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Eugenol was investigated for the treatment of Haemoproteus columbae (H. columbae) in-
fected squabs (young domestic pigeons, Columba domestica). Thirty naturally-infected
squabs were divided into three groups of 10 each. One group was treated with Eugenol,
while the positive and negative control groups were administered buparvaquone (Butalex®)
and distilled water, respectively. The number of infected red blood cells (RBCs) was calcu-
lated in all groups before and after treatment at 4-day intervals for 16 days. The results
showed a significant therapeutic effect of Eugenol, with a progressive decrease in the num-
ber of infected RBCs from 89.20 +− 2.11 before treatment to 0.90 +− 0.31 at the end of treat-
ment (P≤0.05). Butalex® was able to suppress the number of infected RBCs from 93.70
+− 1.72 before treatment to 0.90 +− 0.35 at the end of the experiment (P≤0.05). Eugenol
showed therapeutic effects against H. columbae and may be regarded as a candidate for
further studies to develop new drugs against blood parasites, in both animals and humans.

Introduction
Pigeons of the order Columbiformes, mostly domestic pigeons (Columba livia domestica), are found in
most towns and cities worldwide [1]. These pigeons have a role in spreading zoonoses to humans and are
also reservoirs for many parasitic infections that they transmit to other birds [2,3]. The genus Haemo-
proteus is distributed worldwide and is a vector-borne blood parasite. Haemoproteus columbae is the
causative agent of pigeon malaria and is transmitted to pigeons via the pigeon louse fly, Pseudolynchia
canariensis, which transmits the disease by inoculating the infective sporozoites. Schizogony occurs in
the lung and liver endothelia, resulting in the release of merozoites, which then invade erythrocytes and
develop into gametocytes. Gametocytes are visible in blood smears and partially surround the nucleus
of RBCs [4]. Under some research conditions, the Haemoproteus spp. infection has been considered
mild or even nonpathogenic in birds. Nowadays, it is well understood that Haemoproteus can affect avian
body mass, immune and reproductive systems, and community relationships and may lead to the death
or extinction of more susceptible bird species [5–10]. The resistance of some blood parasites to stan-
dard drugs has prompted scientists to search for more efficient drugs with new mechanisms of action
[11]. Herbal extracts (e.g., quinine and artemisinin) have been a valuable source of new drugs, especially
anti-hemosporidial agents [12]. Some plant products have been shown to be useful as anti-hemosporidial
agents [11,13,14]. To our knowledge, no documented research has studied the effects of Eugenol against
H. columbae. Eugenol is the main component of cloves and has a wide range of applications in perfumes,
flavorings, essential oils, and in medicine as a local antiseptic and anesthetic [15]. Some previous studies
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Figure 1. Experimental groups

have shown that Eugenol has inhibitory activities against different parasitic agents, such as gastrointestinal helminths
[16,17] and leishmania [18]. Thus, the objective of the present study was to evaluate the effects of Eugenol against
H. columbae in the domestic pigeon and compare these effects with those of the traditional drug, buparvaquone
(Butalex®).

Materials and methods
Ethics statement
The present study was approved by the Institutional Committee of Post-Graduate Studies and Research at King Saud
University (Saudi Arabia). All efforts were made to minimize suffering.

Animals
The present study used squabs of domesticated pigeons (C. livia domestica) from the Shaqraa region of Riyadh, Saudi
Arabia. Thirty squabs, 3–4 weeks old and weighing 450–500 g, were used. All squabs were kept separately in metal
cages, with free access to food and water.

Blood smears were obtained from all squabs to examine blood-borne parasites. Oral examination was performed
to detect Trichomonas spp. and fecal examination to detect internal parasites (helminths and protozoa). Feathers
were examined by naked eye and lens to search for any external parasites. Blood smears revealed the presence of H.
columbae. Pseudolynchia canariensis (P. canariensis) was detected adherent to the squabs’ skin, under the wings.
Squabs were not treated for any of these infections prior to the study. All squabs included in the study were free of
helminths and protozoal infections.

Source of Eugenol
Eugenol (2-methoxy-4-(2-propenyl) phenol, 4-allyl-2-methoxyphenol, 4-allylguaiacol) was obtained in liquid (99%)
form from Sigma-Aldrich.

Experimental design
Infected squabs were randomly divided into three groups of 10 each (Figure 1). The first group was treated with dis-
tilled water and considered as the negative control group. The other two infected groups were treated with Butalex®

(positive control group) or Eugenol (Eugenol group). Butalex® was administered intramuscularly as a single recom-
mended dose (5 mg/kg body weight) [19]. The Eugenol (100 mg/kg body weight) was administered by oral route
once a day for 16 days [20]. The parasitemia rate (infected RBCs counts) was calculated for all groups on days 0,
4, 8, 12, and 16. Biochemical analysis of blood samples [total serum protein, bilirubin, albumin, glucose, aspartate
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aminotransferase (AST), and alanine aminotransferase (ALT)] and histopathological examination of lung and liver
tissues were performed at the end of the experimental period (16 days).

Parasitemia rate and biochemical analysis
Blood samples were collected either in tubes containing ethylenediaminetetraacetic acid (EDTA) as an anticoagulant
agent for the preparation of blood smears or in normal tubes without EDTA for serum separation and subsequent
biochemical analyses. Blood samples were obtained from the brachial vein punctured by a lancet and smears were
prepared on clean microscopic slides, fixed with absolute methanol, and then stained with 10% aqueous Giemsa stain
for 45 min. Five hundred RBCs were counted for each animal at 4-day intervals for 16 d, to calculate the parasitemia
rate after each treatment [21]. Serum was separated by centrifugation at 1800 × g for 10 min and stored at −20◦C
until analysis. Bilirubin, albumin, glucose, AST, and ALT concentrations were measured by commercial kits (United
Diagnostic Industry, Dammam, Saudi Arabia) using a BAS 3000 semi-automatic biochemistry analyzer (Labomed,
Los Angeles, CA, U.S.A.) and an Ultrospec 2100® UV-visible spectrophotometer (Biochrom, Holliston, MA, U.S.A.).

Histopathological examination
On day 17, 24 h after the final treatment, the squabs were slaughtered by the Islamic method (Controlled slaughter)
[22]. Transverse sections were prepared from squab liver and lung tissues according to the method described by Luna
[23]. Briefly, liver and lung specimens were fixed with 10% formol saline, dehydrated with ethyl alcohol, cleaned with
xylene, and embedded in paraffin wax. Five micron-thick paraffin sections were obtained using a rotatory microtome
and were stained with hematoxylin and eosin (H&E).

Statistical analysis
Data were analyzed using the SPSS statistical program (version 22; IBM, Armonk, NY, U.S.A.). RBCs infection data
were analyzed by two-way ANOVA and blood biochemistry data were analyzed by one-way ANOVA. Comparisons
between treatment means were performed using Duncan’s test and results were considered significant at P≤0.05.
Results were expressed as mean +− standard error of mean (SEM).

Results
Examination of blood smears
Negative control group
H. columbae was detected in the RBCs of infected pigeons (Figure 2). Growing trophozoites formed signet ring-like
parasites, characterized by a thin layer of cytoplasm surrounding a vacuole, with a compact nucleus to one side (Figure
2A). Developmental stages, in the form of small dots, were seen initiating growth and they were situated lateral to
the RBCs nucleus. Some also initiated growth in polar or sub-polar positions (Figure 2B). Multiple infections were
seen, with up to five trophozoites per RBCs (Figure 2C). Immature gametocytes were elongated laterally to the RBCs
nucleus and sometimes assumed a cap-like position. The entire margins of the parasites were rounded or sometimes
with pointed ends (Figure 2D).

Gamonts were seen partially encircling the nucleus of the host cell, forming a halter and measuring 10.625–12.575
μm in length, with a mean of 11.6 μm and 2.226–3.8 μm in width, with a mean of 3.013 μm. Micro-gamonts were
stained blue to pink. Their nuclei were stained pink and were diffused, while pigment granules were collected into
spherical masses at both poles (Figure 2E). Macro-gamonts were stained dark blue, with a compact nucleus stained
dark purple to red. Macro-gamont pigment granules were dispersed throughout the cytoplasm (Figure 2F).

Positive control (Butalex®) and Eugenol groups
Examination of blood smears on day 17, from positive control (Butalex®, Figure 3A) and Eugenol-treated groups
(Figure 3B) showed that the cytoplasm of RBCs was free of gametocytes.

Parasitemia rate
The therapeutic effects of both Butalex® and Eugenol on H. columbae were evaluated in RBCs (Table 1). Results
showed a significantly higher number of infected RBCs in the negative control group than in the other two groups.
There was no significant difference in the number of infected RBCs between the Eugenol and positive control groups.
Butalex® was the best treatment, since it had the lowest mean number of infected RBCs (39.52 +− 4.84).

Results of the analysis of the interaction effect between treatment and time by two-way ANOVA are shown in Table
2 and Supplementary Figure 1. The number of infected RBCs decreased with increasing treatment time, with the low-
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Figure 2. Microphotographs of H. columbae stages (black arrows, Giemsa stain, ×1000)

(A) Trophozoites in ring form, (B) growing gametocytes, (C) multiple gametocyte infection, (D) immature gametocytes, (E) fully

formed micro-gametocytes, and (F) fully formed macro-gametocytes.

Figure 3. Blood smears from treated pigeons

(A) The positive control (Butalex®) and (B) Eugenol-treated groups showed RBCs free of halter-shaped mature gametocytes in the

cytoplasm (Giemsa stain, ×1000).

Table 1 Effect of different treatments on the number of infected RBCs in squabs

Parameters treatment Infected RBCs (%) Noninfected RBCs (%)

Negative control (untreated) 99.66 +− 1.24 (20.03)a 399.84 +− 1.26 (79.97)b

Positive control (Butalex®) 39.52 +− 4.84 (7.90)b 458.48 +− 5.73 (7.90)a

Eugenol 42.80 +− 5.11 (8.56)b 457.02 +− 5.08 (91.44)a

Sig. 0.0000 0.0000

Mean values in the same columns with different superscripts (a, b) differ significantly from each other (P≤0.05).

est infection rate observed on day 16 in all three experimental groups. Moreover, the peak of infection occurred on
day 4 in the negative control group (110.90 +− 2.23). There were no significant differences in the number of infected
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Table 2 Effect of the interaction between time and treatment on the number of infected RBCs in squabs

Treatment Infected RBCs Noninfected RBCs
Negative control (untreated) Day 0 100.70 +− 2.44b 399.30 +− 2.44efg

Day 4 110.90 +− 2.23a 388.40 +− 2.24g

Day 8 102.00 +− 1.13b 397.20 +− 1.25fg

Day 12 94.40 +− 0.96c 404.60 +−0.97ef

Day 16 90.30 +− 0.99c 409.70 +−0.99e

Positive control (Butalex®) Day 0 93.70 +− 1.72c 406.30 +− 1.72ef

Day 4 74.30 +− 2.27d 425.70 +− 2.27d

Day 8 30.40 +− 1.89f 469.60 +− 1.89c

Day 12 14.70 +− 0.97g 485.30 +− 0.97b

Day 16 0.90 +− 0.35h 498.20 +− 0.98a

Eugenol Day 0 89.20 +− 2.11c 400.80 +− 11.81ef

Day 4 68.10 +− 1.38e 431.90 +−1.38d

Day 8 26.30 +− 1.76f 473.70 +− 1.76c

Day 12 13.10 +− 1.30g 486.90 +− 1.30b

Day 16 0.90 +− 0.31h 499.10 +− 0.31a

Sig. 0.0000 0.0000

Mean values in the same columns with different superscripts (a, b, c, d, e, f, g, h) differ significantly from each other at P≤0.05.

Table 3 Effects of different treatments on serum biochemical parameters in squabs

Parameters group ALT (IU/L) (g/dl) AST (IU/L) Albumin (g/dl) Glucose (g/dl) Total bilirubin (g/dl)

Negative control 56.95 +− 1.11a 384.35 +− 0.25a 0.85 +− 0.00c 348.04 +−0.30a 0.44 +− 0.10a

Positive control (Butalex®) 48.30 +− 3.46b 270.95 +−0.23b 1.00 +− 0.03b 336.35 +− 0.29b 0.42 +− 0.1a

Eugenol 44.20 +− 3.62b 178.03 +−0.45c 1.20 +− 0.05a 313.74 +−0.20c 0.11 +− 0.02b

Mean values in the same columns with different superscripts (a, b, c) differ significantly from each other at P≤0.05.

RBCs between Butalex®- and Eugenol-treated squabs at days 0, 8, 12, and 16. However, at day 4, there were signifi-
cantly fewer infected RBCs in the Eugenol-treated group but differ from each other on the fourth day. From the above
results, we concluded that treatment with Eugenol provided equal effect on the parasite to Butalex®.

Biochemical analysis
Alterations in serum biochemistry parameters after treatment are shown in Table 3. There was no significant dif-
ference in serum ALT concentration between the positive control and Eugenol group; however, serum ALT concen-
tration in both of these groups was significantly lower than in the negative control group, which gave the highest
concentration (56.95 +− 1.11 IU/L). There was also a significant difference in AST enzyme levels between groups,
with the highest mean level of 384.35 +− 0.25 IU/L in the negative control group and the lowest mean level of 178.03
+− 0.45 IU/L in the Eugenol group. Albumin and glucose levels were significantly different between all groups. The
highest mean albumin concentration (1.20 +− 0.05 g/dl) was observed in the Eugenol group, followed by the positive
control group (1.00 +− 0.03 g/dl) and the negative control group (0.85 +− 0.00 g/dl). However, the inverse trend was
observed for serum glucose concentration. There were no significant differences in bilirubin levels between the nega-
tive and positive control groups. However, bilirubin levels were significantly lower in the Eugenol group (0.11 +− 0.02
g/dl) than both the negative and positive control groups. In general, there was a significant difference between groups
treated with Butalex® and Eugenol for all serum parameters, except ALT enzyme levels. With the exception of total
bilirubin concentration, all serum parameters in the positive control and Eugenol groups were significantly different
from those in the negative control group.

Histopathological examination
Examination of lung tissue
Examination of lung tissue sections from infected squabs revealed the presence of large schizonts of the parasite in
the wall of the lung blood vessels (Figure 4A) (black arrow) and also small schizonts (Figure 4B) (white arrow). The
parasite does not invade the lung cells thus; the pathogenesis is mild (no eosinophils). Magnification of the schizonts
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Figure 4. Photomicrographs of lung tissue sections from infected (A–E) and treated (F and G) squabs

(A) Large schizont invading the endothelium lining of the lung tissue from squabs infected with H. columbae (black arrow, H&E, ×20),

(B) small schizont (white arrow, H&E, ×20), (C) high magnification of B (white arrow, H&E, ×100), (D) schizonts in the endothelial

cells of lung blood vessels (black arrow, H&E, ×40), (E) schizonts are ruptured and merozoites are disseminated in between the lung

cells (black arrow, H&E, ×40), (F) schizonts were observed invading the blood vessel endothelium in squabs treated with Butalex®

(H&E, ×20) and (G) schizonts were not seen in lung tissue sections of squabs treated with Eugenol (H&E, ×20).

showed that they contained merozoites (Figure 4C,D). After that, schizonts are ruptured and large merozoites are
disseminated between the cells (Figure 4E). Examination of lung tissue sections from infected squabs treated with
Butalex® revealed the presence of schizonts of the parasite (Figure 4F), but we were unable to determine if the
schizonts were active. Schizonts were not affected by treatment with Butalex®. Schizonts of the parasite were not
observed upon examination of lung tissue sections from infected pigeons treated with Eugenol (Figure 4G).

Examination of liver tissue
Examination of liver tissue sections from infected squabs showed that the schizonts of H. columbae inhabit the
blood vessels of the liver and not invading the hepatic cells thus the pathogenesis on the liver is mild (no eosinophils)
(Figure 5A). Examination of liver tissue sections of the Butalex®-treated squabs showed the presence of schizonts of
the parasite and merozoites within the liver tissue, but it was difficult to determine if the merozoites were active or
inactive (Figure 5B,C). Schizonts of the parasite were not seen upon examination of liver tissue sections from squabs
treated with Eugenol (Figure 5D)

Discussion
The phylum Apicomplexa contains a significant and diverse group of protozoan parasites. The genus Haemoproteus
includes species that parasitize many species of domestic and wild birds [24].

H. columbae is known as the causative agent of pigeon malaria and is transmitted to pigeons via the pigeon louse
fly, P. canariensis, which transmits the disease by inoculating infective sporozoites. Schizogony occurs in the lung
and liver endothelium, resulting in the release of merozoites. The merozoites then invade red blood cells (RBCs) and
develop into gametocytes. Gametocytes are visible in blood smears and partially surround the nuclei of RBCs [4].
Haemoproteus spp. infections are mild and they are nonpathogenic parasites in some birds [5,6]. However, Haemo-
proteus spp. can affect avian body mass [7], immune and reproductive systems [8], and community relationships [9]
and may lead to the death or extinction of more susceptible bird species [10].

Many synthetic drugs, such as Butalex®, are used to treat hemoparasites, but they are expensive, have narrow
margins of safety, and are susceptible to drug resistance [25]. To reduce the side effects of common drugs, some
studies have investigated the use of natural drugs [26,27].

6 © 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).



Bioscience Reports (2019) 39 BSR20190409
https://doi.org/10.1042/BSR20190409

Figure 5. Photomicrographs of liver sections from infected and treated squabs

(A) Schizonts (black arrow) were observed in hepatic endothelial cells, (B) schizonts (black arrow) (H&E, ×20) and (C) merozoites

(H&E, ×100) were present within the hepatic tissue of squabs treated with Butalex® (white arrow). (D) Schizonts were not seen in

liver tissue sections of squabs treated with Eugenol (H&E, ×20).

Plant-derived products, such as essential oils and methanolic extracts, are potential alternative agents to synthetic
chemical products [28]. These substances are commonly used to maintain the social life of animals and to overcome
issues of food safety and economics, because they are generally cost-effective and safe for both humans and animals
[29]. Some efforts have been made to find more effective anti-hemosporidial compounds and some herbal products
have been reported to be effective anti-malarial therapies [13]. Some previous studies have shown that Eugenol has
inhibitory effects against different parasitic agents, such as Giardia [30], leishmanial, and gastrointestinal helminths
[31–33].

In the present study, the therapeutic activity of Eugenol (100 mg/kg body weight) against H. columbae in
naturally-infected squabs, was investigated. The results showed that Eugenol has a significant inhibitory effect on H.
columbae, in both gametocytes and schizonts. Treatment with Eugenol was not significantly different from treat-
ment with Butalex®, in terms of decreasing parasitemia at the end of the treatment period. Our data showed a
time-dependent pattern for the therapeutic effect of Eugenol. At the beginning of the study, the numbers of infected
RBCs in the Butalex® and Eugenol groups were 93.70 +− 1.72 and 89.20 +− 2.11, respectively, which decreased to 0.90
+− 0.35 and 0.90 +− 0.31, respectively, on post-treatment day 16 (P ≤ 0.05). Both Butalex® and Eugenol showed cidal
activity against H. columbae gametocytes on day 16 after treatment, with all blood films being free of gametocytes.

Serum AST, ALT, albumin, total bilirubin, and glucose levels were all significantly different between nega-
tive control and treated groups. There were no significant differences in ALT levels between the Butalex®- and
Eugenol-treated groups. However, both of these groups had significantly lower levels of serum ALT than the neg-
ative control group, which showed the highest levels at 56.95 +− 1.11 IU/L. There were significant differences in AST
enzyme levels between groups, with the highest levels seen in the negative control group (384.35 +− 0.25 IU/L) and
the lowest in the Eugenol group (178.03 +− 0.45 IU/L). High levels of AST and ALT in the negative control group may
be due to liver cell damage caused by hepatic migration of parasites as part of their life cycle, which is characterized
by injury to numerous hepatocytes. This result was in accordance with previous reports [34]. High levels of AST in
the Butalex®-treated group may have been due to the presence of schizonts in the liver.

High levels of albumin may also occur due to the impairment of liver cells by hepatic migration of parasites. Most
reports on the pathogenicity of avian hemoparasites have been based on evidence of high parasitemia in sick birds
[35,36], but there have been no reported studies comparing biochemical parameters between parasitized and treated
birds. However, Ots and Horak reported that serum albumin levels were not affected by Haemoproteus infection in
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great tits [37]. They concluded that Haemoproteus infection does not induce a severe inflammatory response and in-
fected individuals do not reveal symptoms of poor nutritional state. Conversely, hypoalbuminemia in pigeons infected
with Haemoproteus were reported [34]. However, Eugenol group reported low level of bilirubin. Hypoglycemia in
the negative control group may be due to the erythrocytic phase of H. columbae, which consumes large amounts of
glucose, up to 100 times more than consumed by uninfected RBCs [38]. H. columbae-induced infection, as indicated
by erythrocytic activity, leads to severe anemia and reduced survival of birds, by increasing their predation risk under
natural conditions. However, no reported studies have compared glucose levels between parasitized and treated birds.

In the present study, histopathological investigation revealed schizonts of the parasite in the studied organs of the
negative group. They were seen invading both the lungs and the liver, in the endothelial lining of the blood vessels in
infected squabs. The observed schizonts were thick-walled and variable in shape, resembling the schizont morphology
of Haemoproteus species described by other researchers [39–41].

The variability in schizont shape in different tissues may have been related to the schizont attempting to conform
to the local histological structures at the site of development. The free extravascular merozoites that were observed
were most likely a result of damage to the vascular walls caused by the effect exerted by the large-sized parasitic stages
[41].

The presence of schizonts in the endothelial lining of blood vessels in the lungs and liver of Butalex®-treated squabs
indicates that Butalex® may have a static effect on schizonts, but a cidal effect on intra-erythrocytic gametocytes. To
confirm this, blood samples would need to be examined 30 days after treatment to determine if intra-erythrocytic
gametocytes reappear.

Schizonts were not detected in endothelial cells of liver and lung tissue blood vessels from Eugenol-treated squabs.
This indicated that Eugenol had a significant cidal effect on schizonts. In the present study, Eugenol exhibited re-
markable anti-Haemoproteus properties. This activity may be attributed to the presence of phenolic and flavonoid
compounds, which are known to have cidal effects on both gametocyte and schizont stages, while Butalex® only has
a cidal effect on gametocytes. Therefore, Eugenol may be the drug of choice for the treatment of H. columbae in
pigeons. The present study demonstrates the need for additional studies to determine the exact mechanism (s), mode
(s) of action, and probable side effects of Eugenol.
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