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Summary

One of the causes of failure in ART is sperm DNA fragmentation which may

be associated with long period of spermatozoa incubation at 37 °C. The objec-

tive was to evaluate the rate of sperm DNA fragmentation using the sperm

chromatin dispersion (SCD) test after swim-up at different time intervals prior

to use. In this prospective study, 21 normozoospermic specimens were analy-

sed. The samples were incubated at 37 °C after preparation by direct swim-up.

DNA fragmentation was assessed at different time intervals (0, 1, 2 and 3 h)

using SCD test. Spermatozoa with no DNA fragmentation showed large- or

medium-sized halos, and sperm cells with DNA fragmentation showed either a

small halo or no halo. The rates of normal morphology and progressive motil-

ity after sperm processing were 72.33 � 2.53% and 90 � 1.02%, respectively.

The rate of sperm DNA fragmentation was significantly higher after 2 h

(8.81 � 0.93%, P = 0.004) and 3 h (10.76 � 0.89%, P < 0.0001) of incubation

compared to 0 h (4.38 � 0.8%). A positive correlation was found between the

incubation time and sperm DNA damage (P < 0.0001). Prolonged incubation

of prepared normozoospermic samples at 37 °C is associated with higher rates

of sperm DNA fragmentation. Therefore, sperm samples intended for ART

procedures should be used within 2 h of incubation at 37 °C.

Introduction

Assisted reproductive technologies (ARTs) have assisted

infertile couples to have children of their own. Undoubt-

edly, one of the most important factors that may affect

the success rate in treatment of infertile couples would be

the quality of gametes. In all ART procedures, for sperm

separation from other cells, the semen sample should be

obtained and processed in in vitro condition, and the

sperm DNA fragmentation may increase spontaneously

due to long incubation (Muratori et al., 2003). So, paying

attention to avoiding iatrogenic injuries to spermatozoa

in this critical situation is a rational issue.

After semen processing, the spermatozoa are routinely

kept in 37 °C incubator for capacitation (van der Wester-

laken et al., 2006). However, there is no determined

agreement on optimised time for incubation of sperm

cells prior to use in ART. The studies regarding the effect

of long-term in vitro incubation at 37 °C on sperm motil-

ity and viability have been shown that incubation for

24 h can impair sperm motility and viability (Calamera

et al., 2001; Lachaud et al., 2004; Zhang et al., 2011).

The conventional sperm parameters, in most clinics

(e.g. sperm count, motility and morphology), were evalu-

ated for the assessment of sperm quality. Regarding this

fact that infertile men may have a normal spermogram

(Guzick et al., 1998), routine semen analysis does not

reflect functional evaluation as well as DNA status of

spermatozoa (Shamsi et al., 2011). Recently, Lewis &

Simon (2010) stated that there is no correlation between

conventional sperm parameters and DNA damage.

The presence of abnormality in sperm DNA integrity is

often associated with decreased fertilisation (Simon et al.,

2010, 2011). This can affect the pre-implantation embryo

development. Although a spermatozoon with damaged

DNA may fertilise the egg (Yamauchi et al., 2012), blastu-

lation rate would be lower in embryos derived from sper-

matozoa with high DNA damage (Nasr-Esfahani et al.,

2005). In addition, poor pregnancy outcome (Fern�andez-

Gonzalez et al., 2008), increased level in spontaneous
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abortion (Shamsi et al., 2010), and increased risk of mor-

bidity and cancer are other possible phenomenon follow-

ing application of damaged sperm DNA in ART cases

(Agarwal & Allamaneni, 2004; Shamsi et al., 2008).

Short incubation of processed spermatozoa at 37 °C is

suggested to improve sperm capacitation prior to use in

ART (Marı ́n-Briggiler et al. 2002). But, there is no gen-

eral agreement regarding the duration of incubation per-

iod before use in ART. Our main goal was to assess the

rates of sperm DNA fragmentations using the sperm

chromatin dispersion (SCD) test after swim-up at differ-

ent time intervals. This will show the optimal incubation

period for processed spermatozoa in ART program.

Materials and methods

Patients

This study involved 21 normozoospermic specimens from

men undergoing infertility work-up between July 2011

and March 2012. The samples were obtained from

patients who were referred to Yazd Research and Clinical

Center for Infertility. All the patients were signed the

consent form. This study was approved by author’s

institute review board.

Semen collection and analysis

Semen specimens were collected by masturbation. The

abstinence period for all participants was between 3 and

7 days. Semen analysis was carried out according to

WHO guidelines (WHO, 2010). For sperm count and

motility, Makler chamber was used (Khalili et al., 2005).

Sperm motility was evaluated by light microscopy and

reported as percentage of progressive, nonprogressive and

immotile spermatozoa. Sperm viability was evaluated by

Eosin-Nigrosin staining test. Papanicolaou staining was

applied for morphology assessment. The slides were

assessed for morphological abnormality in tail, neck or

head (WHO, 2010).

Sperm preparation

After conventional analysis of sperm, the samples were

prepared by direct swim-up method. Ham’s F10 supple-

mented with 5 mg ml�1 HSA was used as sperm culture

medium. Briefly, 1 ml of semen was placed under 1.2-ml

culture media gently in a sterile conical tube and put in

the 37 °C incubator at the 45 angle for 1 h. Thereafter,

the uppermost medium was removed and diluted with

2 ml culture medium. After centrifugation at 400 g for

5 min, the pellet was resuspended in 0.5 ml Ham’s F-10

warmed to 37 °C. Approximately 0.5 ml of the culture

medium was gently added to washed spermatozoa, and

the tube was closed tightly and placed at 37 °C incubator.

Before and after swim-up, conventional sperm parameters

were evaluated. DNA fragmentation was assessed at

different time intervals (0, 1, 2 and 3 h) using SCD test.

Sperm chromatin dispersion test

The SCD test as described by Fernandez et al. (2003) was

adapted. In brief, the glass slides were coated by 0.65%

standard agarose (Merck, Germany). After direct swim-

up, 30 ll of sperm suspension was mixed with 70 ll low

melting agarose (Roche, Germany). Aliquots of 50 ll of

the mixture were put onto a precoated glass slide, and left

to solidify at 4 °C for 4 min. The slides were then

immersed in denaturation solution (0.08 N HCl) (Merck,

Germany) for 17 min at room temperature (RT) in dark.

The slides were transferred into lysing solution 1 (0.4 M

Tris, 2-Mercaptoethanol, 1% SDS, and 50 mM EDTA, pH

7.5) for 20 min at RT. Then, the slides were placed in the

lysing solution 2 (0.4 M Tris, 2 M NaCl, and 1% SDS, pH

7.5) and washed in Trisborate- EDTA buffer (0.09 M

Tris-borate and 0.002 M EDTA, pH 7.5) for 15 min and

12 min at RT respectively.

For dehydration, the samples were dehydrated for

2 min in 70%, 90% and 100% ethanol and left to dry at

RT. For staining, the Wright stain solution (Sigma-

Aldrich, USA) was mixed with phosphate buffer solution

(PBS) (1 : 1). The slides were covered by Wright stain for

10 min followed by rinsing in running water and left to

dry for light microscopy evaluation. The sperm cells may

show different halo patterns as pursue: large halos consid-

ered as the halo size is more than the minor diameter of

core width, small halos size was smaller than one-third of

the minor diameter of core width, and medium haloes

size was considered between large and small halos. Sper-

matozoa with no DNA fragmentation showed large or

medium-sized halos, while sperm cells with DNA frag-

mentation showed either a small halo or no halo (Fig. 1).

At least 200 spermatozoa were checked and sperm DNA

damage was calculated by dividing the abnormal to the

total spermatozoa and reported as percentage.

Statistical analysis

Data were shown as mean � SEM. Independent sample

t-test was used for comparison of parameters between

before and after sperm preparation. One-way ANOVA

with Tukey post hoc test were applied for comparison of

sperm DNA damage between different groups. Also linear

(Pearson) correlation test was used to find out the corre-

lation between the incubation time and sperm DNA dam-

age. Significant level was set at two-side P -value<0.05.
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The Statistical Program for Social Science (SPSS 16.0,

Chicago, IL) software was applied for statistical

evaluation.

Results

Mean semen volume was 4.8 � 0.34 ml, and all samples

had normal viscosity. Progressive motility before and after

processing was 63.71 � 1.83% and 90 � 1.02% respec-

tively. Also after sperm processing, more than 90% of

sperm cells were viable and over 70% had normal

morphology (Table 1).

There was an increasing trend in sperm DNA fragmen-

tation after incubation (Table 2). No significant difference

was seen in percentage of sperm cells with fragmented

DNA after 1 h compared to 0 h (6.14 � 0.89 versus

4.38 � 0.8), also 2 h compared to 1 h (P = 0.15) and

3 h compared to 2 h (P = 0.4). However, there was

significant increase in sperm DNA fragmentation after

2 h (8.81 � 0.93, P = 0.004) and 3 h (10.76 � 0.89,

P < 0.0001), also 3 h compared to 1 h (P = 0.002). There

was positive correlation between the incubation time

and sperm DNA damage (correlation coefficient (r) =

0.52, coefficient of determination (r squared) = 0.27,

confidence interval (CI) 95% = 0.34–0.66, P < 0.0001)

(Fig. 2).

Discussion

Incubation of processed spermatozoa at 37 °C in order to

use in ART is an obligatory and routine work in infertil-

ity clinics. Evaluation of in vitro incubation of sperm cell

has been matter of research in last decades. The early

investigations were about the effect of sperm incubation

on traditional sperm parameters. By elucidation of

important role of sperm DNA integrity as well as intro-

duction of new techniques for evaluation of sperm DNA

status (e.g. terminal deoxynucleotidyl transferase–medi-

ated dUTP nick end-labelling (TUNEL), sperm chromatin

structure assay, sperm chromatin dispersion test, comet

assay), several researchers investigated the association

between various sperm incubation periods and sperm

DNA integrity (Bungum M et al. 2010; Calamera et al.,

2001; Matsuura et al., 2010; Muratori et al., 2003; Zhang

et al., 2011). In this study, we tried to find the effect of

incubation of spermatozoa at 37 °C on sperm DNA

fragmentation using SCD test. The data generated from

this study showed that there was a significant increase in

sperm DNA fragmentation after incubation for 2 h.

Recently, Matsuura et al. (2010) evaluated the impact

of different in vitro incubation conditions, using fresh

semen, and compared the effect of incubation at 37 °C

with and without CO2 on sperm DNA fragmentation

index (DFI). It was showed that after 3 h and 24 h, DFI

was higher significantly at 37 °C with CO2 compared to

without CO2 as well as in 37 °C compared to RT. Dalzell

et al. (2004) reported increased DNA damage in testicular

spermatozoa after 4 h of incubation at 37 °C. Hammadeh

et al. (2001) showed that sperm with decondensation is

increased after incubation at 37 °C. They observed a sig-

nificant increase in chromatin decondensation from 25–

88% during 2 h. Fernandez et al. (2007) investigated the

dynamics of sperm DNA fragmentation in the stallion

and concluded that the highest intensity of sperm DNA

damage occurred up to 6 h incubation at 37 °C. Another

harmful effect of incubation at 37 °C is morphological

change in sperm head. Peer et al. (2007) showed an

increase in spermatozoa with vacuolated nuclei after 2 h

incubation at 37 °C compared to 21 °C.

Our findings were similar to others regarding sperm

DNA fragmentation even after preparation by direct

swim-up (Muratori et al., 2003; Zhang et al., 2011). In

contrast, Zhang et al. (2011) showed that DNA fragmen-

tation will increase after 4 h of incubation, whereas no

significant difference was reported after 2 h. One of the

probable causes of this conflict may be in the method of

sperm preparation. They used indirect swim-up method

Fig. 1 Sperm chromatin dispersion (SCD) test. (a) Big halo represents

no DNA fragmentation, (b) No halo and (c) Small halo show sperm

with DNA fragmentation.

Table 1 Sperm parameters before and after direct swim-up

processing

Parameters Before After P

Count (9 106) 97.86 � 6.76 54.57 � 5.29 <0.0001

Round cells (9 106) 0.84 � 0.14 0 <0.0001

Progressive motility (%) 63.71 � 1.83 90 � 1.02 <0.0001

Viability (%) 81.86 � 1.2 99.10 � 0.27 <0.0001

Normal morphology (%) 49 � 3.1 72.33 � 2.53 <0.0001

Values are mean � SEM.
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for preparation of spermatozoa, whereas we used direct

swim-up protocol. Also, sperm culture medium was dif-

ferent between two studies (Ham’s F10 versus G-IVF).

Another variation was incubation conditions; we incu-

bated the processed spermatozoa at 37 °C, but they incu-

bated prepared samples at 37 °C in 6% CO2. Our results

were in conflict with Calamera et al. (2001). They evalu-

ated the effect of incubation time (immediately after

swim-up up to 47 h later) on sperm parameters and

DNA integrity. The authors found no significant differ-

ences at different time intervals. One possible cause

maybe related to the method used for the assessment of

DNA fragmentation. They used acridine orange (AO)

staining method for the evaluation of sperm integrity.

Both AO and SCD (method used in current study) are

subjective. On the other hand, our results were similar to

Bungum et al. (2010). They reported a significant raise in

DFI in density gradient prepared spermatozoa incubated

at 37 °C after 2 h compared to reference sample as well

as to room temperature (23–24 °C). Yavas & Selub

(2004) investigated the effect of incubation time at 37 °C

on intrauterine insemination (IUI) pregnancy outcomes.

It was shown a decrease in pregnancy rate when IUI pro-

cedure was carried out more than 60 min after sperm

washing in hMG-IUI cycles. This study suggests that one

of the causes of decease in pregnancy rate in this case

could be detrimental effect of incubation at 37 °C on

sperm DNA.

Lachaud et al. (2004) found no alterations in the

sperm parameters as well as apoptosis markers after 4 h

of incubation. They concluded in vitro prolonged incuba-

tion at 37 °C can lead to sperm cell death due to necrosis

rather than by apoptosis. Also it was suggested ejaculated

normal spermatozoa are unable to trigger the apoptotic

pathway. One of the probable causes of sperm DNA dam-

age may be oxidative stress. It is shown that oxidative

stress, production of reactive oxygen species (ROS) is

increased during in vitro incubation of spermatozoa (Cal-

amera et al., 2001). The spermatozoon is a sensitive and

vulnerable cell to ROS because of different etiologies

(e.g., presence of high unsaturated fatty acid in its mem-

brane, lack of sufficient antioxidant in its cytoplasm). The

sperm cell also produces ROS by itself. The peak ROS

level was shown after 24 h of incubation (Calamera et al.,

2001), and it seems at least in long incubation, the role

of ROS in DNA damage could be undeniable. Another

group showed an increase in DNA fragmentation of

sperm cells following in vitro incubation of spermatozoa

for 4 h (Muratori et al., 2003). They investigated the

effect of endonuclease activity using nuclease inhibitor,

aurintricarboxylic acid (ATA) on sperm DNA fragmenta-

tion at incubation times of 4 and 24 h. It was stated that

treatment with ATA has no effect on sperm DNA frag-

mentation at different incubation times. In addition, no

relationship between nuclease activity and spontaneous

DNA fragmentation was reported. The authors intro-

duced oxidative stress and endogenous production of

ROS by the sperm as a possible cause for sperm DNA

damage. Prolonged storage of washed spermatozoa in cul-

ture medium is another plausible cause of sperm DNA

damage. Prolonged incubation of spermatozoa can lead

to prolonged exposure of sperm cells to simple culture

media which may have no nutrient and supporting value

for sperm cells. It is, therefore, suggested to evaluate the

other alternative incubation conditions on human sperm

DNA damage.

In conclusion, it seems that incubation of prepared

normozoospermic samples at 37 °C prior to use in ART

should be less than 2 h. It would be worthwhile to eluci-

date the role of in vitro incubation of sub-normal sper-

matozoa on sperm DNA integrity. Although sperm with

damaged DNA can fertilise the egg, numerous studies

Table 2 Rate of human sperm DNA fragmentation before and after incubation at 37 °C

Before swim-up After swim-up (0 h)

Incubation time (h)

1 2 3

Fragmented DNA (mean � SEM) 22.24 � 2.59 4.38 � 0.8* 6.14 � 0.8** 8.810 � 0.93 10.76 � 0.89

*P = 0.004 versus 2 h, P < 0.0001 versus 3 h.

**P = 0.002 versus 3 h. 5

Fig. 2 Effect of different incubation times at 37 °C on the sperm

DNA damage. There was positive correlation between incubation time

and DNA damage in spermatozoa (P <0.0001).
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have shown that embryo development and pregnancy can

be impaired in later stages.

Acknowledgements

The authors would like to thank Mr. Mohsen Miresmaili

and Ms. Sareh Ashourzadeh for assistance during the

study. Statistical validation performed by Ms. Farimah

Shamsi is appreciated.

References

Agarwal A, Allamaneni S (2004) The effect of sperm DNA

damage on assisted reproduction outcomes. Minerva Ginecol

56:235–245.

Bungum M, Forsell N, Giwercman A (2010) Evaluation of the

effects of different in vitro incubation conditions on sperm

DNA integrity. Hum Reprod 25:i132.

Calamera J, Fernandez P, Buffone M, Acosta A, Doncel G

(2001) Effects of long-term in vitro incubation of human

spermatozoa: functional parameters and catalase effect.

Andrologia 33:79–86.

Dalzell LH, McVicar CM, McClure N, Lutton D, Lewis SEM

(2004) Effects of short and long incubations on DNA

fragmentation of testicular sperm. Fertil Steril 82:

1443–1445.

Fernandez JL, Muriel L, Rivero MT, Goyanes V, Vazquez R,

Alvarez JG (2003) The sperm chromatin dispersion test: a

simple method for the determination of sperm DNA

fragmentation. J Androl 24:59–66.

Fern�andez-Gonzalez R, Moreira PN, P�erez-Crespo M, S�anchez-

Mart�ın M, Ramirez MA, Pericuesta E, Bilbao A, Bermejo-

Alvarez P, de Dios Hourcade J, de Fonseca FR (2008) Long-

term effects of mouse intracytoplasmic sperm injection with

DNA-fragmented sperm on health and behavior of adult

offspring. Biol Reprod 78:761–772.

Guzick DS, Sullivan MW, Adamson GD, Cedars MI, Falk RJ,

Peterson EP, Steinkampf MP (1998) Efficacy of treatment

for unexplained infertility. Fertil Steril 70:207–213.

Hammadeh M, Strehler E, Zeginiadou T, Rosenbaum P,

Schmidt W (2001) Chromatin decondensation of human

sperm in vitro and its relation to fertilization rate after ICSI.

Arch Androl 47:83–87.

Khalili MA, Mojibian M, Sultan AM (2005) Role of oocyte

morphology on fertilization and embryo formation in

assisted reproductive techniques. Middle East Fertil Soc J

10:72–77.

Lachaud C, Tesarik J, Ca~nadas ML, Mendoza C (2004)

Apoptosis and necrosis in human ejaculated spermatozoa.

Hum Reprod 19:607–610.

Lewis SEM, Simon L (2010) Clinical implications of sperm

DNA damage. Hum Fertil 13:201–207.

L�opez-Fern�andez C, Crespo F, Arroyo F, Fern�andez J, Arana P,

Johnston S, Gos�alvez J (2007) Dynamics of sperm DNA

fragmentation in domestic animals: II The stallion.

Theriogenology 68:1240–1250. 6

Marı ́n-Briggiler CI, Tez�on JG, Miranda PV, Vazquez-Levin

MH (2002) Effect of incubating human sperm at room

temperature on capacitation-related events. Fertil Steril

77:252–259. 7

Matsuura R, Takeuchi T, Yoshida A (2010) Preparation and

incubation conditions affect the DNA integrity of ejaculated

human spermatozoa. Asian J Androl 12:753–759.

Muratori M, Maggi M, Spinelli S, Filimberti E, Forti G, Baldi

E (2003) Spontaneous DNA fragmentation in swim-up

selected human spermatozoa during long term incubation.

J Androl 24:253–262.

Nasr-Esfahani MH, Salehi M, Razavi S, Anjomshoa M,

Rozbahani S, Moulavi F, Mardani M (2005) Effect of sperm

DNA damage and sperm protamine deficiency on

fertilization and embryo development post-ICSI. Reprod

Biomed Online 11:198–205.

Peer S, Eltes F, Berkovitz A, Yehuda R, Itsykson P, Bartoov B

(2007) Is fine morphology of the human sperm nuclei

affected by in vitro incubation at 37 °C? Fertil Steril 88:

1589–1594.

Shamsi M, Kumar R, Dada R (2008) Evaluation of

nuclear DNA damage in human spermatozoa in men

opting for assisted reproduction. Indian J Med Res

127:115–123.

Shamsi M, Venkatesh S, Tanwar M, Singh G, Mukherjee S,

Malhotra N, Kumar R, Gupta N, Mittal S, Dada R (2010)

Comet assay: a prognostic tool for DNA integrity

assessment in infertile men opting for assisted reproduction.

Indian J Med Res 131:675–681.

Shamsi MB, Imam SN, Dada R (2011) Sperm DNA integrity

assays: diagnostic and prognostic challenges and

implications in management of infertility. J Assist Reprod

Genet 28:1073–1085.

Simon L, Brunborg G, Stevenson M, Lutton D, McManus J,

Lewis SEM (2010) Clinical significance of sperm DNA

damage in assisted reproduction outcome. Hum Reprod

25:1594–1608.

Simon L, Lutton D, McManus J, Lewis SEM (2011) Sperm

DNA damage measured by the alkaline Comet assay as an

independent predictor of male infertility and in vitro

fertilization success. Fertil Steril 95:652–657.

van der Westerlaken L, Naaktgeboren N, Verburg H, Dieben

S, Helmerhorst FM (2006) Conventional in vitro fertilization

versus intracytoplasmic sperm injection in patients with

borderline semen: a randomized study using sibling oocytes.

Fertil Steril 85:395–400.

WHO (2010) WHO laboratory manual for the examination

and processing of human semen: 5ed, University Press,

Cambridge.

Yamauchi Y, Riel JM, Ward MA (2012) Paternal DNA

Damage Resulting From Various Sperm Treatments Persists

After Fertilization and Is Similar Before and After DNA

Replication. J Androl 33:229–238.

© 2013 Blackwell Verlag GmbH 5
Andrologia 2013, xx, 1–6

A. Nabi et al. Effect of incubation on sperm DNA

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53



Yavas Y, Selub MR (2004) Intrauterine insemination (IUI)

pregnancy outcome is enhanced by shorter intervals from

semen collection to sperm wash, from sperm wash to IUI

time, and from semen collection to IUI time. Fertil Steril

82:1638–1647.

Zhang XD, Chen MY, Gao Y, Han W, Liu DY, Huang GN

(2011) The effects of different sperm preparation methods

and incubation time on the sperm DNA fragmentation.

Hum Fertil 14:187–191.

6 © 2013 Blackwell Verlag GmbH

Andrologia 2013, xx, 1–6

Effect of incubation on sperm DNA A. Nabi et al.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53



Author Query Form

Journal: AND
Article: 12088

Dear Author,

During the copy-editing of your paper, the following queries arose. Please respond to these by marking up your

proofs with the necessary changes/additions. Please write your answers on the query sheet if there is insufficient

space on the page proofs. Please write clearly and follow the conventions shown on the attached corrections

sheet. If returning the proof by fax do not write too close to the paper’s edge. Please remember that illegible

mark-ups may delay publication.

Many thanks for your assistance.

Query reference Query Remarks

1 AUTHOR: Please submit the Copyright Transfer

Agreement (CTA). The download link for the ELF

form is http://media.wiley.com/assets/1540/86/

ctaaglobal.pdf

2 AUTHOR: Please check that authors and their

affiliations are correct.

3 AUTHOR: Please provide telephone and fax num-

ber.

4 AUTHOR: Please check correspondence address.

5 AUTHOR: Please check table 2 footnote link.

6 AUTHOR: L�opez-Fern�andez et al. (2007) has not

been cited in the text. Please indicate where it

should be cited; or delete from the Reference List.

7 AUTHOR: Marı́n-Briggiler et al. (2002) has not

been cited in the text. Please indicate where it

should be cited; or delete from the Reference List.



MARKED PROOF

Please correct and return this set

Instruction to printer

Leave unchanged under matter to remain

through single character, rule or underline

New matter followed by

or

or

or

or

or

or

or

or

or

and/or

and/or

e.g.

e.g.

under character

over character

new character 

new characters 

through all characters to be deleted

through letter   or

through characters

under matter to be changed

under matter to be changed

under matter to be changed

under matter to be changed

under matter to be changed

Encircle matter to be changed

(As above)

(As above)

(As above)

(As above)

(As above)

(As above)

(As above)

(As above)

linking characters

through character    or

where required

between characters or

words affected

through character    or

where required

or

indicated in the margin

Delete

Substitute character or

substitute part of one or

more word(s)
Change to italics

Change to capitals

Change to small capitals

Change to bold type

Change to bold italic

Change to lower case

Change italic to upright type

Change bold to non-bold type

Insert ‘superior’ character

Insert ‘inferior’ character

Insert full stop

Insert comma

Insert single quotation marks

Insert double quotation marks

Insert hyphen

Start new paragraph

No new paragraph

Transpose

Close up

Insert or substitute space

between characters or words

Reduce space between
characters or words

Insert in text the matter

Textual mark Marginal mark

Please use the proof correction marks shown below for all alterations and corrections. If you  

in dark ink and are made well within the page margins.

wish to return your proof by fax you should ensure that all amendments are written clearly




