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Abstract

Received: 15June 2022 At the time of host attachment, ticks are very sensitive to histamine, but during rapid
Accepted: 5March 2023 plood sucking they paradoxically require histamine. Using a rabbit model, we studied
the effects of histamine and antihistamine during attachment and fast-feeding in differ-
*Correspondence ent life stages of Haemaphysalis longicorns. We examined how they responded to hista-
(tickajbnuackn mMine and antihistamine by analyzing the detachment rate, histology of feeding lesions,
and post-feeding behavior. A significant difference (P<0.01) was found in the detach-
Citation ment rate between experimental and control treatments throughout the observation pe-
Islam MS, Talha AFsM, You M. 1iod. Ticks exhibited a higher detachment rate (30.1%) at 12 h after histamine applica-
Effects of histamine and antihistamineon  tion during attachment time and on antihistamine-treated skin (25.4%) at 96 h during
the hard tick Hae';’lfﬁ:g S;f()’g”iﬁf{:g fast-feeding. After feeding on histamine-treated rabbits, the fully engorged body weights
Parasites Hosts Dis 2023,61(2):172-182.  Of larvae and nymphs were 0.7 +0.36 mg and 3.5+ 0.65 mg, respectively. An average in-
crease in body weight of 0.6+0.05 mg and 3.2+0.30 mg was observed for larvae and
nymphs compared to the respective control weights. Nymphs and adults engorged after
antihistamine treatment had an average body weight of 1.3+0.54 mg and 54 +0.81 mg,
respectively. An average decrease in body weight was observed in antihistamine-treated
H. longicornis compared with control nymphs (3.3 +0.42 mg) and adults (174 +1.78 mg).
Skin biopsies were collected after treatment, and differential histopathological charac-
teristics were found between the treatment and control groups. Tick-infested skin col-
lected from rabbits in the antihistamine-treated group lacked erythrocytes in the feeding
pool, indicating that antihistamine impaired tick fast-feeding stage.
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Introduction

Tick feeding involves a complex series of 9 sequential stages [1]. Host seeking and engage-
ment with the host precede actual tick attachment and establishment of the feeding lesion.
In the early phase of feeding, which lasts about 24 h post-attachment, ticks are sensitive to

© 2023 The Korean Society for  histamine [2]. The skin is the main organ of the tick-host interface, playing a crucial role in
Parasitology and Tropical Medicine N . . . . ..
the host’s response to tick infestation and in pathogen transmission by the vector. To feed,
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behavior of ticks [6]. An in vitro study of the cattle tick Boophilus microplus revealed that
many larvae attached to bovine skin were induced to detach after infusion of a small
amount of histamine into the attachment site [2]. The same effect was found when hista-
mine was injected below the larvae feeding on the cattle attachment site. The release of lo-
cal histamine in the skin also causes the skin to itch, which could intensify grooming activ-
ities in tick-resistant hosts.

The feeding behavior of ticks during the attachment stage or the first 60-72 h is different
from that in the fast-feeding stage or feeding stage after 60-72 h [7]. Interestingly, hista-
mine sensitivity is reduced after 3 days of attachment to the host [2]. As the histamine-re-
leasing factor induces histamine-release, histamine has a potential role in the late/rapid
phase of tick feeding. Therefore, we hypothesized that histamine is essential during the fast-
feeding stage of H. longicornis ticks. If so, antihistaminic injection at this stage around the
tick attachment site will either cause detachment of ticks or impair feeding,

In this study, a rabbit model was used to explore the role of histamine and antihistamine
(chlorpheniramine maleate) during attachment and fast-feeding, respectively, of H. longi-
cornis larvae, nymphs, and adults.

Materials and Methods

Ethic statement

All animals used in these experiments were housed in the Laboratory of Veterinary Parasi-
tology, College of Veterinary Medicine and Bio-Safety Research Institute, Jeonbuk National
University (Jeonju, Korea). All animal studies and protocols were compliant with the ethi-
cal principles of animal research and were approved by the Jeonbuk Animal Care and Use
Committee (CBNU 2015-003).

Ticks and host

The Jeju strain of the hard tick H. longicornis [8] has been maintained in rabbits in our lab-
oratory since 2003. H. longicornis were reared at 27°C-28°C and 80-90% relative humidity.
The three tick stages of larva, nymph, and adult were used in the study. To feed, H. longi-
cornis ticks were placed onto the dorsal surface sagittal to the vertebral column in the mid-
dle lumbar region of specific pathogen-free New Zealand White rabbits.

Sixteen rabbits were randomly assigned to 4 groups consisting of 4 rabbits per group.
Two groups were injected with histamine at tick (larvae and nymph)-infested sites during
the attachment stage. During the fast-feeding stage, the other 2 groups were injected with
chlorpheniramine maleate at the attachment site of the tick (adult and nymph).

Tick attachment

Rabbit hair at the tick attachment site was clipped and shaved one day before transparent
1.25-inch-diameter plastic cups were attached to the rabbit with cement, one on each left
and right lumbar sites. Each plastic cup received approximately 100 larvae, 50 adults, and
50 nymphs. The rabbits were sedated before tick attachment. Larvae and nymph attach-
ment sites were used for histamine administration, while nymph and adult attachment
sites were used for antihistamine administration.
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Histamine and antihistamine injection

Intradermal histamine injections were administered (a dose of 20 ig) beneath the tick at-
tachment at 12 h, 36 h, 48 h, and 60 h. In addition, Chlorpheniramine maleate (Huones
Co., Seongnam, Korea) was administered (a dose of 200 pg) at 60 h, 72 h, 96 h, 108 h, and
120 h. After the histamine and antihistamine injections were completed, detached nymphs
and adults (dead and alive) were collected, and live ticks were kept at 22°C in a 90% relative
humidity chamber. For each rabbit, one of the 2 attachment sites was used as a control site
that received no histamine or antihistamine injection.

For sedation, a combination of butorphanol (0.2 mg/kg), midazolam (0.5 mg/kg), and
glycopyrrolate (0.01 mg/kg) was administered intramuscularly, as described previously [9].
In addition, histamine dihydrochloride (Tokyo Chemical Industries, Tokyo, Japan) and
chlorpheniramine maleate (Huones Co.) were diluted in PBS pH 7.5.

Histopathology

For histological evaluation, skin samples were collected from tick-infested rabbits (3 days
post-infestation in histamine-treated rabbits and 6 days post-infestation in antihistamine-
treated rabbits) and fixed in a 10% neutral buffered formalin solution. Afterward, fixed tis-
sues were routinely processed [10], embedded in paraftin, and then sectioned at 5-pum
thickness using a microtome at room temperature. Tissue sections were stained with he-
matoxylin and eosin (H & E) and examined under a microscope. Colored images were
taken from H & E-stained skin sections using an Olympus BX51 microscope and Olympus
DP72 camera equipped with DP2-BSW imaging software (Olympus, Tokyo, Japan).

Data analysis

The numbers of nymphs and adults in the dermis at the histamine or antihistamine-treated
and non-treated sites were compared, and the significance was assessed using analysis of
variance (ANOVA; P<0.05).

Results

Effect of histamine on larval and nymph attachment

After 4 successive histamine injections in the rabbit skin, many larvae died; some of those still
attached to the skin had not been fed. At the control site, all larvae were engorged (Fig. 1A-
D). A significant difference (P< 0.01) in the detachment rate between experimental and con-
trol treatments was observed from 12 to 48 h after histamine injection. The attachment of lar-
vae had stabilized by 60 h at the histamine-treated sites, and very few ticks were detached.
The highest detachment (39.5%) was 12 h after injection and decreased gradually. Nymphs
were less sensitive than larvae to histamine. The highest nymph detachment (30.1%) was ob-
served at 12 h after histamine injection (Fig. 2A). Larvae showed more sensitivity to hista-
mine than nymphs, and the highest larval detachment was observed at 12 h (39.5%; Fig. 2B).

Effect of histamine on the growth of nymphs and larvae
After feeding on histamine-treated rabbits, the average body weights of larval and nymphal
ticks were 0.7 +0.36 mg and 3.5+ 0.65 mg, respectively. Significant increases in body
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Fig. 1. Gross lesions in histamine treatment versus control rabbits during tick attachment. The ef-
fect of histamine on the attachment of larval and nymphal H. longicornis to rabbits after 4 succes-
sive doses of histamine. Larvae detached from the injection site in the treatment group (A) and
many died while some remained attached to the skin (C). At the control site, all larvae were en-
gorged (B), and there were signs of recovery at the tick attachment sites (D).
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Fig. 2. H. longicornis nymph (A) and larval (B) detachment after treatment with histamine com-
pared to control treatment. Each time point represents the mean of 3 values reported as a percent-
age with standard error of the mean (SEM). *P < 0.05; **P < 0.01.

weight were observed for experimental larvae and nymphs compared with the controls
(0.6+0.05 mg and 3.2+ 0.3 mg, respectively; Table 1).
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Effect of antihistamine on nymphs and adult tick attachment

Nymphs were more sensitive than adults to antihistamine administration (Fig. 3A). The
highest nymph detachment was observed at 72 h after infestation (26.1%; after the first an-
tihistamine administration). In the control group, tick detachment started after 96 h and
most nymphs were engorged. During an infestation, most nymphs had engorged fully by
the fifth day in the treatment group, whereas very few nymphs had engorged completely
after 6 days at the control site. Most ticks that did not detach during antihistamine treat-
ment were partially engorged and trapped in serous exudates. The highest detachment of
adult ticks was observed at 96 h after infestation (19.4%), after the first antihistamine ad-
ministration. A significant difference (P<0.01) in the percentage of detachment (nymph
and adult ticks) in antihistamine-treated and control groups was seen at 72 and 84 h after
injection (Fig. 3A, B).

The effect of antihistamine treatment on growth

The effects of antihistamine treatment during the fast-feeding stage on nymphs and adults
are shown in Table 1. Nymphs and adults weighed significantly less (P<0.05) than control

Table 1. Engorged body weight of ticks after rabbit skin injected with histamine and antihistamine

Engorged body weight (mg £ SEM)

Treatment Control
Histamine treatment ticks
Larva 0.7+0.36 0.6 £ 0.05*
Nymph 3.5+0.65 3.2+0.30*
Antihistamine treatment ticks
Nymph 1.3+£0.58 3.3 1042
Adult 54+217 174 £ 1.78%*

Values are means  SEM of determinations from 4 independent experiments. *P < 0.05; **P <0.001.
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Fig. 3. H. longicornis nymph (A) and adult (B) detachment after treatment with an antihistamine
compared to control treatment. Each time point represents the average expression level of three
values and is reported as fold change + SEM. **P < 0.01.
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ticks. In the control group, the average body weight of the adult ticks after full engorgement
and detachment was 174+ 1.78 mg, whereas in the antihistamine-treated group the aver-
age body weight was 54 +2.17 mg. The average body weight of treatment and control
group nymphs after treatment was 1.3+ 0.58 mg and 3.3 £ 0.42 mg, respectively. The body
weight of treated nymphs was significantly lower than that of controls (P < 0.05; Table 1).

Gross lesions and microscopic lesions
There were apparent gross signs of inflammation resulting from adult infestation of the
skin of treated rabbits. In contrast, the skin reaction in control rabbits was minimal, with
only mild diffuse hyperemia observed. A profuse wet exudate appeared early and then
dried and formed crusts (Fig. 1). No overt skin reactions were evident in the control rab-
bits. Superficial fluctuating edematous bullae appeared over the skin surface beneath the
attached ticks in treated rabbits. The skin area over the histamine-treated area was crusty
and hard, indicating that the superficial layers at the attachment sites had become necrotic.
There was clear hyperplasia in the epidermis and dermis, and dense infiltrates with leuko-
cytes in the treatment group. In addition, the epidermis was hyperplastic and projected
into the dermis. Edema was evident throughout the dermis, and the inflammatory cell in-
filtrate at the tick attachment site was composed overwhelmingly of polymorphonuclear
cells containing acidophilic granules in the cytoplasm and some mast cells, and a few baso-
phils. Mast cells and basophils were rich in cytoplasmatic granules containing histamine
(Fig. 4A). Blood vessels appeared dilated, engorged with blood, and swollen with inflam-
matory cells. In control rabbits, lesions were not intense at attachment sites, consisted of a
few granulocytes, and had a relatively low cell density compared to lesions in resistant rab-
bits. The epidermis and hair follicle epithelium were intact, with no signs of hyperplasia
(Fig. 4B).

In the antihistamine control group, erythrocyte extravasation was observed around the
feeding pool, and erythrocytes were present inside the feeding pool (Fig. 5A, B). In the an-
tihistamine-treated group, erythrocyte extravasation was observed around the feeding

Fig. 4. Histopathological features of rabbit skin in control versus histamine treatment groups. Tick-
infested skin collected from rabbits in the histamine-treated group (A) showed clear signs of in-
flammation and a thickened epidermis layer. The control group showed fewer signs of inflamma-
tion and no thickening of the epidermis (B).
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Fig. 5. Histopathology of rabbit skin from the control versus antihistamine treatment group. Tick-
infested skin collected from rabbits in the control group (A, B) indicating erythrocytes in the feed-
ing pool. **cement; *feeding pool. Tick-infested skin collected from rabbits in the antihistamine-
treated group (C, D) revealed no erythrocytes in the feeding pool. Bar=50 pm (A, C) and bar=100
um (B, D).

pool, and erythrocytes were absent inside the feeding pool (Fig. 5C, D).

Discussion

H. longicornis is widely distributed in East Asia and Australia, and transmits pathogens that
cause deteriorative diseases in humans and animals [11]. A comprehensive study of the ef-
fects of histamine and antihistamines on host parasitic interactions has yet to be performed
in H. longicornis. Histamine, which is secreted by host basophils and mast cells, affects ticks
during feeding. Histamine mediates the itch response and promotes the recruitment of
pro-inflammatory cells to the tick bite site to prevent tick attachment to the host's skin
[2,5]. Ixodes ticks express several histamine-binding proteins (HBPs) to counteract the ef-
fects of histamine [12,13]. In our study, many H. longicornis larvae and nymphs were de-
tached after administration of histamine at the tick attachment sites. The findings support
a direct role of histamine dihydrochloride in detachment rather than an indirect effect
based on the inflammatory reaction.

Our previous proteomic study found that the lipocalin family of proteins is the major
protein family expressed in the saliva of nymph and adult H. longicornis [8]. HBP belongs
to the lipocalin family, suggesting that tick attachment in the early feeding stages is due to
the production of HBPs. H. longicornis larvae and nymphs eventually detached because the
secreted H. longicornis lipocalins could not counteract all the injected histamine. The secre-
tion of a histamine-release factor (HRF) from tick salivary glands seems counterintuitive
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since such an activity would be detrimental to tick feeding. However, in this study, after
treatment with histamine, fully engorged nymphs and larvae were found to have increased
body weight compared with the control. This may be because of the secretion of HRFs,
which might help increase the local concentration of histamine at tick feeding sites during
the rapid feeding phase. HRF is known to bind to host basophils and induce histamine se-
cretion; HRFs are also required for the fast-feeding stage of ticks [14]. The increased hista-
mine concentration might modulate vascular permeability to enhance blood flow to the
tick feeding site, facilitating tick engorgement.

Tick feeding involves a complex series of 9 sequential stages [1]. Host seeking and en-
gagement precedes actual tick attachment and the establishment of the feeding lesion.
Ticks imbibe very little blood during this early phase of feeding. At this early phase, early
detachment of larvae and nymphs from cattle with high resistance [2,5] may be caused by
histamine. About 60-72-h post-attachment, which includes the rapid feeding phase, tick
sensitivity to histamine decreases significantly, and the tick becomes fully engorged [2,5].
During this new phase, the expression of HBP significantly decreases, and the expression
of HRF increases. Evidence of greater histamine concentrations in the skin of tick-resistant
animals comes from histological observation [15]. In vitro, histamine-release experiments
support our findings regarding tick detachment [16]. Tick detachment was also found to
be due to a hypersensitive reaction induced by tick antigens [17]. The administration of an
antihistamine was shown to protect the tick from host rejection in some highly resistant
animals [18]. It was found that nymphs of H. longicornis were more sensitive than adults to
treatment with a recombinant troponin I-like protein gene encoding 27 kDa and 30 kDa
proteins (P27/30) of H. longicornis [19]. Our experiments demonstrated that nymphs are
more sensitive to histamine than adults, as the detachment rate from the host was faster in
nymphs. It has also been found that juvenile ticks (larvae and nymphs) are generally more
sensitive to chemicals than adult ticks [20].

At the tick attachment site, inflammatory cells were represented by polymorphonuclear
cells, and acidophilic granules were also observed in the cytoplasm. In addition, mast cells
and a few basophils were also noted. Mast and basophil cells are rich in cytoplasmic gran-
ules containing histamine, increasing vascular permeability [21]. As mentioned, the most
important action of histamine is to irritate, leading to the removal of ticks by host groom-
ing [6]. However, because our experimental animals were confined, grooming was impos-
sible. In addition, the host rabbits studied in our experiment are not the natural hosts of H.
longicornis.

The results of the current study show that after an infestation with nymph and adult H.
longicornis ticks, chlorpheniramine maleate treatment resulted in a significantly higher
number of detached ticks than the control treatment. In contrast, the mean weight of ticks
after engorgement was significantly lower. Histamine acting via H1-receptors produces
pruritis, vasodilatation, hypotension, flushing, headache, tachycardia, and bronchocon-
striction. In addition, histamine increases vascular permeability and potentiates pain.
Chlorpheniramine is a histamine H1 antagonist (or, more correctly, an inverse histamine
agonist) of the alkylamine class. It competes with histamine for H1-receptor sites on effec-
tor cells of the gastrointestinal tract, blood vessels, and respiratory tract, thereby providing
effective, temporary relief of sneezing, watery and itchy eyes, and runny nose due to hay fe-
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ver and other upper respiratory allergies [22,23].

In our previous experiment, we found that the level of histamine in the blood plasma
during the fast-feeding stage of H. longicornis nymphs and adult ticks was elevated. Dai et
al. [14] also found a histamine-releasing factor during the fast-feeding stage of Ixodes scap-
ularis. When we treated nymphs and adult ticks with antihistamine during the fast-feeding
stage from 60 h to 120 h, a significantly higher tick detachment from the host was observed
compared to the control. In adults, the highest detachment occurred after 96 h, while in
nympbhs, it occurred after 86 h. In nymphs, the detachment rate after 72 h was higher than
in adults, which may have been due to the shorter feeding period of nymphs [24] and their
earlier start of faster feeding. Sensitivity to histamine declined as tick detachment stabilized
and other mediators such as bradykinin and serotonin were produced. In our experiments,
we used an antihistamine to target histamine, as ticks are more sensitive to histamine than
bradykinin and serotonin. Other mediators of inflammation, such as bradykinin, prosta-
glandin E2, 5-hydroxytryptamine, and dopamine, were shown to have little or no effect on
tick behavior in vitro [2].

Due to poor feeding, ticks fed for 120 h in the treatment group weighed significantly less
than the control group ticks. We speculate that H. longicornis secretes some factors during
the fast-feeding stage that may help increase the local concentration of histamine at tick
feeding sites. Increased histamine concentration may promote vascular permeability, en-
hance blood flow to the tick feeding site, and facilitate tick engorgement. Because of anti-
histamine injection at the fast-feeding stage, histamine was unavailable at the tick-biting
site, thereby hampering feeding. Similarly, Dai et al. [14] found that silencing histamine-re-
leasing factor by RNA interference (RNAIi) significantly impaired tick feeding and de-
creased the B. burgdorferi burden in mice. Histopathology showed extravasation of eryth-
rocytes but an absence of erythrocytes in the feeding pool in the antihistamine-treated
group. In control rabbits, erythrocytes were present in the feeding pool. These results indi-
cate that chlorpheniramine maleate inhibited blood flow to the feeding pool, and as a re-
sult, tick feeding was impaired.

In future experiments, we will need to decrease the variability in tick response in the ex-
perimental animals, which might have been due to variation in the of histamine injection,
skin thickness, or other unknown factors. In addition, the minimum effective dose of his-
tamine for the detachment of ticks has to be determined. Much of the intradermally-inject-
ed histamine might not have reached the larvae or nymphs, and the concentration of hista-
mine around the mouthparts due to mast cell release is currently unknown. Determining if
these results are consistent in all stages of H. longicornis when feeding on its natural hosts
will also be important.

This study found that ticks failed to secure host attachment when they could not coun-
teract the excess of histamine at the feeding site during the attachment stage. At the same
time, attachment was also inhibited during the fast-feeding stage after antihistamine ad-
ministration, indicating that the tick infestation response can be modulated through hista-
mine treatment during the attachment stage and antihistamine treatment during the fast-
feeding stage.
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