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FUNCTIONAL MORPHOLOGY OF THE 
NEPHROCOMPLEX

GAËTAN M.A. DE GRYSE AND HANS J. NAUWYNCK

Summary

The shrimp antennal gland or nephrocomplex is a complex organ with extensions throughout the 
cephalothorax. The organ follows the basic blueprint of other crustacean excretory organs, but has many 
morphological alterations, including an extensive network of bladders and an expansion of the labyrinth. 
The gland performs many functions, such as the regulation of body volume, acid/base, and ion content, 
and plays a major role in the molting process and possibly in social functions.

Introduction

In contrast to mammals, crustaceans seem to have multiple organs responsible for excretion, 
osmoregulation, and ion metabolism, namely the antennal gland (also known as the green gland, renal 
gland, and antennary gland), the maxillary gland, and the gills. The gills are known not only for their 
respiratory function, as the site where oxygen and carbon dioxide are exchanged between the water and 
the hemolymph, but are also important for ammonium regulation, osmoregulation, calcium uptake, 
and acid/base regulation (Ahearn et al., 2004; Bauer, 1999; Foster and Howse, 1978; Freire et al., 2008; 
McMahon, 1995; Taylor and Taylor, 1992). Except for the respiratory function, the antennal gland and 
the maxillary gland perform more or less the same functions as the gills. However, the antennal gland 
and the maxillary gland do not appear together in the same species (Potts and Parry, 1964). They both 
have a similar blueprint, cytology, and function, but when the organ leaves the animal at the base of the 
antennal coxipodite it is called the antennal gland, whereas when it opens at the maxillae it is called  
the maxillary gland. Shrimp possess antennal glands (Fig. 3.1). 

The crustacean excretory organ is bilaterally built and can generally speaking be subdivided into three 
main parts: (i) a coelomosac, (ii) an efferent duct, and (iii) a terminal duct, leading to a nephropore (Freire 
et al., 2008; Icely and Nott, 1979; Young, 1959). The coelomosac is of mesodermal origin and is responsible 
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for primary ultrafi ltration of the hemolymph; it is thought to be a remnant of the coelom. Next to the 
coelomosac is the eff erent duct. In decapods, this has evolved into an anastomosing network of tubuli, 
called the labyrinth (Peterson and Loizzi, 1973). Th e terminal duct sometimes has a urinary bladder, but 
always leads to the exit pore. Although the excretory organ in shrimp opens at the base of the antennal 
coxipodite, it has nothing to do with the antennae itself. Moreover, the excretory organ is much more 
complex in penaeid shrimp compared with what is described in other crustaceans. Also, the description 
“gland” does not fi t the majority of the organ’s functions. Th erefore, a new name, the nephrocomplex, was 
proposed for penaeids (De Gryse et al., 2020). Many hiatuses still exist concerning the diff erent structures 
of the nephrocomplex. Much of today’s knowledge is extrapolated from other crustaceans, mainly crayfi sh 
and lobster. Th e aim of this chapter is to describe the full anatomy, morphology, and histology of the 
nephrocomplex in shrimp, while providing information on (possible) functions of the compartments of 
the organ. We hope that this chapter might provide a strong encouragement for other researchers to dive 
into the functionality of this organ, as there is much left  to discover.

General anatomy

Th e morphology of the penaeid shrimp nephrocomplex is quite complex and consists of multiple sections 
(Fig. 3.2). Th e three main divisions found in other crustaceans (hemocele, labyrinth, and terminal duct 
with urinary bladder) can also be found in penaeid shrimp, but several modifi cations have been found 
reaching throughout the entire cephalothorax. Th e coelomosac and labyrinth are gathered together in a 
compact glandular compartment (CGC), except for the rostral compartment (RC), which is a continuation 
of the labyrinth’s tubuli reaching as far as the supra-esophageal ganglion. Th ese tubuli eventually 
return to the CGC, before fl owing into a ventral urinary bladder (VB), the fi rst part of the terminal 
ductus. A small duct leads to the outside world via the nephropore. Apart from some ramifi cations of 
minor importance, the VB continues also caudally via an extension. Th is extension of the VB forms a 

FIGURE 3.1 Drawing of the antennal appendix of the shrimp Penaeus vannamei. A: coxipodite, B: basipodite, C: ischiocerite, 
D: merocerite, E: carpocerite, F: fl agellum, G: scaphocerite, O: nephropore, A+B+C+D+E: pediculum of the antenna, A+B: 
protopodite of the second antenna, C+D+E, endopodite of the second antenna. Credit: De Gryse et al. (2020).
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pre-esophageal connection (PEC) with the contralateral VB. From this PEC, a square duct gives rise to 
the median compartment (MC). The MC is a voluminous structure, which is located rostrodorsally to the 
stomach and can be subdivided into two lobes, a ventral lobe (VL) and a dorsal lobe (DL). To the lateral 
side of the esophagus, the MC continues as the lateral compartment (LC) laterally flanking the gut, and in 
turn it is flanked by the large protocephalon adductor. The extension of the VB is also connected to the LC 
at the lateral side of the esophagus. Caudally, the LC diminishes in height to form the caudal extensions 
(CE), which end blindly at the height of the hepatopancreas (De Gryse et al., 2020). 

FIGURE 3.2 The general morphology of the nephrocomplex. (A) Lateral view. (B) Dorsal view. (C) Lateral view without 
compact glandular compartment and rostral compartment. (D) localization of the organ in the shrimp. RC: rostral 
compartment, CGC: compact glandular compartment, VB: ventral bladder, MC: median compartment, DL: dorsal lobe 
of the MC, VL: ventral lobe of the MC, LC: lateral compartment, CE: caudal extensions, PEC: pre-esophageal connection, 
SD: square duct, NP: nephropore, Oe: esophagus, S: stomach, N: nerve, HP: hepatopancreas. Credit: De Gryse et al. (2020).
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Nephropore

The nephropore is the only part of the nephrocomplex covered by a cuticle. The nephropore controls 
the access to the nephropore and is a first-line defense mechanism, protecting the nephrocomplex from 
invading pathogens. The opening itself is slit-shaped and lies on the bottom of a caudal-facing, concave 
protuberance of the medial side of the coxipodite. The slit is formed by two valves, of which the rostral 
valve is superimposed by the caudal valve (Fig. 3.3). Pressure from the outside on the valve system 
does not result in an influx of water, whereas pressure from the inside of the valve passively opens the 
nephropore, allowing efflux. This demonstrates that the structure acts like a non-return valve, allowing 
only a one-way stream of fluid (De Gryse et al., 2020). 

The integrity of this valve system is very robust, compromised only when the shrimp urinates. During 
this mictio process, the pressure is first highest inside the VB, passively opening the nephropore and 
expelling urine to the outside world. The more urine leaves the VB, the lower this pressure becomes, 
until the VB contents are so low that a pressure equilibrium exists between the inside and outside of 
the shrimp. When the muscles surrounding the VB inside the shrimp relax, a brief vacuum is created, 
allowing for a little water influx. Sometimes this small volume contains enough pathogens to initiate an 
infection (De Gryse et al., 2020).

Compact glandular compartment and rostral compartment

Situated at the transition from cephalothorax to the antennal coxipodite lies the bean-shaped compact 
glandular part (CGC) (Fig. 3.4(A)). The coelomosac can be found at the center of the compartment, 
surrounded by the tubuli of the labyrinth. One cell layer of podocytes lines the coelomosac. They have 
large, round, irregular-shaped nuclei (Buranajitpirom et al., 2010; Xugang et al., 2013). The lumen 
itself consists of large collection spaces, surrounded by coelomosac domes. These domes are in turn 

FIGURE 3.3 Scanning electron microscopy of the antennal coxipodite with the nephropore. 1: rostral valve, 2: caudal valve. The 
white arrowheads point to the nephropore split and the black arrowhead points to the rostrum. Credit: De Gryse et al. (2020).
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surrounded by large hemolymph sinuses with flattened epithelia (Fig. 3.4(B)). Hemolymph is supplied 
to the coelomosac via the antennal artery, which penetrates the CGC and branches out throughout the 
structure. These branches debouch into the hemolymph sinuses enclosing the coelomosac domes, through 
which the ultrafiltrate is produced. Next, the fluid is collected by several large coelomosac lumens, which 
eventually merge into one larger central coelomosac lumen (Fig. 3.4(C, D)) (De Gryse, 2015).

The coelomosac is the site where ultrafiltration takes place (Behnke et al., 1990; Felgenhaur, 1992; 
Nakamura and Nishigaki, 1991). Its functional cells (podocytes) highly resemble the podocytes found 
in the Bowman capsule of the kidney of mammals. Intracellular channels between the podocytes can be 
found and the adjacent cells are connected by desmosome-like junctions. Cytoplasmatic cytopodia connect 
the podocytes with the basement membrane (Al-Mohsen, 2009; Khodabandeh et al., 2005; Ueno et al., 
1997; Xugang et al., 2013). On top of the basement membrane, a slit diaphragm has been found in crayfish 
(Fig. 3.5). This diaphragm acts as a secondary filtration barrier, blocking macromolecules that managed 
to pass the basement membrane. These blocked macromolecules form a lamina densa between the slit 
diaphragm and the basement membrane (Schaffner and Rodewald, 1978; Vogt, 2002). The podocytes 
contain organelles that indicate active producing cells (Golgi apparatus, mitochondria, rough endoplasmic 
reticulum, vesicles, vacuoles, ribosomes, and a large nucleus with clear nucleoli; Fig. 3.5).

FIGURE 3.4 The coelomosac (c) is surrounded by the labyrinth (L) and together they make up the CGC. The black arrowhead 
points to the rostrum. (A) Three-dimensional model of the CGC. (B) Hematoxylin and eosin (HE)-stained section of the 
coelomosac lumen (c*), surrounded by coelomosac domes (cd) and hemolymph sinuses (hs). (C) Schematic overview of 
the filtrate flow. aA: antennal artery, cc: central coelomosac lumen, NP: nephropore, VB: ventral bladder. (D) HE-stained 
section of the CGC. Credit: adapted from De Gryse (2015).
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When the ultrafiltrate passes the intercellular channels, the podocytes modify the fluid by pinocytosis 
(Peterson and Loizzi, 1974; Ueno and Inoue, 1996). Likewise, substances from the coelomosac lumen are 
endocytosed (Kirschner and Wagner, 1965). In doing this, podocytes are able to capture and sometimes 
metabolize ions (Holliday and Miller, 1984; Schmidt-Nielsen et al., 1968), metallic particles (detoxification; 
Doughtie and Rao, 1984; Roldan and Shivers, 1987), proteins, and (macro)molecules (Ueno and Inoue, 
1996; Ueno et al., 1997). Both endocytotic and pinocytotic vesicles will fuse together to form dense 
bodies, which are excreted by a process called blebbing (Fig. 3.5) (Ueno and Inoue, 1996). Once in the 
coelomosac lumen, the dense bodies are called formed bodies (Khodabandeh et al., 2005; Riegel, 1966a). 
These formed bodies have been studied best in crayfish. It is believed that when they are in the coelomosac 
lumen, they still contain large, undigested macromolecules (Riegel, 1966a, b). Finally, at the basal side of 
the cytopodia, Na+/K+-ATPases are present in crabs, as well as H+-ATPases, Na+/K+/2Cl–-cotransporters, 
and Na+/H+ exchangers in the apical side of the podocytes (Tsai and Lin, 2014). Khodabandeh et al. 
(2005), however, could not find Na+/K+-ATPases in the lobster coelomosac. In Penaeus monodon, 
Buranajitpirom et al. (2010) found Na+/K+-ATPase immunoreactivity in the coelomosac. When shrimp 
were challenged with different salinities, the enzyme activity inside the nephrocomplex was altered in 
adaptation to these conditions.

Eventually, the collected filtrate inside the coelomosac will flow through to the labyrinth. The labyrinth 
is made up of anastomosing tubuli, which are bathed in the hemolymph (Nakamura and Nishigaki, 1991). 
In contrast to crayfish, lobster, and Macrobrachium species, in shrimp only one type of labyrinth cell 
exists, namely a single-cell-layer thick cuboidal to high columnar epithelium, with a microvilli brush 

FIGURE 3.5 Ultrastructure of the podocytes. Pc: podocyte, bM: basement membrane, H: hemolymph, C: coelomosac lumen, 
CP: cytopodia, ICC: intercellular channel, SD: slit diaphragm, V: pinocytotic vacuoles, G: golgi apparatus, E: endosome, N: 
nucleus, n: nucleolus, DB: dense body, B: blebbing, FB: formed body, Hc: hemocyte. The red arrow represents the stream 
of fluid from the hemolymph sinus to the coelomosac dome and lumen. The DBs are excreted by a process called blebbing. 
The DB is pinched off (*) and is now part of the filtrate. Credit: De Gryse (2015).
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border and a basally located nucleus (De Gryse et al., 2020; Xiaoyun et al., 2003; Xugang et al., 2013). 
This cytomorphology strongly suggests a function in absorption, reabsorption, and/or other modification 
of the filtrate. Indeed, the labyrinth cells are involved in the reabsorption of large molecules, fluid, and 
ions. Waste elimination and the regulation of osmotic pressure are also attributed to the labyrinth tubuli 
(Xiaoyun et al., 2003). Like in the lobster (Khodabandeh et al., 2005), Na+/K+ channels were found 
inside certain cells of the penaeid labyrinth (Buranajitpirom et al., 2010). Formed bodies coming from 
the coelomosac start to undergo some changes. Once they arrive in the lumen of the labyrinth, where 
a lower pH exists, pH-dependent proteases are activated, digesting the contents of the formed bodies. 
Subsequently, they attract water and burst. It is believed that in crayfish, this process, together with 
hydrolysis processes, creates a concentration gradient between the hemolymph and the lumen of the 
labyrinth, effectively aiding in osmoregulation (Riegel, 1966a, b, 1970a, b) Whether this is the case in 
shrimp remains to be investigated.

When the tubuli of the labyrinth are traced to the front of the animal, they can be seen leaving 
the CGC and gradually filling the entire hemolymph space in the cephalon, surrounding the supra-
esophageal ganglion (Fig. 3.6(A)). Here, they connect to the tubuli of the contralateral side, forming 
the RC, before returning to the CGC to end in the VB (Fig. 3.6(B)). The cytology of the RC tubuli is 
mostly cubical with large round nuclei (De Gryse, 2015; De Gryse et al., 2020) The function of the RC 
remains obscure, but the conformation strongly resembles the loops of Henle found in reptile, avian, and 
mammalian kidneys. Only briefly, at both sides of the cephalon, the tubuli of the RC are closely associated 
with the continuation of the antennal artery coming from the CGC (Fig. 3.6(C)).

Ventral bladder

The bilaterally present VB receives its contents from the tubuli of the CGC. Connections with the CGC 
can occur at a variable number of places. The bladder is a widened modification of the terminal ductus and 
acts mainly as a storage structure (Fig. 3.7(A)). It is one of the few sections of the shrimp nephrocomplex 
in possession of multiple cell layers. It is topped by a single squamous epithelium with bulging nuclei and 
a microvilli brush border. Underneath, a lamina muscularis above loose connective tissue can be found. 
Finally, a lamina serosa defines the outer surface of the VB. Sometimes, the epithelium can be observed 
to be two cell layers thick. To the caudal side, the VB has an extension, which has a narrow lumen and 
splits into three structures (Fig. 3.7(B)). Medially, a connection with the contralateral VB is made in the 
form of PEC. To the caudal side, the extension of the VB ends in the LC (De Gryse, 2015; De Gryse et al., 
2020; Nakamura and Nakashima, 1992; Xiaoyun et al., 2003). On the basal side and around the extension 

FIGURE 3.6 (A) The rostral 
compartment (RC) engulfs the 
supra-esophageal ganglion (SEG). 
(B) The tubuli of the RC return 
to the CGC labyrinth (L) and end 
in the ventral bladder (VB). C: 
coelomosac. (C) Association of the 
RC with the antennal artery (aA). 
Credit: Adapted from De Gryse 
(2015) and De Gryse et al. (2020).
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of the VB, ramifi cations of unknown signifi cance can be found (Fig. 3.8). Lastly, the VB has a short duct 
via which the evacuation of urine takes place. Departing from the VB, this duct starts as triangle-shaped, 
changing into a square, and ending as a moon-shaped duct before connecting to the outside world 
via the nephropore (De Gryse, 2015; Nakamura and 
Nakashima, 1992). 

Around the VB, three important muscles can be 
found. Th ese are the coxipodite adductor (CA), the 
small scaphocerite abductor (SSA), and the large 
scaphocerite abductor (LSA) (Fig. 3.8). Both the CA 
and the SSA originate from the LSA. Th e LSA muscle 
attaches in the scaphocerite, to run through the 
coxipodite. Just rostrally from the VB, the SSA and 
the CA branches split from the main muscle. Th e SSA 
runs lateral from the VB and the CA runs medially, 
while the LSA lies ventrally from the VB. All three 
muscles end on the inside of the exoskeleton, caudally 
to the VB. Th is conformation eff ectively encloses the 
VB. A coordinated engagement of these three muscles, 
potentially aided by the smooth muscle layer in the VB 
wall, would result in a higher pressure inside the VB, 
causing the passive opening of the nephropore valves 
and the evacuation of urine (mictio). According to 
Young (1959), the function of the SSA and LSA is 
to abduct the scaphocerite. Lateral movement of the 

FIGURE 3.7 (A) Medial view of the right ventral bladder (VB). NP: nephropore, VBE: ventral bladder extension. (B) Rostral 
view of the VB, compact glandular compartment (CGC), lateral compartment (LC), and median compartment (MC) with 
ventral lobe (VL) and dorsal lobe (DL). PEC: pre-esophageal connection, SD: square duct, GMA: gastric mill attractor 
muscle. Credit: Adapted from De Gryse (2015).

FIGURE 3.8 Muscles associated with the ventral bladder 
(VB). LSA: large scaphocerite abductor, SSA: small 
scaphocerite abductor, CA: coxipodite adductor, CGC: 
compact glandular compartment, VBE: ventral bladder 
extension, VB*: ramifi cations of the VB, n: nerve, E: 
exoskeleton. Credit: Adapted from De Gryse (2015).
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scaphocerite (Fig. 3.1) is associated with grooming of the cephalon appendices and a sudden flush from 
the gill chamber. Given the orientation of the nephropore in the direction of the gills, the function 
of the SSA and LSA, and the position of these muscles around the VB, it is plausible that a forceful 
scaphocerite abduction results in urine flow (De Gryse, 2015). It is described that the gill chamber 
protects against pathogens but that the conformation of the chamber allows sediments to be trapped 
(Bauer, 1999). A powerfully aimed flow of urine could help in the process of mechanically cleaning the  
gill chamber. 

Median compartment

As mentioned before, the extension of the VB has a PEC with the contralateral VB. From the PEC, a 
square duct runs dorsally, giving rise to the MC (Fig. 3.2(C), Fig. 3.7(B)). The MC is a large bladder 
structure, covering the stomach rostrodorsally. It can be divided into two parts: a VL and a DL. These 
lobes are separated by the anterior gastric mill attractor muscles. Caudally, the structure will gradually 
turn into the LC (Fig. 3.2). The function of the MC is unknown; however, like the VB, several muscles 
are associated with the MC. Besides the anterior gastric mill attractor dividing the two lobes, the large 
protocephalon attractor runs laterally from the MC and the epistomal stator muscle runs lateral from the 
DL, which is also dorsally covered by two posterior protocephalon levator muscles. Again, a coordinated 
action of these muscles could modulate the contents of the MC. Histologically, the MC is similar to the 
VB, but with a slightly thicker smooth muscle layer, hinting at a dynamic function (De Gryse 2015;  
De Gryse et al., 2020).

Lateral compartment and caudal extensions

Bilaterally from the esophagus, a large longitudinal bladder structure arises: the LC (Fig. 3.2, Fig. 
3.7(B)). It is connected with the extension of the VB and to both the VL and the DL of the MC. The two 
halves connect via a post-esophageal connection, similar to the PEC. Laterally flanking the esophagus, 
stomach, and gut, the LC runs caudally, gradually decreasing in height. It is, in turn, flanked by the 
two large protocephalon attractor muscles (Fig. 3.9). The epithelium of the LC contains only one layer 
of flattened epithelial cells. The LC is attached to both the stomach and the protocephalon attractor 
muscle. Occasionally, a small muscle layer can be observed. The LC is attached to the large protocephalon 
attractor muscle on the lateral side (Fig. 3.9(A)). To the caudal side, the LC continues as the CE, limited 
dorsally by the pylorus stomach and ventrally by muscle layers and/or exoskeleton. Just rostrally of the 
hepatopancreas, a last connection to the contralateral side can be found. Next, the CE diverges around 
the hepatopancreas, ending blindly (De Gryse 2015; De Gryse et al., 2020).

Other muscles associated with the LC are the esophageal dilators, the maxillary tensor muscles, the 
mandibular adductor, and two oblique muscles. All these muscles have the potential to isolate (parts) of 
the LC, meaning that the shrimp can regulate the volume of the LC and its CE (De Gryse, 2015). This 
was observed in micro-magnetic resonance imaging studies, in which the contents of the CE of the gland 
were compared to the hepatopancreas. The relative size of the EC contents is higher in the post-molting 
stages, with a maximum around ecdysis (De Gryse et al., 2020).
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The role of the nephrocomplex in molting

Molting is a very impactful event on shrimp: drastic changes occur in the shrimp body when the 
metabolism changes from homeostasis to allostasis while the animal prepares to shed its old cuticle 
and grows new tissue. Given its complexity and an almost unrivaled extensiveness, it is not surprising 
that the nephrocomplex plays a significant role in this process. A first part is played by metabolizing the 
molting hormone ecdysone from the Y-organ and excretion of its metabolites. In this way, the organ 
can regulate the balance between the molt-inhibiting hormone and ecdysone, which determines the 
progression through the subsequent molting stages (Chang, 1985; Mykles, 2011). The molting hormone 
ecdysone reaches a peak in stage D1 (early pre-molt), signaling to the cells to prepare for ecdysis. In late 
pre-molt, these hormone levels drop significantly (Corteel and Nauwynck, 2010). Immediately before 
ecdysis, coordinated actions of muscles associated with the nephrocomplex pump extra fluids to the CE of 
the LC. The contents of the CE are now at a maximum (Fig. 3.10). This higher volume aids in raising the 
inside pressure on the carapax, putting ample pressure on the ligament between the carapace and the first 
abdominal segment. When the shrimp contracts its other muscles, the added pressure from the CE helps 
in shedding of the exuvium. Immediately after the shedding of the old cuticula, the shell is still soft. This is 
the only time during the molting cycle when the absolute volume of the shrimp can be increased. Shortly 
after the ecdysis, the volume inside the CE remains high, helping the shrimp to increase its volume as 
much as possible while the exoskeleton hardens (De Gryse et al., 2020). The hardening of the new, still soft 
shell happens through the process of mineralization. Calcium plays a pivotal role in the mineralization 
of the new exoskeleton by forming calcite (CaCO3) and also acts as an intracellular messenger in the 
hormonal signaling (Ahearn et al., 2004; Wheatly et al., 2004). Without doubt, the nephrocomplex fulfills 
an important part in regulating the calcium concentrations inside the hemolymph, most probably by the 
cells of the labyrinth and by the coelomosac, and quite possibly by other parts of the organ as well (e.g. 

FIGURE 3.9 Muscles associated with the lateral compartment (LC) and caudal extensions (CE). (A) Frontal view of a cross 
section of the LC. PA: protocephalon attractor, ED: esophageal dilator, S: stomach, n: nerve. (B) Ventral view of the LC 
and EC. PoEC: post-esophageal connection, MT: maxillary tensor, MA: mandibular adductor, OM: oblique muscle, HP: 
hepatopancreas. Credit: Adapted from De Gryse (2015).
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the RC). However, this remains to be investigated. 
Next, when the shrimp progresses through the 
molting stages (A and B), the volume inside 
the CE will gradually drop, making room for 
newly grown tissue. This diminution in volume 
is most likely attained by frequently expelling 
small volumes of urine, thus compromising the 
defensive integrity of the nephropore during 
the postmolting stages (De Gryse et al., 2020). 
During intermolt (C) and early pre-molt (D1), 
the volume inside the CE will be at its lowest and 
the molt-inhibiting hormone will be in balance 
with the molting hormone ecdysone (Corteel and 
Nauwynck, 2010; De Gryse et al., 2020).

Other functions associated with the nephrocomplex 

The shrimp nephrocomplex is vast and complex; it spreads throughout the entire cephalothorax and is 
in close contact with many other organs. Besides its pivotal role in the molting and growing process, the 
organ also performs other functions. One of the most evident of these is maintenance of body volume 
and hemolymph osmolarity. When shrimp swim in low-salinity water, they produce more urine to keep 
the shrimp’s body and its cells from swelling and bursting. Conversely, when shrimp are in a high-
salinity environment, the production of urine is halted to prevent them from dehydrating (Lin et al., 
2000). As a reaction to a change in salinity, but also in other circumstances, the shrimp’s nephrocomplex 
is known to regulate body levels of ions such as magnesium, calcium, potassium, sulfate, copper, iron, 
and sodium (Cheng and Liao, 1986; Dall and Smith, 1981; Lin et al., 2000; Vogt and Quinitio, 1994). 
Na+/K+-ATPase activity in the nephrocomplex is related to the salinity of the water in which shrimp are 
reared (Buranajitpirom et al., 2010). Another saline-sensitive activity in the nephrocomplex is that of the 
carbonic anhydrase metalloenzyme. Carbonic anhydrase catalyzes the interconversion between carbon 
dioxide and bicarbonate in the presence of water. It is believed to rapidly supply counterions for transport 
processes involved in ion regulation, for example, NaCl uptake against a chemical gradient (Henry et al., 
2006; Pongsomboon et al., 2009). Carbonic anhydrase has been reported in many invertebrates and is 
considered to play an active role in the acid/base regulation of Penaeus vannamei as well (Liu et al., 2015).

When shrimp are exposed to heavy metals, the nephrocomplex, along with several other organs, acts 
as a chelator and excretes these toxic components. Mercury, lead, chromium, nickel, zinc, cadmium, 
and manganese have been described to be sequestered and secreted via the urine when animals were 
challenged with these toxic elements. Thus, the nephrocomplex plays an important role in detoxification 
in shrimp (Doughtie and Rao, 1984; Tikær Andersen and Baatrup, 1988; Páez-Osuna and Tron-Mayen, 
1996; Vogt and Quinitio, 1994; Xugang et al., 2013). 

FIGURE 3.10 Dynamic change of caudal extension (CE) 
volume, relative to hepatopancreas (HP) volume, over different 
molting stages. Credit: De Gryse et al. (2020).
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Like many other animals, shrimp fight for feed and to establish social relations and/or dominance. In 
Macrobrachium species and lobsters, social dominance involves the excretion of hormones via the urine 
(Al-Mohsen, 2009; Breithaupt and Atema, 2000; Katoh et al., 2008). When shrimp were getting ready 
to mate, the “egg-laying hormone” was found in the shrimp nephrocomplex, potentially regulating the 
hemolymph hormone level, or perhaps acting as a peptide signal to other shrimp (Liu et al., 2006). In 
Macrobrachium rosenbergii, the male-to-female attraction-stimulating hormone N-acetylglucosamine-
1,5-lactone was found to be expressed in its excretory organ (Bose et al., 2017), and in Sagmariasus 
verreauxi, the expression of genes with pheromone functions in the organ was identified (Chandler  
et al., 2016). Together with the discovery of the receptor “trapped in endoderm 1” (suggested to be crucial 
in courtship and mating behavior in Drosophila melanogaster) in the nephrocomplex of P. monodon, 
these studies strongly hint at the antennal gland as a pheromone-releasing organ in shrimp (Viet Nguyen  
et al., 2020).

Future directions

The morphology of the nephrocomplex is now fairly completely described. However, the functions of 
many parts of the organ remain unclear; for example, does the RC resemble the loop of Henle only 
morphologically or also functionally? Many of the functions of the CGC remain vague and are molecularly 
poorly described. A lot of the functional knowledge is still extrapolated from other crustaceans and 
sometimes even insects. Therefore, functional and molecular characterization studies of the coelomosac, 
labyrinth, and RC cells is warranted. For example, it would be interesting to know where Na+/k+-ATPases 
are present besides in the coelomosac and labyrinth. Information on the embryological development of 
the nephrocomplex would also be welcome.

Another path wide open to scientific research is to further unravel the complete role of the 
nephrocomplex in the molting process. For instance, the MC is most likely involved in regulating absolute 
body volume after ecdysis, like the CE are, but evidence has not yet been provided.

Since the nephrocomplex has been identified as a major portal for pathogen entry, the pathogenesis of 
bacteria, viruses, parasites, and unknown syndromes can be studied. It would also be beneficial to examine 
the shrimp’s urine and nephrocomplex for immunological parameters such as antibacterial proteins.
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