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INTRODUCTION




Benign prostate hyperplasia (BPH) is a prevalent condition commonly diagnosed in aging
males, leading to lower urinary tract symptoms (LUTS). The prevalence of BPH is increasing,
and there are various risk factors, both modifiable and non-modifiable, that can contribute to its
development and progression. The symptoms associated with BPH and LUTS can be classified
as obstructive (causing difficulties in initiating urination, weak urine stream, straining, or
prolonged voiding) or irritative (resulting in increased frequency and urgency of urination,
nocturia, urge incontinence, and reduced volume of voiding). Additionally, post-micturition
symptoms like post void dribble or incomplete emptying can also affect patients. [Chughtai et

al. 2016]

In 2010, the American Urological Association (AUA) published an article that discloses
BPH as most prevalent among aging males, with onset in the early 40s, increasing to 80% by the
age of 80 [Lerner LB et al. 2021]. Analyses of multiple studies show that every year in the
fourth decade, there are pathologically identifiable prostatic enlargements at autopsy [Langan et
al. 2019]. In India, although not well performed, epidemiological research data from 2008
suggest that the incidence rate of prostate enlargement is about 92.97% to 93.3% [Bid et al
2008]. A well packaged research encouraged by urologists is needed to have a realistic and

updated survey in India.

Histological diagnosis of patients with BPH reveals abnormal proliferation of epithelial
cells, toning of the smooth muscle and increased connective tissue, all within the prostate
transition zone [Besiroglu et al 2017].This proves fatal due to the anatomic relationship that

exists between the prostate, the bladder neck and urethra. An enlargement of the prostate from




the cellular level leads to a disturbance in the normal functioning of these adjacent organs. Thus,
BPH occurs due to prostate enlargement and that may lead to the more severe Benign Prostate
Obstruction (BPO). The BPO affects urinary functions; this has become the target for therapeutic

intervention as no clear treatment for the disease exists to date.

What stands out, however, is the role the testes plays in progression of BPH. Patients
diagnosed with primary hypogonadism, while undergoing testosterone replacement, were found
to develop normal prostatic growth as well as progression in prostate enlargement [Bell MA et al
2018].Furthermore, it was observed that patients with prostatic diseases (prostate cancer or BPH)
who had bilateral orchiectomy performed, there was a significant decline in the disease
progression as well as an eventual reversal in the prostate volume [Nicholson et al 2011]. This
proves the androgen dependence of the prostate gland, without which prostate atrophy is likely.
A constant supply and maintenance of circulating androgens is necessary for daily functioning of

prostate cells and its overall role in the urogenital system.

The testis is the primary organ for androgen, and estrogen to a lesser extent, production in
males. Testosterone serves as the chief androgen released from the testes. It is then transported to
the prostate via circulation and once in the prostate, the androgen receptors (AR) located on
prostatic cells are activated and lead to cellular growth. AR-dependent transcription in the cell
nucleus produces more protein growth factors such as insulin-like growth factors, keratinocyte
growth factors, epidermal growth factors, as well as fibroblast growth factors.[Vignozzi et al.

2014]. This leads to hyperplasia within the prostate gland.




It is worth mentioning though, that aging occurs, there is a decrease in circulating
testosterone hormone levels. This casts a shadow over the idea that testosterone is the sole

mitogen responsible for BPH progression as challenged by Liu et al. [Liu et al 2007].

Before scientific advancements, surgery was considered the only viable option for
patients. This, however, presents many complications in terms of morbidity and mortality during
and after surgery. Recently, the understanding of the action of AR-dependent transcription has
led to discovery of 5 a-reductase Inhibitors that has been hailed as a pharmacological
breakthrough in alleviating the symptoms resulting from BPH [Vaselkiv et al 2022]. The
adrenergic inhibitors have proven selective in combating the disease and with varying results

among patients [Livingstone et al 2015].

Recent studies seem to suggest that oxidative stress may play a role in benign prostate
hyperplasia [Srivastava et al 2005]. Oxidative stress can be defined as an increased
concentration of free radicals in the body that causes oxidative damage to cells, and subsequent
decline in the antioxidant systems responsible for combating these free radicals [Minciullo et al
2015]. This proves the active role that oxidative stress plays in BPH is not just a phenomenon.
Reactive Oxygen Species (ROS) has been reported to promote autocatalytic formation of lipid
peroxidation that leads to harmful genotoxic byproducts. These radicals eventually lead to

formation of DNA adducts that damage DNA products [Halliwell et al 2015].

Understanding the cellular and biochemical changes that accompany BPH may prove

useful in proper managing and treating the disease. This research study seeks to find the




correlation between oxidative stress status by measuring malondialdehyde, a marker for lipid
peroxidation, and antioxidant profile through the blood serum’s ability to perform the Fenton

reaction, in patients diagnosed with clinical BPH [Kawee-Ai et al 2016]




REVIEW OF

LITERATURE




Benign Prostate Hyperplasia accounts for approximately 40% of reported urological
conditions in men above 60 years [Aoun et al 2015]. A study on sexually intact dogs indicated
that 80% of them which are 5 years compared to 95% of them that are 9 years showed overall
microscopic changes attributed to BPH [Domoslawska et al 2022]. This proves that the disease
is age related and almost unavoidable as age progresses. When compared to other prostatic
diseases, there has been some epidemiological similarity that makes it possible to understand the
gland in terms of functional anatomy and disease. Their complex pathophysiology includes
genetic instability, inflammation, endocrine disruptors, coronary artery disease hormones, and

oxidative stress, among other aspects.

In the past, most men did not see the need to seek medical attention; accepting LUTS as
part of the aging process. However, with the intense publicity on prostate cancer and the
important awareness on men’s health, more and more men are coming out to seek more insight
and attention in regards to their health [Taitt HE et al 2018]. The understanding of the
molecular pathology and physiology of BPH is due to the advancements in molecular studies and
imaging that occur within the prostate gland compared between patients with the disease and
healthy individuals. Probable causes are being advanced. It was noted that there was an increased
serum-insulin like growth factor 1 among patients with an enlarged prostate compared with those

with normal prostate volumes [Corréa LL et al. 2015].

The prostate is a small gland that forms part of the male genital system. Its main role is to
provide fluid that goes into semen. This fluid is important for men’s fertility. The gland

surrounds the urethra, from the bladder neck downwards. The bladder and urethra form the lower




urinary tract [Deters LA 2014]. Most of the symptoms happen within this region and lead to

LUTS. These symptoms are a result of blocked urethra or an overworked bladder.
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Fig 1. The anatomical position of the Prostate Gland [Source: Deters LA 2014]

Lower urinary tract symptoms of BPH include:- [Deters LA 2014]
e Increased urinary frequency; up to eight or more times a day
e The inability to delay urination leading to increased urgency
e Delayed micturition caused by trouble starting a urine stream
e An interrupted urine stream
e Dribbling towards the end of urination
e Increased nocturia
e Urinary retention.
e Urinary incontinence

e Painful ejaculation or urination




Diagnosis of LUTS

Diagnosis is based on taking patient history, physical and rectal examination, and urine
volume examinations. Confirmation of BPH is normally done by ultrasound check of the volume
of the prostate gland in addition to the above mentioned symptoms [Nazarko et al 2023].

Free flow rates, symptoms scores (IPSS), frequency volume charts, and urodynamics are

the other aspects of advanced assessments that are used in diagnosis.

Oxidative Stress and BPH

A homeostatic imbalance between the production of reactive oxygen species and their
elimination from the body system through antioxidant mechanisms, defines oxidative stress. The
body itself has mechanisms that kick in at the expulsion of free radicals into the environment. As
discussed earlier, mounting evidence shows that these free radicals are responsible for the
formation of DNA adducts that cause formation of protein and protein products outside the
norm. These abnormal proteins mediate the formation of hyperplasia. Free radicals such as

superoxide and hydrogen peroxide stand in the way of antioxidant systems [Xiong et al 2020]

The prostate has been described as an ‘immunocompetent organ’, referring to the rich
immune cells that characterize its tissue [De Nunzio et al 2016]. These immune cells act as
barriers against easy stimuli, e.g. bacterial infection, sexually transmitted organism or even
autoimmune disorders, being easily activated resulting in chronic inflammation [Gandaglia et

al. 2017]. Oxidative stress has also been tipped to mediate activation of these inflammation




systems leading to release of cytokines and growth factor proteins that trigger abnormal fibro

muscular growth, characteristic of BPH.

Wilson, J. D. (1972), in his publication hypothesized the role testosterone plays in BPH.
He postulated that while in the prostate, the testosterone hormone is activated to
Dihydrotestostrone (DHT) by the 5 a-reductase enzyme found on the stromal cells within the
transitional zone [Tong et al 2022]. The enzyme exists in two isoforms; 5 a-reductase type 1 &
type 2 (5AR1 & 5AR2). The bio-activate DHT is responsible for activating the AR. One could

argue then that BPH is an endocrine disorder based on this.

5 a-reductase Il

Prostate Stromal

cells
Dihydrotestostrone
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S
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Fig. 2. Pathogenesis of Benign Prostate Hyperplasia [Tong et. al, 2022]




This knowledge has been used therapeutically in the treatment of BPH symptoms and
complications. 5 a-reductase inhibitors have been used to inhibit the activation of testosterone

in patients with BPH [Reynard et al 2004].

Effects of Oxidative Stress on BPH

Chronic prostatitis has been linked with production of ROS through its effective stromal
cellular proliferation leading to oxidative damage and injury. These ROS had been thought to
only affect protein products, but studies show that damage is incurred even to the DNA level
through mutations and post transcriptional modifications. The mutagenic effect of ROS causes
deletion or point mutations that cause a defect from the default operation or a cell. This departure
could mean the prostate cells evade cell growth regulation signals leading to hyperplasia and

cancerous transformations [Hamid et al 2011].

Similarly, ROS has been found to activate the immune response pathway that causes CP
[Wong et al 2009]. ROS activates NF-xB inducing kinase (NIK) that stimulates the NF-«B; a
transcription factor involved in the regulation of cellular immune response. Activation of NIK
has been studied and proven to induce signal transduction that leads to formation of CP.
Alternatively; NIK may also interfere with the translation process leading to abnormal growth

factor proteins.

Indirectly, ROS can contribute to generation of more OS through autocatalytic lipid
peroxidation. The result of which is continual generation of genotoxic breakdown byproducts

that are free radicals. These byproducts such as peroxyl radicals and aldehydes have been
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estimated and analyzed in blood serum [Vieira et al 2017]. One of these byproducts,
Malondialdehyde, formed the basis of our research. Examining the serum levels of
malondialdehyde serves as a non-invasive diagnostic mechanism of estimating oxidative stress

levels and determining extent of lipid peroxidation in damaged tissue.

Enhanced lipid peroxidation triggers the immune response protocol and activates
platelets. Platelet activation induces cyclooxygenase activity, an enzyme whose byproduct is
MDA. Thus, MDA does not just measure lipid peroxidation but also the level of immune
response that are triggered due to clinical symptoms arising from lipid peroxidation in tissue

[Merendino et al. 2003].

As discussed, ROS caused damage to DNA leading to adducts that are mutant in nature.
Cellular component oxidation affects carbohydrate, lipids and protein as well. As is the case with
proteins, post translational modification influenced by ROS results in direct oxidation of amino
acids residues. The oxidation of methionine and cysteine has been shown to be a frequent
phenomenon [Grimsrud et al 2008]. Aldehydes contain the most common of these ROS-

induced post translational modifications in the form of protein carbonylation.

Antioxidant Systems
In normal systems, Oxidative stress is met by a host of mechanisms that counter the high
ingress of free radicals. These systems may be enzymatic with enzymes such as Superoxide

Dismutase, Glutathione Peroxidase and Catalase, as well as vitaminic antioxidants such as a-

11




tocopherol and ascorbate. ROS-induced oxidative damage occurs when an imbalance exists
between the presence of free radicals and the mechanisms responsible for keeping them at bay.
Data from numerous studies show an elevated OS level with a concomitant decrease in

antioxidant defense system efficiency [Khandrika et al 2009].

Comparative study between patients with BPH and control groups showed a rise in DNA
adduct products compared to activities of SOD in the serum collected [Javed et al 2017]. These
results signaled a possible association between antioxidant enzymatic activity and DNA base
lesions. However, the data is open to debate as some other articles show no significant change in
total antioxidant capacity in some studies. Other small-molecular weight molecules, mostly non-
enzymatic, scavenge the circulatory system for free radicals. These include vitamins and trace

metals [Rahal et al 2014].

Previous studies indicated that oxidative stress and anti-oxidant levels play a major role

in etiology of disease. In view of these findings, the present study sought to assess the role

played by oxidative stress and antioxidant status in the etiopathogenesis of BPH.
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AIM & OBJECTIVES




Aim

To find out the association of malondialdehyde and ferric reducing ability of plasma in benign

prostate hyperplasia patients and control subjects.

Objectives

1. To determine the concentration of malondialdehyde (MDA) in benign prostate
hyperplasia patients and control subjects.

2. To determine the ferric reducing ability of plasma (FRAP) in benign prostate hyperplasia
patients and control subjects.

3. To find out the correlation between malondialdenyde and ferric reducing ability of

plasma in benign prostate hyperplasia patients, if any.

14




MATERIALS &

METHOD




RESEARCH QUESTION
Is there any association between malondialdehyde (MDA) and ferric reducing ability of plasma

(FRAP) in BPH patients and control subjects?

Hypothesis

Null Hypothesis, Hg
There is no significant association between MDA and FRAP in BPH patients and control

subjects.

Alternate Hypothesis, H;

There is significant association between MDA and FRAP in BPH patients and control subjects.

METHODOLOGY

Type of Study: - A case-control Study.

Study design: - Prospective

Place of Study: - Department of Biochemistry, Integral Institute of Medical Science and
Research, Lucknow U.P.

Collaborating Department: - Department of General Surgery, IIMSR, Integral Hospital,

Lucknow.

Subject Selection.

Selection of Controls

16




e Apparently healthy subjects.
e Age 45 years and above.

e Individuals who have agreed to sign the consent form.

Selection of Cases

Inclusion Criteria:-

e Diagnosed patients of BPH on the basis of clinical findings and ultrasound.
e Age 45 years and above.

e Individuals who have agreed to sign the consent form.
Exclusion Criteria:-
e Patients with a history of chronic liver disease

e Patients with history of acute renal disease

Enrollment of participants: - Cases were enrolled from the diagnosed benign prostate

hyperplasia patients attending the Integral Hospital.

Sampling Method:-Non-probability, Purposive sampling

Sample Collection and Storage.

Under aseptic conditions, 4 ml of venous blood were obtained in plain and EDTA vials for the
determination of MDA and FRAP assay respectively. The samples were refrigerated at -20°C at

the Central Clinical Laboratory to preserve and store throughout the sampling period.

17




Sample Size.

. r+1 O-Z(Zp +Zw'2)2

r ~ (difference)’

[Charan, J., & Biswas, T. 2013]

n = sample size in the case group.

r = ratio of controls to cases.

¢ = standard deviation of the outcome variables.

difference = effect size (the difference in means of cases and controls).
Z/ = Represent the derived power (typically for 80% power).

Zay, - Represents the derived level of statistical For 95% CI.

Zap; = 1.96, For 80% power Z£ = 0.84.

Mother Article:[ Aydin, A.et al (2006). ]

Expected mean difference between cases and controls is 4.21
Standard Deviation (o) is 6.09

nl (Cases) = 32

n2 (Control) = 32

18




LABORATORY INVESTIGATION

Determination of Malondialdehyde, MDA, by Satoh K. (1978) method.

Principle: - Deproteinized serum is treated with Thiobarbituric acid (TBA) at 90°c for about 10
minutes giving a pink color product. This gives a determination of the TBA reactive substance

measured at 535 nm on a spectrophotometer.

Reagents

=

Trichloroacetic Acid (TCA)

N

Thiobarbituric Acid (TBA)

w

0.25N Hydrochloric Acid
4. 1N Sodium Hydroxide

5. Tetramethoxypropane

MDA Procedure

0.8 ml of Serum + 1.2 ml of TCA-TBA-HCI Reagent

Mix and Keep in a boil water bath for 10 minutes

v
Cool and Add 2 ml of NaOH
O.D is taken at 535 nm against a blank which contains
normal saline in place of serum.

Calculations

Ab b S l
Sample (nmol/ml) = A22orbance of Sample . 4

Absorbance of Standard
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Determination of Antioxidant Status of plasma by FRAP assay. [Griffin et al 2004]

Principle: - In FRAP assay, antioxidants are used as reductants using colorimetric method where
Ferric Tripyridyltriazine is reduced to Ferrous Tripyridyltriazine producing a blue color observed

through a spectrophotometer at 593 nm.

Reagents.

=

Tripyridyltriazine

2. Ferric Chloride

3. Dilute Hydrochloric acid
4. Acetate Buffer

5. Standard used Iron Il Sulphate

Procedure-

1. Add the above reagents into the glass tube (standard is added last)

2. For blank: 2ml FRAP reagent + 1 ml Distilled Water + 2ml FRAP reagent.

3. Into a cuvette add 100uL sample + 900uL Distilled water + 2mL FRAP reagent
4. Invert tubes to mix properly.

5. Transfer the cuvettes for the spectrophotometer.

o

Zero the spectrophotometer using blank at 593 nm and then read the O.D.

Calculations-

The FRAP equation is:-

FRAP Value of sample (UM) = Aijirl:;’zzeoof S:;:lil: x FRAP value of standard (M)
Absorpance of Standard

20




ETHICS REVIEW
Permission from the Institutional Ethics Committee was taken (IEC/11MS&R/2023/65)
DATA COLLECTION

Details from the subjects were obtained using data collection proforma after taking written
consent.

STATISTICAL ANALYSIS

Statistical analysis was performed using IBM SPSS Software and Microsoft —Excel (Version
2010). All the data was expressed as mean and standard deviation. An unpaired t-test was
performed to compare the study parameters between cases and controls. Karl Pearson’s
correlation analysis was employed to determine the relationship between variables. p-value <

0.05 was considered statistically significant.
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OBSERVATIONS &

RESULTS




RESULTS
Mean of age and weight have not shown any significant differences between cases and controls
(p =0.76, p = 0.77, respectively). Mean of MDA levels was found significantly elevated in cases
compared to controls (p <0.001). However, mean of FRAP levels was found significantly low in

case compared to controls (p <0.001), shown in Table No. 1, Figure 3 & 4, respectively.

Table 1: Baseline characteristics of cases and controls

Cases Controls
Parameters (Mean = SD) (Mean + SD) p-value Significance
n=32 n=32
Age (years) 50.16+6.29 50.56+3.67 0.76 Not Significant
Weight (kg) 73.19+8.01 72.56+8.90 0.77 Not Significant
MDA (pmol/L) 2.80+0.45 2.15+0.30 <0.001* | Significant
FRAP (umol/L) 1046.66+75.15 1280.13+72.83 <0.001* | Significant

Data represented as Mean £SD.
*p-value < 0.05, considered as statistically significant.
FRAP: Ferric reducing ability of plasma, MDA: Malondialdehyde
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Table 2. Comparison of mean concentration for MDA

(kmol/L)

Standard
N Mean Deviation p-value Significance
32 2.8 +0.45
0.001 Statistically
Significant
Controls 32 2.15 0.3
3.5
2.80+0.45
3
2.5 2.15+0.30
=)
~ 2
= ® Control
E 15
= m Case
1
0.5
0
Control Case

Fig 3. Mean of MDA compared between Cases and Control.
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Table 3. Comparison of concentration of FRAP in Cases and Controls

(kmol/L)

Standard
N Mean Deviation p-value Significance
32 1046.66 +75.15
Statistically
0.001 Significant
Controls 32 1280.13 +72.83
1600
1400 1280.13+72.83
1200 1046.66x75.15
— 1000
~
—c' 800 H Control
§_ m Case
— 600
400
200
0

Control Case

Fig 4. Mean of FRAP compared between Cases and Control.
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Karl Pearson’s Coefficient of Correlation among the Parameters

Correlations

Parameters Age (years) Weight (kg) MDA (pmol/L) FRAP (umol/L)
Age (years) 1 0.115 0.149 0.055
Weight (kg) - 1 0.171 0.067
MDA (umol/L) - - 1 -0.468"~
FRAP (umol/L) - - - 1

**_Correlation is significant at the 0.01 level (2-tailed).
FRAP: (Ferric Reducing Ability of Plasma) MDA: (Malondialdehyde)

Table 3. P-value between the various parameters.

4.007

3.507

2.507

MDA (pmoliL)

2.00

1.507]

R2 Linear = 0.219

I
900.00
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|
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I I
1300.00 1400.00

I
1500.00

Fig 5. Scatter Diagram of MDA compared to FRAP in Cases
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DISCUSSIONS




From this study, the MDA concentration values showed a mean of 2.80+0.45 and
2.15+0.30 in case and control respectively. MDA acts as a marker of oxidative stress, produced
as a result of lipid peroxidation. Both free radicals and oxidants are heavily involved in signaling
pathways. However any imbalance in its production and elimination is lethal to the bio molecular
integrity. Oxidative stress has been discussed as an important part of the development of many
diseases [Mas-Bargues, C., et al 2021]. Lipid peroxidation occurs in response to the oxidation
of lipids (PUFA) by these reactive oxygen species. Lipid peroxidation occurs in 3 phases;
initiation, elongation and termination. Pamplona, R.. et al noted that a single initiation cycle can
give rise to 200-400 propagation cycles that give rise to aldehydes and dialdehydes that are
considered more harmful [Pamplona, R., et al 2019]. The two most commonly determined
aldehydes are 4-hydroxynonenal (4-HNE) and malondialdehyde (MDA). 4-HNE has been
proven to have the highest biological activity whereas MDA is the most highly produced during
lipid peroxidation, and is commonly used as a marker of oxidative stress. [Barrera, G. et al
2018].

This study also shows a significant negative correlation between MDA and FRAP (r = -
0.468, p<0.01). This data indicates there being an inverse relationship; an increased MDA
concentration usually signals a reduction in the antioxidant machinery. FRAP indicates the
body’s mechanism to react towards the increased OS that the body undergoes. The data shows a
significantly lower concentration of FRAP in cases when compared to control groups signaling
the fact that in diseased state, the body’s ability to fight a counter measure to the increased OS is
compromised (Muhammad Y et al 2021).

There is a marked increase in production of reactive oxygen species that results in

processes such as lipid peroxidation; to which MDA serves as a good marker. In recent years, it
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has been proven that the OS plays a role in the aging process [Liguori et al 2018]. BPH is
considered an age-related illness, with increasing cases being isolated to aging males. It can
therefore be mentioned that in aging males, there is a high chance that OS localized within the
prostate gland leads to development of prostatic diseases such as BPH.

The data obtained shows no correlation between FRAP levels and age. Simply put, there
IS no statistical evidence to show that the decline in antioxidant capacity of individuals is brought
about by aging. Rather, total antioxidant capacity is a result of increased oxidative stress. To say
that the reduction of antioxidant capacity is as a result of aging would be misleading, unless data
proves otherwise. Antioxidant systems are overwhelmed when there exists an imbalance between
rate of production of free radicals and rate of elimination. Thus, a reduction in antioxidant
capacity signals an increased molecular output of free radicals, and not aging [Adwas AA et al

2019].
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SUMMARY AND

CONCLUSION




SUMMARY

Oxidative stress and antioxidant status in BPH were meant to be assessed in this research work
through the concentration of Malondialdehyde (MDA) and Ferric Reducing Ability of Plasma
(FRAP) respectively.
To sum up the research, we observed that:

1. Levels of MDA were significantly increased in cases than control.

2. Ferric Reducing Ability of Plasma was decreased in cases than control.

3. Comparison within the same age means, (50.16+£6.29) in cases and 50.56+3.67 in

controls, the levels of MDA were higher in cases than in controls, as well as reduced

FRAP concentrations in cases than in controls.
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CONCLUSION
In the study, it was observed that;

e There was significant difference in MDA concentration between the cases and control
group.

e We found out that there was also statistical significance in the FRAP activity in cases
compared to control.

e A negative correlation was observed between MDA and FRAP as observed in the
sampled patients.

e Further research is needed on the roles MDA and FRAP play in Benign Prostatic

Hyperplasia to determine any association.
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Purpose of the study was to assess the serum MDA and FRAP levels in
patients diagnosed with BPH and Apparently Healthy Controls

]

64 subjects were selected

*

]

32 BPH Patients

]

32 Apparently Healthy
Controls

Parameters of Evaluation

Malondialdehyde (MDA)

MDA conc. was found

significantly increased in cases

than control. p=<0.001

Ferric Reducing Ability of
Plasma(FRAP)
FRAP conc. was found
significantly decreased in cases
than control. p=<0.001

CONCLUSION

A negative correlation
between MDA and FRAP

(r=-0.468).
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ANNEXURES




INFORMED CONSENT FORM (FOR CASE)

e |, ARNOLD RATEMO MULUHYA, MSc. Medical Biochemistry 3" Year student
IIMSR Lucknow.

e For this study, | will take your 4 ml blood sample for the determination of
malondialdehyde and ferric reducing ability.

e The blood is only subjected for determination of serum MDA and ferric reducing ability.

e There will be no charges /fees/any consideration given or taken for the study.

e Your identity will be confidential and information and the result of your blood test will
not be revealed to any other except you if you desire.

e This study has nothing to do with your treatment nor is it going to hamper the same if you
refuse to participate.

e | am not associated with your treating doctor panel.

e The study has nothing to do with your current treatment but may improve the knowledge
and understanding of the disease process and that knowledge may or not be helpful in
future.

e After knowing all the above details, would you like to participate in our study?

CONSENT FORM

7/© JRRR UID.......cceeceeeevenennn....... Here, I state that I have been duly informed
about the study titled "A STUDY ON MALONDIALDEHYDE (MDA) AND FERRIC
REDUCING ABILITY OF PLASMA (FRAP) IN BENIGN PROSTATE
HYPERPLASIA PATIENTS AND CONTROL SUBJECTS", its prospects and
consequences. | hereby give informed and written consent for the collection of my blood

sample for the above said study only.

Date:
Signature/thumb impression of the patient: Name of research scholar
Signature/thumb impression of the witness Signature of research scholar:
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INFORMED CONSENT FORM (FOR CONTROL)

e |, ARNOLD RATEMO MULUHYA, MSc. Medical Biochemistry 3" Year student
IIMSR Lucknow.

e You are an apparently healthy individual.

e For this study, I will take 4 ml of your blood sample for the determination of
malondialdehyde and ferric reducing ability.

e The blood is only subjected for determination of serum MDA and ferric reducing ability.

e There will be no charges /fees/any consideration given or taken for the study.

e Your identity will be confidential and information and the result of your blood test will
not be revealed to any other except you if you desire.

e The study may improve the knowledge and understanding of disease processes and that
knowledge may or may not be helpful in future.

e After knowing all the above details, would you like to participate in our study?

CONSENT FORM

S/O.cciiiiiiie UID.....ccceceeeeeevenennn....... Here, I state that I have been duly informed
about the study titled "A STUDY ON MALONDIALDEHYDE (MDA) AND FERRIC
REDUCING ABILITY OF PLASMA (FRAP) IN BENIGN PROSTATE
HYPERPLASIA PATIENTS AND CONTROL SUBJECTS", its prospects and
consequences. | hereby give informed and written consent for the collection of my blood

sample for the above said study only.

Date:
Signature/thumb impression of the patient: Name of research scholar
Signature/thumb impression of the witness Signature of research scholar:
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ANNEXURE I (A)
INTEGRAL INSTITUTE OF MEDICAL SCIENCES AND RESEARCH, LUCKNOW

1. INCLUSION AND EXCLUSION CRITERIA
INCLUSION CRITERIA YES NO

1. Subject diagnosed with Benign Prostate Hyperplasia

2. Age group 45 years and above

3. Signed consent form.

EXCLUSION CRITERIA

1. History of Renal diseases

2. History of Liver disease.

3. History of Cardiac failure.

Subject is eligible for the study, if all INCLUSION criteria are YES and all EXCLUSION criteria are
NO

INVESTIGATOR'S STATEMENT

| have verified the data entered in the case report form and have determined that it is complete, accurate
and compatible with the source documents.

Investigator’s Name and Signature Date
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Unique Identification No:
IDENTIFIERS- CASES
Registration NO: ...... ..ot
CONTACE NO: ..
NI e
Father’s Name: .. ..o e

AAANESS: oo

DEMOGRAPHICS- CASES

Agel o

Place of Residence: Urban Rural

Social / Economical Status: a) Upper b) Upper Middle c) Lower Middle d) Upper

Lower e) Lower

Education: a) Illiterate b) Primary c¢) Middle d) High School e) Intermediate
f) Graduation g) Post-graduation & above

ANTHROPOMETRIC PARAMETERS- CASES
Height (MtS) .......ooovii,

Weight (KgS) ....coovviiiiiiii
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Body Mass Index (Kg/ M%) ......ovueeeeeiiiieen

Unique Identification No:

IDENTIFIERS- CONTROL

Registration NO: ...t

CoNtaCt NO: .

Father’s Name: ...,

AN S e

DEMOGRAPHICS- CONTROL

Age: i

Place of Residence: Urban Rural

Social / Economical Status: a) Upper b) Upper Middle c) Lower Middle d) Upper

Lower e) Lower

Education: a) Illiterate b) Primary ¢) Middle d) High School e) Intermediate
f) Graduation g) Post-graduation & above
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ANTHROPOMETRIC PARAMETERS- CONTROL
Height (MtS) & ..o,

Weight (Kgs) @ ..oovvviiiiiiiiene,

Body Mass Index (kg/m?):
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i

Benign prostate hyperphisia (BPH) is a prevalent condition commonly diugnusedgl aging
males, ading 1o lower wrinary tract symptoms (LUTS). The previlence of BPH iy increasing,
and gerc' are vanions nisk factors, both modifiable and non-madifiable, that can contribute to its
development and progression. The symptoms assoctated with gPH and LUTS can be classified
as obstructive (causing difficulties in itiating urination, weak unne s.keam stramning, of
prolonged voiding) or iritative (resulting in incréased frequency and urgency of urination,
noctunia, urge incontinence, and reduced volume of voiding). Additionally, -micturili_on

symptoms like post void dribble or incomplete empiying can also affect putients. [Chughtai et

al. 2016)

In 2010, the American Urological Association (AUA) published an article that discloses
BPH as most prevalent among aging males. with onset in the early 40s, increasing to 80%: by the
age of 30 [Lerner LB et al, 2021]. Analyses of multiple studies show that every year in the
fourth decade, there are pathologically identifiable prostatic enlargements at autopsy [Langan et
al. 2019]. In India, although not well performed. epidemiological research data from 2008
suggest that the incidence rate of prostate enlargement is about 92.97% to 93.3% [Bid et al
2008] A well packaged research encouraged by urologists s needed to have a realistic and

updated survey in India.

Histological diagnosis of patients with BPH reveals abnormal proliferation of epithelial
cells, toning of the smooth muscle and increased connective tissue, all within the prostate

transition zone [Besiroglu et al 2017].This proves fatal due to the anatomic relationship that




exists between the pms(aw.gc bladder neck and urethra, An enlargement of the prostate from
the cellular level keads 10 a disturbance in the normal functioning of these adjacent organs, Thus,
BPH occurs due 1o prostate enlargement and that may lead 1o the more severe Benign Prostate
Obstruction (BPO), The BPO affects urinary functions; this has become the target for therapeutic

intervention as no clewr treatment for the disease exists to date,

What stands out, however, is the role the testes plays in progression of BPH. Patients
dingnosed with primary hypogonadism, while undergoing testosterone replacement, were found
1o develop normal prostatic growth as well as progression in prostate enlargement [Bell MA et al
2018].Furthermore, it wias observed that patients with prostatic diseases (prostate cancer or BPH)
who had bilateral orchiectomy performed. there was @ significant decline in the discase
progression as well as an eventual reversal in the prostate volume | Nichelson et al 2011]. This
proves the androgen dependence of the prostate gland, without which prostute atrophy is likely,
A constant supply and maintenance of circulating androgens is necessary for daily functioning of

prostate cells amxd its overall mole in the urogenital system.

The testis is the primary organ for androgen, and estrogen to a lesser extent, production in
males. Testosterone serves as the chief androgen released from the testes, 1t is then transported to
the prostate via circulation and once in the prostie, the androgen receptars (AR) located on
prostatic cells arc activated and lead to cellular growth, AR-dependent transcription in the cell
nucleus produces more protein growth factars such as insulin-like growth factors, keratinocyte
growth factors, epidermal growth factors, as well as fibroblast growth factors.[Vignozzi et al,

2014]. This leads to hyperplasia within the prostate gland.




It is worth mentioning though, that aging occurs, there is a decrease In clrculating
testosterone hormone levels, This casts a shadow over the idea that testosterone is the sole

mitogen responsibie for BPH progression as chalfenged by Liu et al. [Liu et al 2007).

Before scientific sdvancements, surgery was considered the only viable option for
patients, This, however, presents many complications in terms of morbidity and mortality duning
and after surgery. Recently, the understanding of the action of AR-dependent transcription has
led o discovery of § areductase Inhibitors that has been haifed as a pharmacological
breakthrough in alleviating the symptomys resulting from BPH |[Vaselkiv et al 2022, The
adrenergic inhibitors have proven selective in combating the disease and with varying results
among patients [Livingstone et al 2015]

Recent studies seem 1o suggest that oxidative stréss may play # role in benign prostate
hyperplasia [Srivastava et al 2005], Oxidative stress can be defined as an increased
concentration of free radicals in the body that causes oxidative damage 10 cells, and subsequent
decline in the antioxidamt systems responsible for combating these free radicals [ Minciullo et al
2015}, This proves the active role that oxidative stress plays in BPH is not just a phenomenon,
Reactive Oxygen Species (ROS) has been reported to promote autocatalytic formation of lipid
peroxidstion that leads 10 harmiul genotoxic byproducts. These radicals eventually lead to

formation of DNA adducts that damage DNA products [Halliwell et al 2015).

Understanding the cellular and biochemical changes that accompany BPH may prove

pseful in proper managing and treating the discase, This resewrch study seeks o find the




correlation between oxidative stress status by measuring malondialdehyde, a marker for lipid
peroxidation, and antioxidant profile through the blood serum's ability 1o perform the Fenton

reaction, in patients diagnosed with clinical BPH [Kawee-Al et al 2016]




Review of Literature

Benign Prostate Hyperplasin sccounts for approximately 40% of reported urological
conditions in men above 60 years [Aoun of al 2005] A study on sexually intuct dogs indicited
that 8% of them which are § vears compared o 95% of them that are 9 years showed overall
microscopic changes stributed to BPH [Domostawska et al 2022). This proves that the disease
is age reluted and almost unavoidable as age progresses. When compared (o other prostatic
diseuses, there has been some epidemiological similarity that makes it possible 1o understand the
glind In terms of functional watomy and disesse, Thelr complex pathophysiology Includes
genetic instability, inflammution, endocrine disruptors, cotonary artery disease hormones, and

oxidative stress, among other aspects.

In the past, most men did not see the need o seck medical atention; accepting LUTS as
part of the aging process. However, with the intense publicity on prostate cancer and the
important awareness on men's health, more and more men are coming out 1o seck more insight
and attention in regards to their health [Taitt HE et al 2018, The understanding of the
moleculir puthology and physiology of BPH is due to the advancements in moleculur sudies and
imaging that occur within the prostate ghand compared between patients with the disease und
healthy individuals. Probable causes are being advanced. It was noted that there was an increased
serum-insulin like growth factor | among patients with an enlarged prostate compared with those

with normal prostate volumey [Corréa LL et al, 2015),

a
The prostate s a small gland that forms part of the male genital system, 1ts main role is to

provide fuid that goes into semen. This Muid is important for men's fertility. The gland




strronnds the urethra, from the bladder neck downwards, The bladder and urethra form the lower
wrinary tract |Deters LA 2004] Most of the symptoms happen within this region and lead to

LUTS. These symptoms are o result of blocked urethra or an overworked bladder.

Fig 1. The anatomical position of the Prostate Gland [Source: Deters LA 2014)

Lower urinary tract symptoms of BPH include:- [Deters LA 2014)

o Increased unnary frequency; up to eight or more times a day

The Inability to delay urination leading to incressed urgency
! & EONC)

Drelayed mictarition caused by trouble starting a urine steeam

®  Aninterrupted urine strewm

Deibbling towards the end of urinition

Increised nocturin

Unnury retention,

Uriniry incontinence




o Painful ¢jaculation or urination

Diagnosis of LUTS

Diagnosis is bused on tking patient hustory, physical and rectal examination, and urine
volume examinations. Confirmution of BPH is normally done by ultrasound check of the volume
of the prostite gland in addition 1o the above mentioned symptoms [Nazarko et al 2023,

Free flow rates, symptoms scores (IPSS), frequency volume charts, and urodynamics are

the other aspects of advinced assessments thit are used in diagnosis,

Oxidative Stress and BPH

A homeostitic imbalance between the production of reactive oxygen species und their
climination from the body system through antioxidant mechanisms, defines oxidative stress. The
body itselt has mechanisms that kick in ot the expulsion of free radicals into the environment, As
discussed carlier, mounting evidence shows that these free radiculs are responsible for the
formation of DNA adducts that cause formation ol protein and protein products outside the
norm, These abnormal proteins mediste the formation of hyperplasin, Free radicals such as

superoxide and hydrogen peroxide stand in the way of antioxidant systems [ Xiong et al 2020)

The prostate has been desenibed ay an “immunocompetent organ’, referring to the rich
immune cells that charucterize its tissue [De Nunzio et al 2016], These immune cells act as
barriers against easy stimuoli, e.g, bacterinl infection, sexually transmitted organism or even

attoimmune disorders, being easily activied resulting in chronie inflammation [Gandaglia ¢t




al. 2017], Oxidative stress has also been tipped to mediate activation of these inflammation
systems leading to release of cytokines and growth factor proteins that trigger abnormal fibro

muscular growth, characteristic of BPH,

Wilson, J. D. (1972), in his publication hypothesized the role testosterone plays in BPH,
He postulated that while in the prostate, the testosterone hormone Is  activated to
Dihydrotestostrone (DHT) by the § a-reductase enzyme found on the stromal cells within the
transitional zone [Tong et al 2022). The enzyme exists in two isolorms: 5 a-reductase type | &
fype 2 (SAR! & SAR2). The bio-activate DHT is responsible for activiting the AR. One could

argue then that BPH is an endocrine disorder based on this.

Testoxterone

Biood Plasiha

I R N R R I SRR SR I

Prostate Stromal
cols




Fig. 2. Pathogencsis of Benign Prostate Hyperplasia [Tong et. al, 2022]

This knowledge has been vsed therapeutically in the treatment of BPH symptoms and
complications. § a-reductase inhibitors have been used to inhibit the activation of testosterone

in paticnts with BPH [Reynard et al 2004},

Effects of Oxidative Stress on BPH

Chronic prostatitis has been linked with production of ROS through its effective stromal
cellular proliferation leading to oxidative damage and injury. These ROS had been thought to
only affect protein products, but studies show thas damage is incurred even to the DNA level
through mutations and post transcriptional modifications, The mutagenic effect of ROS causes
deletion or point mutations that cause a defect from the default operation or a cell. This departure
could mean the prostate cells evade cell growth regulation signals leading to hyperplasia and

cancerous trunsformations [Hamid et al 2011),

Similarly, ROS has been found to activate the immune response pathway that causes CP
[Wong et al 2009]. ROS activates NF-xB mducing kinase (NIK) that stimulates the NF-xB: a
transeription factor involved in the regulation of cellular immune response. Activation of NIK
has been studied and proven to induce signal transduction that leads o formation of CP,
Alternatively, NIK may also interfeére with the translation process leading to abnormal growth

factor proteins.

Indirectly, ROS can contribute to generation of more OS through autocatalytic lipid

peroxidation. The result of which is continual generation of genotoxic breakdown byproducts




that are free radicals. These byproducts such as peroxyl radicals and aldehydes have been
estumated and analyzed in blood serum [Vieira et al 2017], One of these byproducts,
Malondialdehyde, formed the basis of our research. Examining the serum levels of
malondialdehyde serves as a non-invasive diagnostic mechanism of estimating oxidative stress

levels and determining extent of lipid peroxidation in damaged tissue.

Enhanced lipid peroxidation triggess the immune response protocol and activates
platelets. Platelet activation induces cyclooxygenase activity. an enzyme whose byproduct is
MDA, Thus. MDA does not just measare lipid peroxidation but also the level of immune
response that are friggered due to clinical symptoms arising from lipid peroxidation in tissue

[Merendino et al. 2003},

As discussed. ROS caused damage to DNA leading to adducts that are mutant in nature.
Cellutar component oxidation affects carbohydrate, lipids and protemn as well, As is the case with
proteins, post translational modification mfluenced by ROS results in direct oxidation of amino
ucids residues. The oxidation of methionine and cysteine has been shown to be a frequent
phenomenon [Grimsrud et al 2008]. Aldehydes contan the most common of these ROS-

induced post translational modifications in the form of protein carbonviation.

Antioxidant Systems
In normal systems, Oxidative stress is met by a host of mechanisms that counter the high

ingress of free radicals. These systems may be enzymatic with ¢énzymes such as Superoxide




Dismutase, Glutathione Peroxidase and Catalase, as well as vitaminic antioxidants such as a-
tocopherol and ascorbate, ROS-induced oxidative damage occurs when an imbalance exists
between the presence of tree radicals and the mechanisms responsible for keeping them at bay.
Data from numerous studies show an elevated OS level with a concomitant decrease in

antioxidant defense system efficiency [ Khandrika et al 2009]

Comparative study between patients with BPH and control groups showed a rise in DNA
adduct products compared to activities of SOD in the serum collected [Javed et al 2017]. These
results signaled a possibie association between antioxidant enzymatic activity and DNA base
lesions. However, the data is open to debate as some other articles show no significant change in
total antioxidant capacity in some studies. Other small-molecular weight molecules, mostly non-
enzymatic, scavenge the circulatory system for free radicals. These include vitamins and trace

metuls [Rahal et al 2014].

Previous studies indicated that oxidative stress and anti-oxidant levels play a major role
in etiology of disease. In view of these findings, the present study sought to assess the role

played by oxidative stress and antioxidant status in the etiopathogenesis of BPH,




Aim

To find out the association of malondialdehyde and fernic reducing ability of plasma in benign

prostate hyperpiasia patients and control subjects,

Objectives

¢

1. To determine the concentration of malondialdehyde (MDA) in nign prostate
hyperplasia patients and control subjects.

2. To determine the Erric reducing ability of plasma (FRAP) in Ecnign prostate hyperplasia
patients and control subjects.

3. To find out the correlation between malondialdehyde and ferric reducing ability of

plasma in benign prostate hyperplasia patients, if any.




RESULTS

| .
Mean of age and weight have not shown uny significant differences berweey cases @nd controls

14}
(p=076,p=0.77, respectively). Mean of MDA levels was found significantly elevated in oases

compared to controls (p <0001). However, mean of FRAP levels was found significantly low in

case compared 1o controls (p <0.001), shown in Table No. 1, Figure 3 & 4, respectively.

a
Table 1: Bascline churacteristics of cases and controly

Cuases Controls
Parameters | (Mean £ SD) | (Meun £ SD) p-value Significance
n=32 n=32
Age (years) 50.1626.29 [ 50.5643.67 0.76 Not Significant
Weight (kg) 73.194801 | 72564890 0.77 Not Significant
MDA (pmol/L) 2 800 45 | 2154030 <0).001* Significant
FRAP (umol/L) | 1046.66475.15 [ a0 1347283 <0.001* | Significant

Data represented as Mean £5D, .
*pvalue < 0.05, considered as statistically significant.
FRAP: Fervic reducing ability of plasma, MDA: Malondialdehyde




Table 2. Comparison of mean concentration for MDA

(umol/L)
| Standard
Groups N Mean o eviation p-value  Significance
Cases 32 2.8 045
0.001 Statistically
Significant
Controls 32 215 £0.3

28040 45

25 2.1540.30

= Control
m Case

Control Case

Fig 3. Mean of MDA compared between Cases and Control,




Table 3. Comparison of concentration of FRAP in Cases and Controls

(umol/L)

Standard
N Mean Deviation pvalue Significance
32 1046.66 %7515
Statistically
0.001 Significant
Controls 32 1280.13 7283
1600 |
1400 1280.13272.83
1200 1046.66275.15
= 1000
z 800 » Control
m Case
2 600 ;
400
200
0
Control Case

Figd. Mean of FRAP compared between Cases and Control.




Karl Pearson's Coefficient of Correlation among the Parameters

| Correlations

Parametors Age (years) Wolght (kg) MDA (ymokL) FRAP (ymoliL)
| Age (yoars) 1 0,115 0,149 0055

| Waight (kg) : . o171 0087 _

| MDA (pmolL) . . ! 0.468"

| FRAR (umoWL) : ‘ 1

**, Carrelation Is significant at lho Mﬂ-ﬂ.l a-uu)
FRAP: {Farric Reducing Abllity of Plasma) MDA: (Malondiaidehyde)
Table 3. P-value between the various parametors.,

R Linsr = 0210
4,004

T 1 1 L
%00 00 1000 00 1100 00 1200 00 1300 00 1400 00 1800 00
FRAP (umoliL)

Fig 5, Scatter Dingram of MDA compared to FRAP in Cases




Discussion

From this study, the MDA concentration values showed a mean of 2802045 and
2152030 in cose and contral respectively, MDA acts as o marker of oxidative stress, produced
ay o result of lipid peroxadation. Both free radicals and oxidants are heanvily involved in signaling
pathways. However any imbalance in ity production and elimination is lethal to the bio molecular
integrity. Oxidative stress has been discussed as an important part of the development of many
diseases Igu-llm. C., et al 2021}, Lipid perosidation oceurs in response 10 the oxidation
of lipids (PUFA) by these gl’:ﬂve oxygen species. Lipid peroxidation occurs in 1 phases:
initkation, elongation and termination. Pamplona, R, et al noted that # single inftintion cyele can
give rise 1o 200400 propagation cycles that give nse to aldehydes and dialdehydes that we
considered more harmiul [Pamplona, R, e al 2019, The two most commonly determined
aldehydex ure Ehydmymmeml (4-HNE) und malondialdehyde (MDA), 4-HNE hax been
proven to have the highest biological activity whercas MDA ix the most highly produced during
lipid peroxidation, and v commonly used as o4 marker of oxidative stress. [Barrera, G, ¢ al
2018].

o

This study also shows u significant negutive correlation between MDA and FRAP (r =«
0468, p<B01). This dta indicates there being on inverse relationship: an increased MDA
concentration usually signals o reduction in the antioxidant machinery, FRAP indicmey the
body's mechanism to react towards the increased OS that the body undergoes, The datis shows a
stgnificantly lower concentrution of FRAF in cases when compared to control groups stgnaling
the fact that in discased state, the body's ability 1o fight a counter measure 10 the ncreased OS is

compromised (Muhammad Y et ul 2021).




There I u marked increase In production of reactive oxygen species that results in
processes such as lipid peroxidation; to which MDA serves as o good nmrkcr.Emn_t yeurs, it
has been proven that the OS plays a role in the aging process [Liguort et al 2018], BPH is
considered an age-related illnesy, with increasing cases being isolated 1o nging males. It can
therefore be mentioned that (n nging males, there is 4 high chance that OS localized within the
prostste gland leads to development of prostatic diseases such us BPH.

The data obtained shows no correlation between FRAP levels and age. Simply put, there
ix no statistical evidence to show thit the decling in untioxidant capacity of individuals ix brought
about by uging. Rather, totl antioxsdant capacity Is o result of increased oxidative stress, To say
that the reduction of antioxidant capacity 5 as o result of aging would be misleading, unless data
proves otherwise, Antioxidant systems are overwhelmed when there exists an imbalance between
rate of production of free radicals and mte of chimination, Thes, o reduction in antioxidant
capacity signals an increased molecular output of free radicals, and not aging [Adwas AA ot al

2019].




SUMMARY

Oxidative stress and antioxidant statuy in BPH were meant to be ussessed in this rescarch work
through the concentration of !inlondinld:h)‘d: (MDA} and Ferrie Reducing Ability of Plasma
(FRAP) respectively.
To sum up the resenrch, we observed that:

1. Levels of MDA were significantly increased in cases than control,

2. Ferric Reducing Ability of Plasma was decreased in cases than control,

3. Comparison within the same age means, (50.1646.29) in cases and 50562367 in

controls, the levels of MDA were higher in cases than in controls, as well as reduced

FRAP concentrations in cases than in controls,




CONCLUSION
In the study, it was observed that;

* There was significant difference in MDA concentration between the cases and control
group.

o We found out that there was also statistical significance in the FRAP wctivity in cases
compared to control,

o A negative correlation was observed between MDA and FRAP as observed in the
sampled patients,

¢ Further research is needed on the roles MDA and FRAP play in Bemign Prostatic

Hyperplasia to determine any association.
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