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Abstract
We did an overhaul on morphophysiology characteristics, cryptonephric system and secondary specializations in
the Malpighian tubules of the class Insecta. This review grouped the most important information about this important
organ that has different functions essential for insects.
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Malpighian Tubules: Morphophysiology Characteristics
The Insecta class comprises approximately 1.000.000 species
distributed in 32 orders [1]. The excretory system in insects and terrestrial
arthropods consists of structures called Malpighian tubules. This organ,
like the posterior intestine forms the primary system in insects for ionic,
osmotic and excretory regulation by which excretion products and toxic
compounds are transported. The final phase of excretion occurs in the
rectum, with ions and water is reabsorbed at this location. Thus, the large
intestine which is the final composition of urine is formed. Substances
removed from the urine as water and ions are transferred through
intimate connections between the posterior intestine and tubules. Thus,
these organs are extremely important in insects because maintains
constant internal environment through the elimination or segregation
of unnecessary substances present in the hemolymph, and the retention
or reabsorption of useful substances to the body [2].
The main function of the Malpighian tubules of insects is the
excretion of nitrogenous products and other remains of metabolites.
The Malpighian tubules also secrete fluids within the posterior intestine
where they are reabsorbed and certain substances are transported into
the hemolymph [3].
The Malpighian tubules may be present in variable numbers
in different orders of the class Insecta, for example, to Odonata this
number varies between 50 and 60 tubules in Hemiptera from 1 to 4, in
Lepidoptera that number is 6, in Hymenoptera ranges from 12 to 150,
in Orthoptera from 2 to 200, while the Diptera is only 4 tubules. In
many species, the tubules are separated into morphologically different
regions and each region is homogeneous for one cell type [4].
The Malpighian tubules works as follows: potassium is actively
secreted into the lumen of the tubules and water follows passively due
to osmotic forces, resulting in the formation of an abundant amount of
potassium-rich liquid. This fluid is isotonic relative to hemolymph, but
has a quite different composition that differs in surprising ways with the
mammalian kidney in which the initial urinary fluid is an ultrafiltrate
of blood plasma.
Within the Malpighian tubule fluid is modified through processes
of secretion and resorption, then there is passage of fluid into the
posterior intestine where most of the solutes and water are reabsorbed,
occurring the precipitation of uric acid (part the fluid in the form of
water-soluble potassium urate). This facilitates subsequent removal
of water, because the precipitated uric acid does not contribute to the
osmotic activity of the rectal contents. Finally, the remaining content is
expelled into the rectum feces mixed with urine [5].
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The secretion rates of fluid and ions by Malpighian tubules
of insects are controlled by peptides. The tubular secretion rate is
controlled by the interaction of two or more factors that are produced
in the haemolymph. These interactions can be classified as synergistic
factors affecting as diuretics, so that fluid secretion is stimulated. In
cooperative interaction, the factors of diuretics may act in cooperation,
through their full effects on transportation routes of cations and
anions. In antagonist by a factor acts as a stimulator and the other as
an inhibitor of [6].

Cryptonephric System
The Malpighian tubules are inserted tubular organs in the area
between the medium intestine and posterior intestine, which often
are free and loose in the body cavity, and in some insects, as already
mentioned, the distal end of these tubules found in contact with the
wall of the rectum through the perinephric membrane, an arrangement
known as ‘cryptonephric complex’. This system facilitates the
reabsorption of water and, therefore, is more highly developed in insects
that feed on dry substances or live in a relatively dry environment and
therefore need to retain water [4,7].
Notably in beetles that feed on dry substance, a special arrangement
associated with an extraordinary ability to draw water from excrement
occurs. In these insects, to a tubular blind end is in intimate association
with the rectum, the entire structure is surrounded by a peripheral
membrane. The space formed by the membrane is filled with a fluid
which surrounds the Malpighian tubule and rectal epithelia, but is
separated from the hemolymph.
In Tenebrio molitor (Coleoptera) are found four morphologically
different regions. These insects have a special arrangement and an
extraordinary ability to draw water from excrement, ending the
Malpighian tubule blindly and in association with the rectum is
surrounded by a membrane perirectal [8].
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Another example is the Palpares annulatus larvae (Neuroptera,
Myrmeleontidae) living in arid and semi-arid savannah of the Kalahari
in southern Africa, and are exposed to long periods of food deprivation
and short periods of food abundance. At this stage, the larvae of
insects of this family are voracious predators and form of digestion is
very specialized. The extra-intestinal digestion, that is, the digestive
enzymes are injected into the prey thus dissolving the soft tissues. The
liquid is then sucked through the narrow channels between the jaws
and maxillae. The ingested food is trapped in a structure shaped bag
in a blind bottom, slowly being absorbed by highly specialized internal
epithelium. This organ has a yellowish tint in the front portion becomes
brown in the posterior portion to the presence of meconium formed
by food residues. This portion of the alimentary canal is discontinuous
with the intestine and other structures [9].
The intestine itself is a tube of uniform diameter and leave the
anterior portion of the Malpighian tubules eight, six of which are
cryptonephrid, that is, connect again with the rear portion forming the
bowel loops and the other two are free . This point of attachment of the
six Malpighian tubules marks the beginning of the rectal pouch, which
subsequently narrows to form the rectum. The digestive tract in larval
stage is incomplete, because the anus is imperforate.
This arrangement of the Malpighian tubules known as
cryptonephric system is present in most of the larvae of Lepidoptera,
Neuroptera, Diptera, Symphita and adults of Coleoptera, however, only
a few Coleoptera and Diptera have been well documented [4,7].
Thus, cryptonephric system in insects is known to be involved in
the reabsorption of water through the rectal area while the majority of
larvae of Lepidoptera, which have a diet rich in succulent leaves, this
system appears to be related to remove excess ions from the hemolymph.
Green, in 1980, [10] states that in light Arachnocampa (Diptera), the
system may be primarily a local storage nutrients absorbed from the
rectum and used by certain segments of the Malpighian tubules.
Based on structural and physiological system cryptonephric
Tenebrio molitor (flour beetles) investigations, it has been proposed a
mechanism by which the complex rectal should function in absorption
of water [11].

Secondary Specializations in Malpighian Tubules
In most insects the Malpighian tubules are all the same, although
in some as Gryllotalpa (Orthoptera), there are three types of tubules
that are completely different based on the total composition . There
are white, yellow and embryonic tubules, each seeming to have a
different function. However, other roles for each type of tubule was not
conclusively demonstrated [12].
The existence of multiple segments, each with a different along the
Malpighian tubules of insects structure has been established in numerous
species: Vanessa urticae (Lepidoptera), Jassidae sp. (Homoptera),
Mantis religiosa (Dictyoptera), Locusta migratoria (Orthoptera),
Macrosteles (Homoptera), Gryllus domesticus (Orthoptera), Rhodnius
prolixus (Hemiptera), Drosophila melanogaster (Diptera), Cenocorixa
bifida (Hemiptera) (Jarial e Scudder, 1970), Periplaneta americana
(Dictyoptera), Arachnocampa luminosa (Diptera), Blatella germanica
(Blattaria) e Tenebrio molitor (Coleptera). The number of segments,
however, is not the same in all species [13].
The epithelium of the Malpighian tubule firefly New Zealand,
Arachnocampa luminosa, there are four distinct regions, each made up
of different cell types: cells of the proximal region (Part I), the large and
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granulosa cells (Part II), small cells of the distal narrow region (Part
III) and the distal cells of the organ of luminescent light (Part IV) [14].
In Malpighian tubules of Solenopsis saevissima (Hymenoptera),
three segments were distinguished: proximal, middle and distal, and
this distinction is based on the shape and structure of the epithelial cells
lining the different segments of the tubules [15].
Aedes aegypti has five Malpighian tubules formed by large and small
cells, called, respectively, the main cells (or primary) and stellate cells.
Morphological differences involving Malpighian tubules of males and
females were also reported, although the diameter of the tubular female
twice that of males, as well as the main cells and their nuclei is also
higher [16].
In other species, Aedes taeniorhynchus, the Malpighian tubules do
not exhibit distinct regions, although an arrangement of two types of
cells is observed. One type of cell is called primary cells which comprise
the majority of tubule cells and the second cell type is called a star. It is
suspected that the primary cells are the site of production of primary
urine, as has been proposed that stellate cells may be involved in the
reabsorption of Na+ from the primary urine [17].
Larvae of other Diptera, Ephydra hians, are found in hypersaline
lakes of northwestern North America [18]. According to this author
physiological specializations must occur for these larvae live in an
unusual environment like this. Ephydra hians larvae are capable of
maintaining osmoregulation in the hemolymph with an osmotic
concentration ten times higher than the blood. They possess a pair of
Malpighian tubules containing large amounts of a white substance,
compared with the other pair that does not contain the substance. It
was observed that these white granules dissolved in uric acid release
gas bubbles, suggesting the possibility that the modified tubular stock
must carbonate [19].
According to Berridge and Oschman, in 1969 [17], the fly
sucking Calliphora erythrocephala, as well as Aedes is a heterogeneous
arrangement in which the Malpighian tubules have primary and
stellate cells, which are responsible for the secretion of primary urine
containing Na+, K+, and Cl- into the lumen of the Malpighian tubules.
As already mentioned, these authors proposed that stellate cells are the
sites of Na+ reabsorption from the primary urine.
Secondary specializations are also observed in the Malpighian
tubules of two superfamilies of the order Hemiptera (Cercopoidea and
Membracoidea), where the distal portions of the Malpighian tubules
are involved in the production of proteins, while the proximal portions
which are more inflated, are responsible for producing proteins and
glycosaminoglycans [20-24]. These various substances have a role in the
composition of the cocoon, and in adults the morphological difference
between the secretory segments disappears and secretory activity
apparently ceases [25].
Special regions of the Malpighian tubules of certain coleopteran
larvae, and also produce silk Neuroptera [26]. Thus, the silk production
in insects is not unique to labial gland, glands and other tissues may
also produce this material [27].
The Malpighian tubules are almost exclusively engaged in secretory
mechanisms. Products most commonly found in the lumen of these
organs are uric acid, ammonia, salts, riboflavins, pterines and ions [28].
However, a few exceptions are reported in the preparation of special
secretions such as glycoproteins and glycosaminoglycans.
The Malpighian tubules of larvae of certain chrysomelids prepare
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a sticky substance that seems to help procreation in some species [29]
and are used to cover the eggs chambers in other species [30]. Nymphs
Cercopidae produce a glycoprotein secretion, possibly related to silk
production [31].
Thus, this review has grouped the most important information
concerning this important organ that has different functions essential
for insects.
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