months but we can't ignore that any slight decrease in the
level of MDA in breast cancer patients (which in our study became around the upper limit of
normal MDA range) reflects a decrease in oxidative stress and lipid peroxidation process and
delay the metastasis and as ALA is a safe so it is better to complete the period of treatment to
six months
5.2.2Creatinine
As we mentioned before renal function is affected by chemotherapy through an increase of
oxidative stress and production of ROS in the mitochondria, studies used serum creatinine as an
indicator for renal function which is required for patient follow up
This study tested the levels of creatinine at zero time, after three months and after six months of
the treatment of ALA, results showed that the median of creatinine in cases at zero time was
0.86 with SD =0.1598, after three months it became 0.74 with SD = 0.29, after six months it
became 0.67 with SD = 0.10 and P- value 0.03 the results shows significant decrease in the
creatinine in cases after the use of ALA , this significance appears in the second three months
,not in the first three months
Similar to my findings Malarkodi et al examined the protective effect of ALA in Adriamycin
induced nephrotoxicity in albino rat which was characterized by many markers including urea
and creatinine and he examined the MDA which was high during the use of Adriamycin , the
study highlighted protective effect of ALA on renal function and restoring the change of these
parameters ( Malarkodi et al.,2003).
5.2.3 Urea
No significant change in the level of urea for both cases and controls , in cases the median was
26 mg/dl at zero time with SD = 7.68 , then after three months it became 30 with SD = 8.4 ,
after six months it was 31 with SD= 8.9 and the P- value was 0.548
For controls the median was 26 mg/dl with SD = 11 ,after three months , median was 32 with
SD 7.6 , after six months it was 30 with SD = 9.3 , the P- value was 0.212
These results are opposite to the results of Malarkodi et al in which significant decrease in the
urea levels was observed, but in our sample the levels of urea were not above normal range(2030 mg/dl) for both cases and controls. this may be because the oncologist give patients
prophylactic procedures to prevent the toxic effect of Adriamycin on renal function by diet rich
in antioxidants.
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Antioxidants are effective in increasing the tumor response to chemotherapy improving also the
survival time of patients Nutrients can be used also to mitigate the toxicity of chemotherapy
Reduction in adverse effects of anticancer agents has been shown when given concurrently with
antioxidants , Reduction in adverse effects of anticancer agents has been shown when given
concurrently with antioxidants Lowering the side effects may permit to safely administer a
higher and possibly more effective dose of chemotherapeutic drugs (Katrin Sak,2012)
5.2.4 Lipid profile
TC, HDL ,LDL
Lipid peroxidation, the oxidative deterioration of the polyunsaturated fatty acids (PUFA), leads
to the formation of hydroperoxides, short-chain aldehydes, ketones and other oxygenated
compounds. This process is considered responsible for the development of various diseases,
Hypercholesterolemia most often associated with an elevation of plasma low density lipoprotein
cholesterol (LDL-C) and other related lipids (Zulkhairi et al.,2001).
Breast cancer is considered as disease which usually funnels to high fat consumption and
obesity. Weight gain and obesity causing breast cancer remains unsolved mystery .Total
cholesterol, Triglycerides, LDL-cholesterol, and HDL-C levels are correlated with development
of breast cancer in women to explore their possible role prevention of breast cancer (cupta et
al.,2012).
Mogdam et al examined the relation between MDA levels and coronary artery disease , he also
examined lipid profile TC,LDL,HDL, The result showed that serum concentrations of
cholesterol, triglyceride, LDL-C and LDL-C/HDL-C ratio and level of MDA in patients group
were higher than healthy group. There was positive and significant relationship in patients
group between serum MDA, triglyceride, cholesterol, LDL-C and LDL-C/HDL-C ratio, but the
correlation between MDA and HDL-C was negative and meaningful (Mogdam et al.,2003)
According to our study the Total cholesterol (TC) there were significant increase in the median
of it in both cases and controls ; in cases the median of TC was t zero time was 177mg/dl .it
increased significantly after six months 203 mg/dl, SD= 51.4 with P- value = 0.003.
Both HDL and LDL were also insignificant.
Senen et al also examined the oxidative stress in breast cancer , they examined the TAC (total
antioxidant capacity) and lipid peroxidation product MDA , HDL-cholesterol, VLDLcholesterol, LDL-cholesterol, total cholesterol, triacylglycerol (TAG), Serum MDA levels of the
patients were higher compared to the controls, TAC (total antioxidant capacity, Serum MDA
levels of the patients were higher compared to the controls. In the control group there was a
correlation between mean levels of TAC and VLDL-cholesterol, total cholesterol, TAG;
between mean levels of MDA and HDL-cholesterol; between mean levels of lipid hydroperoxide and LDL-cholesterol, total cholesterol. In the patient group there was a correlation

83

between mean levels of TAC and VLDL-cholesterol and TG; between mean levels of lipid
hydroperoxide and VLDL-cholesterol, total cholesterol and TG (Sener et al.,2007).

Cupta et al examined the oxidative stress in breast cancer patient and lipid profile , he stated that
Reactive oxygen species (ROS) such as hydrogen peroxide, superoxide anions, and hydroxyl
radicals are capable of abstracting a hydrogen atom from polyunsaturated fatty acids in
membrane lipids to initiate lipid peroxidation, significant increase in total cholesterol and LDL
in breast cancer patient compared to control group (Cupta et al.,2012).
Data of present investigation revealed significant increase in cholesterol levels .
In breast cancer woman lipid profile is affected during chemotherapy by the effect of ROS so we
observed that breast cancer women have significant increase in total cholesterol , LDL and
decrease in HDL. Cupta et al examined total cholesterol , LDL and HDL in breast cancer
women and found a significant increase in the mean of LDL and TC but not HDL , this agreed
with my study which revealed that Cholesterol was significantly raised in all breast cancer
patients in both cases and controls (Cupta et al.,2012)..
In present study No effect of using ALA on lipid profile as expected, Total cholesterol
significantly elevated so did LDL, no significant amelioration on HDL level, this results
highlights questions about the correlation between lipid profile and life style in Gaza strip in
which dyslipidemia is highly prevalent.
In contrast to my study Zulkhairi et al investigated the effect of alpha lipoic acid on lipid
profile. The analysis revealed that the level of TC was significantly reduced in most of the
treatment groups compared to control (Zulkhairi et al.,2001).
5.2.1. Symptoms of CIPN
High overall prevalence of CIPN, maximum within the first month after treatment, and falling
over time. Approximately one-third of patients can expect to have chronic CIPN 6 months or
more after the end of chemotherapy; this has a significant negative impact on long-term quality
of life for which effective treatment is needed (Serentay et al.,2014)
High dose of paclitaxel is well reported to induce neuropathy, however, instead of characteristic
neuropathic pain symptoms, the hypoesthesia and anesthesia like symptoms such as numbness
and paresthesias are observed. It is reported that higher doses of paclitaxel induces axonal
degeneration to the peripheral nerves, On the other hand, low dose of paclitaxel and vincristine
produce pain hypersensitivity including allodynia and hyperalgesia ( Jaggi et al., 2011).
Administration of antioxidants such as acetyl-l-carnitine, alpha-lipoic acid or vitamin C
attenuates oxaliplatin-induced hyperalgesia suggesting the critical role of oxidative stress in
oxaliplatin-induced neuropathic pain ( Jaggi et al., 2011).

84

The brain and nervous system are highly vulnerable to free-radical-mediated insult because of
their high lipid content. Free radicals damage various cellular components, including proteins,
lipids, and DNA. Lipid peroxidation has been linked to microvascular damage and
hypoperfusion (Toklu et al.,2010).
LA readily crosses the blood–brain barrier and is a "metabolic antioxidant"(Toklu et al.,2010).
Several prospective experimental studies in animal models suggested that mitochondrial
dysfunction is associated with chemotherapy and axonal mitotoxicity contributes to neuropathic
symptoms produced by various chemotherapeutic agent, Identification of these mechanisms
might be helpful in identifying newer biomarkers for the CIPN and thus increases the chances of
getting improved therapeutic strategies (Areti et al.,2014).
The mechanism of inducing neuropathy comes from the ability of Taxol to promote
microtubules aggregation in neurons axons and schwann cells, it affect sensory ganglia and
myelin sheath (lipton et al,.1989).
In vitro and in vivo models of toxic neuropathy demonstrated that Taxol cause early
mitochondrial dysfunction in neurons (Melli et al., 2008).
Oxidative damage to peripheral neurons can cause damage to myelin sheath, MDA can be
helpful in monitoring the course of peripheral neuropathy and response of neuropathy to the
treatment in monitoring the course of peripheral neuropathy and response of neuropathy to the
treatment (Areti et al.,2014).
The symptoms of chemotherapeutic induced peripheral neuropathy (CIPN) which were mostly
seen during Taxol therapy . these symptoms were ; pain , burning, tingling sensation, imbalance
and trouble in holding or picking with hands.
All these symptoms were examined through a direct questionnaire to the cases before and after
using the Alphalipoic acid , the number of patient suffering from pain and imbalance were not
significantly decreased, while other symptoms were significantly decreased , the study showed
significant palliation to symptoms of CIPN.
Alpha lipoic acid exerts neuroprotective effects against chemotherapy induced neurotoxicity in
sensory neurons: it rescues the mitochondrial toxicity and induces the expression of frataxin, an
essential mitochondrial protein with anti-oxidant and properties. In conclusion mitochondrial
toxicity is an early common event both in Taxol induced neurotoxicity. Alpha-lipoic acid
protects sensory neurons through its antioxidant and mitochondrial regulatory functions,
possibly inducing the expression of frataxin. These findings suggest that Alpha lipoic acid might
reduce the risk of developing peripheral nerve toxicity in patients undergoing chemotherapy
(Melli et al., 2008).
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Pain
oxidative stress play role in the neuronal damage and incidence of neuropathic pain (Areti et
al.,2014).

it was not significant, the percentage of cases complaining from pain after treatment with
Alphalipoic acid was 58%. The P – value was 0.07 . pain is complicated symptom, Psychotic
state play major role in feeling of pain , pain might be statistically significant if the sample was
larger.
Despite their wide usage and clinical efficacy, the available antioxidants could only provide
mild to moderate pain relief in peripheral neuropathy Failure of antioxidants in clinical trials
might be due to the inability to oxidative damage, radical specificity reverse established and
interference with physiological redox signaling pathways (Areti et al.,2014).
Imbalance
it was not significant even if the sample was larger patients still complaining from imbalance
and so no effect of alpha lipoic acid on the balance of the patient, the p- value was 0.125.
Numbness
It was highly significant with P- value 0.008 , 80% of patient have no numbness after six
months of Alpha lipoic acid treatment.
Tingling sensation
It is very upsetting symptom for patient receiving chemotherapy , the results revealed significant
decrease in the percentage of patient after treatment with Alpha lipoic acid was 83% with P –
value 0.002.
Trouble in picking
Patients also usually complain from things from the floor or even holding things by their hands
, this symptom was significantly decreased with P- value 0.004, 81 % of cases had no longer
suffering from trouble of holding or picking things.
In agreement with our study Melli et al examined the neuroprotection effect of alphalipoic acid
in vitro with the use of taxol which exert neurotoxicity through by hyperstabilizing microtubules
cross-linking and consequently altering axonal transport and growth (Melli et al, 2008).
Neuroprotection effect of Alpha lipoic acid through investigation of MDA of spinal cord tissue,
the content of MDA was examined by Toklu et al, the content of MDA in spinal cord was
significantly elevated in control rats indicating the presence of enhanced lipid peroxidatioin ,the
treatment of alpha lipoic acid completely prevented the elevation of MDA (Toklu et al., 2010).
The results of these studies which agree with our study results give potentially promising area
of neuroprotective drug discovery for CIPN.
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5.2.3. Vomiting
vomiting is a great problem in treatment with chemotherapy, this study examined the effect of
Alpha lipoic acid on vomiting by asking patient directly about the number of vomiting before
and after treatment with alpha lipoic acid, decrease in the number of vomiting per day after
treatment with P value< 0.05 , similar to my study findings Mantovani et al examined the effect
of antioxidant on side effects of chemotherapy as fatigue , nausea and vomiting, All patients
were given as basic treatment polyphenols plus antioxidant agents Alpha lipoic acid,
carbocysteine, and vitamins A, C, and E, all orally after 2 years No severe side effects including
nausea and vomiting were observed (Mantovani et al.,2008).
Cancer patients often have low antioxidant levels prior to chemotherapy treatment, and higher
levels of oxidative stress have been linked with more aggressive cancer (Block et al,.2008).
Alternatively, patient outcomes may be improved by antioxidants through improving the
therapeutic index of co administered chemotherapy drugs, i.e., increasing a patient's ability to
tolerate full doses of antineoplastics with uninterrupted treatment schedules. The toxic side
effects of chemotherapy often lead to dose reductions, interruptions and delays in chemotherapy
treatment, and incomplete courses of treatment. A reduction in these side effects might result in
an improved quality of life for the patient, and possibly better survival rates (Block et al.,2008).
Samuels et al examined antioxidant in women with breast cancer on their Qol ( fatigue, nausea
and vomiting ), He treated a series of 20 female breast cancer patients with the botanical
compounds some of them have antioxidant effects as adjuvant to conventional chemotherapy. At
the end of the treatment regimen, patients rated their symptoms. 70% reported that they had
either no or mildly severe levels of fatigue; 60% none to mildly severe weakness; 85% none to
mildly severe pain; 70% none to mildly severe nausea; and 80% none to mildly severe vomiting
(Samuels et al.,2013).
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Chapter 6
Conclusions and recommendations
6.1. Conclusion
There is an elevated levels of MDA the biomarker of lipid peroxide in breast cancer patients
compared to the normal healthy individual, supporting the idea that cancer patient has imbalance
between oxidant/antioxidant and so high oxidative stress.
The oxidative stress play a great role in the pathogenesis of cancer and will also increase the
chance of metastasis to other organs .
the present study support the importance of oxidative stress in the etiology of breast cancer.
From the results we have, we can conclude the beneficial effect of Alpha lipoic acid as
antioxidant in breast cancer patient and this was obvious from number of factors that were
significant.
Chemotherapeutic agent induce ROS and so increasing the oxidative stress during therapy , this
ROS will not only affect the cancer cells , on the contrary it will affect the normal cells and so
induce the side effects reported from chemotherapy and will affect the QOL of the patient.
Treatment with Alpha lipoic acid significantly decrease the median of MDA by 3.8 nmol/ml
and attain it to about the normal range. Which means decrease in the oxidative stress in breast
cancer patient and so decrease in carcinogenesis and also restrict the ability of metastasis which
is the major problem with cancer patient, although the significance was in the first three months,
but giving alpha lipoic acid for six months can attain the MDA to about the normal level or at
least restrict the elevation resulting from chemotherapy , we cannot forget that the effect of the
patient compliance which must be taken into consideration and may be affect the results.
According to Kaplan Meier scale for survival, decreasing the median of MDA to about 4 will
increase the survival rate of the cases used Alpha lipoic acid and further investigations have to
be done in order to prove this .
Alpha lipoic acid has beneficial effect on creatinine, so protecting effect on kidney function as
expected from the effect of antioxidants when used concomitantly with chemotherapy , breast
cancer protocol in Gaza strip include Adriamycin which has harmful effect on renal function ,
the significance was observed in the second three months which means that if we want the
protective effect of Alpha lipoic acid on renal function we have to give Alphalipoic acid for six
months.
Symptoms of CIPN upsets patient and affect their QOL, patients are weak, feeling severe pain,
unable to do anything by themselves , unable to eat or sleep because of the neuropathy .
Alpha lipoic acid has neuroprotective effect. only in pain and imbalance Alpha lipoic acid has no
significant effect on the number of cases complaining. Other symptoms ( burning sensation ,
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tingling sensation , numbness and trouble in holding and picking things ) all are significantly
ameliorated by use of Alpha lipoic acid . so giving Alpha lipoic acid for six months has
beneficial effect for chemotherapy induced peripheral neuropathy and help patient to overcome
the harmful period (the course of chemotherapy) and contribute to improve quality of life for
these patients specially those patients who are women and are mothers of children and play
great duties in community.
No effect of Alpha lipoic acid on lipid profile of breast cancer patients who usually have
elevated levels of total cholesterol, LDL, HDL and no beneficial effect from using Alpha lipoic
acid for hypercholestremia.
chemotherapeutic induced nausea and vomiting which restrict patient's ability to eat and leads to
weakness and severe gastric pain, ALA helped patients to overcome this problem and decrease
their complaining from nausea and vomiting ,so patient complaining from vomiting during
chemotherapy can take it as adjuvant to other antiemetic drugs.
All effects of ALA comes from its potent antioxidant effect which represented by its great role
as neuroprotective, antiemetic and preventive role in metastasis .
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6.2. Recommendations
1-We recommend Ministry of Health to add Alpha lipoic acid to the regimen of breast cancer
patient to mimic the cytotoxic effects of chemotherapy and to ameliorate the side effects of
chemotherapy.
2-Physician should be aware of the importance of antioxidant in the nutrition of breast cancer
patient and the supplement of synthetic antioxidant specially ALA the regenerator of other
antioxidant.
3-Further studies have to be done in this field to see the feedback of decreasing the MDA in
cancer patient and how it will be reflected on the prognosis of the disease.
4-More attention should be given to the scientific research in cancer therapy in Gaza strip.
5-More facilities should be done for researchers in order to do their research.
6-I ask companies that import the ALA to reduce the prize of the product so poor patient can by
it.
7- Intravenous IV of ALA can be more effective than oral and so we recommend to prescribe IV
product
8-More attention has to be given for ALA from physician to prescribe it to minimize the suffer
of cancer both as preventive of metastasis and as ameliorating to the side effects of
chemotherapy.
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