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Abstract 

The Barbour's seahorse, Hippocampus barbouri is one of the vulnerable-category 

species based on IUCN's Red List (CITES Appendix II); therefore, H. barbouri has been in focus 
for conservation aquaculture in Thailand. Since morphologic or structural alterations of 

hematopoietic cells of fish under captive system have not been extensively documented, here 
the ultrastructure of the granulopoietic series in the head kidney of aquacultured H. barbouri 
was initially revealed through transmission electron microscopy (TEM). Results from our finding 

presented that the granulopoietic cells of this seahorse could be classified into six sub-series 
including myeloblast, promyelocyte (two sub-stages: early and late promyelocytes), myelocyte, 

metamyelocyte and mature granulocyte. The highest proportion of granulopoietic cells among 
these six sub-series was the late promyelocyte. Noticeably, the first appearance of granule like-

structure was identified in the early promyelocyte and this granular structure greatly 

accumulated in the mature granulocyte. This study also offers an insight into developmental 
series of granulopoiesis related to the prominent granules, which will provide better 

understanding of cellular structure of the hematopoietic cells and immune system in the 
seahorse under captivity condition. 
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Introduction 

Definitive head kidney (or anterior kidney), a unique teleost organ, plays important 
roles in regulation of fish homeostasis including a part of endocrine system (analogous to 

mammalian adrenal gland and thyroid gland) and formation of blood cells related to immune 
system, in particular as “kidney marrow” for lifetime hematopoiesis where hematopoietic stem 

cell (HSC) finally reside and differentiate (Willett et al., 1999; Rombout et al., 2005; Avagyan 

and Zon, 2016; Geven and Klaren 2017). According to Boomker (1979), structural and 
ultrastructural features of the kidney tissues (pronephros and mesonephros) in some teleost 

fishes, i.e. Clarias garipinus and Sarothrodon mossambicus were described as a major organ 
forming blood elements, equivalent to mammalian red bone marrow. It is well-defined based 

on most ultrastructural studies that formation of hematopoietic cells and blood cell lineages in 

the kidney marrow can be morphologically classified into different series. Sites for developing 
multiple blood cell lineages including erythropoiesis, thrombopoiesis and granulopoiesis in the 

head kidney were found in Dicentrarchus labrax (Esteban et al., 1989). Developmental steps of 
granulopoiesis in telost fishes were characterized in some literatures (Zapata, 1979; Savage, 

1983; Zuasti et al., 1987). In D. labrax, the granulopoietic progenitors can give rise to 
promyelocytes, myelocytes, metamyelocytes and the mature cells including heterophils, 

eosinophils and basophils. The main criteria of identifying these cell types in granulopoietic 

series are based on cell size, cell shape and granular features, as shown in maturational steps 
of Oreochromis niloticus (Abdel-Aziz et al., 2010). However, ultrastructural alteration during 

developmental steps in granulopoietic series has not been in focus. Understanding cellular 
changes during this process will uncover differentiation stages of teleost leucocytes.  

Barbour's seahorse Hippocampus barbouri, an economically valuable marine fish, is 

listed for the marine aquarium trade and used in Chinese traditional medicine (Lourie et al., 
2004; IUCN, 2006). Recently, the population of this seahorse species is decreasing and thus H. 
barbouri is classified as “Vulnerable” on the IUCN's Red List of threatened Species and CITES 
Appendix II (Lourie et al., 2004; IUCN, 2006). To preserve H. barbouri in Thailand, Phuket 

Marine Biological Center (PMBC) has been working on developing the optimal condition for 

aquaculture of the seahorse. Immune cells responding to the artificial condition in this seahorse 
is still under investigated. Hence, in the present study, ultrastructural details related to immune 

cells, in particular the granulopoiesis from the head kidney of H. barbouri  were described using 
transmission electron microscopy (TEM), aiming to provide in-depth information on the process 

of the granulopoiesis of H. barbouri and hematopoietic niche in kidney marrow of the seahorse. 
Certainly, our observation provided for better understanding of its granulopoietic cell, which 

would display possible interspecific comparisons on hematopoietic cell among seahorses and 

use as a creating potential indicator of hemato-ecological impacts.   
 

Materials and methods  
Ten hatchery-captive Hippocampus barbouri (1 month of age with 65.56±0.98 mm in 

total lenght) were collected, as described in Kamnurdnin (2017) during October to December 

2017. This seahorse was reared by adequate captive conditions using natural seawater at the 
Phuket Marine Biological Center (PMBC), Phuket Province, Thailand. The experimental protocol 

was approved by the Animal Care and Use Committee of Faculty of Science in accordance with 
the guide for the care and use of laboratory animal prepared by Chulalongkorn University 

(Protocol Review No. 1623004).   
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A small pieces of the head kidney (1x1 mm3) were immersed in 2.5% glutaraldehyde in 

0.1 M phosphate buffer, pH 7.4 at 4 °C and subsequently post-fixed in 1% osmium tetraoxide 
(OsO4). The fixed tissue samples were then processed using TEM sample preparation  

 
techniques. The fixed kidney tissue in semithin sections was stained with toluidine blue and 

examined with light microscopy. Ultrathin section of 90 nm was cut, lightly stained with uranyl 

acetate and lead citrate and analyzed with transmission electron microscope (JEM-2100 at 
200kV). The features and series of granulopoiesis were identified using criteria and guidelines 

from from Esteban et al. (1989) and Abdel-Aziz et al. (2010). Also, the determination of 
granulopoietic proportion was performed using 50 randomly selected cells per each TEM image. 

The measurement of cell size, nuclear size and granule size was examined using 10 randomly 

selected cells per TEM image, where the number of their granule was also counted.  

 
Results and discussion 

Few works concerning the granulopoiesis in some fish have been addressed 
(Yamamoto & Iuchi 1976; Mattisson & Fange 1977). In this study, we therefore provided a new 

insight into the granulopoietic series of H. barbouri, which is identified based on size, 
morphological traits, cellular organelle complexity and granular features.  

The differentiation of the granulopoiesis involved a series of maturational steps by 
transition from myeloblasts to mature granulocyte (Figures 1-3). A series of successive 

granulopoietic population in H. barbouri was further divided into five steps: myeloblast, 

promyelocytes, myelocytes, metamyelocytes and mature granulocytes (Figures 1-3). 
Myeloblast was considered as an undifferentiated progenitor or presumptive blast cell 

for granulopoietic cell series. This was the first recognizable granulocytic lineage. In the kidney 
marrow, the size of myeloblast was approximately 5.17±0.87 µm in diameter and served as 

10.66 percent of the total cell proportion. In general, the myeloblasts were grouped as clusters 

of 2-3 cells (Figure 1B). Each cell had a large nucleus (about 3.68±0.97 µm in diameter) 
without distinct clumps of condensed heterochromatin (Figure 1C). The nuclear membrane 

outline was clearly appeared and surrounded by several organelles including free ribosomes, 
endoplasmic reticulum (ER) and mitochondria (Figure 1C).  

Promyelocyte was a larger cell type, compared to the myeloblasts, about 6.76±0.98 µm 

in diameter. The proportion of the promyelocyte population was very high (61.33 percent) and 
thus this cell type was observed occupying most of the area in the thin sections (Figure 1A). 

The ultrastructure of promyelocyte can be characterized in two sub-stages (early and late 
promyelocytes). Early promyelocyte exhibited an irregular nuclear shape with prominent 

heterochromatin (Figure 2A). Remarkedly, formation of granule like-structure can be initially 
observed at this stage although it was not easy to identify this cellular structure even under 

TEM observation (Figure 2B). Similarly, granulopoietic cell with this structure can also be found 

in human bone marrow (Bainton and Farquhar, 1966), emphasizing the equivalent of fish 
anterior kidney to mammalian bone marrow. This stage further differentiated into the late 

promyelocyte exhibiting the nucleus with abundance of heterochromatic clumps along the 
nuclear membrane (Figure 2A). The concentration of dense-cored vacuoles was clearly 

identified to be a vacuolated granule like-structure in the cytosol (Figure 2B). A development of 

cytoplasmic organelles including ER and mitochodria was also easily observed (Figure 2B).  
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Myelocyte had slightly bigger cell size (6.92±1.2 µm in diameter) than the 

promyelocyte. This cell exhibited irregular cell shape. Myelocyte population was about 18 
percent of the total granulopoietic cells, which was higher than those of myeloblast and 

metamyelocyte.  The shape of centrally located nucleus (3.64±0.91 µm in diameter) was 
similar to that of the late promyelocyte (Figure 2C), but the arrangement of compacted 

heterchromatin was observed along the nuclear membrane. At this late stage of promyelocyte, 

numerous granules (average number: 7.8±0.66 granules/cell and size of granule: 0.25±0.81 
µm in diameter) can be found and these granules exhibited electron-dense and dispersed 

 
 throughout the cytosol (Figures 2E-2F). The characters of developing granules at this cell stage 

agreed well with the presence in high amount of other cellular organelles including packed 

mitochondria, ER and ribosome (Figure 2D), suggesting that the formation of electron-dense 
granules perhaps required high amount of energy and protein production. 

Metamyelocyte displayed about 5.33 percent of total cell population. It had an eccentric 
nucleus (Figure 2E). A prominent specific granules were still recognized (Figures 2E-2F), but 

number (35.2±0.76 granules/cell) and size (0.34±1.10 µm in diameter) of specific granules was 
higher than what found in the myelocyte (Figure 2G). Small mitochondria were dispersed 

among the granules (Figure 2E). Several pseudopodial formations were noted during this stage 

(Figures 2E-2F). The metamyelocyte was then differentiated into the mature granulocytes 
(Figure 3). The proportion of the mature granulocyte was rarely (3.33 percent). The 

granulocytes presented a large amount of specific granules (Figure 3).    
 TEM imaging of H. barbouri seahourse head kidney clearly visualized the differentiation 

stages of the granulopoietic series, enabling to classify them from the youngiest myeloblasts to 

the mature granulocytes. The presence of these cells in the kidney marrow of the seahorse was 
similar to those investigated in other teleosts (Esteban et al., 1989; Meseguer et al., 1990; 

Abdel-Aziz et al., 2010). In addition, the granulopoietic series in the seahorse can be explained 
as the percent proportion or percentage of cell populations. By this approach, it is interesting 

that our rared seahorses exhibited the highest proportion of the late promyelocytes compared 

to other granulocytic cells. This is constrast to other literatures describing teleost 
granulopoiesis. It was postulated that the increased number of promyelocytes was observed 

during an infectious disease and significantly correlated with the fever index (Marsh et al., 
1967). Our previous data also showed the appearance of kidney histopathology of H. barbouri 
(Kamnurdnin et al. in press). Thus, peak in promyelocyte population in this study might be the 
early sign for renal inflammation. This also implies that the development of immune cells in our 

rared seahorse was effective in response to the presence of infectious agents.  
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Figure 1 Electron micrographs showing the granulopoiesis in the head kidney of Hippocampus 
barbouri. A. Ultrastructural overview of granulopoietic cells B. Undifferentiated progenitor of 

granulopoietic series or myeloblast C. Higher magnification of myeloblast.  Abbrevations: Ep = 
early promyelocyte, ER = endoplasmic reticulum, Lp = late promyelocyte, Mc = myelocytes, Mi 

= mitochondria, Nm = nuclear membrane, R = ribosome, Upb = undifferentiated presumptive 
blast cell. 
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Figure 2 Electron micrographs showing the granulopoietic series in the head kidney of 

Hippocampus barbouri. Different stages of granulopoietic cells are shown: early promyelocyte 
and late promyelocyte (A-B), myelocyte (C-D) and metamyelocytes (E-G). Abbreviations: Chc = 

clumped heterochromatin, ER = endoplasmic reticulum, Eu = euchromatin, Gn = granules, Hc 

= heterochromatin, Mi = mitochondria, N = nucleus, P = pseudopodia, PG = pre-granules or 
vacuolated granule like-structure, R = ribosome, cycle = granule like-structure. 
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Figure 3 Schematic diagram showing the characterizations of the granulopoietic series of 
Hippocampus barbouri including myeloblast (A), early promyelocyte (B), late promyelocyte, (C), 

myelocyte (D), metamyelocyte (E) and mature granulocyte (F). 
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As important function of specific granules is to play roles in immunity, the granules 
contain hydrolytic enzymes and cytotoxic contents to support of leucocyte function (De duve, 

1963; Hirsch and Cohn, 1964; Cohn & Hirsch, 1960). The formation of specific granules in 
granulopoietic cells is a complex mechanism involving many pathways in cell signaling and 

cellular mechanism of protein synthesis and transportation via trans-Golgi network for granular 

formation (Borregaard, 1966; Borregaard et al., 1987; Lawrence et al., 2018). Mitochondria 
also plays some part in the intracellular membrane system connecting to endoplasmic 

reticulum–Golgi complex network and this kind of intracellular network ultrastructure can also 
be seen in granulopoiesis of a teleost fish (sea bass), as shown in Meseguer et al., 1990. Our 

finding also showed similar observation to these literatures that the condensation of the 

granule content in the developing promyelocyte came at the same period of large 
accumulations of mitochondria and ER in the cells. 

The presence of different granular cell series in our observation showed that the head 
kidney of seahorse definitely can be considered as kidney marrow, an equivalent structure to 

human bone marrow (Bainton, and Farquhar, 1966). The intial stage of granular cell population 
in sea bass were reported by Meseguer et al. (1990) and they found that myelocyte was the 

first cell type in the series producing the granules while our study first showed that it was the 

earlier stage - promyelocyte in the seahorse firstly generating specific granules. Other aspects 
of development from myelocyte to mature cells in term of density/number of the specific 

granules were consistent to other reports of telost fishes (Esteban et al., 1989; Abdel-Aziz et 
al., 2010) and other vertebrates (Curtis et al., 1979; Brederoo et al., 1986), suggesting the 

well-conserved program of immune cell formation among vertebrates.  

 
Conclusion 

This study highlights the first ultrastructural detail of granulopoietic series in the head 

kidney of H. barbouri seahorse under captivity. Under differentiation from the myeloblast to the 
mature myelocyte, here we reported key findings including the late myelocyte as the highest 

proportion and the myelocyte as an initial cell type producing specific granules.  The presence 
of similar cell morphology, nucleus character and organelle complexity in the granulopoietic 

cells in the seahorse agreed well to other literatures reporting teleost and vertebrate 

granulopoiesis and emphasized the analogy of teleost head kidney to mammalian bone marrow. 
Hopefully, this informative data above will present making possible interspecific comparisons 

between seahorses/other fishes and use as an indicator of hemato-ecological impacts.  
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