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ABSTRACT

Objectives: Parkinson’s disease (PD) is categorized as a movement disorder symptomized by weakening the motor skills of the patients. The root
cause of the disease is the neurodegenerative dopaminergic loss in the substantia nigra of the patient’s brain. This havoc disease majorly affects the
people above the age of 60 years. Moreover, PD incidences strike almost 70% of the neurological disorders of the aged population worldwide. There
are no perfect curative drugs in the medical world for the disease. Since the past few decades, several plant secondary compounds were in preclinical
trials to treat this disease. Hinokitiol (HIN), a monoterpenoid from the heartwood of cupressaceous plants, is widely used in hair tonics, toothpaste,
cosmetics, and food as an antimicrobial agent. It is well reported as an anti-stroke agent as well.

Methods: In the present study, the dose-dependent (5, 10, 15, 20, and 25 mg/kg) chronic toxicity of HIN was studied for 28 days using zebrafishes.
The toxicity was analyzed in vital organs such as brain, liver, kidney, spleen, heart, and blood count followed by behavioral toxicity to target the drug
against parkinsonism.

Results: The study revealed that the higher doses of 20 and 25 mg/kg HIN treatment were toxic to the fish brain, spleen, as well as cardiomyocytes. It
showed a variation in blood count as well at 10 mg/kg dose itself.

Conclusion: Hence, the study revealed the protective efficacy of the HIN at its therapeutic dosage of 5 mg/kg as a neuroprotective drug, with minimal

vital organ toxicities.
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INTRODUCTION

Parkinson’s disease (PD) is the world’s second most widespread
movement disorder causing deterioration to the patient’s normal
movements and balanced postural abilities. The pathology behind this
disease is the considerable loss of dopaminergic cells in the substantia
nigra of the affected individual. The PD incidences were reported more
in persons having an age above 60; hence, the disease is considered as
an age-related disorder. Around 15 persons/1 lakh were reported as
parkinsonians, as per recent report [1]. This disease even though not
fatal exercises a great difficulty in the quality of life of a person. The
perfect therapeutic drug for the disease is still unknown. Since the
past decade, certain bioactive plant secondary compounds such as
polyphenols, flavonoids, and coumarins were used as the drugs at its
preclinical trial stages to treat PD symptoms while there is no precise
healing medication for the disease brain [2].

Hinokitiol (HIN), a tropolone-related compound found in the heartwood
cupressaceous plants, is widely used in hair tonics, toothpaste,
cosmetics, and food as and as antineuralgic agent. The HIN even acts
as an oxidative species scavenging agent, anticancer agent, and a
mushroom tyrosinase inhibitor. Tropolone was testified as dominant
inhibitors of cholesterinase receptors in brain [3]. Furthermore, the
drug processes defensive mechanistic against the brain stroke induced
in rats [4]. However, Li et al. [3] proved that HIN induces DNA damage,
autophagy, and cell cycle arrest in S-phase in lung adenocarcinoma cell
lines in vitro, at very high dosages. Thus, the therapeutic dosage fixation
for the drug becomes highly relevant for the selection of a drug.

Inaddition to the routine animal models, recently, zebrafish were gaining
much attention as a toxicological model due to their small size and easy

husbandry. In addition, they entertain very small laboratory space with
optimum breeding and maintenance conditions [5]. In contrast to larger
species, the minute size of the adult zebrafish curtails costs through
minimum quantities of medicating solutions (experimental chemicals,
drugs, and pollutants), for both treatment and histological assessments
(small amount of embedding materials and microscope slides) [6].
Moreover, the zebra fish models are now a days are used for reproductive
toxicity, developmental toxicity, acute toxicity, neurotoxicity,
cardiotoxicity, ocular toxicity, endocrine disruption, neurobehavioral
toxicity, vascular toxicity, as well as carcinogenicity. For instance,
zebrafish heart has been used as a model for human cardiovascular
diseases and also is commonly affected during toxicity studies, usually
manifesting as bradycardia or an arrhythmia [7]. Transgenics have
also been used to help determine 2,3,7,8-Tetrachlorodibenzodioxin-
induced neurotoxicity through assessing changes in sonic hedgehog
and neurogenin expression in the zebrafish brain [8]. Thus, as a pioneer
toxicity study, HIN was analyzed at different doses using zebrafish
models, by behavioral and histopathological studies to target it as an
antiparkinsonian drug by finding its therapeutic dosage as well the
ability of the drug to offer neuroprotection in peculiar concentration
at posterior tuberculum, the origin of dopaminergic neuronal loss
(similar to substantia nigra in humans).

METHODS

Animals

Wild-type adult zebrafishes considered under this study were
maintained in accordance with the Institutional Animal Ethics
Committee (IAEC No: 01/01/2017) and the Committee for the Purpose
of Control and Supervision of Experiments on Animals, India, were
followed with adherence to established protocols. Fishes were fed
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with commercial fish feed pellet. The water was changed regularly to
maintain standard conditions. Groups of 12 adult fishes of both sexes
were housed at light/dark cycle of 14/10 in 10 L water tanks with
continuous aeration and biofiltration. The water parameters such as
temperature, pH, and conductance were maintained at 26-28°C, 6.3-
7.4, and 300-480 pS, respectively. Fishes were housed in 3 L tanks at
different dilutions and treated with compound orally for 28 days. To
prepare dilutions of 5-25 mg stock, 13 mg compound was dissolved
in 5 ml of 0.1% dimethyl sulfoxide and olive oil to make 2.5 mg/ml
of stock, stored at -20°C until use. Compound was diluted to a final
concentration of 5-25 mg, respectively, to make the feed. This was then
used in preparing fish feed. The known concentration of the compound
is added to commercially available fish feed and air-dried before
feeding.

Dosing

Adult male fishes were fed with the known concentration of the feed
every 24 h for 28 days, according to the following groups: Group 1
served as control with vehicle; Group 2 with 5 mg/kg HIN; Group 3
with 10 mg/kg HIN; Group 4 with 15 mg/kg HIN; Group 5 with
20 mg/kg HIN, and Group 5 with 25 mg/kg HIN. All drugs and vehicle
were administered orally.

Behavioral cognitive study

Before dissection on the 28% day, the study groups were observed for
cognitive behavior using dive tank test and swim motion test. Fishes
were allowed to swim in the study tank and videos were captured using
Mac CMOS 5MP motion capture lens [9].

Histopathological analysis

Post-exposures to compound for 28 days, fishes were euthanized and
dissected as per ethical guidance. Fishes were anesthetized with 15°C
water and sacrificed. Brain was dissected with a pin and knife. The
brain, heart, liver, spleen, and kidney tissue were smeared on a glass
slide and stained with hematoxylin and eosin, respectively, for 2 min
each followed by phosphate-buffered saline washes. Slides were viewed
at x45 using Labomed LX400 microscope [10].

Quantification of damaged cells

Smear slides were observed under bright field microscope and the
number of damaged and normal cells was counted per cubic cm. Red
blood counts (RBCs) were counted per field and white blood cells
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(WBCs) were quantified as mean differential count as percentage of
total WBCs in blood.

RESULTS

Effect of HIN in the histopathological changes in posterior
tuberculum of control and experimental fishes

HIN affected non-significant way on the posterior tubercular cells in
lower dosages of 5, 10, and 15 mg/kg b.w. of fishes (Fig. 1). However,
at increased dose of 20 mg/kg dose, it showed a toxic effect by the
formation of intracellular spaces and lacunae, which tremendously
decreased in 25 mg/kg dose.

Data represent mean+SD of 12 fishes in each group. (a) p<0.01 and
(b) p<0.05; ns: Not significant, were executed by one-way ANOVA with
Tukey’s post hoc test.

Effect of HIN in the histopathological changes in liver hepatocytes
of control and experimental fishes

The hepatocytes in the liver cells were not significantly affected with the
administration of HIN from 5 to 25 mg/kg doses (Fig. 2). However, very
mere shear damage was observed in the 20 mg/kg HIN-administered
fishes, which were highly insignificant statistically, thus proving null
toxicity at all the five selected doses.

Data represent mean+SD of 12 fishes in each group. (a) p<0.01 and
(b) p<0.05; ns: Not significant, were executed by one-way ANOVA with
Tukey’s post hoc test.

Effect of HIN in the histopathological changes in kidney renal
hepatocytes of control and experimental fishes

The renal hepatocytes even though exhibited a reduction in its normal
hepatocyte number, those diminutions were highly inconsequential as
far as toxicity studies were concerned (Fig. 3). However, the 5 mg/kg
dose showed 5% damaged hepatocyte counts which were highly non-
toxic due to lack of mortality of treated fishes in that group for 28 days
schedule.

Data represent mean+SD of 12 fishes in each group. (a) p<0.01 and
(b) p<0.05; ns: Not significant, were executed by one-way ANOVA with
Tukey’s post hoc test.
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Fig. 1: Effect of Hinokitiol in the histopathological changes in posterior tuberculum of control and experimental fishes. Photomicrograph
of H and E staining. (a) Control cells; (b) fishes treated with 5 mg/kg bwt of Hinokitiol; (c) fishes treated with 10 mg/kg bwt of HinokKitiol;
(d) fishes treated with 15 mg/kg bwt of Hinokitiol; (e) fishes treated with 20 mg/kg bwt of Hinokitiol; (f) fishes treated with 25 mg/kg
bwt of Hinokitiol (x45)
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Fig. 2: Effect of Hinokitiol in the histopathological changes in liver hepatocytes of control and experimental fishes. Photomicrograph of

H and E staining. (a) Control cells; (b) fishes treated with 5 mg/kg bwt of Hinokitiol; (c) fishes treated with 10 mg/kg bwt of Hinokitiol;

(d) fishes treated with 15 mg/kg bwt of HinoKitiol; (e) fishes treated with 20 mg/kg bwt of Hinokitiol; (f) fishes treated with 25 mg/kg
bwt of Hinokitiol (x45)
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Fig. 3: Effect of Hinokitiol in the histopathological changes in kidney renal hepatocytes of control and experimental fishes.
Photomicrograph of H and E staining. (a) Control cells; (b) fishes treated with 5 mg/kg bwt of Hinokitiol; (c) fishes treated with 10 mg/kg
bwt of Hinokitiol; (d) fishes treated with 15 mg/kg bwt of Hinokitiol; (e) fishes treated with 20 mg/kg bwt of Hinokitiol; (f) fishes treated

with 25 mg/kg bwt of Hinokitiol (x45)

Effect of HIN in the histopathological changes in spleen cells of
control and experimental fishes

The spleen cell reduction on administration with HIN was highly
meager (non-significant) when compared to control group vehicle-
treated fishes for the entire period of the study (Fig. 4), for all the five
doses (5, 10, 15, 20, and 25 mg/kg).

Data represent mean+SD of 12 fishes in each group. (a) p<0.01 and
(b) p<0.05; ns: Not significant, were executed by one-way ANOVA with
Tukey’s post hoc test.

Effect of HIN in the histopathological changes in cardiomyocytes of
control and experimental fishes

The cardiomyocytes damage on administration with HIN was
compared with control group vehicle-treated fishes after the dissection

and staining. The study projected null toxicity with 100% healthy
cardiomyocytes at 5 mg/kg dosed fishes (Fig. 5), while there was a
sheer insignificant reduction in its count at 10 and 20 mg/kg dosed
fishes (1%), which were replenished at 25 mg/kg dosed fishes.

Data represent mean+SD of 12 fishes in each group. (a) p<0.01 and
(b) p<0.05; ns: Not significant, were executed by one-way ANOVA with
Tukey’s post hoc test.

Effect of HIN in blood smear indicating total and differential blood
count in both control and experimental fishes

The blood count (RBC) was somehow maintained between 3.1 and
3.2 x 10° in both control and experimental fishes (Fig. 6). However,

the 20 pg/ml dosed fishes reduced its RBC count to 2.9 x 10°, even
though it continued to be far away from the toxicity levels, leading
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Fig. 4: Effect of Hinokitiol in the histopathological changes in spleen cells of control and experimental fishes. Photomicrograph of H and E
staining. (a) Control cells; (b) fishes treated with 5 mg/kg bwt of Hinokitiol; (c) fishes treated with 10 mg/kg bwt of Hinokitiol; (d) fishes
treated with 15 mg/kg bwt of Hinokitiol; (e) fishes treated with 20 mg/kg bwt of Hinokitiol; (f) fishes treated with 25 mg/kg bwt of
Hinokitiol (x45)

101
ns
100
ns ns

£
= 99 a
235
= 8 98
c o a
gE
g g 97
=3
5° 9

95

94 :

] Control 5mg/Kg 10mg/Kg 15mg/Kg  20mg/Kg  25mg/Kg

Fig. 5: Effect of Hinokitiol in the histopathological changes in cardiomyocytes of control and experimental fishes. Photomicrograph
of H and E staining. (a) Control cells; (b) fishes treated with 5 mg/kg bwt of HinoKitiol; (c) fishes treated with 10 mg/kg bwt of
Hinokitiol; (d) fishes treated with 15 mg/kg bwt of Hinokitiol; (e) fishes treated with 20 mg/kg bwt of Hinokitiol; (f) fishes treated with
25 mg/kg bwt of Hinokitiol (x45)

to fish mortality. However, the differential mean percentage of blood
count remained same with the control vehicle-treated animals in all the
selected doses.

Data represent mean+SD of 12 fishes in each group. (a) p<0.01 and
(b) p<0.05; ns: Not significant, were executed by one-way ANOVA with
Tukey’s post hoc test.

The effect of HIN in motor activity and anxiety of control and
experimental fishes

The behavioral changes such as motor coordination and anxiety were
affected at higher doses of 10-25 mg/kg which were statistically
significant at p<0.05, p<0.01, and p<0.001, respectively (Fig. 7), while
5 mg/kg exhibited insignificant toxicity rate. Even though higher
doses indicated behavioral abnormalities, none of the animals showed
mortality till the end of the chronic toxicity study period. Data represent

mean=SD of 12 fishes in each group. (a) p<0.01 and (b) p<0.05; ns: Not
significant, were executed by one-way ANOVA with Tukey’s post hoc test.

DISCUSSION

An effective drug for an age-related degenerative disease like
Parkinson’s disease is the need of the hour, due to the prevalence of the
disease in both developed and developing nations and lack of a proper
curative treatment. Since the past two decades, many drugs such as
syndopa and levodopa have been privileged in the market, they still
failed to cure the disease as such, unlikely providing some symptomatic
improvements in cognition and motor impairments of the patients. The
secondary option was the bioactive plant secondary metabolites such
as flavonoids, coumarins, carotenoids, saponins, terpenoids, and so on.
One such monoterpenoid HIN was our drug of choice since terpenoids
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Fig. 6: Effect of Hinokitiol in blood smear indicating total and differential blood count in both control and experimental fishes.
Photomicrograph of H and E staining. (a) Control cells; (b) fishes treated with 5 mg/kg bwt of Hinokitiol; (c) fishes treated with 10 mg/kg
bwt of Hinokitiol; (d) fishes treated with 15 mg/kg bwt of Hinokitiol; (e) fishes treated with 20 mg/kg bwt of Hinokitiol; (f) fishes treated

with 25 mg/kg bwt of Hinokitiol (x45)
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Fig. 7: The effect of Hinokitiol in motor activity and anxiety of control and experimental fishes

in minute doses were reported as cytoprotective agents [4]. Thus, in
this study, the doses were fixed in lower ranges from 5 to 25 mg/kg b.w.
of the animals.

Before we introduce a drug for the society, many pre-clinical and
clinical studies have to be executed for studying their metabolism for
the fixation of the therapeutic doses. For the same, toxicity testing is the
principal screening methodology adopted by scientists for the newly
developed drugs before it can be used on humans. This process mainly
involves the determination of vulnerabilities of a test substance/

compound which may likely produce through its mechanism of action
in a lively body; either animals or humans; pre-clinically in animals.
These studies facilitate controlled exposure, duration of exposure,
and the possibility of detailed examination of all tissues following
damage [11], through histopathological estimations [12]. Our study has
been postulated, thus through the histopathological analysis of the vital
organs of the fish models.

Very recently, zebrafish, as a model vertebrate for toxicology,
pharmacology, developmental biology, and genetics research, have
been nurturing [13]. Moreover, the comparative usage of zebrafish in
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behavioral neuroscience overpowers that of rodents due to the easy
execution of the toxicity screening tests which minimum amount of drug.
In addition, the therapeutic endpoints in zebrafishes are much evident
to trace than in other mammal models [14]. For neurotoxicological
studies, zebrafish have well established neuroendocrine systems
solely homologous to humans mediated by cortisol activated by the
series of hypothalamo-pituitary hormones which are activated through
glucocorticoid receptor [15]. Moreover, the neuroanatomy of the brain
of mammals and zebrafishes also projects more than 95% similarity
in structure. Zebrafish possess all major neuromediator systems,
including neurotransmitter receptors, transporters, and enzymes of
synthesis and metabolism, similar to those observed in humans and
rodents [16]. Previously, our reports have shown the anti-PD effect of
HIN, in silico [17]. Very recently, several drug delivery strategies have
been introduced to the clinics. However, the correct method of delivery
with correct dosage is still an area to be researched on. Thus, this study
provides a novel insight into this regard [18]. From several decades,
many animal models have been tried in this aspect [19]. However, very
recently, high interest has been attributed to zebrafish models [20].
Thus, our study with the zebrafish model becomes relevant with
respect to toxicity screening of HIN. The results showed the precise
discrimination that the 5 mg/kg dose could act as a therapeutic dosage
of neuroprotection. These results suggest the efficacy of the drug as a
cytoprotective agent in the brain-related neurodegenerative diseases.

CONCLUSION

The drug HIN failed deliberately to cause any organ failure and toxicity
in vital organs involved in metabolism such as brain, liver, kidney,
spleen, and heart. However, cognitive toxicity is observed such as
slower motor activity and mild anxiety at higher dosages like 10-
25 mg/kg b.w. The compound was non-toxic at higher concentrations
due to immortality of fishes till the end of the treatment schedule.
Thus, from the study, 5 mg/kg b.w. could be projected as an optimum
dosage for the application of HIN as a drug of choice for brain-related
studies, due to its blood-brain barrier crossing activity as well. Further,
mechanistic research is required to confirm the same.
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