Reproductive Sciences (2024) 31:3275-3302
https://doi.org/10.1007/543032-024-01657-x

INFERTILITY: REVIEW q

Check for
updates

A Comprehensive Systematic Review of the Effects

of Photobiomodulation Therapy in Different Light Wavelength Ranges
(Blue, Green, Red, and Near-Infrared) on Sperm Cell Characteristics

in Vitro and in Vivo

Ali Moradi' - Marefat Ghaffari Novin' - Mohammad Bayat'%>

Received: 8 December 2023 / Accepted: 13 July 2024 / Published online: 2 August 2024
© The Author(s), under exclusive licence to Society for Reproductive Investigation 2024

Abstract

Around 7% of the male population in the world are entangle with considerable situation which is known as male infertility.
Photobiomodulation therapy (PBMT) is the application of low-level laser radiation, that recently used to increase or promote
the various cell functions including, proliferation, differentiation, ATP production, gene expressions, regulation of reactive
oxygen spices (ROS), and also boost the tissue healing and reduction of inflammation. This systematic review's main idea
is a comprehensive appraisal of the literatures on subjects of PBMT consequences in four light ranges wavelength (blue,
green, red, near-infrared (NIR)) on sperm cell characteristics, in vitro and in vivo. In this study, PubMed, Google Scholar,
and Scopus databases were used for abstracts and full-text scientific papers published from 2003-2023 that reported the
application of PBM on sperm cells. Criteria’s for inclusion and exclusion to review were applied. Finally, the studies that
matched with our goals were included, classified, and reported in detail. Also, searched studies were subdivided into the
effects of four ranges of light irradiation, including the blue light range (400-500 nm), green light range (500-600 nm),
red light range (600-780 nm), and NIR light range (780-3000 nm) of laser irradiation on human or animal sperm cells,
in situations of in vitro or in vivo. Searches with our keywords results in 137 papers. After primary analysis, some articles
were excluded because they were review articles or incomplete and unrelated studies. Finally, we use the 63 articles for this
systematic review. Our category tables were based on the light range of irradiation, source of sperm cells (human or animal
cells) and being in vitro or in vivo. Six% of publications reported the effects of blue, 10% green, 53% red and 31% NIR, light
on sperm cell. In general, most of these studies showed that PBMT exerted a positive effect on the sperm cell motility. The
various effects of PBMT in different wavelength ranges, as mentioned in this review, provide more insights for its potential
applications in improving sperm characteristics. PBMT as a treatment method has significant effectiveness for treatment
of different medical problems. Due to the lack of reporting data in this field, there is a need for future studies to assessment
the biochemical and molecular effects of PBMT on sperm cells for the possible application of this treatment to the human
sperm cells before the ART process.
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DFI DNA fragmentation index MIR Mid-Infrared
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mtNOS Mitochondrial nitric oxide
NIR Near infra-red

NO Nitric oxide

PBMT Photobiomodulation therapy
PKA Protein kinase A

PKC Protein kinase C

PSM Progressive sperm motility
ROS Reactive oxygen species
SCD Sperm chromatin dispersion
SDH Succinate dehydrogenase
Src Proto-oncogene tyrosine-protein kinase
STZ Streptozotocin

T1DM Type 1 diabetes mellitus
Introduction

Male infertility is a multifactorial and pathological situation
and nearly 7% of the male population in the world are entan-
gled with it [1]. It was estimated that 70 million in the world
and 9% of couples are struggling with infertility treatment
and male factors contribute approximately 50% of it [2].
Ejaculatory ducts and epididymis obstruction, cryptorchid-
ism, torsion and trauma of the testicles, varicocele, auto-
immunity, and hormonal imbalance can be causes of male
infertility [3]. In addition, chronic and untreated infections in
the urogenital tract like urethritis, prostatitis, epididymitis,
and orchitis could damage the spermatogenesis process and
produce poor sperm quality situations that cause decreased
viability, motility, and concentration of sperm cells. The
presence of leukocytes in semen fluid can induce aggluti-
nation and reactive oxygen species (ROS) in inflammation
situations and cause huge damage to sperm cells [4-6]. On
the other hand, cancers, especially reproductive organ can-
cers, strongly affect male fertility. Moreover, treatments for
it, including surgeries, radiotherapies, and chemotherapies,
can cause destructive effects that are temporary or even per-
manent on fertility structures. To prevent these, routinely
in cancers treatment, sperm cryopreservation is applied to
maintain male fertility after cancer survival [7].
Furthermore, sperm cryopreservation has massively
destructive biological effects, including severely decreased
sperm motility and viability, acrosome and mitochondrial
membrane destruction, an increase in ROS production, and
even nuclear and DNA damages that rises in the cryo-
preservation process. Also, changes in miRNA regulation
can happen during the freeze—thaw process [8], so as a
suggestion irradiation of laser to reduce all those effects
could be used. Dysfunction in mitochondrial performance
is related to infertility, especially asthenozoospermia dis-
order. In other words, motility, capacitation ability and
acrosome reactions of sperm are adjusted by mitochondrial
actions like the production and regulation of ATP, Ca**
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and nitrogen oxide (NO) [9-11]. Oxidative stresses have
severely harmful effects on the quality of sperm. A high
ROS concentration is the main cause of oxidative stress.
Rises in ROS in this condition can induce DNA damages,
lipids peroxidation, and disorder in the infrastructure and
function of sperm. However, normal or physiological
amounts of ROS can regulate the intracellular cascades
and mediate physiological actions like sperm maturation
and sperm hyperactivation, acrosome reaction, sperm
capacitation, and fertilization ability [11-15].

Low-level light therapy (LLLT) or its updated term
photobiomodulation therapy (PBMT) mostly known as
the irradiation of light at red or near-infrared (NIR) wave-
lengths (600—1000 nm). Applications of this therapy have
grown rapidly in the last decade. Many factors, situations,
and parameters, including fluency power, irradiance type,
time of irradiation and repetition, pulsed or continuous
model, and wavelength, are involved in PBMT effects [16].
Many studies suggest a comprehensive definition of PBMT
as a kind of light therapy that can utilize the non-ionizing
shape of light sources, including all laser types and Light
Emitting Diode (LED)s, in the visible and infrared (IR)
ranges [17]. The IR radiation subdivision, named NIR
under the alternative classification provided in ISO 20473,
refers to wavelength ranges between 780 and 3000 nm.
That is between the red (600-780 nm) wavelength edge
of visible lights and the mid-infrared (MIR, 3000-5000
nm) [16, 18]. In recent decades’ various cellular repercus-
sions to visible and NIR radiation have been studied for
investigate the mechanisms of PBMT. Also, studies have
state that, the reconciliation of mitochondrial signaling
components like mitochondrial membrane potential (MMP
or A¥Ym), mitochondrial ROS and Ca?* in under-irradia-
tion cells, and the responses to irradiation in the nucleus
(rise in DNA and RNA synthesis, expression of genes) are
well documented [19]. Several studies have announced the
effects related to enhanced mitochondrial activity, includ-
ing rising ATP levels, ROS levels, and MMP ensuing the
light irradiation [20, 21].

Cytochrome c¢ oxidase (CCO) is an important photorecep-
tor and can be used to liberate the free nitric oxide (NO) [22].
It has been propounded that, PBMT operates on an electron
transport chain in the mitochondrial membrane, especially
on CCO, and could increase the efficiency of CCO proton
pumping and catalyze it as well [23-25]. Cellular respiration
is decreased by the fabrication of NO by mitochondrial NO
synthase (mtNOS), which can attach to CCO and impede it.
In the following, NO can displace oxygen from CCO, have an
inhibiting effect on cellular respiration, and decrease the pro-
duction of ATP. Some studies suggest that PBMT can causes
the photo-dissociation of NO from CCO, which lead to reduce
the mitochondrial inhibitory effects of NO. So it can be con-
cluded that PBMT could increase the ATP production. These
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effects are reportedly stronger with red light compared with
some other wavelengths [26-29].

After PBMT in oxidative stressed cells, the level of ROS in
this situation can decrease. PBM can up-regulate antioxidant
defenses. At the same time, PBM causes the separation of NO
from binding sites and leads to oxygen influx and respiration
complete, which then generate ROS products, mostly in nor-
mal cells [30]. Studies suggest that small amounts of ROS are
important mediators of cell activity [31, 32]. Production of
ROS in PBMT has been observed in fibroblasts, sperm, and
lymphocytes [33-35]. PBM can cause a rise in the Ca*" eleva-
tion in cells. Increases in Ca** can initiate cellular signaling
pathways. Thus, changes in Ca>" after PBMT are an important
part of the photobiostimulation effects [36-39]. In general,
in many studies, PBMT was used to promote spermatozoa’s
metabolism, viability, and progressive and non-progressive
motility, owing to its effective action on mitochondria by acti-
vating the mitochondrial respiratory chain for ATP produc-
tion. PBMT can also enhance the spermatozoa survival rate
and increase their movement, especially progressive motility
after thawing frozen sperms or in immobile sperm samples.
In addition, in patients who struggle with vesiculitis and pros-
tatitis, PBMT can diminish infiltrative-exudative changes and
enhance reproductive functions, that could causes promo-
tion in sperms motility [40—42]. PBMT not only improves
sperm motility, but can also act as a stimulator for antioxidant
defenses and increase the fertility power of sperm in male
infertility disorders. Results from expansive studies in this
field suggested that temperate levels of red and NIR irradiation
cause stimulator results with non-significant DNA damage,
and a decrease in ROS production also positive effects on the
population of germ cells [43, 44].

In the absence of review studies comprehensively assess-
ing all ranges of Photobiomodulation (PBM) and LED col-
lectively, our systematic review aimed to present the findings
of studies examining the effects of PBMT on actions and
characteristics in both human and animal sperm samples,
both in vitro and in vivo. In this study, we meticulously col-
lected, categorized, and summarized relevant research con-
ducted between 2003 and 2023 in six tables. These tables
were organized based on light wavelength range (blue, green,
red, NIR), sample source type (human or animal), and appli-
cation type (in vitro or in vivo), providing detailed insights
into various radiation and sample parameters. The outcomes
of this study have the potential to offer novel perspectives for
enhancing current PBMT methods on sperm cells.

Materials and Methods

The databases used in this study were PubMed, Google
Scholar, and Scopus. In search, we use the following key-
words in combination: photobiomodulation, low laser

therapy, green light, blue light, red light, NIR light, male
infertility, sperm cells and semen. The relevant articles were
studies that in vitro or in vivo examined the impact of PBMT
on sperm cells. The inclusion criteria were relevancy of top-
ics, subjects and methods, availability of achieve to full-
text articles, English language, and publication from 2003
to 2023. Initially, we selected articles based on a review of
titles and abstracts, and those that had nonrelated titles or
abstracts to our aims were excluded. Also, the papers whose
abstracts were unmatched with the theme or didn’t deliver
proper data for a complete assessment were excluded. The
quality of provided data was analyzed for randomization,
conflict of interest, blinding, and ethical approve and each of
these items in the article, 25% was added to the quality of the
study option. For prevent the bias and increase the quality of
investigation, two reviewers were reviewed and assessment
the quality of the selected articles according to our exclu-
sion and inclusion criteria. Also, data extraction process was
achieved by one reviewer and double-checked by the second
one. Finally, the studies that match our goal were included,
classified and reported in detail. In addition, to enrich our
searches, the references in related articles were checked. All
the searched studies were subdivided into the effects of four
ranges of light irradiation, including the blue light range
(400-500 nm), green light range (500-600 nm), red light
range (600-780 nm), and NIR light range (780-3000 nm)
of laser irradiation on human or animal sperm cells, in situ-
ations of in vitro or in vivo.

Results

Our searches in online databases with the keywords "pho-
tobiomodulation, low laser therapy, green light, blue light,
red light, NIR light, male infertility, sperm cells, and
semen" resulted in 137 papers. After primary analysis, 91
articles were selected for this study. 23 of these articles
were excluded because they were review articles or incom-
plete and unrelated studies. Finally, we use the 68 articles
for this systematic review. Our category was based on the
light ranges of irradiation (blue, green, red, NIR), provided
source of sperm cells (human or animal cells) and situation
of in vitro or in vivo. In this regard, four articles used the
blue range (400-500 nm) type of laser irradiation (Table 1),
seven articles used the green range (500-600 nm) (Table 2),
34 articles used the red range (600-800 nm) (Table 3), and
12 articles used the NIR range (up to 800 nm) type of laser
(Table 4) on human and animal sperms in vitro. On the other
hand, two articles used red lasers (Table 5) and nine articles
used NIR range lasers (Table 6) on human and animal sperm
in vivo. (Seven of these studies used more than one laser
with different types of irradiation light range).

@ Springer



Reproductive Sciences (2024) 31:3275-3302

3278

9PIX0 OLNIU :ON ‘BIWIAAS00ZOUIYISE :0UaYISYy “QpOoIp Sumiud W31 :q77

[8¥] L

-[now wirads Juowoy
0} ySnoua sem J1
pue uone[NWINSoIq
-ojoyd onewrads

ur asn 0} anbruyoa)

J[qelns e st uonelp — — qqey S 06 ‘S 09 — — wu SOy L10C
-BIII JOSB] MO] —_— aaoxdury UoZoI1] A0 /L9 Y AW/  snonupuo)  9Jels-pros Te o vpuvIN rq
[L¥] swS1| par
UBY) 9A1IO9JJO QI0W
9q ued OS[e pue S[[30
wrads ur uonenuad
-U0d QN SoseaIout
0) PuNoj sem uon paseaIouy —_ auraog S 00€ LU/ MW 8/ — WU 00S—00t
-eurwn[[1 3ySI an[g - - ysaig - ——  snonupuop ddT 00T v 2 Myuyy iy
[ot] awmn jo poriad
J10ys © 10} AJrnowt
wrads ur asearour
asned yiSud[eAem WU —_— —_— ouayIsy S 09 LU/ 2970 wo ¢ wu ([ 1202
01+ JO J9Se[ [9AJ] MO'] — pasearour ysor] — AW 00T snonunuo)) ad1 T8 19 pauuvyou's
[S7] pSuoresem
oy Jo sso[presar
sjuoned orwredsooz
-Ouay)se ur Arrour — pasearour oudYISY ur ¢ wo O] wu ()L SIo0z
o aowoxd ued INGd —_— paseaouy ysary —_ LU/MW Q0'6——  Snonupuo) ada1 T8 10 208unsy"qg'H upwngy
uononpoxd
SOY % uone)
-uowisely YN ANITIqera 2 AImon
(ad£3 901n0g 10 £30 ANEo doue) 3u9[
-[oyIed ‘USZOL/YsAY) SWIL 2 (;Wo/f) /MUW) ANSUSp omod  -SI 7 2dK) -OABM 9
SUOISN[OU0)) SInsay uonipuod o[dweg  Asua(q A310ug 2 (W) Jomod uonerpen  adA) 1aseT IeQX 29 I0YINY 18|

OIIA Ul ‘[[90 uLiads uo uoneIpeL Jase| (Wu (0S—00f) Yrsusosem a3uel anjg | djqel

pringer

AQs



3279

Reproductive Sciences (2024) 31:3275-3302

[zs] Anow
pue Kjenb eoz
-ojewrads [oured
) Jo aaoxduur
ued I9Se[ UID)

[16] paSueyo
9q UEd UOTJEAT)OR
I19Y) 19)J& Uonow
rozojewads oy
Su1Z119)0BIRYD SI9)
-owrered ay) pue
"uoneIpEI JO 9SOP
ay) uo puadap
1090 19SB[ YL,

[0s]
el SUIZI1I9)
o) oseaIoul pue
Anmour uo 19949
ue QARY Jose]
‘AyImour uo 10959
K10)1qIyur ue pue
KIojernums e yjoq
dA®Y UEBD UOTJBIPRI
) ‘0sop pasn

9y uo Surpuado(
l6v] Kmow
urrads oy eouryU
PUE BLIPUOYIOIIW
£q uoneIoes IV
9JeAT)OR UBD )1 pUR
anbruyo9) 1oyp0
uey) arowr AJrow
wrads 10§ A310U9

QSBAIOUI JOSB]

pa1 ueyy
19yS31Y ST U210

pasearou

pasearouy

pasearou

pasearouy

owe)
yso1

uoa3Ing

Usar]

uoa3Ims
yso1g

ouayIsy /0310
Usarg

Qg 9 y'e

unQr-sol

ut O [-s¢g

U 0g°0z 0l

AUO/MW €
MU €

LU/ MW €
MW 0E

JU/MW0E=C0
MW 00E=S

AU/ MW TLT
MW S

snonunuo))

pasind %

‘snonunuod 1seng)

wo ¢'¢
snonunuo))

snonunuoy)

wuzes

wuzes
DOVAPN

wuzes
DVAPN

wuzes

reoc

T8 1 VAdNOIAS

1202
Te 10 104SAv]d A

0202
TR 1ySAnld A [puauy

44014
Te e wisvf VO upwngl

SuoISN[oU0D)

uononpoid

SOY % uoney
-uowidery YN

Aiqera
% KAINON

SInsoy

(ad£y 901no0g

10 A3ojoyjed
‘9z901y/ysa1y) uon
-1puod o[dweg

aw, % (;wo
/1) Airsuaq AS1oug

(o /A w)
Kysuap 1omod

29 (MW) Iomod

dueisIq

29 od£) uonjerperry

ISUS[ABAN
29 od4K) 1osE]

Ieqx 29 Ioyiny S|

ONIA Ul ‘[[90 uLiads uo uonerpeL Jase| (Wu (09—00S) YISusoaem 23Ul UID) g d|qel

pringer

As



Reproductive Sciences (2024) 31:3275-3302

3280

s901ds ua3Ax0 2AnOLAI :§OY ‘BTWIdS00ZOUIYISLOTI[O :0UdYISY/031](0) “eru1adsoozo31o 0310 ‘erurradsoozouayise :0uayisy ‘Oporp Jumrwe W31 :qF7

[SS] Injwirey

ST Do O 78 S[Iym
‘9[qQeIOAR] ST D,

L€ B SOY Jo uon
-eIoUas “Kjmow
wads ysrurwip
ued ), O e 3|

U9913 "pasearout my —_—
Amour wrads -wrey /o[qeloae] pasearoa 9T U 0g‘0z 01 - wo ¢'1 wu OrS$—06¥ caoe
[[BI9A0 91 1, LEIV - /pasealdu] ysaig WL YYee - snonunuoy 0LOTd-AAT Te I 2242uvy ' W
[v¢]
amsodxa Jo uru 4
JI9)Je PAYOBAI Udq
sey] JuawdAaoxduur
WNWIXBLA "SI0
-wered Arenb U GH°¢ 7T
UQWISS SaseaIdul - - oreyng  Wo/f €0 ‘TE0 JUO/MWOTL'T - wuzes rroc
UONBIPRLIL JoSe| — pasealouf ysary  ‘€7°0 ‘S1°0 ‘9L0°0 AW | snonunuo)) — Te 10 wnpsy'Z
[€G] suonouny
[BLIPUOYO0) T
aaoxduwr pue
K)1139)Ul QWOSOIOR
‘KYITIQRAT] “B0Z0)
-ewrrads o[mow — pasearouy Pwe) uru ‘01‘g 9y AU/ ¢ —_— wu 7¢s 1202
o pastel JINdd - pasearou] ysalg /L 8E°0 Mg snonunuoy II-Sd-4S1 e 32 ydprotag
uononpoid
SOY % uonhey Aiqera
-uowideyy YNA » Anmo
(ad£y 901n0g
10 A3o[oyjed (Lo /u)
‘92231J/ysa1y) uon owr[, 79 (;wo Kysuap 1omod doueIsIq Susarem
SUOISN[OU0)) sjnsay -1puod o[dwes /p) Aysua(q AS1oug 2 (AW) 1omod 29 2dK) uonjerperry 29 od4K) 1osE Ieox 2 IOy 18]

(ponunuoo) zsjqey

pringer

AQs



3281

Reproductive Sciences (2024) 31:3275-3302

[6S14n

-[NOW PAIdPIOSIP
Kq jnsax Ay
-[nJoJuI [ew

JO JuswIea) IO}
anbruyo9) onnad
-e1oy) fewndo

ue se pasn aq — ——  OUQYISY/OULION sg — — wu G¢9 +102
ued sy poy — paseaIouy ysarg AW/ b MW Q0Z  snonunuo) —  [BRpvzDAYIH
[8¢]
own amsodxa
-1sod pue Ayrsuap
J19Se[ Y30q UO
spuadop Amow
9SBAIOUL UBD
surtods uewny — ——  OUQYISY/OULION uru ()¢ — — wu G'7€9 #102
UO UONBIPBLI] — paseaIou] ysoI{ AU /LT —  snonunuo) ON-OH e paavs D
[Ls]
Xngut , &) OS[e
pu® 2IS ‘V3d JO
UOTJBAT}OR ‘UOT)
-onpoid SO
Ay} 9seaIoUl sooueyuUyg — OWLION un ¢ LU/ MW OF — wu ()09 1102
uoneIpeLI JY3I| — paseaIou] ysoI{ — —  snonunuo) aga1 Te 10 4vypYyg°§
[9¢] yuopuadap
qrdures pue asop
joq SI Jey) 1099
ue s 1711
Kq pasoxdur
st Ayrpnowr - - ouayIsy - - - wu 099 800¢ e
wrads uewny — paseaIou] ysaI{ ZW/L 00001 MW QQ0Z  snonunuo) Ad1 10 UOSLLIDETY uvwngy
uononpoid
SOY % uone) Aiqera
-uswely VNA % A1mow
(ad£y 901nog
1o A3ojoyjed (Lo /A un) Qoue)
9Z301J/YS31IJ) Qwiy, Asuop 1omod  -SIq 2 2dA1  yiSudresepy
suoISN[OU0)) s)nsoy  uopipuod didwreg  (Lwoy) AysuaQg ASoug % (MW) Jemod uonerperr] 29 adA) 1ose] IeQX 29 I0yINY IS|

OI)IA UI ‘[[90 uriads uo uonerpeL Jose| (Wu (8/—(009) Yrsusaaem a3uel poy € 3|qel

pringer

As



Reproductive Sciences (2024) 31:3275-3302

3282

[£9] s[reo wrads

ur ofewep YNJ

oMy & Suronpoid
nq Kyrmour

PaseaIour ued oSewep — OULION UIW OECE  LWO/MUW TELS'S wo 69 wu ¢¢9 2102
amsodxe 1yS1 poy VYN OU 10 9] paseaIou] pomey}/uezoly — —  snonunuo) — Te 10 2222.44°(q
[29] 2a0w 0y
wrads s[mourwt
jnq o[qerA
sqje[nwIns pue
swirads smourtur
o) 95BAIOIP
‘Kimowr Yy —_— onoxdw]  ouayISY/OWLION ur 0| — woy wu §°€79 2102
9SBAIOUT JOSB] — pasearou] ysarg — MW  snonunuo) ON—CH e paavs['D
[19] L
-3ojur yNQ pue
Armow wirads
aaoxdwr pue uon
-eAa1asaxd ay) ur
$109JJ [njosn e — — OWION unu Gg — wo [ WU GF9—-0€9 2102
QABY] PINOJ IOSE T PaseaIdaq pasearou] POMEBY)/USZOT] — MW > snonunuo)) ON—OH Te 1 pautyy-7v
[09]nmotx
igealitijite]
A[9yes p[nod
SIYST] oI Im — —— OusyIsy/oulioN U O1°6e — - wu 9'9¢9 sioc
wrads Suneary, — pasearou] ysoIg WY TTI6Y0 M€ snonunuo) g1 [ e puppgN
[sy]
BATE JSUI[OABM
Jo sso[pIesar
syuaned erurads
-00ZOuay)se Lo
ur Ayrnour oy — - ouayisy ume /MW ET8TO'E wo O WU (99°6T9 sioc e
goword INgd —_— pasearou] ysoIg — —  snonunuo) Qg1 wz28uviy'g'H
uononpoid
SOY 7% uonhey Aqera
-uowsel) YNJ 29 KMo
(adA£y 901nog
1o A3ojoyjed (Lo /A un) Qoue)
9Z391J/YSa1J) Qwiy, Ansuop 1omod  -SI 2 2dA1  iSudresrpy
SUOISN[OU0)) s)nsoy  uopipuod ddwreg  (Lwoyr) AysuaQg AS1oug % (MW) Jemod uonerpery] 29 od£) 1ose Iedx 29 IOYINY IST

(ponunuoo) ¢ 3jqey

pringer

AQs



3283

Reproductive Sciences (2024) 31:3275-3302

[£9] amsodxa jo
uoneInp Y} Jo
juapuadapur s9|
-odures orurrods
-00ZOUQ)SE JO
Anmowr wrads

oY) asealout - — ousayIsy un 09°0¢ JU/MU GG wo 01 wu 0g9 £coc
ued LINAd —_— pasearou] ysaiq — MW QQ0Z  snonunuo) — Te 10 up)vg"y
[99]
JIOSE] [OAQ] MO]
s sordures
porean oy ut
paaoxdur A)ifenb
Ayour pue - — ouayIsy U Og‘0z 01 JU/MU HT0'T — wu 0g9 ceoc
Anmow wradg —_— pasearou] ysaiq — AW 8T snonunuo)) — e uusor yvo
[9] Liiqera
PaseaIddp Y31
U9/ 9°0Inq
144 pue INSd
paseaour wo/f — pasearddq OWLION S T6°OH'ET LU/ MW [°97 wo g wu ()¢9 0202
' Y8 WYSI pa1 oy, pasearouy aaoxduy ysor AP TTT0 MW QS snonunuo) SYIVeD Te 10 uvifvg
[¥9] Knpnow
paonpar sasned
Soop A1031qIyul
os[e Ajnour ut
9SBAIOUT JOMO[S ©
s9sned asop K10}
-[NWT)S JOMO[ ©
a[rya “Anow ut
asearour pider e oudyISy
sasned asop K10} — — pameq) S 00% LU/ MW G6¢ wo G wu ()99 9107
-e[nwns Y3y v ASeAIOU] ON paseaIou] /USZOIJ pue ysarg ‘002°001°SL0S ' ST— MW QT snonunuo) aqg1 T’ 129vH D
uononpoid
SOY % uoney Amqera
-uowsel) YNJ 29 KMo
(ad£y 901nog
1o A3ojoyjed (Lo /) Qoue)
9Z321J/YS1J) Qwiy, Aisuop 1omod  -SI 2 2dA1  iSudresepy
SUOISN[OU0)) sjmsey uonIpuod Jfdureg (Quo/r) Aisus AS1oug 2 (W) Jomod uonerperr] 29 2dA} 1ase| Ieox 2 IOy 18]

(ponunuoo) ¢ 3jqey

pringer

As



Reproductive Sciences (2024) 31:3275-3302

3284

[69] uonerp
-e11r 1ose] Jomod

MO JO $199J0
aantsod 1sa33ns
UONRIPELI JO
s1omod oY) 03
anp ‘onbrun jou
SI UOTSN[OUOD B
"o3ewep ouelq
-wow ewserd

- U Q16T
/AWOSOI. DIOW oseaou] Ppasearaq g ZWI/[009°0SY — — wu ¢¢9 110z
SosNEd UOTIRIPELI] pUE paseaIou] Pomey}/uezol| ‘00€°0€T ‘0ST°SH0E MW QIS’L'S  snonunuo)) —  e1uafauq YL
[og]
9e1 SuIzIniy
QY3 9seAIOUT ©
JAey ued SHY3I|
I9seT OSTY AN
-[ow wirads uo
199330 K1031qIyuI
© pue A1oye[
-nups € yjoq
dARY UBD 9SOP
A313u2 ay) uo pa1 ueyy
Surpuado(g 10sB] I9YS31Y ST UAID) _— u0o3Ig U O-sg  JWO/MW ¢—G°0 —_— wu §°7€9 0202
Jo uonerper ay, — paseaIou] ysarg —_— MW OE—G  snonunuo)d ON—OH ‘[ 10 1ySav]d A punuy
[89] K
-3ojur swosoIoe
Pue YNJ 4}
urejurew ‘osye —
pue Ainow oy asealoul — ouaylsy U OZ1 ‘06°09°0€  (WO/MW 0S—ST - wu 669 reoc
Joword Ngd JuBOYIUSIS ON paaoxdur JOUWLION] YSoL] AU/ 019 ——  oAem-pas[ng — e dadsyrg
uononpoid
SOY 7% uonhey Aqera
-uowsel) YNJ 29 KMo
(adA£y 901nog
1o A3ojoyjed (Lo /A un) Qoue)
9Z391J/YSa1J) Qwiy, Aisuop 1omod  -SI 2 2dA1 yiSudresepy
SUOISN[OU0)) s)nsoy  uopipuod ddwreg  (Lwoyr) AysuaQg AS1oug %y (M) 1emod uonerpery] 29 od£) 1ose Iedx 29 IOYINY IST

(ponunuoo) ¢ 3jqey

pringer

AQs



3285

Reproductive Sciences (2024) 31:3275-3302

[¢,] swxads
ur so3ueyd
[eImonns pue
o1[0qEIeW 20NPUL
pue s[[o waads
Jo Ayoeded
SurzZInIoy oy
aaoxduwr ued
UONRIPELI ISE]

[TL] ;wosr 69w
Kq paSeuwrep sem
fusaur yNa
0S[e ‘suonoeIUI
Jy31] J9sR]
-BLIPUOYDOIIW
£q pasoxdur
Kyrenb wradg

[1.] 2msodxa
Jo uornjeInp pue
1amod ndino
9y jo yuepuadap
SI $109))4 "suon
-ouny urrads 9je|
-npows ued [INdd
[0L] Louaroyye
onedIoud Y
ur 9seaIour ue
0} paje[ar
9q pnod ureped
Aymour oy ur
sa3uey) "wrads
9y} JO JUAIOYJI0D
Ieour] pue paads
Q) 9SBAIOUT JOSB]

uonejAyjow
VNA AJ1Po

pasearour
asop uo puadeg

aaoxduwy

aaoxduwy
anoxduwy

anoxduwy

aseaIouf

Jurroq
POMBY}/USZOT]

wer
POMEY)/USZOL]

urrog
POMEY)/USZOT]

Soq
ysarg

un O1°g
wo

4
/L1906 0°C0°€TOST 0

U 67 “LT°TT
/L 6TI996E

uw Or°g
WO/ Y290
‘89°0VETOTIE09ST 0O

S8ST “ST*€01
AU/ 01°9'Y

MW OTSLS

M9

LU/ W
TO'T “S9L°0°01S 0
MW OTSLS

MW LT

snonunuo))

snonunuo))

snonunuo))

snonunuo))

wugeg
SN—°H

wu 8¢9
SN—°H

wu ¢e9
SN—°H

wu ¢¢9

r10C
Te 19 124247 YL

910c T8
19 ouvpoffvy ‘N

910Z e
10 naonbig J 1y

0o e
10 8 oanbvg ) T'IW

suoIsn[ou0))

uononpoid
SOY % uone)
-uowdery YN

Amqera
2 KIION

SInsoy

(ad£y 901nog
1o A3ojoyjed
9Zd31/Ysa1y)
uonipuod o[dweg

QWL %
(Fuo/r) Asua( A31ouyg

(Fud /)
K)1suap 1omod
29 (AW) mog

Qoue)

-s1q 29 2dKy
uoneIpeLy

ISUS[oABA
29 odA) 1aseT

Iegx 29 Ioyiny Is|

(ponunuoo) ¢ 3jqey

pringer

As



Reproductive Sciences (2024) 31:3275-3302

3286

[8L]

JINIA Ul se3ueyo
)M BLIPUOYD
-ojrwt Jo KJIAT)oR
pue Kjmow
wrads asearour

joedwr 18910 ON

(y31y-ssowjrep -1ysry)

- Koyuoq (U G016 ET°T) — — wWu0g9-079 0c0c
uoneIpeL — paseaouy ysorL] — — pasing a1 eRuvpp) r
[£L] woneq
-nour meyj-jsod
9e19[0) 0} wrads
pamey)) uazolj
Jo Kouarisax SQOUAIPIP (y31-ssourep -y3ry)
oY sealdul JUBOYIUTIS ON - uor[rels  (Ur ¢-¢—¢ :g-g—¢1-1-1) - — wu0g9—-079 0z0c
P02 y31-poy — anoxduuy Pamey)/uezolf — — pasing ad1 R uvpw) r
[9L]
uoneAIasardokro
210J9q A[reroadsa
9AT)ORYQ dI0W
sem 3] ‘wirads jo
uoneArssaxd ayy
ur3d9je [erye - pasealdu] auraog S 00TeCT UM wo T wu 099 sroc e
-ueq € aAey 111 —_— paseaIou] Pomey}/uezol| U/ 9 MW QS snonunuo) dUIeD[V 10 SopupULd] LD
[cL]
amyonns urrads
ul UoIjeIa)[E JuBd
-gIugIs sasned —
Kew pasn sromod — — 3oq umu G MW 161 — wu GG9 600Z T8
ndino JuareyIq — anoxduuy ysoIg WYL L6'S ‘T'ECYSI89  snonunuo)d — RS mbog HTW
[¥L]
19owrered Ay
-[now uo Apisouwr
‘uowas Jurmer])
jsod uo s3109p9
aanisod e aaey — — oreyng uru ¢ — — wu 679 7207 e
ued JYJI| J19se] pay —_— anoxduuy Pomey/uezoI — MW QOS  snonunuo) — R 1ynossaq ‘WS
uononpoid
SOY % uone) Aqera
-uowsel) YNJ 29 KMo
(adA£y 901nog
1o A3ojoyjed (Lo /A un) Qoue)
9Z391J/YSa1J) Qwiy, Aisuop 1omod  -SI 2 2dA1 yiSudresepy
suoISNOU0)) s)nsoy  uopipuod ddwreg  (Lwoyr) AysuaQg AS1oug %y (M) 1emod uonerperr] 29 adA) 1ose] IeQX 29 I0YINY IS|

(ponunuoo) ¢ 3jqey

pringer

AQs



3287

Reproductive Sciences (2024) 31:3275-3302

[c8] A
-mow wirads Jur
-SBaIOUl 10J [00)

dIqeyins e st uon - - oreyng uiur ¢ - - wu ¢z9 zeoe e
-RIpRLIT JYII] pal — paseaIouy ysoIg M S snonunuo) ad1 P nossaq'|'s
[18] ssoms rewr
-I9Y) pUBISYIIM

0) QOURI[ISAI
I19y) 9seaIoUl
pnom surrods - 3id U O T LW/ MW CEQ'D — wWu0g9-079 0c0c
JO uonerpeLy popuadoq  —— paseardeq ysoIg — —  snonunuo) ad1  Tew o 'g o
[08] ssoms
[ewIoy) 9110
-pow WId}-110ys
© 0} pajoalqns
rozojewrrads
Jo Aymowt uo
109p59 2an1sod (y3
e sey sutiads Jo Paroagje JON — Ieog  -ssouyIep -JySry) urw g — wu 0£9—-029 6102
uone[NWISOoyJ — paseaIou] ysaI — —  snonunuo) aqa1 Te 1R 0237 4]
[6L] o3¢
-I0})S WI9)-3uo[
ur Kj1renb uowes
Sy UIeRUIRW pue
‘eozojewrads

pa103s Jo K)1A3

-uoj 9y aowoxd — — Aoyang, — — — wu §°7€9 00z T8
UOT)RIPBLIT JOSB ] —_— paseaIouy ysoIg — MW Q9  snonunuo) ON-OH 10 ouvppffvr ‘N

uononpoid
SOY % uone) Amqera
-uswsey VNA % A1monw
(ad£y 901nog
1o A3ojoyjed (Quo /A un) Qoue)
9Z321J/YS1J) Qwiy, Asuop 1omod  -SI 2 2dA1  iSudresepy
suoISN[OU0)) s)nsoy  uopipuod didwreg  (Lwoyr) AysuaQg ASoug % (MW) Jemod uonerperr] 29 adA) 1ose] IeQX 29 I0YINY 18|

(ponunuoo) ¢ 3jqey

pringer

As



Reproductive Sciences (2024) 31:3275-3302

3288

[98] rOZOYRWX
-1ods jueseoyd
pue uayIIYd
‘A3jan) jo
UOT)R[NWI}S-0Iq UO
S109j0
JUQIQYIP © Sey
SN-°H £q LINdd
[68] awiosoxoe
pue QuBIqUISW
ewse[d ay) jo
sanugouI oY)
3unoayje jou
mq ‘SO pue
‘dINIAL ‘S[qeLIReA
UOT)OW PIseaIour
UOTJRIPRLIT

[v8]
uonouny [eLp
-uoyooju ‘A1

-[Iqeta “Know

Jo JuowaAoxdur

ue pasned

UQWAS pamey)
Uo UOT)OR 1aSe]

[e8] A
-Anoe QDD pue
Amowr wrads
le[npouwr ued
skemyped D3d
Pa1BAnIOR-IYSI]
‘A[reuonippy
‘Ureyd uoxndI
[eLIPUOYOO) T
U0 133))° ue
sey] Y31y par

pasearouf

SOOURIOYIP
JueOYIU3TS ON

pasearduy

pasearouy

paseaIou|

QJe[NpOA

KayIng, jue

-5 ‘UMD
POMBY)/USZOL]

uoleIs
ysarg

wey
POMEBY/USZOT]

sreoq
ysaIq

JUO/[96°¢E M9

unu g-g—¢
WS- {rep-1ySI| —

WO/LT19-96'C M9

U Q16T -

— wu 8°7€9
snonunuo)) ON—°H

— wuQg9-029
pasind ag1

- wu 879
snonunuo)) IN—°H

— wu(0g9-029
snonunuo)) aa1

£loc e
12 ouvpoffor ‘N

120z
e R uppIv) [

gloc
Te 19 avjoIN"q

caoc

e 01Ld"g 0

suoIsn[ou0))

uononpoid
SOY % uone)
-uowdery YN

Aqera
2 KINON

(adA£y 901nog
1o A3ojoyjed
9Z331/Ysa1y)

SISy uonipuod d[dwes

(fud /)
K)Isuap 1omod

29 (AW) mod

QWL %
(Fuo/r) Ansua( AS1ouyg

Qoue)
-1 29 2dA1  ISuoresepy
uonerperr] 29 2dA) 1ase|

IegX 29 Ioyiny S|

(ponunuoo) ¢ 3jqey

pringer

AQs



Reproductive Sciences (2024) 31:3275-3302

3289

Table 3 (continued)

Conclusions

Sample condition Results

(fresh/freeze,

Energy Density (J/cm?)

& Time

Power (mW) &
Power density

(mW/ cm?)

Laser type & Irradiation

Wavelength

1st Author & Year

type & Dis-

tance

Pathology or

Source type)

DNA fragmen-

Motility &
viability

tation & ROS
production

Light red

2,4,8,12, 16,20 min

10,100 mW

Continuous

660,680 nm  0.25 cm

LED

Z.M.Hussein et

irradiation at

Bull

51,510 mW/cm?

al. 2008

certain exposure
times can make
a reduction of

bacterial count

and improving of
semen motility

[87]

LED: light emitting diode, He—Ne: helium—neon, GaAlAs: gallium aluminum arsenide, AlGalnP: aluminum gallium indium phosphide, CCO: cytochrome C oxidase, Astheno: asthenozoo-

spermia, Oligo: oligozoospermia, Normo/Astheno: normal + oasthenozoospermia, MMP: mitochondrial membrane potential, ROS: reactive oxygen spices, PKC: protein kinase C, PSM: progres-

sive sperm motility, DFI: DNA fragmentation index, Src: proto-oncogene tyrosine-protein kinase

PBM on Sperm Cells with Blue Range Wavelength
(400-500 nm) in Vitro

In general, according to studies carried out in the field of
infertility treatment, four studies have been conducted on
the effects of laser irradiation with light in the blue range
wavelength (400-500 nm) on spermatozoa, of which half
of them were conducted on human sperm cells and the rest
on animal sperm cells (Table 1). All these studies used the
wavelength range of blue light, and the radiation was done
continuously. They used different ranges of radiation pow-
ers and radiation times. In addition, in only 25% of these
studies, frozen and thawed samples were assessed, and in
rest of them, samples were fresh. In two human studies in
this category, samples with asthenozoospermia were used,
and in animal studies, samples were obtained from rabbits
and bovines. 75% of these studies have stated that laser light
radiation in the blue wavelength range can increase sperm
motility and improve the quality of sperm movements. Also,
only one study had conducted investigation on production
of ROS in sperm cells, and their results indicated that, this
type of light can increase this substance in the sperm cells.
None of these studies has assessments related to DNA dam-
ages or fertility rate.

PBM on Sperm Cells with Green Range Wavelength
(500-600 nm) in Vitro

According to the studies carried out based on our research
in this review, three studies have been conducted on the
effects of laser irradiation with green light (500-600 nm
wavelength) on sperm cells; one of them was conducted
on human cells, and the rest of them were on animal cells
(Table 2). In six studies, radiation was done continuously,
and rest was quasi-continuous. They had a different range
of radiation powers and radiation times. All these studies
were done on fresh samples except one, that used human
samples with normozoospermia, asthenozoospermia and
oligozoospermia characteristics. Also, in animal studies
samples were obtained from sturgeon, camels, buffalo and
mice. These studies have stated that laser light radiation
in the green wavelength range can increase sperm motil-
ity. Only two studies had conducted investigation on pro-
duction of ROS, and their results indicated that green light
might increase this substance. None of these studies have
assessments related to DNA damages, though only one study
assessed fertility rates.

PBMT on Sperm Cells with Red Range Wavelength
(600-780 nm) in Vitro

In the studies carried out in appraisal of the effects of laser
irradiation with red range wavelength (600-780 nm) on

@ Springer
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spermatozoa, 41% were assessed on human sperm cells and
59% on animal sperm cells (Table 3). These studies used the
wavelength range of red light, and the radiation was done con-
tinuously, in 91%; but rest of them used pulsed radiation. They
had different ranges of radiation powers and radiation times.
Also, in 30% of these studies, frozen and thawed samples were
used, and 70% samples were fresh. In most of the human stud-
ies in this category, samples with asthenozoospermia were
used, although normozoospermia samples have been used.
In other side, animal studies samples were obtained from
sturgeon, bulls, dogs, donkeys, turkeys, boars, rams, buffalo,
stallion and mostly bovines. More than 90% of these studies
have stated that red laser light radiation can increase sperm
motility and improve the quality of sperm movement, but one
of them stated that it can increase or decrease sperm motility.
Also, nearly 24% of studies had conducted investigation on the
ROS production levels in sperm cells, and the results in most
of them indicated that red light can increase this substance.
Around the 24% of these studies were done assessments
related to DNA damages, and none of them, had assessments
related to fertility rate.

PBM on Sperm Cells with NIR Range Wavelength
(780-3000 nm) in Vitro

In the studies accomplish in evaluation on the effects of laser
irradiation with NIR light rang (780-3,000 nm wavelength)
on spermatozoa, almost 92% were assessment on human
sperm cells and only one of them was used the animal sperm
cells (Table 4). These studies utilized the wavelength range
of NIR light and radiations type were continuously in 84%
and others were used pulsed type. They used different ranges
of radiation powers and times. In addition, 25% of these
studies, frozen and thawed samples were employed, and
rest of them were done on fresh samples. The majority of
human studies of this category, used samples with astheno-
zoospermia characteristics, although samples with normo-
zoospermia and oligozoospermia were used to. In other hand
in single animal study in this category, samples obtained
from Sea Urchin. 92% of these studies observed that NIR
light radiation can increase sperm motility but one of them
sperm motility parameters was not evaluated. Also, only one
study had conducted assessment for production of ROS in
the sperm cell, and the results indicated that NIR light can
decrease this substance in sperm. 41% of these researches
had done assessments related to DNA integrity and none of
them, had done assessments related to fertility rate.

PBM on Sperm Cells with Red Range Wavelength
(600-780 nm) in Vivo

In the studies performed for evaluation of the in vivo effects
of laser irradiation with a red light range (600—780 nm

@ Springer

wavelength) on sperm cells, one study assessed human sub-
jects and also one study used the animal subjects (Table 5).
These studies utilized the wavelength range of red light,
and the radiation type was continuous in all of them. They
used different ranges of radiation powers and times. In the
human study of this category, subjects were azoospermic
and oligospermic and in animal study, samples were mice.
Only one of these studies observed that red light radiation
can improve sperm motility, in one of them, sperm motil-
ity parameters were not assessed. Also, none of these stud-
ies had done assessments related to the production of ROS,
DNA integrity, or fertility rate.

PBM on Sperm Cells with NIR Range Wavelength
(780-3000 nm) in Vivo

In the studies with aim to evaluate the in vivo effects of
laser irradiation with NIR light (780-3,000 nm wavelength)
on sperm cells, two studies used human models and seven
used the animal models (Table 6). These studies utilized the
wavelength range of NIR light, and the radiation type was
continuous in three of them, while others used pulsed-type
radiation. They used different ranges of radiation powers and
times. In addition, in human studies of this category, sub-
jects were azoospermic, normozoospermic and idiopathic.
In animal studies, samples were mostly mice’s, although
rams were used as well. Nearly all of these studies observed
that NIR light radiation can improve sperm motility, but
one of them states that sperm motility parameters were not
affected negatively, and in one study, sperm motility was not
assessed. Also, only one study had assessed the production
of ROS in the sperm cell, and the results indicated that NIR
light can decrease this substance. On the other side, one
of these researchers had done assessments related to DNA
integrity, and in none of them, assessments related to fertil-
ity rate had done.

Discussion
PBM with Blue Range

In the last decade, new types of lasers with LED radiation in
a wide wavelength range, including the blue zone (400-500
nm), have been developed. These types of light sources are
a novel low-light-based therapy that is used for the treatment
of several pathological conditions like skin, brain and spinal
cord injuries. Also, it can improve the healing process, espe-
cially in wounds. Blue LED light can be useful to regulate
metabolism and proliferation of human cells and enhance
differentiation of stem cells [104—109]. In this regard, the
use of therapeutic lasers with wavelengths in the range of
blue light to stimulate and improve the quality and speed of
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sperm cell movement has been researched over the last few
years, as mentioned in Table 1.

One of the good examples of this category that must
be report was the Helena Ban Frangez et al. study. They
observed that the sperm motility of asthenozoospermia
patients improved after exposure by PBM. They used two
protocols for blue-range laser irradiation, including, 470 nm
with 5.06 mW/cm? and 470 nm with 8.23 mW/cm? [45].
In addition, S.E. Mohammed et al. were used fresh human
semen samples that were result revealed the progressive and
non-progressive sperm were significantly increased, and
immobile sperm were significantly decreased compared to
the control samples [46]. Also, D.E. Jesus.miranda et al.
observed that a 405 nm blue laser beam on rabbit sperm cells
inside a chamber at 37 °C can raise the sperms' motility [48].

PBM with Green Range

In general, green light lasers irradiation is available in range
between 500-600 nm wavelength. Published studies have
revealed that PBMT in the green light range can; improve
cellulite appearance, reduce tissue swelling, and promote
wound healing by improving the integrity of the skin. At
cellular levels, green light can significantly increase the
proliferation and migration of endothelial cells, stimulating
cell differentiation, alter in cellular gene expressions, rise
in mediator’s release, intracellular calcium and ROS. Also,
reduce the MMP and intracellular pH [107, 110-113]. The
application of green light lasers to stimulate and improve the
sperm characteristics' parameters, like sperm motility, has
been studied in some research that we mentioned in Table 2.
In this category, QA Jasim et al. study results suggests that
activation by green laser light is more effective at increasing
ATP production, and could increase sperm motility [49].
V.Plavskii et al. studied continuous wave, quasi-continuous
wave, nano and picosecond laser radiation model with a
532 nm wavelength and a 3 mW/cm? power output. Results
showed that, both stimulatory and inhibitory effects, depend-
ing on the energy dose and type of laser, on sperm motility
may occur [51]. M. Rios-Ramirez et al. research, the effects
of green lights on the mice’s sperm cells motility investi-
gated and their results suggested that the motility drastically
diminishes and generation of ROS at 37 °C is favorable to
the sperm cells, while at 10 °C it can harmful for them [55].

PBM with Red Range

Red light refers to visible light with a wavelength of
600—780 nm. In the last two decades, the action of radiation
in red regions on tissues and cells has been studied by scien-
tists, and red-light irradiation has been developed as a new
utilization and has been widely consumed for the therapy
of various diseases, including dermatological, orthopedic,

obstetrical, and gynecological diseases. Red light therapy is
an inexpensive, safe and noninvasive treatment. This type of
irradiation can modulate cellular processes and also mito-
chondrial functions, including increased intra-mitochondrial
calcium, alterations in MMP, modification in the absorp-
tion of photons by chromospheres, reaction with respiratory
oxygen, and stimulation of the copper/heme—iron centers
on CCO, an intra-mitochondrial component of the electron
transport chain; therefore, it’s widely used for therapeutic
interventions [114—119]. The utilization of red-light lasers to
motivate and improve the spermatozoa parameters, including
sperm motility and viability, has been done in some studies
that we aforesaid in Tables 3 and 5.

In this regard, we must mention some of the best studies,
including Safian et al. study. In this research, they randomly
divided normal human semen samples for the three different
PBM protocols. Results show that the NIR and red + NIR
lasers at 2.4 J/cm? energy density remarkably increased
progressive motility after 60 min. Their data confirmed the
superiority of the NIR laser at 0.6 J/cm? in sperm motility,
viability, and DFI compared with the other protocols [65].
G.T.Saeed et al. evaluated the helium—neon laser irradiation
on seminal samples. They mentioned that laser irradiation
can increase the sperm's activity and decrease the immobile
sperm, which means, it can stimulate viable immotile sperm
to move [62]. S.M.Dessouki et al. used the red laser (625
nm) with 5 watts of output power on buffalo bull samples
and their results reveal that the motility increased insignifi-
cantly after laser exposure [82]. Another study was accom-
plished by Q.A. Jasim et al. evaluation of the role of laser
activity in solving infertility problems was aimed. This team
observed that red laser irradiation on asthenozoospermic
samples for 10, 20, and 30 min caused a remarkable increase
in progressive sperm motility. [66]. T. R. Dreyer et al. tried
to characterize the topological and biochemical alterations
that were induced by laser irradiation at 633nm on post-
thawing bull sperm cells. In these study, sperm motility had
no difference, but, ROS generation was increased with 5
mW compared to 7.5 and 10 mW, as well as with 10 min
of irradiation. They conclude that LLLT can be an effective
technique to induce changes in sperm cell metabolism [69].

In general, lasers are a widely used device in the medi-
cal treatment field. Also, the invivo effects of singular and
repeated radiation from a laser beam on mammalian models
were studied to determine every possible effect on their germ
cells. Accordingly, those effects are considered mutagenic
for sperm cells, so studies should be done with an applicable
screening for laser effects on germ cells. Perhaps it is not
far from the mind that significant morphological changes in
sperm heads and scrotal sac lesions could occur and even
be increased by repetitive exposure to the laser beam. Also,
the normal sperm count could decrease. So, it is strongly
suggested that laser irradiation may have an adverse effect
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on male germ cells; therefore, in vivo studies should be done
to reveal these issues [95]. One of the invivo studies in this
field that must be mentioned is P. Hasan et al. research. In
this study, the patients were azoospermic and oligozoosper-
mic and treated with a HeNe laser with 6 mW power and a
pulsed GaAs diode laser. Although they did not observe an
improvement in the azoospermic subject’s situation, but the
sperm count increased in the oligospermic patients. Also,
the decrease in abnormal spermatozoa in several subjects
was recorded, and the patient’s libido also increased. [94].
Z.M.Hussein et al. by using diode lasers and commercial
LEDs, tried to inhibit the bacterial growth in semen. They
observed that laser exposure could be suitable for artificial
insemination, reduce bacterial growth, and also have a sig-
nificant effect on sperm motility and viability [87].

PBM with NIR Range

NIR spectral-range laser irradiation is the process by which
nonionizing optical radiation is absorbed by endogenous
chromophores to induce photophysical and photochemical
events at various biological levels without causing thermal
damage. Lasers, using this broadband light source (NIR),
are an effective treatment for target tissues and cause clinical
effects and therapeutic benefits. The interaction of photons
and cell mitochondria is a primary effect of photoreception
and could also be used to modulate cellular activity. Protein
synthesis, growth factor secretion, degranulation, neuro-
transmitter modification, depending on the cell type, are a
secondary effect of this process. Irradiation with NIR causes
stimulation of neuronal growth, rises DNA and RNA syn-
thesis, promotes cell adhesion, neurological function post-
traumatic injuries and strokes, and has retino-protective
effects, post-ischemia protective effects in cardiomyocytes,
wound healing acceleration, raised proliferation of the pro-
liferation cellular and extracellular matrix, collagen produc-
tion and formation of granulation tissue, and inflammatory
response reduction in wounds. Intracellular and tissue ATP
levels could increase in irradiated cells with NIR lasers [19,
120-125]. The employment of NIR lasers to induce and
improve sperm motility and livability has been studied in
many research studies in the last two decades, as we men-
tioned in Tables 4 and 6.

In this matter, the study of F. Safian et al. could be a
good example. They use an 810-nm diode laser with a 0.6 J/
cm? energy density on a human semen sample. They irradi-
ated the samples before and after cryopreservation. They
observed that the pre-freezing PBM group, due to the ben-
eficial effect of PBM, exhibited the highest motility levels
compared to other groups. Also, lipid peroxidation and DNA
fragmentation were significantly reduced in this group.
In addition, parameters of apoptosis, dead and necrotic
cells were decreased as well. No significant differences
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in expression of PRM1, PRM2, or ADD1 were observed
among the study groups.

Based on their results, it could be concluded that PBMT
prior to cryopreservation could play as a protective tech-
nique against the cryo-damaging process [88]. R.S. Firestone
et al. determine the effects of low-level laser light expo-
sure on sperm motility and DNA integrity. Results show a
significant increase in motility, mostly in oligozoospermic
and asthenozoospermic samples, after 30 min. No signifi-
cant increase in DNA damage after irradiation was observed
[92]. R.S.Yazdi et al. evaluated how laser irradiation affects
sperm motility. They reveal that the doses of 4 and 6 J/cm?
have resulted in significant increases in their motility. No
significant difference was observed in the SCD test results.
[90]. Fatereh, Rezai, et al. showed that PBMT with 0.03
J/em? could have a significant increase in the testosterone
hormone level. Also, in spermatogenic cells, GSH, ATP, and
SDH levels increased, and with the reduction of apoptotic
cells, levels of MDA and ROS production were observed.
[102]. Habib Tajalli et al. investigate the effect of laser irra-
diation on the spermatogenesis process in the testis tissue of
azoospermia mice, a model in vitro. Their results show that
the employment of a laser with an 8 J/cm? energy density
could be beneficial in boosting germ cell and sperm cell pro-
duction [103]. Sara Dadrasa et al. found that the PBM with
0.2 and 0.03 J/cm? energy densities can improve the stereo-
logical parameters and sperm characteristics in STZ-induced
T1DM in the mice. Moreover, PBMT at an energy density
of 0.2 J/em? was so effective compared to 0.03 J/em? [100].

Conclusion

In conclusion, the diverse effects of PBM in different wave-
length ranges, as discussed in this review, provide valuable
insights into its potential applications in improving sperm
characteristics. The positive outcomes observed in various
studies underscore the need for continued research to opti-
mize PBM protocols for enhancing male reproductive health.
Moreover, the varying results across studies emphasize the
importance of tailoring PBM interventions to specific condi-
tions and warrant further investigations to establish stand-
ardized approaches in this promising field of research.

Future Prospective

The future of PBM in the context of male reproductive
health holds great promise. Advancements in precision,
mechanistic insights, clinical translation, integration with
existing technologies, safety evaluations, and comprehensive
population studies will collectively contribute to establish-
ing PBM as a viable and impactful therapeutic modality
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for addressing male infertility and improving reproductive
outcomes.
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