© 00 N o 0o b~ WN P

N RN RN RN NNDMNNNNERERRERERERPREP P P P P
© 00 N O R WN P O © 0N O Ol M W N P O

MS. BIANCA PROHASKA (Orcid ID : 000@003-4495-073X)
MS. CAROLYN ROSE WHEELER (Orcid ID : 0000001-9976-8420)

Article type, < Original Article

Effects of Delayed Phlebotomy on Plasma Steroid Hor mone Concentrationsin Two

Elasmobranch=Species
Running title: Reproductive analyses delayed blood dinestnarks

B. K. Prohask®, P.C. W. Tsan§, W. B. Driggers IIf, E. R. Hoffmayef, C. R. Wheelef, and J.
A. Sulikowskf

®Department of Marine Sciences, University of New England, 11 Hills Beach Road, Bijdefor
ME 04005¢USA

®Department of Molecular, Cellular and Biomedical Sciendesversity of New Hampshire,

129 Main Street, Durham, New Hampshire 03824, USA

‘National @eeanic and Atmospheric Administration, National Marine Fisheries Service,

Mississippiskaboratories, 3209 Frederick Street, Pascagoula, Mississippi 39867, US

*Corresponding.author: Current address Bepartment of Biology, Florida State University,
King Life Sciences, 319 Stadium Dr., Tallahassee, FL 32306 (313) 608-6049; E-
mail: bprohaska@bio.fsu.edu

This is the author manuscript accepted for publication and has undergone full peer review but has
not been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as doi:
10.1111/jai.13700

This article is protected by copyright. All rights reserved


https://doi.org/10.1111/jai.13700�
https://doi.org/10.1111/jai.13700�
https://doi.org/10.1111/jai.13700�
mailto:bprohaska@une.edu�

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acknowledgments
We thank eaptains C. Browk/V Proud Mary) and C. FelchR/V Lady Victoria), as well as the
NOAA Fisheries, Mississippi Laboratories, Bottom Longline Survey TeamaMte thank the
graduate 'and“undergraduate students of the Sulikowski Laboratory at the Universiw of N
England, fand the Tsang Laboratory at the University of New Hampshire. This work was
sanctioned: byythe UNE’'s Animal Care and Use Committee (IACUC protocol no.- UNE
20121107SULIJ).
Summary

Measuring @culating concentrations of steroid hormones carusedas a method for
determining_reproductive maturity amgclesin elasmobranchddowever, it is unknown how
long steroidghaormones remain stable in elasmobranch blood following capture, and thus how
quickly these'samples should be collected for the results of subsequent steroidehanalgses
to be aceurate. Thebjectives of this study were to determine if the sex steroid hormones
progesterone, testosterone and estradiol would remain at stable concentratiertsdood othe
Spiny Dogfish §qualus acanthias Linnaeus, 1758)and the Atlantic Sharpnose Sharks
(Rhizoprionodon terraenovae Richardson, 1836}Yhat were capturedleft on deckand un
refrigeratedfor,24 hours. Blood samples were serially drawn from five initially live sharks over a
period of 24-hours. While concentrations of all three hormones did isantify fluctuate over
the sampling perioth both speciesthe resulting hormone concentrations from each sampling
period still fell within the range of previously reported values for each species in their respective
reproductive stage. Additionally, nageificant changes in hematocrit were detected in either
species over. the 2dour period. This research represents an extreme situation in which sharks
wereleft on.deck andin-refrigerated, and suggests that even when subjected to these conditions
steroidhormone concentratiommay fluctuate, but the resulting values may dtéluseful for

assessing reproductive stage.
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I ntroduction

The, majority of elasmobrancfishes (sharls, skats and rag) exhibit life histories
charactededrby slow growth, late maturity, and low fecunditywhich make thesefishes
particularly®»vulnerableto both direct and indirect fishing pressur@ulvy et al, 2003). In
general,elasmobranch life histories are simjldrowever,a thorough understanding of each
species_unigque life history is essential for adequate management (V2&8lk4). Despite the
importance ofife history datain formulating managemestrategiessuch datare still lacking
for manyelasmobranclspecies (Castret al, 1999; Walker 2004 Pinhalet al, 2008; IUCN
2011).

Studies‘examining the life histories of elasmobranchs largely rely on lethalisg
methodologies (Heup& Simpfendorfer2010); howeverthesemethodsshould be avoided for
specieswhosepopulations are threatened endangeredr when equally reliable data can be
taken in a.noflethal manner To address these concemesearchers have begexamining the
efficacy ofnondethal methods as an alternativéhen studyingcertain aspects of elasmobranch
life history,such asreproductive biology (Sulikowslet al, 2007; Hammerschlag§ Sulikowski,
2011). Onecemmorty usednoniethal sampling techniqués the extraction of blood from live
sharks andsubsequentisolation of steroid hormones,to examine physiologicalipased
reproductive eventge.g.Callard & Koob, 1993Gelsleichteret al, 2002; Sulikowsket al, 2006
Kneeboneet al, 2007).
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92 Despitefrequentuse ofsteroidhormoneanalysesn elasmobranch researolierthe past
93 30 years, no studies have identified how rapidly a blood sample should be collectadisrom
94  group of fiskesbefore circulating plasma hormone concentrations begigtoficantly fluctuate.
95 The objectiveof this study was to determine if circulating concentragi of the sex steroid
96 hormones_gpgesterone (B, testosterone (T), and 17p-estradiol (k) were stable in sharks
97 captured and left on deck wefrigeratedover a 24hour period If thesesteroid hormones are
98 found to remain stable in postmortesfasmobranchsscientists could work coopenatly with
99 fishersby "tilizing reproductive tracts and blood that would otherwise be discéodddture
100 endocrine studies, and for the validation of hethalsteroidhormone assays.
101
102 Materialsand Methods
103 Five adult female Atlantic Sharpnose Shark®lfizoprionodon terraenovae Richardson
104 1836)and fiveadult femaleSpiny Dogfish §qualus acanthias Linnaeus, 1758jvere captured
105 and sampled using the methattsscribed in Prohaska et,gR013, . Briefly, R. terraenovae
106 were capturediby bottom longline in the northern Gulf of Mexico in an area centered around
107 88.812W and+=27.887N, while S acanthias were captured by bottom trawl and gill net in the
108 US Northwest Atlantic in an area centered ard70.118W and 42.474N.
109 All"specimes were phlebotomizedmmediately after capturand a 5ml aliquot of blood
110 was collected; subsequently, all specimens were pithb work was sanctioned by the
111 University.of New England's Animal Care and Use Committee (IACUC protocol Né&- U
112 20121107SULN)Additional blood samples (&l each) were serially collectet 1 h, 3 h, 6 h,
113 12 h, and 24"lpostcapture Betweenblood colections sharks were lefon deck, shaded and
114 unvefrigerated.Immediately after each collectipm sub sample of blood wasalyzed for
115 hematocrit(Hct) following the methods in Cicia et a(2012). The remaining blood sample was
116 thencentrifuged at 1,242 g for 5 miBeparated plasma was removed drahstored at20°C.
117  After phlebotomyat time Q fork length (FL)was recorded from each shawhichwasmeasured
118 to the nearest cm over a straight line along the axis of the fbmalythe tip of the snout to the
119 fork in the caudal finAfter sampling at time 24, ldissections were conducted ahd following
120 data were recorded to assess reproductive stage: the five maximum follicle diameters (to the

121 nearest mm), and pup stretch total length (STL), which weassored to the nearest millitae
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over a straight line along the axis of the body from the tip of the snout to the pogbeoiothe
upper lobe of the caudal fin while fully extended along the axis of the body.

Progesterone @, testosterone (T), and 17p-estradiol (i) were extracted from plasma
samples following the methods of Tsang and Callard (1987) and Sulikowski ¢2C14).
Briefly, each.plasma sample was extracted twice with 10 volumed)(6f ethyl ether (ACS
grade)and the.organic phase was evaporated &€ 3ihder a stream of nitrogen. Extracts were
reconstituted in’ phosphate buffered saline containing 0.1% gelatin (PBSG). Prior tbigxtra
each sampléWas spiked with 1,000 counts noiftritiated B, T, or B (Perkin Elmer, Waltham,

MA, USA) to account for procedural loss.

Plasmarsteroid hormone concentrations were determined by radioimmunoassagdollow

a protocol modified from Tsang and Callard, (1987). Non-radiolabelet, Rnd E (Steraloids,

Inc., Newport, Rl USA) were used to make stock concentrations of 80 pg mi™ for P, and T, and

6.4 ug ml™ for E, in absolute ethanol (ACS grade). Thg P and E antibodies (Gordom.
Niswender;. Colorado Stat&niversity, Fort Collins, CQ USA) were diluted to final
concentrations: of 1:2,500 1:10,000, and 1:18,000, respectively. Tritiated hormones and
antibodies ‘were added to the reconstituted plasma samples using PBSG to bring the total assay
volume t0'400 pL. After incubation at 4C for 24 h, free hormone was separated from bound
hormonesby the addition of a carbon (0.2%; Acros Organics, Fairlaw)®R) and dextran 70
(0.02%; Tokyo Chemical Industry Co., Ltd., Tokyo, Japan) suspension, and centrifuged at 1,242
g for 10 min.at.4C. The supernatant was combined with @l5f Ecolume (MPO Biomedicals,
Solon, OH'USA) and the radioactivityvas detectethy aPerkin Elmer THCarb 2900TR liquid
scintillation analyzer (Waltham, MAUSA). Final concentrations were corrected for procedural
loss using individual sample recoveries.

Repeated measures ANOVA were performed on plasma,Rnd E concentrations as
well as Hetbyrspecis. If a significant difference was foun@ Tukey’s posthoc testwas
conducted=if=data failed tests of normality or homogeneity of variance, the data were
transformed. If transformed data still violated the assumptions, the nonparaRretdman
repeated measures analysis of variance on ranks was conducted. All data were asalgzed

SigmaPlot 12.0 andere considered significant at a < 0.05.

Results
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Rhizoprionodon terraenovae

The five adult femaleR. terraenovae (mean = SIM; 76.4+ 2.4cm FL) collected in this
studywere all in the early/mid gestational stage (Prohaska et al.a2@).3'he overall mean
recoveries of plasmasPT, and & were 60, 91, and P8, respectively The mean intraassay
coefficients. ef variation foR. terraenovae plasma B, T, and k assaysere 13, 17, and 23,
respectively_Despite an initial significant decrease inP, betweenintervals 0 and 1 h
concentrations“of Premained statistically unchanged until anotsgnificant decrease was
detected at*hour 12. From interval 12 h to 24 jrdMained statistically unchangé®M
ANOVA: [F420=17.213 p<0.001 B=1.000; Figure 13 A significant fluctuationin T
concentrationsaccurred over the sampling period; however, the Tukey's postesbdid not
detect a significant pairwise difference betwagarvalsO h and 24RM ANOVA: F42¢=5.777,
p=0.002 p=0.934; Figure 1bH. Similady, a significantfluctuation in E, concentrationsvas
detectedover _the entire sampling period; however, the Tukey's postdstdid not detect a
significant pairwise difference betwegtervalsO and 24h (RM ANOVA: F42=3.736, p=0.015
=0.701; Figure L). No significant difference in Hct was detected at any @enm interval
(FriedmaniF,2s=2.038, p=0.1193=0.284; Figure 2a).
Squalus acanthias

The~five adult femaleS. acanthias (mean + S#; 80.8+ 0.8 cm FL) were all in the
candle gestational stage (Prohaska et al., 201)3The overall mean recoveries of plasmaP,
and & were 71, 90, and 78%espectively The mean intraassay coefficients of variation f&
acanthias plasma R, T, and & assays were 9, 1and 126, respectively. The mean intassay
coefficientswofvariation folS acanthias plasma R, T, and E assays were 9, 1hnd 17%
respectively A significant decrease insRvas detected between samplingervalsO and 24 h
with relatively little fluctuation between these intervéi®M ANOVA: F323=3.324, p=0.032
=0.575; Figure.33 A significantincreasan T wasobservedat hour 6; however, no significant
difference was detected between interval 0 and 2&RM ANOVA F;323=9.234, p<0.001
=0.994; Eigure 30). A significant decrease in,Bvasevidentbetween times 0 and 1 h; however,
the concentrations ofHEemained statistically unchanged for the remainder of the san{RMg
ANOVA: F42=13.079 p<0.001 B=1.000; Figure 3¢. No significant difference in Hct was
detected at any sampling interval (Friedmgf;=7.171, p=0.208; Figure 2b
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Discussion

The aim of this study was to determine how stable steroid hormones vgéigks over
a24-hour periodThis study represents a disadvantagesaenario one in which an animal is
left on deck unrefrigeratedfor 24 hours, andteroidhormone concentrations in bd&h
terraenovae.andS acanthias did significantly fluctuate over the sampling periodRIn
terraenovae, T and E werethemost stableluring the 24-bur sampling period; however P
was only stable'for one hour before it began to fluctuat8. doanthias, T andP, were most
stablefor 22"h"and 24 hrespectively, while Ewas only stable for an hour before it began to
fluctuate In instances where steroid hormone concentrafiaogiatedamong sampling
intervals,the fluctuations were relatively minor, less than an order of magnitude and could have
beeninfluenced by small sample sizes.

Hormone concentrations in the blood are determined by both their synthesis and
clearance. Once hormones are synthesized they are transported through the body by blood
circulation.wuntil target tissues are reached, or catabolized by metabolic clearance typibelly in
liver (Norman+& Litwack, 1997). When an organism dies production of hormones and blood
circulation'cease (Donaldson & Lamont, 2013). As the metabolic clearanceovesetble half-
life of a'steroid hormone increases (Norman & Litwack, 1997). Sincehtr&s were initially
alive whenrfirst sampled, some blood circulation likely occurred between th@ tinaed 1 h,
potentially resulting in some metabolic clearance; however, the relabiétgtof the hormone
concentrations past the first couple blood draws are likely a result of decreased or ceased
hormone catabolism.

Despite’significant fluctuations in hormone concentratipasticularly in regards tB.
terraenovae P, andS acanthias E,, the range of values observed in this stadguseful in
determininggestational stage in both speciésr exampleusing the range aheanhormone
concentrationper timeperiod alone (P 1.9-6.4 ngml™; T: 4.7-10.1 ngnl™; E,: 660-1,049 pg
ml™Y) R. terraenovae would be classified as early/mid gestatimsed on Prohaska et al., (2013a,
b). Similarlyzin'S. acanthias meanhormone concentrations per time period alone §9-304 pg
mli™; T: 4720Zpgml™; E»: 44-104pg mit) would classify sharks asandle stage based on
Prohaska et al., (2013a, BJormane concentrations are inherently variable; however,
concentrations between stages can be many of orders of magnitude differentanalahg

concentrations potentially not as important as relative concentrations
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215 While there was a trend toward decreastiagjwith time, nostatisticallysignificant

216 changes were found Hct in either species over the sampling peri®ohilarly, Hoffmayer et al.,
217 (2012, 2015) did not observed significant changes in hematocrit in serially s@npled

218 terraenovae. Despite not bing statistically significanthe trendof decreasing Hatould be

219 indicative of.a;hemodilution. Previous work by Fritkal, (2010), in which blood was serially
220 drawnfromPortJackson shark@eterodontus portugacksoni Meyer, 1793), and gummy sharks
221 (Mustelus antarcticus Gunther, 1870)bserved a initial elevation in Hct, followed by a

222 continuousdecrease in Hauring a post-capture monitoring periathdpostulated thathis

223 decreaseould have been thesult of repeated blood gactions,a phenomenaimilar to that

224  previously.observed in teleosts (Tureeal, 1983).In the currenstudy, if hemodilution was

225 occurring, thisscould account for any decreases observed in steroid hormone concenfi@tions
226 determine ithemodilution could have influenced the hormone concentrations observed in this
227 experiment, a follow up study should be conducted in wietks are sampled at the time of
228 capture, subjected to the same conditions as those sharks in this study, and thehaggmale
229 24 h.

230 In addition to gaining a basic knowledge of the pragiturestability of steroid hormones,
231 the results«of this study suggest therpdtential towork cooperatively with commercial fishers
232 to use bloed that would otherwise be discarenh harvesteclasmobranch®r endocrine

233 studies, and fovalidatingnon-ethal steroidhormone assayf commercial fisheriexaudal

234 fins are immediately cut off of harvested sharks so they can be bled; however, if researchers
235 were working'eooperatively witfishers they could request that sharks not be bled immediately.
236 To accountiferianfluctuations inhormone levels post morteparticularlylike those observed
237 in R terraenovae P, andS. acanthias E;, additional samples could be collected and analyzed to
238 calculate a correction factor between the time-pagpture that an animal is sampled &sd

239 hormone level.

240
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Figure Legends

Figure 1..Mean { SEM) concentrations of Atlantic Sharpnose ShaFszoprionodon
terraenovae“plasma steroid hormones progesterone (A), testosterone (B) (in nanograms per
milliliter) and-estradiol (C) (in picograms per milliliter) at each sampling interval. Letters above
the bars denote statistically significant pairwise differences in hormone concentrations between

sampling intervals (p < 0.05).

Figure 2.Mean<percent{ SEM) hematocrit (Hct) of Atlantic Sharpnose ShaRkezoprionodon

terraenovae(A) and Spiny DogfisiSqualus acanthias (B) blood at each sampling interval.

Figure 3. Mean £ SEM) concentrations of Spiny DogfisBqualus acanthias plasma (in

picograms per milliliter) steroid hormones progesterone (A), testosterone (B) and estradiol (C) at
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334 each sampling terval. Letters above the bars denote statistically significant pairwise differences
335 in hormone concentrations between sampling intervals (p < 0.05).
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