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Abstract. Biogenic amines and neuropeptides are important neurotransmitters and modulators in the 

peripheral and central nervous systems of several invertebrate species. Biogenic amines play essential 

roles in modulating physiological and behavioral processes as neuromodulators, neurotransmitters, and 

neurohormones. Biogenic amines such as octopamine, dopamine, tyramine, or even serotonin can act as 

slow neuromodulator or fast transmitters. In both invertebrates and vertebrates, dopamine found in the 

central nervous system. Dopamine receptors (D1-like family - D1, D5) and (D2-like family- D2, D3, D4) 

directly modulate and regulate other neurotransmitters, the release of cyclic adenosine monophosphate 

(cAMP), differentiation, and cell proliferation. Here, we highlighted the essential role of dopamine and 

dopamine receptors in the control of cognition, locomotion, attention, memory formation, and behavioral 

plasticity in the central nervous system (CNS). In CNS, D1-like and D2-like are the most abundant 

dopamine receptors. Dopamine receptors contribution in several aspects of motor function, cognition 

besides reinforcement/reward and complex behavior. Behavioral and mental diseases associated with 

major neurotransmission disruptions of dopamine as well as hyperactivity/attention-deficit disorder, 

schizophrenia, substance abuse, and Huntington’s disease cause a major neuropsychological deficiency in 

attention, memory, and learning besides to other major symptoms. 
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Introduction 

In numerous social insects, such as bees and ants, biogenic amines perform decisive 

roles in the regulation of sociality. How biogenic amines (BA) and their receptors in 

ancestral, most of the solitary species have been chosen during the change to control 

different behaviors in complex social species are discussed by Kamhi et al. (2017). 

Biogenic amines are vital messenger elements in the central nervous system (CNS) and 

the peripheral area of invertebrates and vertebrates. Honeybee, A. mellifera, is 

outstandingly appropriated to reveal the biogenic amines functions in behavior, as long 

as it has wide-ranging behavioral capabilities, in this insect, there are a lot of biogenic 

amine receptors (Scheiner et al., 2006). Biogenic amines are involved in coordinating 

responses related to metabolic reactions, for instance, starvation. Whenever there exist 

starve d rate-limiting enzyme tyrosine-ß-hydroxylase mutant fruit flies, octopamine 

cannot be synthesized, having higher concentrations of glucose level in their 

hemolymph compared to controls, as revealed by Li et al. (2017). Damrau et al. (2018) 

investigated starvation or fat deposition resistance by using fruit flies defective in the 

expression of tyramine and octopamine receptors. Their tissue-specific RNAi 

experiments showed a very complicated interorgan transmission resulting in various 
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metabolic phenotypes in tyramine and octopamine lacking fruit flies. Stocker et al. 

(2018) reported the comparison of the axon terminals of octopaminergic efferent ventral 

and dorsal median unpaired neurons in whether fruit flies or desert locusts throughout 

skeletal muscles, exposing numerous similarities. For both octopamine and tyramine, 

type11 terminals are immunopositive and dissimilarity to the type I terminals that have 

visible synaptic blades, and they comprise of dense-core vesicles. They revealed that 

hunger modulates the neuromuscular-branched morphology in a time-based manner. In 

this mini-review, we discuss the role of dopamine (DA) receptors to regulate the 

behavior in honeybee and other insects and summarize the role of dopamine, types, 

physiology, and genes of dopamine receptors. 

Moreover, the authors confirmed that the delivery of octopamine from axonal and 

dendritic type II terminals applies parallel to synaptic machinery to glutamate allow from 

excitatory motor neurons (type I terminals). Buckemüller et al. (2017) examined changes 

in glucose concentration level in hemolymph, feeding, and survival behaviors after 

hunger and studied the role of octopamine on these pharmacological experiments. Their 

experiments confirmed that octopamine in honeybee performs similarly to noradrenalin 

and adrenalin in mammals in modulating an animal’s counter-regulatory response. The 

study evaluates different types of octopamine and tyramine receptors that might be 

involved in energy homeostasis. Many neurons that mediate the release of octopamine 

belong to the class median dorsal unpaired neurons, and their electrical qualities in 

cockroaches have been widely investigated by Lapied et al. (2017). Scheiner et al. (2017) 

reported the role of the fat body in regulating gustatory sensitivity accomplished by 

tyramine signaling in many behavioral races of the honeybee. Their findings proposed 

that distinctive tyramine signaling in the fat body play an essential role in the adaptability 

of labor division by modulating gustatory responsiveness (Fig. 1). 

 

 

Figure 1. Chemical structure of each monoamine 

 

 

Blenau et al. (2017) disclosed the fifth serotonin receptor in Drosophila melanogaster 

that is Dm5-HT2B. Besides that, three Dm5-HT7, Dm5-HT1B, and Dm5-HT1 along 

with the Dm5-HT2A and cyclic adenosine monophosphate (cAMP) signaling cascades 

directing toward Ca2 + signaling mechanism through ITP. Authors also reported that 

this important fifth receptor is concerned with immune system function and controlling 

heartbeat, and it can be aggravated by mianserin and metoclopramide. The circulation 

of immune reactivity for receptor molecules-AmTyr1 and tyramine has been reported 

by Sinakevitch et al. (2017) for the brain of the honeybee, and specific significance is 

positioned on neuropils related to olfactory sensation learning and memory (Fig. 2). 

They emphasized two important Ventral (Unpaired) median neurons of the 

suboesophageal ganglion belong to axons that arise to the bee’s brain and stimulate the 
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antennal lobe (AL) and mushroom body (MB) calyx. Remarkably, AmTyr1 expression 

was initiated in pre-synaptic positions of olfactory receptor neurons (ORN) and 

projection neurons, maximum prospective to apply for the inhibitory mechanism of 

neurotransmitter (Chemical messenger) release. 

There is adding confirmation that octopamine and tyramine use opposite 

performances in insects. Their investigation upon Drosophila melanogaster (fruit fly) 

flight behavior, revealed the role and importance of tyramine and an enzyme-

dehydrogenase/reductase for tyramine catabolism. This enzyme is found in the specific 

glial cells group, which is placed near the border of motor neuropil and through 

continuations toward the motor neuropil of flight. Whenever RNAi knocks down this 

enzyme, flight time is decreased, which is distinctive for high tyramine levels and 

blocked octopamine. This study also explores critical signaling pathways for tyramine 

(Ryglewski et al., 2017). 

 

 

Figure 2. Schematic diagram of adult honeybee brain (frontal view). (1) Ocelli, (2) Mushroom 

bodies, (3) medial calyx, (4) lateral calyx, (5) peduncle, (6) central brain, (7) alpha lobe (α; 

vertical lobe), (8) beta lobe (β); medial lobe), (9) medulla, (10) lobula, (11) antennal lobe, (12) 

suboesophageal ganglion., projection neurons (blue), VUMmx1 (red), an inhibitory feedback 

loop (black), indirect input from the mushroom body to lateral protocerebrum (also called 

lateral horn, violet). (Source: Grünewald, 1999; Barron et al., 2015) 

Role of dopamine and dopamine receptors 

Berke (2018) described that dopamine transfer’s motivational significance and 

encourages movement activity even at seconds time scales. They also reported that, is 

dopamine a signal for motivation or signal for learning, or both? Our knowledge about 

dopamine has modulated in the previous and is fluctuating once again. One essential 

and distinctive is between dopamine effects on future learning behavior and current 
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performance behavior. Both kinds of behavior are significant and real, but sometimes 

one was in favor, and other was not. DA is a critical vital learning and motivation 

modulator. Dopamine receptors (D1-like, D2-like) are classified into two significant 

subfamilies. Dopamine is a major neurotransmitter that facilitates physiological tasks in 

both the peripheral and central nervous system (CNS) via relating to DA cell surface 

receptors. Dopamine receptors (D1-like, D2-like) are classified into two significant 

subfamilies. Dopamine is a major neurotransmitter that facilitates physiological tasks in 

both the peripheral and central nervous system (CNS) via relating to DA cell surface 

receptors. DA receptors are G-protein coupled receptors (GPCRS) that are categorized 

into (D1-like, D2-like) receptors based on their physiological, pharmacological, and 

biochemical effects (Fig. 3). 

 

 

Figure 3. Dopamine receptors are divided in to two major subfamilies: D1-like and D2-like 

Physiology of dopamine receptors 

The biogenic amines (BA) of serotonin, dopamine, tyramine, and octopamine in the 

honeybee modify neuronal tasks in numerous ways. Serotonin and dopamine are present 

in the bee brain at high concentrations. Additionally, tyramine and octopamine are a 

small quantity. Octopamine is a critical molecule to regulate the behavior of honeybee. 

It usually has a stimulating effect and results in increasing the sensitivity of sensory 

inputs, improve learning efficacy, and better foraging behavior. Tyramine has been 

recommended to act as an inhibitor to octopamine, but only limited experimental data 

are available for this amine. Serotonin and Dopamine often have inhibitory effects in 

comparison with octopamine. Scheiner et al. (2006) reported the role of BA and 

biogenic amines receptor-mediated cellular responses regulating distinct behavior 

involved in learning performance and labor division. Biogenic amines (BA) bind to 

membrane receptors that belong primarily to big GTP-binding (G) protein gene family 

combined with receptors. The behavioral function, the regional brain expression, 

selective antagonists, selective agonists, and mechanism of action of various types of 

dopamine receptors are outlined in (Table 1; Mishra et al., 2018). 

Significant differences are produced in the concentration of Inositol trisphosphate 

receptor (IP3), (cAMP), and Ca2 + in intracellular Second messenger levels. Besides, 

several honeybee (BA) receptors have been characterized and cloned recently; still, 

several genes remained to be recognized. The approachability of the fully sequenced Apis 

mellifera genome will make a significant contribution in bridging this gap in Table 2. 
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Table 1. Perspective and knowledge of different dopamine receptors 

Receptors Location Type Mechanism Function  
Selective 

agonist 

Selective 

antagonist 

D1 

Olfactory bulb 

Nucleus accumbens 

Striatum 
Amygdala 

Hippocampus 

Frontal cortex 
Substantia nigra 

Hypothalamus 

Gs-coupled 

Enhanced intracellular 
cAMP through 

activated adenylate 

cyclase 

Attention 
Learning 

Locomotion 

Sleep 
Impulse control 

Regulation of renal function 

Memory 

SKF-81297 
SKF-38393 

Fenoldopa 

(SKF-82526) 

SCH-39166 

SKF-83566 
SCH-23390 

D5 
Hypothalamus 

Substantia nigra 

Cortex 

Gs-coupled Adenylate cyclase 

Motor 

Learning 

Cognition 
Decision 

Making 

Renin 
Secretion 

  

D2 

VTA 
Olfactory bulb 

Striatum 

Cerebral cortex 

Gi-coupled 

Increased level of 
cAMP intracellular by 

activating adenylate 

cyclase 

Reproductive behavior 
Locomotion 

Sleep 

Attention 

Bromocriptine 
Pergolide 

Cabergoline 

Ropinirole 

Haloperidol 

Raclopride 

Sulpiride 
Spiperone 

Risperidone 

D3 

Cortex 

Islands of Calleja 
Striatum 

Gi-coupled  

Locomotion 
Regulation of food intake 

Impulse control 

Cognition 

Nafadotride GR-

103691 GR-
218231 SB-

277011A NGB-

2904 PG-01037 
ABT-127 

7-OH-

DPAT 

Pramipexole 
Rotigotine 

PD-128907 

D4 

Hypothalamus 
Amygdala 

Frontal cortex 

Nucleus accumbens 

1- Gi-coupled  

Attention 

Impulse control 
Reproductive behavior 

A-381393 
FAUC213L-

745870L- 

750667 

A-412997 

ABT-670 
PD-168077 

 

 
Table 2. The role of dopamine receptors genes of vertebrate and invertebrate 

Gene ID Gene name Organisms Function References 

1621 
Dopamine beta-

hydroxylase 
Homo sapiens 

Plays a dominant role in the process of 

converting dopamine into norepinephrine (NE) 
Tang et al., 2018 

37867 
Dopamine N 

acetyltransferase 

Drosophila 

melanogaster 

Encodes an enzyme that is identified to show a 

part in the insect pigmentation pathway 

Ahmed-Braimah and 

Sweigart, 2015 

406111 
Dopamine receptor, 

D1 
Apis mellifera 

Regulating behavioral plasticity in the honey 

bee 

McQuillan et al., 2012 a; 

Elsik et al., 2014 

408995 
D2-like dopamine 

receptor 
Apis mellifera 

Cognition, impulse, locomotion, control, 

attention 
Mishra et al., 2018 

41726 
Dopamine 1-like 

receptor 1 
Drosophila 

melanogaster 
Memory formation for aversive and appetitive 

learning 
Swenson et al., 2016 

25432 
Dopamine receptor 

D4 
Rattus norvegicus Modulates fear expression Vergara et al., 2017 

43484 
Dopamine 1-like 

receptor 2 

Drosophila 

melanogaster 

For initiating biochemical cascades underlying 

olfactory learning. 
Swenson et al., 2016 

1816 
Dopamine receptor 

D5 
Homo sapiens Tumor and cancer treatment Leng et al., 2017 

13491 
Dopamine receptor 

D4, Drd4 
Mus musculus 

Social interaction, novelty-seeking, increased 

anxiolytic and exploratory behavior, alcohol 
binge 

Thanos et al., 2015 

Types of dopamine receptors 

Dopamine receptors are five distinct kinds (D1, D2, D3, D4, and D5), all receptors, 

coupled with G-proteins. These subtypes are categorized into two significant classes 
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(D1 like receptors and D2 like receptors). D1 like receptors are excitatory and post-

synaptic. D2 like receptors are inhibitory, pre-synaptic, and post-synaptic. (Rang HP, 

2006) summarized the overview of activation of each receptor type, follow the 

comparison of kinds and function of dopamine receptors, and Under comparison of the 

kinds and tasks of dopamine receptors, it is possible to determine how the dopaminergic 

system unique built-in phyla. Ferreri et al. (2019) demonstrated that dopamine role is 

related to the pleasure of music experience. They orally controlled each contributor, a 

dopamine antagonist (risperidone), a placebo (lactose), and a dopamine precursor 

(levodopa) in three separate sessions, according to their results, risperidone and 

levodopa led to a conflicting response in trials of motivation and musical pleasure. 

Although the placebo compared with dopamine precursor levodopa, improved the 

cognitive experience and motivational responses associated with music, but risperidone 

result decreased in both. Shows a vital function musical pleasure of dopamine and 

specifies that dopaminergic transmission could play a distinct role. 

In recent studies,(Beggs and Mercer (2009) found that Queen mandibular pheromone 

produced by the queen is used to control the physiology and behaviors of their colony 

individual. Homovanillyl alcohol is one of the significant components of Queen 

mandibular pheromone QMP in blocking aversive learning in young working bees. 

Homovanillyl alcohol (HVA) was found to reduce the concentration of brain dopamine 

and modify the intracellular cAMP concentration in the centers of the brain concerned 

with learning and memory. They investigated that HVA directly interacts with the bee’s 

dopamine receptor, also HVA activates AmDOP3 (D2-like dopamine receptor) 

selectively. They suggested a specific molecular system through which dopamine 

signaling pathways can be modulated. Apis mellifera dopamine receptor (DOP3) 

induced blockage of aversive learning in worker bees is caused by HVA (Beggs and 

Mercer, 2009). 

In a study on Apis mellifera brain, Lerner et al. (1995) observed that expression of 

amino-receptors varies significantly throughout Kenyon cell subpopulations. In present 

models of mushroom body function, differential expression of amine-receptor genes in 

neurons and plasticity that exists at this stage are mainly ignored characteristics. Their 

findings are consistent with confirmation that short- term and long-term sensory 

memories formed in distinct parts of the brain’s mushroom bodies and there are 

efficient parts of the brain center (McQuillan et al., 2012 b). They illustrated the role of 

gene expression in reproductive organisms of male honeybee are throughout the sexual 

development and maturation. Dopamine is a distinct operator between three 

reproductive systems and CNS. They also suggested that in seminal vesical of honeybee 

brain, 20 dopamine receptors can be used to drive dopamine (DA) for reproduction and 

21 receptors involved in storage and sperm transfer in the reproductive organ of males 

(Matsushima et al., 2019). 

In these studies, they investigated specific caste development of the dopaminergic 

system in female honeybees during metamorphosis. Caste-specific changes by 

dopaminergic systems in social insects help to continue caste-specific behavior. Their 

findings showed that the developmental procedure of caste-specific dopaminergic 

systems in honey bee during metamorphosis recommends caste-specific behavior and 

reproduction division in this greatly eusocial species (Sasaki et al., 2018). 

Mustard et al. (2010) investigated that dopamine and D1-like receptors (AmDOP2) 

cause regulation of motor behavior in the honeybee. Assessing the particular molecular 

pathways by which dopamine impacts behavior complexed by the involvement of 
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various subtypes of dopamine receptors linking distinct second messenger pathways. 

Spontaneous movements of adult bees in the field were used to explore the role of 

dopamine signaling in modulating the behavior of honeybee. A significant difference 

between control and treated bees was observed for many behaviors such as flying, 

grooming, fanning, stopped walking and upside down. Finally, their findings 

established that DA plays a significant role in modulating the motor behavior of the 

Apis mellifera (Mustard et al., 2010). 

Kokay and Mercer (1997) found the developmental changes in densities of dopamine 

receptors and the measurement of dopamine levels in the honeybee brain. Their findings 

confirmed the expression of dopamine receptor subtype-specific patterns in insect brain 

and illustrated that D1 and D2-like receptors are not only expressed in the adult bees 

CNS, as well as during bee’s brain developmental stages (Fig. 4) 

 
Activation of adenylate 

cyclase
Inhibition of adenylate 

cyclase

D1 D5 D4D2 D3

Cortex ++

Limbic system +++

Basal ganglia ++

Hypothalamus ++

Basal ganglia +

Hypothalamus +

Cortex ++

Limbic system +++

Basal ganglia +++

Limbic system +++

Basal ganglia ++

Dopamine +

Apomorphine (PA)

Bromocriptine  (PA)

Dopamine +

Apomorphine(PA)

Bromocriptine (PA)

Chlorpromazine +

Haloperidol ++

Spiperone +++

Clozapine +

Chlorpromazine +

Haloperidol ++

Spiperone +++

sulpiride ++

Risperidone ++

Clozapine + 

olanzapine+

Chlorpromazine +

Haloperidol ++

Clozapine +

Chlorpromazine +

Haloperidol ++

Clozapine +

Olanzapine +

Chlorpromazine +

Haloperidol ++

Spiperone +++

sulpiride ++

Clozapine +

 

Figure 4. Expression of dopamine receptor 

Role of dopamine in insects 

Locusta migratoria (migratory locust), showed incredible phenotypic adaptability in 

response to the population density variation at morphological, physiological, and 

cognitive levels. In migratory locust, two dopamine (Dop1 and Dop2) receptors play 

distinct roles in developmental changes. DA and dopamine genes in metabolic pathways 

facilitate phase modification in L. migratoria. They proved that dopamine (Dop1 and 

Dop2) controlled locust phase variation in two various directions (Guo et al., 2015). 

The significant role of dopamine being strengthening and processing is applied in a 

range of species varying from Homo sapiens to Drosophila melanogaster, while D1 

receptors have been recognized to make a significant contribution to fruit flies’ aversive 

odor sensitivity learning. Scholz-Kornehl and Schwartzel (2016) revealed that D2 

receptors endorsed to facilitate a combined type of odor memory referred to as 

anesthesia-resistant learning and memory. Observing the distinct role of dopamine and 

dopamine receptor (D2R) in “forgetting”(retroactive role of dopamine), balancing, 
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acquisition of memory (the proactive task of dopamine) and dopamine release, their 

findings recommended D2R as the crucial player of each process (Scholz-Kornehl and 

Schwärzel, 2016). Ichinose et al. (2017) analyzed the function of dopaminergic neurons 

in the fruit fly brain, and how they influence the animal’s internal condition/cognitive 

behavior. Dopamine might play both roles, a slow neuromodulator, a fast 

neurotransmitter. It depends on the postsynaptic neuron. Genetic modification of 

dopamine neuron activity resulted in differences in the fly’s behavior. Behaviors such as 

learning and memory, sexual drive, sleep, and hunger were affected (Ichinose et al., 

2017). 

Zhukovskaya and Polyanovsky (2017) studied the effects of various amines such as 

octopamine, tyramine, dopamine, and serotonin on olfactory and gustatory receptor 

neurons in insect antennae. Many amines systemically released into the hemolymph, an 

open circulatory system in insects, supplied different body compartments, the dorsal or 

ventral cavity, the muscles, the central nervous system, and so on.. The authors suggest 

that the antenna may be a partially autonomous hemolymph compartment separated 

from other body parts. An important aspect of chemical signaling is that all transmitters, 

whether they be classical transmitters, neuromodulators, or hormones, can only act 

through their respective receptor molecules. Depending on which receptor type 

activated, different signaling cascades can be triggered. In this issue, some articles 

devoted to receptors. Niens et al. (2017) showed that in the fruit fly, imbalances 

between dopamine and serotonin are modeled. Like in rodents, a lack of dopamine leads 

to increased levels of 5-HT and arborizations in specific brain neuropils. 

Conversely, increased dopamine levels lead to reduced connectivity of 5-HT 

neurons., both neurons, dopamine, and 5-HT play an essential role in learning behavior. 

Dopamine signaling is critical for mediating reinforcing properties of unconditioned 

stimuli during associative learning. Tedjakumala et al. (2017) characterized 

dopaminergic neurons in the honeybee brain by immune reactivity distribution of 

dopamine precursor enzyme, tyrosine-hydroxylase. They also describe new clusters of 

dopaminergic neurons. Sun et al. (2018) studied startle-induced locomotion and the 

activity of specific clusters of dopaminergic neurons afferent to the mushroom bodies. 

Conclusion 

Receptors of dopamine (DA) have a crucial role in a broad range of behavior, such as 

motor function, sensory processing, arousal, and reward. In this way, abnormal 

dopamine signaling is correlated with many psychiatric and neurological disorders. 

Comprehension of the pathways through which DA neurotransmission motivates 

intracellular signaling mechanisms, that behavior modulation can provide essential 

insights for the development of specific therapeutics. Since these general themes begin 

to emerge, a lot of work needs to be done to distinguish the particular signaling 

mechanisms of DA receptors in simple model organisms. 

This mini review also contributes toward an emerging picture of the brain circuits 

modulating locomotor reactivity that appear to both overlaps and differ from those 

mediating associative learning and memory, sleep/wake state, and stress-induced 

hyperactivity. Furthers, requires more investigation on the molecular, pharmacological, 

functional, and physiological basis of dopamine receptors and functions in modulating 

phase change will improve our understanding of the molecular mechanism underlying 

phenotypic plasticity in honeybee and model insects. 
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