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Abstract 
Histamine is a putative neurotransmitter in the mammalian central nervous system where it plays a 

modulatory function. Recently, there has also been growing interest in histamine as a putative 

neurotransmitter in invertebrates and it has now been implicated as a neurotransmitter in molluscs. In the 

present study, the distribution and localization of histamine immunoreactive cells were investigated by 

using polyclonal antibody against the histamine during the larval development of tropical tasar silkworm, 

Antheraea mylitta. The result confirmed the presence of histamine immunoreactive cells in the brain of 

larvae. During the development of first to fifth larval instars, a pair of four groups of neurosecretory cells 

(MNC, LNC, PNC and VNC) were observed in the brain of larvae. In the present study it has been found 

that only the MNC group shows positive reactivity with anti-histamine antibody, during 

immunohistochemical reaction. 
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Introduction 

The insect central nervous system (CNS) includes the cerebral ganglion (brain), ventral 

ganglia and associated neurons. The CNS is critical in coordinating sensory information and 

motor activity in the insect (Chapman, 1998; Tembhare and Barsagade, 2000) [5, 39]. Many 

important researches in neuropeptide biology have been made in the invertebrates as 

experimental model animals. Invertebrates offer unique opportunities to study neuropeptides at 

the single cell level due to the presence of large neurons embedded in the brain and nerve 

ganglion as simple circuits that are easy to study for analysis of neuropeptide (O'Shea and 

Schaffer, 1985; Scharrer, 1987; Scheller and Kirk, 1987; Barsagade et al., 2019, 2021) [31, 36, 37, 

2]. 

In insects, neuropeptides have been most extensively studied with respect to their roles as 

circulating hormones (Ewer and Reynolds, 2002; Dulcis, D. et al., (2005) [12, 9]. Although roles 

of neuropeptides in the insect central nervous system (CNS) are less understood, it is 

commonly considered that they act as neuromodulators or co-transmitters rather than as 

neurotransmitters (Homberg, 2002; Nässel, 2002) [19, 27]. 

In invertebrates the histamine acts as a neurotransmitter (Gengs et al., 2002, Stuart et al., 

2007) [13, 38]. A role of histamine in neurotransmission was first suggested on the basis of its 

presence in identified neurons of the slug Aplysia (Ono and McCaman, 1980; Weinreich et al., 

1977) [30, 40], in the compound eye and optic lobe of some insects (Maxwell et al., 1978) [22] and 

in the stomatogastric ganglion of the spiny lobster (Claiborne and Selverston, 1984) [8]. 

Further evidence included demonstrations of histamine synthesis, metabolism and binding 

sites in the nervous systems of molluscs and insects (Carpenter and Gaubatz, 1975; Elias and 

Evans, 1983, 1984; Gruol and Weinreich, 1979; Maxwell et al., 1978; Weinreich and Yu, 

1977) [6, 10, 14, 22, 40]. Extensive work has been performed on the role of an identified histamine 

containing neuron in the cerebral ganglion of Aplysia (Chiel et al., 1990) [7]. This neuron uses 

histamine as its transmitter at several output synapses and evokes a variety of responses in its 

follower neurons fast or slow excitation, fast or slow inhibition, or very slow excitation 

(McCaman and Weinreich, 1985) [23].  
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However no detailed investigations have been made to 

demonstrate the localization of histamine neuropeptides 

immunohistochemically in the brain of insects. Therefore the 

present study provides data regarding the distribution of 

histamine immunoreactive cells in the whole brain of the tasar 

silkworm, A. mylitta, which can serve as a basis to better 

understand the physiological functions of histamine in 

lepidopteran species. 

 

Material and Methods 

The larvae of tasar silkworm were collected from the tasar 

rearing field of Central Tasar Research and Training Institute, 

Bhandara (MS) and kept in insect rearing cages at laboratory, 

where larvae fed on fresh leaves of Terminalia tomentosa to 

acclimatize. The larvae were anesthetized with chloroform 

soaked in cotton pad. The brain were dissected out in PBS and 

fixed in cold Bouin’s fixative for 24 hr. Thereafter, the 

material was given the changes of 10%, 20% and 30% cold 

sucrose solution for 24 hr. The frozen sections of material of 

10μm thickness were cut on the Cryostat (Leica-CM 1520) at 

-20 oC. The sections were fixed to Poly-L-Lysin coated slides. 

The slides were preserved in 4 oC in freezer till they were 

proceeding for immunohistochemical staining.  

The Streptavidin-biotin-peroxidase method was used during 

the present study. The sections were washed in PBS (pH- 7.4) 

for 15 min. and treated with 1% bovine serum albumin (BSA) 

in PBS containing 0.3% Triton X-100. The polyclonal 

antibody of Histamine (IMMUNOSTAR, CAT NO. 22939, 

1:1000 dilution) were diluted in PBS in concentration 

containing 0.3% Triton X-100 and 1% BSA. The sections 

were then incubated for 2hr at 25 oC. Sections were washed in 

PBS for 10min. and incubated with biotinylated secondary 

antibody for 1hr. followed by Streptavidine-Peroxidase 

conjugate (Sigma 3-Amino-9-Ethyl Carbazole AEC 101) was 

used as chromogen to visualize the reddish brown reaction. 

 

Results 

The histamine immunoreactivity against were tested on larval 

brain of tasar silkworm A. mylitta. The brain of larvae were 

dissected out in phosphate buffer saline (PBS) and preserved. 

After the staining procedure the sections were observed under 

light microscope. The positive reactive neurosecretory cells 

were darkly stained and background was light as compared to 

control cells. 

Sections of first to fifth instar larval brain were used to 

localize histamine neuropeptide. The section of brain in fifth 

instar larva of A. mylitta omitted with antibody (Negative 

control) and for positive control we preferred vertebrate brain 

section of fish C. gariepinus showing immunoreactivity. (Fig. 

A &B). 

In the first instar, four groups of neurosecretory cells (MNC, 

LNC, PNC and VNC) were observed during histological 

study. In the present observation only four cells of the MNC 

group shows positive reactivity with anti-histamine antibody. 

From the MNC group 2 A and 2C cells were showing positive 

reaction with anti-histamine antibody (Fig. C). In the second 

instar MNC group shows positive reactivity with anti-

histamine antibody. From the MNC group total four cells, 2A 

and 2C cells were histamine positive in each half of the brain 

(Fig. D). The histamine immunoreactive cells were found in 

third instar larva. In each half of the brain 3A and 2C cells of

MNC group were found positive with anti-histamine 

antibody, whereas the LNC, VNC and PNC cells were not 

showing any positive reaction (Fig. E). In the fourth instar 

larva number and cell size of NSC increases gradually as 

compare to first, second and third instar larva. In the MNC 

group total 5 cells are histamine positive. 3A and 2C cells in 

each half of the brain were positive for anti-histamine 

antibody, while other groups were not showing any reaction 

(Fig. F). In the fifth instar larva the number of NSC increases. 

Total 5 cells are positive for anti-histamine antibody. From 

that in MNC group 3A and 2C cells were positive for anti-

histamine antibody (Fig. G). 

From the results it has been found that the histamine 

neurosecretory cells were present in the brain of A. mylitta 

and the number of these cells were increases from first to fifth 

instar larvae. 

 
Table 1: Immunocytochemical localization of Histamine reactivity 

in the brain neurosecretory cells 
 

 MNC LNC VNC PNC 

 A B C B C B C B C 

I + - + - - - - - - 

II + - + - - - - - - 

III + - + - - - - - - 

IV + - + - - - - - - 

V + - + - - - - - - 

 
Table 2: Number of Histamine positive neurosecretory cells present 

in the brain of A. mylitta 
 

 MNC LNC VNC PNC 

I 3 - - - 

II 4 - - - 

III 5 - - - 

IV 5 - - - 

V 5 - - - 

 
Table 3: Number of Histamine reactive neurosecretory cells in the 

brain of A. mylitta 
 

 MNC LNC VNC PNC 

 A B C A B C A B C A B C 

I 2 - 1 - - - - - - - - - 

II 2 - 2 - - - - - - - - - 

III 3 - 2 - - - - - - - - - 

IV 3 - 2 - - - - - - - - - 

V 3 - 2 - - - - - - - - - 

 

  
 

Fig A & B: Control sections. T. S. passing through brain of fifth 

instar larva of A. mylitta, omitted with histamine antibody showing 

histamine negative immunoreactivity (Negative control) and T. S. 

passing through brain of fish after applying antibody showing 

immunoreactivity (positive control) 
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Fig C: T. S. passing through brain of first instar larvae of A. mylitta 

showing histamine positive A and C cells of MNC 

 

 
 

Fig D: T.S. passing through brain of second instar larvae of A. 

mylitta showing histamine positive A and C cells of MNC 

 

 
 

Fig E: T.S. passing through brain of third instar larvae of A. mylitta 

showing histamine positive A and C cells of MNC 

 

 
 

Fig F: T.S. passing through brain of fourth instar larvae of A. mylitta 

showing histamine positive A and C cells of MNC 

 

 
 

Fig G: T.S. passing through brain of fifth instar larvae of A. mylitta 

showing histamine positive A and C cells of MNC 

 

Discussion 

Panula et al., (1988, 1990) [32] and Pirvola et al., (1988) [33] 

investigated histamine immunoreactive neurons in the 

cockroach brain Leucophaea maderae. They found that in the 

brain of Leucophaea maderae the total number of distinctly 

histamine immunoreactive (HAIR) neuronal cell bodies is 

about 30. These strongly labelled cell bodies are distributed in 

the deutocerebram and tritocerebrum in variable number with 

distinct location. In the present study it has been observed that 

the neurosecretory cells in the brain of A. mylitta show 

positive reaction against anti-histamine antibody. The 

immunoreactivity was observed gradual increase from first to 

fifth instar larval brain. A result of the present study is 

showed the presence of intense histamine immunoreactive 

cell in MNC of the 5th instar larval brain as compared to the 

other. 

Histamine-containing somata and fibers are widespread in 

arthropod brains, with the most intense labeling in the retinal 

photoreceptors and in the first optic ganglion, where the short 

visual fibers contact the monopolar neurons (Nässel, 1999; 

Pirvola et al., 1988; Stuart et al., 2007) [28, 33, 38]. Histamine is 

released from arthropod photoreceptors and gates chloride 

channels on postsynaptic interneurons; and mediates the light 

response of the postsynaptic large monopolar cells Gengs et 

al., (2002) [13] have provided unequivocal evidence that 

histamine is the transmitter at the photoreceptor synapse of 

Drosophila and likely in all arthropods (Hardie, 1989; Stuart 

et al., 2007; Zheng, 2006) [16, 38, 41]. In the compound eye of 

flies, output from photoreceptors that share the same visual 

field is pooled and transmitted via histaminergic synapses to 

two classes of interneurons, large monopolar and amacrine 

cells. Furthermore, histamine modulates insect clock neurons 

and is crucial for insect temperature preferences (Hong et al., 

2006) [20].  

Presence of histamine in a variety of neuron types in the brain 

and optic lobes as well as in the ganglia of the ventral nerve 

cord of several insect species, suggesting a more widespread 

role as a neurotransmitter or modulator (Bornhauser and 

Meyer, 1997; Buchner et al., 1993; Helle et al., 1995; 

Homberg and Hildebrand, 1991; Nässel, 1999; Nässel and 

Elekes, 1992; Nässel et al., 1988, 1990; Pirvola et al., 1988; 

Pollack and Hofbauer, 1991) [3, 4, 17, 18, 28, 27, 25, 33, 34]. 

The histamine immunoreactivity were detected in 

mechanosensory cells and their axons in Drosophila by 

Buchner et al., (1993) [4] and Melzig et al., (1996) [24]. Earlier 

it has been shown that the histamine not only worked as the 

neurotransmitter of photoreceptors in compound eyes and 

http://www.entomoljournal.com/


Journal of Entomology and Zoology Studies http://www.entomoljournal.com 
 

~ 232 ~ 

ocelli in insects (Hardie, 1987, 1989; Sarthy, 1991) [15, 35], but 

it also appears to be the neurotransmitter of certain 

extraocular photoreceptors in the locust brain (Lundquist et 

al., 1996). 

During the present study it has been observed that mostly 

MNC group of neurosecretory cells show histamine positive 

reaction in first to fifth instar larva confirm the secretion of 

histamine and utilization of histamine during post embryonic 

development. Furthermore the number of histamine positive 

A and C cells were variable from first to fifth instar larva 

indicated that different amount of histamine released time to 

time. It was also observed that in MNC group, B cells were 

not involved in histamine synthesis activity. 

The presence of histamine-immunoreactivity in specific sets 

of neurons in the brain of different insect species suggests 

neurotransmitter or neuromodulatory roles of histamine in 

numerous central circuits (Nässel, 1999) [28]. 

The presence of histamine immune positive cells in the brain 

of tasar silkworm A. mylitta confirms the synthesis of 

histamine during development and may be worked as 

neuromodulators related activity as it has been confirmed in 

other insects. 

 

Acknowledgement 

We would like to express our gratitude to the funding agency 

BARTI for their financial assistance. 

 

References  

1. Barsagade DD, Gharade SA, Barsagade VG. 

Immunocytochemical localization of leptin hormone in 

the neurosecretory cells of brain-Suboesophageal 

ganglion complex of tropical tasar silkworm, Antheraea 

mylitta (D.) eco-race Bhandara. Current Science. 

2021;120(10):1611-1615. 

2. Barsagade DD, Kirsan JR, Gharade SA, Barsagade VG, 

Thakre MP. Localization of neuropeptide γ-amino butyric 

acid (GABA) immunoreactivity in the sub oesophageal 

ganglion (SOG) of Antheraea mylitta. 2019;7(5):1233-

1237. 

3. Bornhauser BC, Meyer EP. Histamine-like 

immunoreactivity in the visual system and brain of an 

orthopteran and a hymenopteran insect. Cell Tissue 

Research. 1997;287:211-221. 

4. Buchner E, Buchner S, Burg MG, Hofbauer A, Pak WL, 

Pollack I. Histamine is a major mechanosensory 

neurotransmitter candidate in Drosophila melanogaster. 

Cell and Tissue Research. 1993;273(1):119-125. Doi: 

10.1007/bf00304618  

5. Chapman RF. Structure of the digestive system in 

comparative insect physiology, biochemistry and 

pharmacology (Kekut GA and Gilbert LI eds.) 

1998;12:1-838. 

6. Carpenter DO, Gaubatz GL. H1and H2 histamine 

receptors on Aplysia neurones. Nature. 

1975;254(5498):343-344. Doi: 10.1038/254343a0s 

7. Chiel HJ, Weiss KR, Kupfermann I. Multiple roles of a 

histaminergic afferent neuron in the feeding behavior of 

Aplysia. Trends in Neurosciences. 1990;13(6):223-227. 

Doi: 10.1016/0166-2236(90)90164-6 

8. Claiborne B, Selverston A. Histamine as a 

neurotransmitter in the stomatogastric nervous system of 

the spiny lobster. The Journal of Neuroscience. 

1984;4(3):708-721. Doi: 10.1523/jneurosci.04-03-

00708.1984 

9. Dulcis D, Levine RB, Ewer J. Role of the neuropeptide 

CCAP in Drosophila cardiac function. Journal of 

Neurobiology. 2005;64(3):259-274. Doi: 

10.1002/neu.20136 

10. Elias MS, Evans PD. Histamine in the Insect Nervous 

System: Distribution, Synthesis and Metabolism. Journal 

of Neurochemistry. 1983;41(2):562-568. Doi: 

10.1111/j.1471-4159.1983.tb04776.x  

11. Elias MS, Evans P. Auto-radiographic localization of 3H-

histamine accumulation by the visual system of the 

locust. Cell and Tissue Research, 1984, 238(1). Doi: 

10.1007/bf00215150  

12. Ewer J, Reynolds S. Neuropeptide Control of Molting in 

Insects; c2002. p. 1-99. Doi: 10.1016/b978-012532104-

4/50037-8 

13. Gengs C, Leung HT, Skingsley DR, Iovchev MI, Yin Z, 

Semenov EP, et al. The target of Drosophila 

photoreceptor synaptic transmission is a histamine-gated 

chloride channel encoded by ort (hclA). Journal of 

Biolpgical Chemistry. 2002;277:42113-42120. 

14. Gruol DL, Weinreich D. Cooperative interactions of 

histamine and competitive antagonism by cimetidine at 

neuronal histamine receptors in the marine mollusc, 

Aplysia californica. Neuropharmacology. 

1979;18(4):415-421. Doi: 10.1016/0028-3908(79)90151-

5 

15. Hardie RC. Is histamine a neurotransmitter in insect 

photoreceptors? Journal of Comparative Physioogyl A, 

Neuroethol Sens Neural Behav Physiol. 1987;161:201-

213. 

16. Hardie RC. Neurotransmitters in compound eyes. In: 

Facets of vision (Stavenga DG, Hardie RC. Eds.), 

Springer, Berlin; c1989. p. 235-256. 

17. Helle J, Dircksen H, Eckert M, Na¨ssel DR, Spo¨rhase-

Eichmann U, Schu¨rmann FW. Putative neurohemal 

areas in the peripheral nervous system of an insect, 

Gryllus bimaculatus, revealed by immunocytochemistry. 

Cell Tissue Research. 1995;281:43-61. 

18. Homberg U, Hildebrand JG. Histamine-immunoreactive 

neurons in the midbrain and subesophageal ganglion of 

the sphinx moth Manduca sexta. Journal of Comparative 

Neurology. 1991;307:647-657. 

19. Homberg U. Neurotransmitters and neuropeptides in the 

brain of the locust. Microscopy Research and Technique 

2002;56(3):189-209. doi:10.1002/jemt.10024  

20. Hong ST, Bang S, Paik D, Kang J, Hwang S, Jeon K, et 

al. Histamine and Its Receptors Modulate Temperature-

Preference Behaviors in Drosophila. Journal of 

Neuroscience. 2006;26(27):7245-7256. 

21. Lundquist CT, Clottens FL, Holman GM, Riehm JP, 

Bonkale W, Na¨ssel D. Locusta tachykinin 

immunoreactivity in the blowfly central nervous system 

and intestine. Journal of Comparative Neurology. 

1994b;341:225-240. 

22. Maxwell GD, Tait JF, Hildebrand JG. Regional synthesis 

of neurotransmitter candidates in the CNS of the moth 

Manduca sexta. Comparative Biochemcal Physiology. 

1978;61C:109-119. 

23. McCaman RE, Weinreich D. Histaminergic synaptic 

transmission in the cerebral ganglion of Aplysia. Journal 

of Neurophysiology. 1985;53(4):1016-1037. Doi: 

10.1152/jn.1985.53.4.1016  

24. Melzig J, Buchner S, Wiebel F, Wolf R, Buchner E, Burg 

M, et al. Genetic depletion of histamine from the nervous 

http://www.entomoljournal.com/


Journal of Entomology and Zoology Studies http://www.entomoljournal.com 
 

~ 233 ~ 

system of Drosophila eliminates specific visual and 

mechanosensory behavior. Journal of Comparative 

Physiology A, 1996, 179(6). Doi: 10.1007/bf00207355 

25. Nässel DR, Holmqvist MH, Hardie RC, Hakanson R, 

Sundler F. Histamine-like immunoreactivity in 

photoreceptors of the compound eyes and ocelli of the 

flies Calliphora erythrocephala and Musca domestica. 

Cell Tissue Research. 1988;253:639-646. 

26. Nässel DR, Pirvola U, Panula P. Histamine-like 

immunoreactive neurons innervating putative 

neurohaemal areas and central neuropil in the thoraco-

abdominal ganglia of the flies Drosophila and Calliphora. 

Journal of Comparative Neurology. 1990;297:525-536. 

27. Nässel DR, Elekes K. Aminergic neurons in the brain of 

blowflies and Drosophila: dopamine-and tyrosine 

hydroxylase immunoreactive neurons and their 

relationship with putative histaminergic neurons. Cell 

Tissue Research. 1992;267:147-167. 

28. Nässel DR. Histamine in the brain of insects: a review. 

Microscopy Research and Technique. 1999;44(2-3):121-

136. Doi: 10.1002/(sici)1097-

0029(19990115/01)44:2/3<121::aid-jemt6>3.0.co;2-f  

29. Nässel DR. Neuropeptides in the nervous system of 

Drosophila and other insects: multiple roles as 

neuromodulators and neurohormones. Progress in 

Neurobiology. 2002;68(1):1-84. Doi: 10.1016/s0301-

0082(02)00057-6  

30. Ono JK, McCaman RE. Identification of additional 

histaminergic neurons in Aplysia: Improvement of single 

cell isolation techniques for in tandem physiological and 

chemical studies. Neuroscience. 1980;5(5):835-840. Doi: 

10.1016/0306-4522(80)90152-9  

31. O’Shea M, Schaffer M. Neuropeptide Function: The 

Invertebrate Contribution. Annual Review of 

Neuroscience. 1985;8(1):171-198. 

32. Panula P, Ha¨ppo¨ la¨ O, Airaksinen MS, Auvinen S, 

Virkama¨ki A. Carbodiimide as a tissue fixation in 

histamine immunohistochemistry and its application to 

developmental biology. Journal Histochemical 

Cytochemistry. 1988;36:259-269. 

33. Pirvola U, Tuomisto L, Yamatodani A, Panula P. 

Distribution of histamine in the cockroach brain and 

visual system: an immunocytochemical and biochemical 

study. Journal of Comparative Neurology. 1988;276:514-

526. 

34. Pollack I, Hofbauer A. Histamine-like immunoreactivity 

in the visual system and brain of Drosophila 

melanogaster. Cell Tissue Research. 1991;266:391-398. 

35. Sarthy PV. Histamine: A Neurotransmitter Candidate for 

Drosophila Photoreceptors. Journal of Neurochemistry. 

1991;57(5):1757-1768. Doi: 10.1111/j.1471-

4159.1991.tb06378.x 

36. Scharrer B. Insects as Models in Neuroendocrine 

Research. Annual Review of Entomology. 1987;32(1):1-

16. doi:10.1146/annurev.en.32.010187.000245 

37. Scheller RH, Kirk MD. Neuropeptides in identified 

Aplysia neurons: Precursor structure, biosynthesis and 

physiological actions. Trends in Neurosciences. 

1987;10(1):46-52. doi:10.1016/0166-2236(87)90125-1 

38. Stuart AE, Borycz J, Meinertzhagen IA. The dynamics of 

signaling at the histaminergic photoreceptor synapse of 

arthropods. Progress Neurobiology. 2007;82:202-227. 

39. Tembhare D, Barsagade DD. Cephalic neuroendocrine 

system in the tropical tasar silkworm, Antheraea mylitta 

(D) (Lepidoptera: Saturniidae): metamorphic and 

sericotropic functions. International journal of wild 

silkmoth silk. 2000;4:1-9.  

40. Weinreich D, Yu YT. The characterization of histidine 

decarboxylase and its distribution in nerves, ganglia and 

in single neuronal cell bodies from the CNS of Aplysia 

californica. Journal of Neurochemistry. 1977;28(2):361-

369. doi.org/10.1111/j.1471-4159.1977.tb07756.x 

41. Zheng L, De Polavieja GG, Wolfram V, Asyali MH, 

Hardie RC, Juusola M. Feedback network controls 

photoreceptor output at the layer of first visual synapses 

in Drosophila. Journal General Physiology. 

2006;127:495-510. 

http://www.entomoljournal.com/

