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Humans in modern society are exposed to an evesdsing number of electromagnetic fields
(EMFs) generated from the production and supplglettricity, television sets, personal computer)(PC
radio communication, and mobile communication, leefitchas become a public health issue. This study
was conducted to evaluate the effects of electroetig radiation (EMR) emitted from new generation
laptop computers on sperm quality and reprodudtorenone of male albino rats. Male albino rats (20-1
weeks old) were exposed to RF-EMR from laptop caewsuwhich were grouped based on different
exposure period (2 hours, 4 hours, 6 hours andudshdor 4 weeks. The semen samples were obtained
by caudal puncture of the epididymis from eachipigdnt for sperm quality analysis and blood was
collected by cardiac puncture for hormonal analyssng the chemiluminescent microparticles
immunoassay method. The analysis of variance wae dor the hormonal concentration and sperm
quality parameters to check for the significancéedence at 5% level of significance. The Dunnett’s
multiple comparison test was done to test for $icgmce comparison of radiation exposed groupstiaad
control group. Exposure to laptop computer displayt was associated with significant reduction in
sperm motility, sperm viability and sperm count QEB001), testosterone level (P<0.001), follicle
stimulating hormone level (P<0.01). For the speranphology, there was no significant differenceha t
normal cells for the experimental setup, howevee, dppearance of abnormal cells in the exposed rats
(2-8 hrs) were significant §8.001). This study therefore showed that EMR frooharging laptop can
significantly affect semen quality, male fertilignd rendered unstability of the male reproductive
hormone with no effect on prostrate specific amgye

Keywords: Radio-frequency electromagnetic radiation, computisplay units, reproductive
hormones, sperm quality, prostate specific antigen.

Problem statement.During the past several decades, many reports sugygested that the quality
of semen in healthy men is declining (Rolland et2013). In 2000, Swan et al. reported that theas a
large annual decline in sperm concentration in geam men (2.3%) and a smaller decline in US men
(0.8%). The factors leading to changes in humanesemuality may be very complex; such as
environmental pollutants, seasonal variations anckased stress may be critical risk factors (@bkeg
et al., 2010; Pant et al., 2011; Zhang et al., 20d8man exposure in modern society to electromagne
fields (EMFs) comes from many sources, and sitoatiare different in people’s everyday lives. EMFs
emanate from power lines, computer devices, tategs radios, and telephones (Asghari et al., 2016)
Extremely low frequency (ELF)-EMFs have 3 to 30 fiequencies and are generated from military
communication. The EMFs to which humans are mesjuently exposed are the 50 to 60 Hz super low
frequency (SLF) EMFs generated from power cablesnidustrial and household electrical supplies and
electronic goods. Very low frequency (VLF) EMFs w3 to 30 kHz frequency are generated from PC
monitors or TV sets. EMFs from TVs or PCs have2b@T intensity with a 20 kHz frequency (Gye and
Park, 2012). The use of computer has increasednexpially and become an important part of everyday
life throughout the world. It has become an indisable device in our daily life, offering flexilifiand
mobility to users.

A growing concern for their possible adverse efem human health evokes a flurry of scientific
activity to evaluate this dilemma. EMFs can haveaggating effects on tissue with high concentratioh
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electrons and ions. EMFs that cause changes ihehavior of cells and tissues alter the functiothef
cardiovascular system, and bone marrow (SCENIHR528sghari et al., 2016). Under the influence of
these fields, the balance of the CNS and the hoatrenmd respiratory systems become weak, resuling i
decreased activity of the mentioned organs (Sabal. €1996; Harrington et al., 1997). Decline ialen
fertility has been attributed to the direct or iedit exposure to certain environmental factors sagh
RF-EMR (Agarwal et al., 2008; Otitoloju et al., Z)1Extremely low frequency magnetic fields have
also been reported to initiate a number of bioclkahand physiological alterations in biological teyss

of different species (Cuccurazzu et al., 2010; Jallet al., 2011).

Many recent studies have raised questions regartfingsafety of such RF-EMR exposure.
Microwaves generated by mobile phones have bekadito several genetic defects (Aitken et al., 2005
Mailankot et al., 2009). According to the WHO’sdmational Agency for Research on Cancer (IARC),
RF-EMR fields have been classified as possiblyinagenic to humans on the basis of an increaskd ris
for brain glioma that some studies have associaitddthe use of wireless phones (Baan et al., 2011)
Research also suggests that microwave radiatiom fraobile phones may induce chromosomal
instability and also increased cancer risk (Sykeale 2001; Mashevich et al., 2003). Since radrati
affects the biological materials posed by depagitinergy at molecular levels, hence their stoohasti
non stochastic effects might be important at suhdee levels (Meo et al., 2013). Hormones and
receptors might be the prime targets for the wposisible health hazards to the users of the comgpute
and their generations unborn. Therefore, the diter® caused by RF-EMR on human reproductive
organs are plausible. Literatures abound on thardazof mobile phone radiation on various organs;
however, there is paucity of information on thedrds of laptop radiation on reproduction in maleisT
study is to ascertain the effect of computer laptagiation on reproduction in male with a special
focus on sperm quality, effects on male reprodectiormone and prostate specific antigen of male
albino rats.

Materials and methods. Experimental and treatment setup. Thirty Albinolen&Vistar rats
between the ages of 8-10 weeks, weighing from 1#D¢ were housed in plastic cages in the animal
house of the Department of Cell Biology and Gesetitaculty of Science, University of Lagos, Nigeria
a well-ventilated room kept at 22+2°C with a 12Hlght-dark cycle. All animals had free access to a
standard diet and water given ad libitum. The ve¢se divided into five groups of six animals each.
Group | served as control and was exposed to nguetanradiation, while groups II, 1lI, IV and V wer
exposed to 2 hours, 4 hours, 6 hours and 8 hoptedacomputer radiation (in power) for 28 days,
respectively. Each rat was sacrificed by cervigalodation. After dislocation the rat was dissected
the epididymis was punctured to collect sperm doddwas collected by cardiac puncture for hormonal
analysis. Ethical approval for this study and pderes was obtained from the Animal Ethics Committee
of Lagos University Teaching Hospital, Universifil@gos.

Sperm Analysis. Total Sperm couBperm suspension was placed on the counting chanibeln
then spread under the cover slip by capillary acfithe counting chamber was then mounted on tte sli
stage of the microscope and viewed at x40 magticaA grid system divided the counting chamber
into five major squares each containing 16 smdltetes. The count included all the sperm cells withi
the five major squares using the top and righteftr and bottom system of counting (Zaneveld and
Polakoski, 1977; Verma and Chinoy, 2002).

Sperm Morphology.Sperm morphology was determined by the method ofigRo(2004).
Microscope slides and nigrosin-eosin stains weeewarmed to body temperature. A drop of stain was
made onto the end of a slide and a small dropleteaien was pipette next to the stain. The edge of
another slide was placed inside the drops of stathsemen, and the slide was rocked back and dorth
few times to mix the sperm and stain. A second side smeared across the surface of the first. The
second slide was dried by waving it back and fortthe air. The slide was examined using a brighd f
microscope X 40 objective lens. Sperm head morgyoleas classified into normal and abnormal types.
The abnormal spermatozoa were classified into tategories: (1) Spermatozoa with defective heads,
and (2) Spermatozoa with defective tails.

Sperm Motility.A drop of the semen mixture was placed on a glkde asing 2 ml syringe, the
preparation was then placed on a microscope. Thélitjnoof epididymal sperm was evaluated
microscopically within 2—4 min of their isolationoin the caudal epididymis and data were expressed a
percentages of progressive motile, non-progressivtle and non-motile spermatozoa. The percentage
of motility was evaluated visually at x40 magnitioa. Values were scored under progressive movement
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sperm cells, non-progressive movement sperm cetlsna movement or immotile sperm cells (Sonmez
et al., 2007).

Sperm Viability Epididymis sperm was squeezed onto a microscoge ahd its smear was made,
two drops of eosin-nigrosin stain were added tand allowed drying. The slide was examined
immediately after drying with bright field opticé ®1000 magnification and oil immersion. The nignos
provided a dark background that made it easieligcedh faintly stained spermatozoa. With brightdfie
optics, live spermatozoa had white heads and deadnsitozoa had heads that were stained red or dark
pink. Spermatozoa with a faint pink head were agzkas alive. Stain limited to only a part of tleekn
region, and the rest of the head area unstainedovasdered a “leaky neck membrane”, not a sigretf
death and total membrane disintegration. These wlassified as alive (Bjorndahl et al., 2003).

Hormonal AssayBlood samples were collected by cardiac punctureach male rat. The serum
was separated out and was used to estimate this lgivéotal testosterone, luteinizing hormone (LH),
Follicle stimulating hormone (FSH) and prostatec#fjie antigen concentrations by Chemiluminescent
Immunoassay(CLIA) (Basso et al., 2006).

Luteinizing Hormone (LH) Assayl15ul of serum was mixed with 6uL of arfli-LH micro
particles; the LH present in the sample bound &ahti§ LH micro particles. The solution was then
washed with a wash buffer. 65uL of antiLH was added to the resulting solution. 145uL ydroegen
peroxide and 165pL of sodium hydroxide was theneddtb the reaction mixture; the resulting
chemiluminescent reaction was measured as reléigie units (RLUs) (Oer et al.,, 2012). A direct
relationship exists between the amount of LH indample (measured in mlU/mL) and the relative light
units detected by the architect optical system. iE.chemiluminescent reaction measures sample as
3 R.L.Us, it will be calculated as 3R.L.Us = LH (minl), LH (miu/ml) = 1/3.R.L.U; LH = 0.3min/ml
(Oer et al., 2012).

Follicle Stimulating Hormone (FSH) Assay5uL of serum was mixed with 65uL arfti+SH
coated paramagnetic micro particles. Follicle stating hormone present in the sample bound to the
anti FSH coated micro particles. The solution was twashed with a 2ml wash buffer, 75uL amti-
FSH acridinium labelled conjugate was added. 144ilhydrogen peroxide and 165upL sodium
hydroxide was then added to the reaction mixtdre;résulting chemiluminescent reaction was measured
as relative light units (RLUs) (Scott, 2007). Adtit relationship exists between the amount of dielli
stimulating hormone (measured in miU/mL) in the plamand the relative light units detected by the
architect optical system. E.g if chemiluminescesdction measures sample as 3 R.L.Us, it will be
calculated as 3 R.L.Us = FSH (miu/ml), FSH (miu/ml}/3.R.L.U; FSH = 0.3min/ml (Scott, 2007).

Testosterone Assa¥s5QulL of serum was mixed with 65uL of anti-testosteroffguL testosterone
acridinium and 100pL testosterone assay diluerfte Jolution was washed with a 2ml wash buffer.
145uL of hydrogen peroxide and 165uL sodium hydtexvas then added to the reaction mixture; the
resulting chemiluminescent reaction was measuredekasive light units (RLUs) (Scott, 2007). An
inverse relationship exists between the amourgsibsterone (measured in ng/mL) in the samplelsand t
relative light units detected by the architect ogitsystem. If chemilumniscent reaction measurgsltras
0.04 R.L.Us, 0.04 R.L.Us = 1/amnt of test, concaidn of testosterone = 0.04ng/ml (Scott, 2007).

Total Prostate Specific Antigen Assa@OuL of serum was mixed with 65uL of anti-PSA rnicr
particles. Prostate specific antigen present instém@ple bound to the anti-PSA coated micro pastcle
The solution was washed with a 2ml wash buffer @BdL of anti-PSA acridinium was added to the
solution. 145uL of hydrogen peroxide and 165uL adism hydroxide was then added to the reaction
mixture; the resulting chemiluminescent reactiors waeasured as relative light units (RLUs) (Scott ,
2007). A direct relationship exists between the ambcof total prostate specific antigen (measured in
ng/mL) in the sample and the relative light unitedted by the architect optical system (Scott, 2007

Statistical AnalysisThe obtained data were expressed as mean * stapdardof mean. The
analysis of variance for sperm morphology, spermuintoand sperm motility, testosterone level,
luteinizing hormone, and follicle stimulating hormewas performed using the Graph pad prism, version
7.01 (p<0.01, 0.05, 0.001).

Results and discussionFigure 1 shows that chronic exposure to RF EMRatexhs showed a
clear negative impact on the concentration parametgperm samples from 2-hour to 8-hour groups
(P<0.001) exhibited a significant lower concentratasncompared to the control group. It is evident tha
sperm counts of various radiation exposure houts wicreasing time decreased significantly when
compared with the control group. However, the speounts for the control and exposed rats were still
within the standard range of sperm count for Rattusergicus (5.8 million/ml — 17.7 million/ml).
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For the sperm morphology, in the control sperm dasprere all normal (100%), there was no
abnormality (fig. 2). Rats exposed to 4 hours dfydaxposure had the highest percentage of abndagmal
(10%). Though, there was no significant differemcahe normal cells for the experimental setup, the
appearance of abnormal cells in the exposed rat8(Brs) was significant £0.001).
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Fig. 1. The sperm count (million/ml) of albino ratsexposed to radiation of varying hours for 28 days
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Fig. 2. The sperm morphology (%) of albino rats expsed to radiation of varying hours for 28 days

We also examined the proportion of the differergrep motility grades as shown in fig. 3. There
was decrease in mean progressive sperm motilityabuncrease in the mean non-progressive motility
and non-motile sperm cells of the radiation expagedip compared to the control group. For the @bntr
group all the sperm cells were motile with aboutp@bcent progressive sperms. The 6 hours and & hour
per day of radiation exposure for 28 days cauggf&iant changes in the sperm motility parameters.

The percentage rates of viable and non viable sperefis of the exposed rats to computer
radiation is shown in figure 4. There was decréaseean viable sperm but an increase in the mean no
viable sperm cells of the radiation exposed graipampared to the control group. The percentagieeof
non-viable sperms increased with the hours of axgoahile the percentage of viable sperms decreased
with the exposure period. The percentage of thewialole was significant at 4-hour<0.001), 6-hour
(P<0.001) and 8-hour ¢®.05) daily exposure.
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Fig. 3. The sperm maotility (%) of albino rats exposd to radiation of varying hours for 28 days
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Fig. 4. The sperm viability (%) of albino rats expaed to radiation of varying hours for 28 days

The mean serum luteinizing hormone levels (LH) &ollicle stimulating hormone (FSH) of rats
exposed to computer radiation are shown in figurhe results show that luteinizing hormone levakw
not steady (increased and decreased) with differgmbsure periods compared to the control group. Th
LH level was the highest in rat exposed for 6 haunde it was the least for rats exposed for 8 bBour
However, there were no significant differenceshia tontrol animals and exposed groups irrespeofive
the duration (P>0.05). Figure 6 shows the level$oblicle stimulating hormone. FSH level decreased
non-uniformly with increase in exposure period a@snpared to the control group. There were no
significant differences in the FSH level of the wohanimals and exposed groups irrespective of the
duration (P>0.05).

The mean serum testosterone levels of control apdsed animals are shown in figure 6. There
was relative decrease in mean serum testostereeé ile radiation exposed groups as compared to
control group. This reduction in testosterone lewak significant in 6 and 8 hours of daily exposure

(P<0.001). The prostate specific antigen test showegresence of prostate specific antigen in all the
experimental animals.
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In this study the exposure of rats to EMR from dgptlisplay unit in power resulted in significant
reduction in epididymal sperm concentration withr@ase in exposure hours after 28 days as compared
to the control group. The decrease in sperm couttié radiation exposed group could be partly due t
the induction of oxidative stress in the testesthedspermatozoa (Isojarvi et al., 2004). Relagivegher
sperm morphological abnormalities observed as coedptm the control group may be due to alterations
in the process of sperm maturation, where speria delelop from damaged seminiferous tissue, which
may have occurred as a result of the lipoperoxidattamage induced by radiation exposure on the
testicular tissues (Yan et al.,, 2007). Notwithstagdthe general paucity of information in this grea
studies have highlighted the interesting findingttimale infertility patients are frequently chaesized
by high levels of DNA damage to their spermato4aan(s and Aitken, 2005).
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Fig. 5. The follicle stimulating hormone level (miéml) of albino rats exposed to radiation of varying
hours for 28 days
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Fig. 6. The testosterone level (nm/L) of albino ratexposed to radiation of varying hours for 28 days

The reduced sperm motility seen in this study meayabcribed to magnetic and electromagnetic
fields inducing oxidation of phospholipids, whicheaa major component in the sperm mitochondrial
sheath (Tremellen, 2008). The present study showgficant decrease in the progressive sperm
motility in the groups exposed to radiation complate the control group. This result correspondswit
the previous findings by Conrado et al., (2012) wéyoorted that the use of laptop computers condecte
to internet through Wi-Fi decreased human spernilitpofAdams et al., (2014) also reported decraase
sperm viability in their study of the effect of mlgbtelephone on sperm quality. Reduction in viapil
with increase in exposure hours may be a resuitaéased mitochondrial reactive oxygen specie (ROS
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production and DNA fragmentation in sperm. In aopistudy by De luliis et al. (2009), human
spermatozoa were found to respond to RF-EMR (atGH with a SAR of 27.5 W/kg) with a range of
negative changes including dramatic declines inhbgperm vitality and motility. This RF-EMR
precipitated a state of oxidative stress leadingigh levels of lipid peroxidation and a loss okesp
motility (Koppers et al., 2008). Therefore, thesgadhighlight the particular vulnerability of human
spermatozoa to oxidative attack.

It is known that testosterone is needed in very lyjgantities for maintenance of the reproductive
tract. The lower serum testosterone concentratidhé exposed group may be linked to the inhibitton
secretion of pituitary gonadotropins (FSH and Lidhjch aid in testosterone biosynthesis or due tectli
damage to Leydig cells (Oliva and Miraglia, 200Bhus, atrophy of seminiferous tubules might be the
cause for the decrease in the levels of testostenbrerved in this study. In agreement with theetiir
study, Gholampour et al. (2012) found that expostwme long-term extremely low frequency
electromagnetic field caused reduction in the |l®@fdkestosterone in testis in rats. Khayyat (2Gbund
that exposure of mice to EMF caused atrophy in #sminiferous tubules and Rajaeiet al.
(2009) mentioned that exposure to EMF for long qusicould decrease the diameter of reproductive
ducts. The significant decrease in testosterongnsdevel in EMF exposed group may be one of the
factors that lead to the significant increase inddfum level in the exposed group. The concentratfo
follicle stimulating hormone (FSH) decreased coragao the control group which could be a factor for
decreased activation of seminiferous tubules. $tudonducted by Ozguner et al., (2005) on male rats
showed that the diameter of seminiferous tubulestha mean height of the germinal epithelium were
significantly decreased after 900 MHz EMF expog@eguner et al., 2005).

LH is known to bind to receptors in Leydig celldargulate gonadal function by promoting sex
steroid production and gametogenesis (Warita ¢280D6). LH is a glycoprotein gonadotropin secreted
by the anterior pituitary in response to gonadotrgpleasing hormone (GnRH). GnRH release from the
hypothalamus into the portal circulation is episoghich in turn causes LH to be released in a sarie
secretory bursts, resulting in intermittently ekeealLH concentrations in the blood (Bergendahllgt a
1996). LH release is driven mainly by the increas€a2+. ELFEMF may modulate the cellular calcium
regulatory mechanism which affects the affinity aaflcium binding proteins such as calmodulins. In
agreement with this result, Margonato et al. (1988)not find any differences on LH and testosteron
between exposed animals and control group’s aniaftds exposure to high intensity electric field fq
to 18% of their life span. Prostate-specific amigBSA) is a protein produced by normal prostatis.ce
This enzyme patrticipates in the dissolution of $heninal fluid coagulum and plays an important iole
fertility. This study shows that the exposure tdiation from laptop does not induce PSA (prostate
specific antigen) for all the experimental grougzi{ation exposed groups).

Conclusions. The present results clearly indicate that the exmo$aptop computer at varying
increasing hours for a period of 28 days while owpr significantly changes the level of hormones
(testosterone and follicle stimulating hormone) apérm quality (sperm count, sperm viability and
sperm motility). At present, it cannot be concluadtether this effect is induced by all laptop coteps
brands usage while not in power. It can be speediltitat EMR from laptop computers may be the cause
of sperm damage. These findings suggest that gyetbnse of laptop computers on the laps or closar t
male user may decrease male fertility potentiaftitew research will be required to understand dimeg-
term effects of laptops usage in man.

C. Aoepemi, K. Hooxy, A. Adecyiiu

Yuieepcumem Jlacoca, Axoka, Hicepis

BIIJIUB EJJEKTPOMATHITHOI'O BUITIPOMIHIOBAHHS (EMB) HOYTBYKIB HA
CTATEBI TOPMOHH, SIKICTh CIIEPMH TA ITIPOCTAT-CHIENA®TYHAM
AHTUTI'EH CAMUIB BIVTUX HIYPIB (RATTUS NORVEGICUS)

Y cyyacHOMY CYCIUJIBCTBI JIFOAW IIAAIOTHCS BIUIMBY TIOCTIMHO 3pOCTal0d0i  KiJTBKOCTI
enekrpomarditTHux moiiB (EMII), ski reHepyloThCs TpH BHPOOHHIITBI Ta MTOCTAYaHHI €JIEKTPOEHEPTIi,
TeneBizopamu, nepconansHuMu Kom rorepamu (1K), pamio3s’ s3koM Ta MOOUTEHHUM 3B’ I3KOM, TOMY L€
CTall0 THWTAHHSAM OXOPOHHM 3JI0pOB’'S HaceleHHsS. [IpoBeleHO MOCHiKEHHS JJsl OILIHKH BIUIUBY
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eneKTpOMarHiTHoro BI/IHpOMiHIOBaHH}I (EMB) HOYTOYKiB HOBOTO IOKOJIHHS Ha SKiCTh criepMu Ta
CTaTeBUil TOPMOH caMiiB Outux mypi. Camui OutMX IMypis (BIKOM 10-12 TI/I)KHIB) miggaBamucs
paniouacroraomy EMB Bin HoyTOykiB i Oyin 3rpynoBaHi BiAIOBIIHO 10 Pi3HOro mepiofy BBy (2
roguau, 4 roguau, 6 roauH i 8 FO,Z[I/IH) npotsroM 4 TWKHIB. 3pa3ku criepmu Oymo OTPHMAHO 33
JIOMOMOTOK0. KayJa/IbHOI IyHKIi eMiiuIMMICy KOXKHOIO MiAZOCTITHOrO Al aHAJIi3y AKOCTi CepMH, 3a
TOTIOMOTOI0 CEpIIeBOi IMyHKMIi OyJI0 B3STO KPOB HAa TOPMOHAIBHHMI aHAJI3 13 BUKOPHCTAHHSIM METOIY
XEMIJIIOMIHECIICHTHOTO iMyHOAHai3y MiKpOYacTOK. 3AiHCHEHO BapialliiHWi aHami3 s BH3HAYECHHS
KOHIICHTpAIlii TOPMOHIB 1 TTapaMeTpiB SKOCTI CIIEPMH 3 METOIO MEePEBIPKH PI3HMIN 3HAUYIIOCTI HA PiBHI
5%. IIpoBeneHo TecT MHOXXHMHHOTO TOpiBHAHHA JlaHHeTa ISl TepeBipKM 3HAYYIIOCTI TPyH, IO
MiAaI0ThCA OTMIPOMiHEHHIO, Ta KOHTPOJIBHOI rpynu. bim3pkicTs 10 auciiiero HoyTOyka Oyna moB’ sizaHa 31
3HAYHHAM 3HIDKEHHSIM PYXJIHBOCTI, JKHTTE€3JATHOCTI Ta KinmbkocTi crmepmarosoiniB (P <0,0001), piBus
tecroctepony (P <0,001)i piBHst pomikymoctumysrorodoro ropmony (P <0,01).V Bumanky mopdomorii
criepMH He OyJI0 CYTTEBUX 3MiH y HOPMAJILHUX KIIITHHAX B €KCIIEPUMEHTAIBHINA MO, OHAK KITBKICTh
AQHOMAJIBHUX KJIITHH B ONPOMiHEHUX InypiB (mpotsirom 2-8 romun) Oyna 3nauHoto (P<0,001). Takum
YUHOM, JIOCII/PKEHHS NoKa3aio, mo EMB Bix HoyTOyKa, 0 3apsKaeThes, MOXKE CYTTEBO BIUIMBATH Ha
AKICTb CIIEpMH, YOJOBidy (EPTHIIBHICTD i HECTaOUIBHICTH YOJOBIYOTO CTAaTEBOrO T'OPMOHY, MPOTE HE
BIUTMBAE Ha IIPOCTAT-CIeU(idHI aHTUTCHU.

KuarouoBi ciioBa: pamiodacToTHE €JICKTPOMArHiTHE BHUIIPOMIHIOBAHHS, KOMI IOTCPHHN IHCILICH,
CTaTeBi TOPMOHH, SIKICTh CIIEPMH, IPOCTAT-CHIeUUiYHNI aHTHTEH.
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