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Abstract

Background: When diagnosing and treating male infertility it is important to determine whether there are defects in the maturation
process of sperm nuclei. Using nutritional supplements can improve the morphological and physiological condition of the spermatozoa.
In recent years there has been an increase in the usage of supplements with different compositions which strives to determine the best
combination and avoid side effects.

Aim: To study the effect of PAPA nutritional supplement on the levels of DNA fragmentation of sperm cells tested with acridine orange
test (single stranded DNA against double stranded DNA) in men with sub/infertility.

Materials and methods: 48 men with confirmed sub/infertility underwent treatment for three months with nutritional supplement
PAPA containing 9 micronutrients. The differences in levels of DNA fragmentation were determined with acridine orange test, which
was conducted before and after the treatment.

Results: The results were statistically significant (p<0.001) showing an increase in the number of green spermatozoa (normal DNA),
and a decrease of damaged ones (orange and red). After treatment the level of sperm DNA fragmentation decreased by 10.2%.

Conclusion: Men with confirmed sub/infertility that took nutritional supplement PAPA for three moths showed a decrease in DNA
fragmentation levels of 10.2% determined by AO test which implies an improvement of male fertility levels.
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INTRODUCTION

studies point out the necessity of researching levels of DNA
fragmentation in men with fertilization problems. Some
The structural integrity of human sperm chromatin and  authors imply that the test should be routinely preformed
DNA is a determining factor of fertility in vivo."” Many  since it can clarify hidden issues and prevent future failed
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pregnancies.” Furthermore, defects in nucleus maturation
can influence the development of the embryo causing bad
reproductive results.” One method of evaluating DNA frag-
mentation is by fluorescence microscopy of dye infused
cells with acridine orange.?* It is a tricycle aromatic cation-
ic alkaline fluorescence dye (source), a cellular marker for
selective labeling of nucleic acids. In addition, it enters the
cell easily and attaches to DNA or RNA by intercalation.
Application of this method can also improve diagnosis and
treatment of male infertility.

The use of nutritional supplements is the least invasive
method of treatment that aims to improve the spermato-
genesis and morphological and physiological condition of
the sperm cells. Several studies show a positive effect of dif-
ferent antioxidants, microelements and vitamins when used
for male infertility.>8 In recent years the use of supplements
with different quantities and qualities of micronutrients has
increased in the search of the best combination without any
side effects. However, detailed studies on their effectiveness
on treating human infertility are still not sufficient. One of
them is PAPA, which contains 9 micronutrients and was re-
cently introduced on the market.

The purpose of this research is to study the influence of
PAPA nutritional supplement on the levels of DNA frag-
mentation of sperm cells, tested with acridine orange test
(single stranded DNA against double stranded DNA) in
men with sub/infertility.

MATERIALS AND METHODS

In total, 48 men, after having given written consent were
tested by completing a questionnaire. All men were between
24 to 50 years of age, and were patients of the Urological
Clinic at St George University Hospital, Plovdiv, Bulgaria,
as well as of the andrological laboratory at in vitro center of
the Ob-Gyn Selena Hospital, Plovdiv, Bulgaria. They took
the supplement after confirmation of sub/infertility by the
means of sperm analysis CASA (Computer Assisted Sperm
Analyzer, Micro optic, Spain). The diagnoses included as-
thenoteratozoospermia (AT), asthenoteratozoospermia
with hypovolemia (ATH) and oligoasthenoteratozoosper-
mia (OAT).

Nutritional supplement PAPA®

The substance was provided by Vital Concept Ltd, Sofia,
Bulgaria. The men from the experimental group underwent
treatment of 3 months. They did not take any other nutriti-
onal supplements or drugs during this period of time. The
daily dose included 2 capsules per day. The two capsules
included: L-carnitine (469 mg), L-arginine (280 mg), coen-
zyme Q10 (16.0 mg), vitamin E (112.8 mg), vitamin B9 (800
ug), glutathione reductase (80 mg), selenium (26.4 ug), tau-
rine (20 mg), fructose (50 mg).

Acridine Orange test (AO)

Afterseparation and liquefaction of the sperm samples, 5
slides per patient were made and left to dry. After that they
were fixed in Carnoy solution for at least 3 hours. After rin-
sing, drying at room temperature and staining for 5 minu-
tes with acridine orange solution (MERCK, USA) (10 ml
1% AO in distilled water is added to 40 ml 0.1 M citric acid
and 2.5 ml 0.3 M Na,HP0,7H,0).> After staining, the glass
slides were washed in distilled water and, while wet, were
covered with cover slips. The slides were analyzed under
x100 objective lens with immersion oil and photographs
were taken with a fluorescent microscope (Leica DM 1000
Fluorescence Filter 13, Germany) with agitation of 450 to
490 nm 1 to 2 hours after staining. For every patient, an
overall of 1000 sperm cells were counted (200 per swab).
The heads of the sperm cells with normal (double stranded)
DNA had a green fluorescent glow and those with denatu-
red or single stranded DNA chain had a red or orange glow,
respectively (together with the yellow-orange ones).

Statistical analysis

The results were expressed as mean + SD. Effect of treat-
ment with nutritional supplement PAPA was assessed by
total percentage change in the observed green, orange and
red colored sperm cells. Significant differences before and
after treatment were confirmed with Student’s t-test for pai-
red samples (p<0.05). For the statistical analysis the data
was processed using STATISTICA version 7.0 for Windows
(Stat Soft, 2004, USA).

RESULTS

Over the course of the conducted AO test, sperm cells with
normal nucleus and double stranded DNA which had a
green glow were observed. The ones with damaged nucleus
and/or single stranded had a red/orange glow (Fig. 1). Ini-
tially 68.8% of the men in the experimental group had high
levels of DNA fragmentation in comparison with the ref-
erence values and the others had lower levels. The average
value in percentage before and after the course of treatment
showed an increase in the number of green sperm cells and
decrease of the red sperm cells (orange and red), as shown
in Fig. 2. We confirmed an increase of the green cells and
decrease of the red cells, which were statistically significant
at p<0.001.

The nutritional supplement had a different influence on
each patient as the percentage change of the green sperm
cells count was variable. After the treatment in 70% of the
patients the amount of normal sperm cells increased and
in 30% it decreased or did not change significantly (Fig. 3).
We divided the patients into five groups according to the
observed total percentage change of green spermatozoa as
follows: over 100%; from 50% to 100%; from 0 to 50%; from
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0 to -50%; from -50% to -100% (Fig. 3). In the 30% of pa-
tients we found that the total percentage change of green
sperm cells decreased in the ranges from 0 to -50% (24%)
and from -50% to -100% (6%). In the 70% of patients the
total percentage change of green sperm cells increased,
most pronounced in the group with change from 0 to 50%
(34%), followed by those with over 100% (24%) (Fig. 3).
After treatment the average percentage change of the green
spermatozoa in the whole experimental group of patients
increased by 10.2%, the orange cells decreased by the 5.2%,
whereas the red sperm cells decreased by 5.0% (Fig. 4).
Consequently the levels of DNA fragmentation decreased
by 10.2%.

Figure 1. Microphotography of sperm cells of men with sub/in-

fertility. Green glow - normal spermatozoa, orange and yellow-
orange — spermatozoa with damaged nuclei; red - spermatozoa
with high levels of damaged nuclei. x600.
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Figure 2. Average values with standard deviation of sperm cells
before and after treatment with nutritional supplement PAPA (GB
— green before, GA - green after, OB - orange before, OA - orange
after, RB - red before, RA - red after treatment).

DISCUSSION

Using the AO test, we found a decrease in the levels of DNA
fragmentation after a 3-month course of oral administra-
tion of nutritional supplement PAPA by 10.2%. Greco et
al.!% also found a decrease in the fragmentation in spermal
DNA after oral administration of antioxidant treatment,
which suggests increase in male fertility. The connection
between the AO florescent test of the sperm cells and
their fertilization ability has been investigated by Hoshi
et al.!!, Evenson!? and others. Initially, more than half of
the patients with confirmed abnormal spermogram had
high DNA fragmentation levels. This connection is prov-

35% 34%
30%

B‘Q- 250 24% 24%

H

5 20%

E 15% 12%
10% 6%
- | il
0%

Figure 3. Groups of patients according to the observed total per-
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Figure 4. Average percentage change of green, orange and red
sperm cells in whole experimental group of patients with sub/in-
fertility after treatment with nutritional supplement PAPA.
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en by other authors.>*12-1> Furthermore, the percentage of
positive effect was variable in different patients, therefore
demonstrating individual specificity. The reason behind
this is not yet clear, although it is supposed to be a com-
bination of endogenous and exogenous factors. After the
treatment we observed a decrease in both red and orange
sperm cells. The percentage decrease of the orange cells was
a little bit greater than the percentage decrease red cells (no
significant difference), so we consider that PAPA had a pos-
itive effect on the spermatozoid integrity of DNA. By prov-
ing the spermatogenesis, the nutritional supplement PAPA
improves the likelihood for repair and recovery of cell
DNA. Abad et al.!¢ also studied this improvement of the
spermatogenesis. In our case, it is likely that the addition
of vitamin B9 had a positive influence, which according to
Boxmeer et al.!” can improve the processes of methylation
of phospholipids, proteins, DNA and RNA, and the synthe-
sis and reparation of DNA. It is possible that this recovery
is due to interruption of the apoptosis process'® or lowering
the influence of exogenous or endogenous reactive oxygen
species (ROS). The inclusion of antioxidants is believed to
be responsible for lower ROS levels. Just like Davidova and
Yochkoval!®, we assume that vitamins E, C, as well as co-
enzyme Q10 can influence the reduction of ROS, if they
are already produced. The combination of all 9 micronu-
trients in our nutritional supplement increased the amount
of healthy sperm cells and decreased the amount of dam-
aged ones. It also lowered the level of DNA fragmentation
by 10.2% (p<0.001). However, further detailed research is
needed to determine different interconnections and de-
pendencies, which are yet to be represented. Moreover, the
experiment was conducted in the course of three months,
and it is necessary that the intake is continued with another
3 months. Overall, after application of nutritional supple-
ment PAPA, five of the couples achieved pregnancy without
the use of assisted reproductive technologies.

CONCLUSION

Men with proven sub/infertility (AT, ATH and OAT) who
took nutritional supplement PAPA for three months had
a lower DNA fragmentation levels by 10.2%, which was
conducted by AO test and suggests improvement of male
fertility. Thus, it is advised that patients continue to take the
nutritional supplement.
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cy0 | 6ecnnoguem, nosny4vyaBlNX ANETUYECKYIO A00aBKY
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AGCTpakT

BsepgeHwme: IIpn guarHocTyKe 1 TIe4eHNN MY)XCKOTO 6eCIIOMVIsE BaYKHO OIIPEE/UTb, eCTb /i Ae(eKTbl B IPOLiecce CO3PEBAHN siiep
criepMaro3ouzoB. IIpiém muiieBbIx f06aBOK MOXKET yIydnTh MOpGOIorndeckoe u Gpusmonorndeckoe COCTOsHIe ClepPMaTO30MI0B.
B mocepHue roppl Hab/II0jaeTCs yBeMMYEeH e MCIIOIb30BaHMs JOOABOK PAs/IIIYHOrO COCTABA, KOTOPbIE CTPEMATCS OIPE/e/INTh Hal-
Jy4IIyI0 KOMOMHALNIO, 4TOOBI 136€XaThb 1060YHbIX 9 (PeKTOB.

Lenb: Vayunrs Bmmanmne mmiesoit no6asknu PAPA Ha ypoBan ¢parmenraunu JHK criepmMaTto30110B, IpOTECTUPOBAHHBIX MYTEM
OKpallMBaHUA aKPUMHOBBIM OpaH)KeBbIM KpacuteneM (opHouenodeuHas JHK nporus peyxuenoueynoit JTHK) y myxumn ¢ cy6 /
Gecriopyem.

MaTepuasnbl 1 MeTO/bI: 48 My>KUNH C yCTaHOBJICHHBIM CY0 / 6eCIUIOfeM IPOBe/IY IeUeH e B TedeHNe 3 MeCsALeB C OMOIIbIO TN~
meBoit ;o6aBku PAPA, comepsxaiteit 9 MukposneMeHToB. Pasmnuns B ypoBHsix ¢pparmenraunu [JTHK onpenensim o okpalinBaHuo
aKPMANHOBBIM OPAH)KEBBIM KPacUTe/IeM, KOTOPOe IIPOBOAIIIN [0 1 IOCTIe 06paboTKM.

Pesynbrarbl: Pesynbrarsl 6bUmy cTaTHCTHYeCKY 3HAYMMBIMY (p <0,001) 11 ITOKa3a/y yBem4eHme KonmudecTsa 3eJIEHO0I CriepMbl (HOp-
manbHasg [THK) u ymenbluenne nospexpaenns (opanxesblit 1 KpacHblii). [Tocie 06pabotkn yposuu ¢pparmenranuu [JTHK cnepmaro-
30UI0B CHU3MINCH 70 10,2%.

BbiBOAbI: Y My>X4YIH C yCTaHOB/IEHHBIM CY0 / GeCIIofiteM, KOTOpble IPMHIMAIN FUeTNYeCKyIo f06aBKy PAPA B Teuenne 3 Mecsiies,
Habmoanoch cHipkenne yposuA ¢pparmenraunu JHK no 10,2%, onpependeMoe oOKpalBaHyeM aKpYAMHOBBIM OPaHXeBbIM KpacuTe-
JIeM, ITO CBUIETE/IbCTBYET 00 YIyULIeHNI YPOBHSA (QepTUIBHOCTH Y MY>KIIH.

KnwoueBble cnoBa

¢dparmenrtanys JHK, nuiiesast fo6aBKa, akpuiMHOBDIT OpaHXeBbIil Kpacuterb, PAPA, yenoBedeckast criepma
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