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Feulgen Staining: Unveiling Distinctions in 
Prostatic Hyperplasia and Prostate Cancer 

Identification

Abstract
Introduction: The escalating incidence of prostate cancer in sub-Saharan Africa, 
particularly in Sudan where it ranks third in cancer prevalence after breast cancer, 
necessitates comprehensive diagnostic approaches. Nuclear deoxyribonucleic 
acid (DNA) content has emerged as a pivotal prognostic factor in prostate tumors. 
This study delves into the semi-quantification of nuclear DNA in prostate cancer 
compared to prostatic hyperplasia, employing the Feulgen reaction technique.

Methods: Paraffin wax sections from patients previously diagnosed with prostatic 
hyperplasia and prostate cancer were selected for analysis. Clinicopathological data 
were retrieved from the archives of the National Health Laboratory in Khartoum, 
Sudan. Each case contributed two sections—one stained with Hematoxylin and 
eosin for diagnosis confirmation, and the other utilized for DNA demonstration 
through the Feulgen reaction.

Results: A cohort of 46 patients with clinically and pathologically diagnosed 
prostatic tumors participated in the study. Of these, 23 (50.1%) exhibited high-
grade prostatic adenocarcinoma, 11 (23.9%) had moderate-grade prostatic 
adenocarcinoma, two (4.3%) presented with low-grade prostatic adenocarcinoma, 
and 10 (21.7%) manifested benign hyperplasia. Significant disparities in DNA 
staining intensities were observed in high-grade prostatic adenocarcinomas. The 
DNA staining intensities of moderate and high-grade prostatic adenocarcinomas 
were markedly higher than those of benign hyperplasia (P<0.000).

Conclusion: Feulgen reaction for DNA detection proves to be a promising 
avenue for providing valuable prognostic information in prostate cancer. The 
discernible differences in DNA staining intensities between various grades of 
prostatic adenocarcinomas and benign hyperplasia highlight the potential clinical 
implications of this technique in patient management. Active research in this 
domain should be prioritized to explore its clinical utility further.
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Introduction
Cancer has evolved into a formidable global health challenge, 
with the incidence of prostate cancer on the rise in sub-
Saharan Africa, particularly in Sudan where it ranks as the third 
most prevalent cancer after breast, leukemia, and lymphoma. 
This disease stands as a prominent cause of mortality in the 

United States. Recognizable alterations in nuclear shape and 
size offer valuable biomarkers, including nuclear enlargement, 
irregularity, hyperchromatic, and nucleolar prominence, crucial 
for distinguishing high-grade prostatic cancer from prostatic 
hyperplasia [1]. While computer-assisted nuclear morphometry 
holds significant untapped potential for uncovering biomarkers 
in prostate cancer research, the Feulgen reaction, introduced by 
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Robert Feulgen and Heinrich Rossenbeck for DNA identification, 
emerges as an objective method with high interobserver 
reproducibility. It proves to be a valuable diagnostic and 
prognostic tool, offering advantages over overflow cytometry, 
such as the potential for long-term storage of biological material 
and the determination of minute DNA amounts. The Feulgen 
reaction allows the identification of nuclear phenotypes that 
discriminate between regions corresponding to heterochromatin 
and euchromatin domains. This staining technique, based on the 
reaction of Schiff reagents with aldehyde groups in deoxyribose 
molecules via hydrochloric acid hydrolysis, provides proportional 
staining intensity indicative of DNA concentration. The highly 
subjective nature of morphologic grading in prostate cancer 
underscores the need for an accurate and preferably objective 
method for malignancy grading. Nuclear DNA content has 
demonstrated prognostic value in prostate tumors and various 
other tumor types. The Feulgen DNA reaction, applicable to 
Hematoxylin and Eosin-destined cytological specimens, enables 
detailed retrospective studies based on Feulgen-stained archival 
slides. In this study, our focus is on semi-quantifying nuclear DNA 
in prostate cancer compared to prostatic hyperplasia using the 
Feulgen reaction technique [2-5].

Materials and Methods
This study was conducted at the Faculty of Medical Laboratory 
Sciences, Histopathology Department of Sudan University for 
Science and Technology, and the National Health Laboratory (NHL) 
in Khartoum state, Republic of Sudan, spanning from May 2015 
to June 2016. Paraffin wax sections were meticulously chosen 
from patients previously diagnosed with prostatic hyperplasia 
and prostatic cancer at the National Health Laboratory. 
Comprehensive clinicopathologic data were retrieved from 
the archives of the National Health Laboratory, encompassing 
patients aged between 40 to 90 years. Exclusion criteria involved 
tiny biopsies and focal nodular prostate cancer. A total of forty-
six paraffin blocks were enrolled, comprising thirty-six prostate 
cancer specimens and ten prostatic hyperplasia specimens. The 
tissues were meticulously sliced into 4 μm thick sections and 
mounted on microscope slides [6-8].

Standardized procedures were employed, involving incubation 
of all sections in an oven at 60ºC for one hour. Subsequently, 
three changes of xylene for two minutes each were performed 
to remove the wax, followed by treatment with three changes of 
absolute ethyl alcohol for two minutes each. The sections were 
then gradually rehydrated through ethyl alcohol and placed in 
water. For each case, two sections were prepared—one stained 
with Hematoxylin and Eosin as per Fischer et al.'s method for 
diagnosis confirmation, and the other paraffin section utilized for 
DNA demonstration via the Feulgen reaction.

In the Feulgen reaction, sections underwent sequential steps, 
commencing with placement in normal hydrochloric acid (N-HCl) 

at room temperature for one minute, followed by treatment with 
preheated (NHCl) at 60°C for ten minutes. Subsequently, sections 
were rinsed in (NHCl) at room temperature for one minute. They 
were then transferred to Schiff’s reagent for 45 minutes, followed 
by rinsing in three changes of bisulfite solution for two minutes 
each. After rinsing in water, counterstaining was performed in 1% 
light green SF for one minute. Finally, sections were dehydrated 
in alcohol, cleared in xylene, and mounted in D.P.X. All sections 
were stained in the same batch to eliminate inter-batch variation. 
The slides were evaluated by a pathologist who remained blind to 
the clinical characteristics and histopathology of the study arms.

Statistical analysis involved data collection using SPSS version 16.0. 
Qualitative and quantitative variable differences were assessed using 
the Student t-test and Fisher exact test, respectively. The correlation 
between prostatic tumor and DNA content status was determined 
through Pearson correlation analysis. All tests were two-sided, with 
a p-value <0.05 considered statistically significant [8,9].

Results
The mean age of the study group was 64 years, with a median of 
65, ranging from 40 to 90 years. The main histological grades of 
the 46 patients studied, within the age range of 40 to 90 years, 
are presented in Figure 1.

The staining intensity of the Feulgen reaction for DNA 
demonstration in paraffin sections was compared between 
prostatic adenocarcinoma and benign prostatic hyperplasia. Of 
the 46 patients with clinical and pathological diagnoses of prostatic 
tumors, 23 (50.1%) had high-grade prostatic adenocarcinoma, 
11 (23.9%) had moderate-grade prostatic adenocarcinoma, two 
(4.3%) had low-grade prostatic adenocarcinoma, and 10 (21.7%) 
had benign hyperplasia [10].

Figure 1: DNA in high-grade prostatic adenocarcinoma using 
Feulgen reaction technique, X40.
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A detailed comparison and the staining results of the Feulgen 
reaction for DNA in different grades of prostatic adenocarcinoma 
and benign prostatic hyperplasia among the study group are 
presented in Table 1.

Most of the benign hyperplasia and low-grade prostatic 
adenocarcinoma cases showed weak positivity (Figures 2 and 
3). The staining intensity of DNA in moderate and high-grade 
prostatic adenocarcinoma was significantly higher than in benign 
hyperplasia (all p<0.000) [11-15].

Discussion and Conclusion
In this study, the relationship between DNA positivity using 
the Feulgen reaction and the degree of malignancy was 
investigated in prostatic hyperplasia and carcinoma. The Feulgen 
reaction technique allows for convenient retrospective studies, 
correlating DNA data directly with the known clinical course of 
tumor diseases, eliminating the need for long-term prospective 
investigations. The mean age of the study group, 64 years, aligns 
with previous similar findings [16].

The focus on the semi-quantification of nuclear DNA patterns as a 
biomarker for the early stage of pre-neoplastic changes in benign 
prostatic epithelium is associated with precancerous alterations. 
The study suggests that DNA demonstration with the Feulgen 
reaction could serve as a marker for this change in biological 
behavior. The histological grades showed a statistically significant 
increase in staining intensity (p<0.005) as the disease progressed 
from benign hyperplasia to prostatic cancer, consistent with 
previous studies.

Accurate preoperative prediction of progression in localized 
tumors and recurrence is crucial for selecting the right patients 
for curative therapy, providing appropriate counseling, and 
selecting patients for adjuvant therapy. The study indicates that 
DNA positivity can be considered an independent predictor of 

Table 1: Feulgen reaction and prostatic tumor grade.

Figure 2: DNA in moderate grade prostatic adenocarcinoma 
using Feulgen reaction technique, X40.

Figure 3: DNA in Benign nodular hyperplasia using the Feulgen 
reaction technique, X40.
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progression and recurrence in prostate cancer. The incorporation 
of information from the anatomic stage, histologic grade, PSA 
level, age, and comorbidity into a manageable prognostic score 
remains uncertain, emphasizing the need for further research in 
this area.

References
1.	 Wolff H (1995) The biologic significance of white blood cells in men. 

Fertil Steril 63: 1143-1157

2.	 Centola GM, Ginsburg KA (1996) Evaluation and treatment of the 
infertile male. Cambridge University Press pp. 263-276.

3.	 World Health Organization (1999) WHO laboratory manual for 
the examination of human semen and sperm-cervical interaction. 
Cambridge: Cambridge University Press.

4.	 Cottell E, Harrison RF, McCaffrey M, Walsh T, Mallon E, et al. 
(2000) Are seminal fluid microorganisms of significance or merely 
contaminants? Fertil Steril 74: 465-470.

5.	 Trum JW, Mol BW, Pannekoek Y, Spanjaard L, Wertheim P, et al. (1998) 
Value of detecting leukocytospermia in the diagnosis of genital tract 
infection in subfertile men. FertilSteril 70: 315-319.

6.	 Erel CT, Senturk LM, Demir F, Irez T, Ertungealp E (1997) Antibiotic 
therapy in men with leukocytospermia. Int J Fertil Womens Med 42: 
206-210.

7.	 Branigan EF, Spadoni LR, Muller CH (1995) Identification and 
treatment of leukocytospermia in couples with unexplained 
infertility. J Reprod Med 40: 625-629.

8.	 Yanushpolsky EH, Politch JA, Hill JA, Anderson DJ (1995) Antibiotic 
therapy and leukocytospermia: A prospective, randomized, 
controlled study. Fertil Steril 63: 142-147.

9.	 Zorn B, Virant-Klun I, Meden-Vrtovec H (2000) Semen granulocyte 
elastase: Its relevance for the diagnosis and prognosis of silent 
genital tract inflammation. Hum Reprod 15: 1978-1984.

10.	Branigan EF, Muller CH (1994) Efficacy of treatment and recurrence 
rate of leukocytospermia in infertile men with prostatitis. Fertil Steril 
62: 580-584.

11.	Menkveld R (2004) Leukocytospermia: Advances in fertility and 
reproductive medicine. International Congress Series No. 1266 pp. 
218-224.

12.	Aitken RJ, Fisher HM, Fulton N, Gomez E, Knox W, et al. (1997) 
Reactive oxygen species generation by human spermatozoa is induced 
by exogenous NADPH and inhibited by the flavoprotein inhibitors 
diphenyleneiodonium and quinacrine. Mol Reprod Dev 47: 468-482.

13.	Krausz C, Mills C, Rogers S, Tan SL, Aitken RJ (1994) Stimulation of 
oxidant generation by human sperm suspensions using phorbol 
esters and formyl peptides: Relationships with motility and 
fertilization in vitro. Fertil Steril 62: 599-605.

14.	MacLeod J (1943) The role of oxygen in the metabolism and motility 
of human spermatozoa. Am J Physiol 138: 512-518.

15.	Aitken RJ, Clarkson JS (1988) Significance of reactive oxygen species 

and anti-oxidants in defining the efficacy of sperm preparation 
techniques. J Androl 9: 367-376.

16.	Alvarez JG, Touchstone JC, Blasco L, Storey BT (1987) Spontaneous 
lipid peroxidation and production of hydrogen peroxide and 
superoxide in human spermatozoa: Superoxide dismutase as major 
enzyme protectant against oxygen toxicity. J Androl 8: 338-348.

17.	 Iwasaki A, Gagnon C (1992) Formation of reactive oxygen species in 
spermatozoa of infertile patients. Fertil Steril 57: 409-416.

18.	Aitken RJ, Clarkson JS, Hargreave TB, Irvine DS, Wu FCW (1989) 
Analysis of the relationship between defective sperm function and 
the generation of reactive oxygen species in cases of oligozoospermia. 
J Androl 10: 214-220.

19.	Aitken RJ, Buckingham D, West K, Wu FC, Zikopoulos K, et al. 
Differential contribution of leukocytes and spermatozoa to the 
high levels of reactive oxygen species recorded in the ejaculates of 
oligozoospermic patients. J Reprod Fertil 94: 451-462.

20.	Sharma RK, Agarwal A (1996) Role of reactive oxygen species in male 
infertility. Urology 48: 835-850.

21.	Krause W, Herbstreit F, Slenzka W (2002) Are viral infections the 
cause of leukocytospermia? Andrologia 34: 87-90.

22.	Wolff H, Politch JA, Martinez A, Haimovici F, Hill JA, et al. (1990) 
Leukocytospermia is associated with poor semen quality. Fertil Steril 
53: 528-536.

23.	Arata de Bellabarba G, Tortolero I, Villarroel V, Molina CZ, Bellabarba 
C, et al. (2000) Non sperm cells in human Semen and their relationship 
with semen parameters. Arch Androl 45: 131-136.

24.	Fedder J (1996) Non sperm cells in human semen: With special 
reference to seminal leukocytes and their possible influence on 
fertility. Arch Androl 36: 41-65.

25.	Aitken RJ, Clarkson JS, Fishel S (1989) Generation of reactive oxygen 
species, lipid peroxidation, and human sperm function. Biol Reprod 
41: 183-197

26.	Kiessling AA, Lamparelli N, Yin HZ, Seibel MM, Eyre RC (1995) Semen 
leukocytes: Friends or foes? FertilSteril 64: 196-198.

27.	Tomlinson MJ, White A, Barratt CL, Bolton AE, Cooke ID (1992) The 
removal of morphologically abnormal sperm forms by phagocytes: A 
positive role for seminal leukocytes? Hum Reprod 7: 517-522.

28.	WHO (2010) WHO laboratory manual for the examination and 
processing of human semen. 5th Edition, Cambridge: Cambridge 
University Press.

29.	Zorn B, Virant-Klun I, Meden-Vrtovec H (2000) Semen granulocyte 
elastase: Its relevance for the diagnosis and prognosis of silent 
genital tract inflammation. Hum Reprod 15: 1978-1984.

30.	Aitken RJ, Gordon-Baker HW (1995) Andrology: Seminal leukocytes: 
Passengers, terrorists or good Samaritans? Hum Reprod 10: 1736-
1739.

31.	Rajasekaran M, Hellstrom WJG, Naz R, Sikka SG (1995) Oxidative 
stress and interleukins in seminal plasma during leukocytospermia. 
Fertil Steril 64: 166-171.



© Under License of Creative Commons Attribution 3.0 License 5

2023
Journal of Urology, Nephrology and Andrology

Vol. 1 No. 1: 103

32.	Yanushpolsky EH, Politch JA, Hill JA, Anderson DJ (1996) Is 
leukocytospermia clinically relevant? Fertil Steril 66: 822-825.

33.	Perez-Pelaez M, Jeyendran RS, Soberero AJ (1982) Correlation 
between semen analysis results and physical examination in sub 
fertile men. J Androl 3: 36.

34.	Thomas J, Fishel SB, Hall JA, Green S, Newton TA, et al. (1997) 
Increased polymorphonuclear granulocytes in seminal plasma in 
relation to sperm morphology. Hum Reprod 12: 2418-2421.

35.	Van der Ven HH, Jeyendran RS, Perez-Pelaez M, Al Hasini S, Diedrich 
K, et al. Leukospermia and the fertilizing capacity of spermatozoa. 
Eur J Obstet Gynecol Reprod Biol 24: 49-52.


