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Introduction Results
Th hol d function of leukocvtes is not Lymphocyte and Thrombocyte Morphology in SEM* Eosinophilic (CEG1) Morphology in TEM and Light Microscopy
° c Mo 0Ol10 ana runction or ISUKOCvyIies 1S no ' e
{DROIOEY 4 7 | < Figure 1: Image of a lymphocyte in SEM. Lymphocytes were . e e Figure 11: A TEM image of an eosinophilic (CEG1) cell.
well studied 1n elasmobranchs ) distinguishable by their spherical shape, textured surface and ; L o R CEG1s present with lobed nuclei, sometimes looking as if
e Sharks and other cartila gln ous fishes are the most III.ICI'OVIHI protruding outward. | ; it there are multiple nuclei Present. The cell presents with a
Figure 2: Image of a thrombocyte in SEM. The thrombocytes were RSl large amount of granulation throughout the cytoplasm and

primitive type of vertebrates to have both innate and
adaptive immunity comparable to that observed in
mammals[1].

distinguishable by their elongated shape and rough surface with small
light-colored particles covering it.

the granulation varies in size and shape.

Figure 12: A CEGI1 in light microscopy. The nuclei are
lobed and there 1s large quantity of small granules present
throughout the cytoplasm.

* Understanding the role of leukocytes 1n a greater Zpm NPT

variety of elasmobranchs furthers research 1n TEM and Light Eosinophilic (CEG2) Morphology in TEM and Light

comp arative 1mmun010gy \ Figure 3: A lymphocyte in TEM. Lymphocytes present with a 1\ : Wz% glsg;e 13:A EEl\iﬁTigedOf ali e?osn;ophlhch( CEGHZ) cell. ¢
° Understanding the Inakeup ()f blacktlp Shark’s bl()()d - large nucleus with a small amount of cytoplasm surrounding it. 4 S R & S present with fobed nuclel and 4 Much smalicl amoun

Microvilli are seen extending from the cell of granulation. The granulation is uniform in size

Figure 4: A lymphocyte in light microscopy. Lymphocytes
present with a large nucleus. The microvilli is indistinguishable
in light microscopy.

Figure 14: A CEG?2 in light microscopy. The nuclei are
lobed and there 1s a small quantity of large granules present
throughout the cytoplasm.

facilitates comparisons to other organisms and : Lo m
determination of conserved traits between species. . 'é
* The findings of this study will further research in

husbandry, and aid 1n the care of captive species and o — - ey
in clinical assessments of wild sharks. o B : : ot AL : -
Monocyte Morphology in TEM and Light Eosinophilic (FEG) Morphology in TEM and Light Microscopy

* This study focuses on the morphological
characteristics of blacktip shark leukocytes using
light, SEM, and TEM microscopy

* The goal of this study was to determine a baseline set
of reference 1ntervals for healthy wild blacktip shark
peripheral blood leukocytes, and to determine the

range of the granulocyte-lymphocyte ratio in blacktip
sharks

Fl.gure S A monocyte imaged in TEM. Monocytes presented " ‘ ! *Figure 15: Image of an FEG 1in light microscopy.
with a large kidney bean shaped nucleus surrounded by FEG’s have dark ourole stainine. The eranulation
cytoplasm. Microvilli were present on the cell. The cell was not . FEG h P trpll' q gh dgt .
- on an as crystalline, rod-shaped structures.

granulated. _ . : ,
Figure 6: A monocyte imaged in light microscopy. The nucleus Granules fill the entire area of the cell’s

- . cytoplasm. The granules never appear to overlap,
they uniformly fill in the space. FEG’s have large
nuclei that always present along the side of the

cell.

presents in a more lobed shape but takes up a similar area of the
cell as 1s presented in TEM. The cytoplasm stains very lightly in

: light microscopy and 1s more difficult to see than in TEM.
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Neutrophil Morphology
_ X r | % . . . .
: e, Figure 7: A neutrophil imaged in TEM. The nucleus has a small Due to the small sample size available for TEM, no FEGs were found for characterization
distinct kidney bean shape with cytoplasm surrounding it. There
were some microvilli and granulation was present in the cytoplasm.
Figure 8: A neutrophil imaged 1n light microscopy. The nucleus

presented more in lobes than in a kidney bean shape. Granulation

was present in light microscopy. . .
Granulocyte-Lymphocyte Discussion

e 22 blacktip sharks were caught off of Biscayne Bay Rﬂg’?‘ Aiverage ratio with standarc deviation ,
N : : : : and the minimum and maximum vaiues for the * Average blood cell type percentages per 100 cells include
in Miami, Florida, using circle-hook drumline granulocyte-lymphocyte ratio (GLR). - ;
system[21] GLR lymphocytes (68.08%), thrombocytes (17.31%), CEG type 2
) . ) . Figure 9: A thrombocyte imaged in TEM. Thrombocytes have an — : 14.999%). CEG tvpe 1 (14.66% immature leukocvtes
* Whole blood was collected for fixation in llght, SEM elongated nucleus. There is a thin layer of cytoplasm surrounding Minimum 0.1918 ( o 0)’ YP . ( o O)’ 0 Y
an d TEM mi CrOSCopy the nucleus. Darkly colored granules are present in the cytoplasm Maximum O 81 . 5 (13 97 A)), IIGUtI’OphﬂS (1 .69 A)) 5 FEG (055 A)), and
. . Figure 10: A thrombocyte in light microscopy. Thrombocytes . IIlOIlOCYt@S (025%)
e Counts of 100 were conducted for WBC 1n light | . Mean 04717
microscopy £ present with elongated nuclei and granulated cytoplasm St d o O | 5 56 o Ly mph 0 Cyt es were th e secon d most abu n d ant ¢ 611 ty pe aft er
aevidalion . 1
. L. erythrocytes.
* Cell morphology was characterized in light, SEM and ,
TEM _ * Vertebrate lymphocytes are highly conserved across
e Measurements were taken in i ght microscopy using *Lymphocytes and thrombocytes were visualized using SEM, but other leukocyte types proved too similar in morphology to erythrocytes to SpGCleS[zs ]
ZEN be characterized using this technique. * Four granulocytic cell types were found. A neutrophil and
.. - : three morphologically distinct eosinophilic granulocytes: (1)
* Minitab and Excel were used for statistical analysis : , e , N
Comparison of Gender and Age fine eosinophilic granulocyte (FEG), (2) coarse eosinophilic
P g y ; p
7s 75 granulocyte (CEG) type 1, and (3) coarse eosinophilic
Cell Count L s granulocyte (CEG) type 2.
€ ounts 3 . g 50 . . -y .
5 5 0o * (Classification of specialized granulocyte subtypes 1s commonly
c 35 35 . .
Table 1: Average count with standard deviation and minimum and maximum count for each cell type. é 5 % gg Observed n many Shark Sp@CleS[z 5] .
Cell Types  Minimum  Maximum  Mean Standard Deviation = |I Il “ 1 = 10 Il Il II ll * The GLR 1is an indicator of stress in fish. Acute stress can cause a
FEG | 0 4 0.545 0.707 I Q: R s & P ;_ P shift in peripheral blood leukocyte distributions and increase the
CEGI | 4 31 14.66 8.49 SR SRR & « GLR[35].
CEG? 1 27 14.99 .89 M Adult - muvenile * Larger sample sizes of wild blacktip sharks should be used.
Neutrophil | 0 6 1.693 0.00 Figure 16: Mean leukocyte counts for males (n= 7) and females (n= 15). The average cell counts of Figure 17:Figure 11: Mean leukocyte counts for adults (n =15) and juveniles (n="7). A comparison of

Iy 0 5 0250 0.00 CEGls, neutrophils, and lymphocytes differed significantly between males and females (P<0.05). each cell types average cell count between adult and juvenile blacktip sharks. The mean number of
onocyle ' CEG2s, FEGs, monocytes, thrombocytes and immature cells were significantly different (P>0.05). CEGls, CEG2s, Monocytes, Lymphocytes, Thrombocytes and Immature cells differed significantly

Lymphocyte | 48 ]7 68.08 19 1 between adults and juveniles (P<0.05). All other observed cell types were not found to be significantly A.CkﬂOWle dg mentS

different(P=0.05)- . .
Thrombocyte | S 36 1731 9.89 References Special thanks to the UM Shark Research and Conservation
Immature | 3 38 13.97 6.36 1. Smith et al. 2015 2. Tavarea, 2008 3. Diki¢ etal. 2013 4. Harper & Wolf, 2009 Program, Dr. Liza Merly, Dr. Patricia Blackwelder and Dr. Neil

Hammerschlag.
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