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ABSTRACT

Background: Numerous studies have demonstrated that daphnetin (DAP)
has anti-inflammatory, antioxidant, antibacterial, antitumor, anti-arthritic,
and other extensive pharmacological effects. However, its genotoxicity
has rarely been examined. Materials and Methods: The safety of DAP
was evaluated by an acute toxicity test using a Salmonella typhimurium/
mammalian microsomal enzyme assay (Ames test), bone marrow
micronucleus test, acute skin allergy test, and local mucosal irritation test.
Results: Mice received a dose of 100 mg/kg body weight through lavage,
which is more than 175 times the whole-body effective dose and were
continuously observed for 14 d; mice showed no signs of poisoning. In the
Ames test, each dose of DAP resulted in numbers of revertant colonies
that were <2 two times the number of mutation colonies in the negative
control group, indicating a negative result. The micronucleus rate of each
DAP dose group was not significantly different from that of the negative
control group (P > 0.05) but was significantly different from that of the
cyclophosphamide (CTX)-positive control group (P < 0.05). Rabbit skin
showed no stimulation reaction to DAP or 10% dimethyl sulfoxide (DMSO),
including no erythema, edema, or sensitization phenomena. Rabbits were
generally in good condition after dosing the oral mucosa with DAR and
no oral mucosal erythema, erosion, ulcers, or other irritation reactions
were observed. Conclusions: Within the range of tested doses, DAP did
not cause any observed toxic effects, mutagenic effects, sensitization, or
stimulation.

Key words: Acute skin allergy test, acute toxicity test, Ames test,
daphnetin, local mucosa stimulation test, micronucleus assay

SUMMARY

e The maximum dosage for oral toxicity of DAP in mice is > 100 mg/kg body
weight

* No genetic toxicity or dose-response relationship was observed, indicating
that the DAP Ames test was negative

e DAP had no effect on mouse bone marrow cells or showed any genotoxicity
under our experimental conditions

INTRODUCTION

An important component of Daphne odora var. marginata extracts,
daphnetin (DAP), 7,8-dihydroxycoumarin, is a coumarin derivative that
is normally an odorless and tasteless white or off-white powder that is
slightly soluble in ethanol and insoluble in water."! D. marginata originated
in China, mainly in the South of the Yangtze River basin; the scale at which
this species is planted is the largest in Dayu County (Jiangxi Province),
where growing this plant is a key local industry. The active ingredients of
D. marginata mainly include coumarin, flavonoids, and lignans, which
act as the active components leading to the plant’s anti-inflammatory
analgesic effect.”’. Numerous studies have demonstrated that DAP
has anti-inflammatory,”! antioxidant,”) antibacterial,’”! antitumor,®
and anti-arthritic”? effects. Our previous study found that DAP exerts
a good therapeutic effect on collagen-induced arthritis (CIA) in rats by
regulating the balance of Th17/Treg cells, inhibiting the autoimmune and
inflammatory response to improve the symptoms of CIA.®* In addition,
DAP can reduce methylation and subsequently increase the expression
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e DAP is nonallergenic and does not produce allergic reactions
e DAP is nonallergenic to oral mucosa and does not produce irritating reactions.
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Abbreviations used: DAP: Daphnetin, CTX: Cyclophosphamide,
DMSO: Dimethyl  sulfoxide, CIA:  Collagen-induced arthritis,
PCB: Polychlorinated biphenyl, NS: Normal saline, PCE: Polychromatic
erythrocyte, NCE: Normochromatic erythrocyte; LD50: The median lethal
dose.
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of proapoptotic genes in the synovial cells involved in CIA.'"! However,
research on the safety of DAP has rarely been reported, therefore, to
provide a more comprehensive basis for experiments that test the use of
DAP, we carried out relevant toxicology tests on this important coumarin
derivative. Drug toxicology testing is a comprehensive approach to
evaluate the toxic effects of drugs on the body in terms of the severity and
frequency of occurrence of the harmful effects, the dose-response (effect)
relationship, and the ability of the drug to cause a toxic reaction in an

This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long as
appropriate credit is given and the new creations are licensed under the identical terms.

For reprints contact: reprints @ medknow.com

Cite this article as: Nanzhen K, Jieying W, Wenwei Z, Xiaoping Z, Yingyuan F.
Toxicological studies of daphnetin. Phcog Mag 2018;14:561-6.

561



KUANG NANZHEN, et al.: Toxicological studies of daphnetin

organism. This testing provides the basis for preventing and controlling
harmful effects and determining the safety and/or toxicity of drugs.
This study used the maximum-dosage tests to evaluate the acute
toxicity of DAP, Ames tests to evaluate its mutagenicity, bone marrow
micronucleus tests to evaluate its genotoxicity, and skin sensitization and
oral stimulation tests to determine its sensitization and irritation. These
allowed for a comprehensive safety evaluation of DAP.

MATERIALS AND METHODS

Animals

SPF ICR mice and clean, live suckling SD mice® were provided by the
Laboratory Animal facility of Shanghai Super-B and K laboratory animal
Corp., Ltd. Twenty-four healthy rabbits (2.5 kg on average, half male
and half female, no pregnant females) were provided by the Nanchang
University Animal Science department. All experimental animals were
observed for 3 d before the test. The experimental animal breeding
environment was 22°C-23°C, with a humidity of 50%-68%.

Reagents

DAP (a monomeric compound, with >99.4% purity) was isolated from
D. marginata extract by the Tauto Biotech Co., Ltd., (Shanghai, China)
and a molecular mass of 178 was determined by the Analysis and Testing
Center in Jiangxi Province.

Acute toxicity testing in mice

Forty male and female mice were evenly and randomly divided into
two groups, a control group and experimental group, after fasting
overnight. A solution of DAP was prepared at a final concentration of
5 mg/ml. The maximum-dosage method was used to directly lavage the
experimental mice at a feeding capacity of 20 ml/kg body weight, that is,
100 mg/kg body weight. The mice were continuously observed for 14 d,
noting changes in their skin, color, eyes, mucous membrane, breathing,
circulation, and central nervous system function; deaths and symptoms
of poisoning were recorded, and the mice were autopsied after death.!!

Bacterial reverse mutation assay (Ames test)

Solutions of DAP were prepared at final concentrations of 8, 40, 200,
1000, and 5000 ug/dish for the dosed groups; there was also a negative
control group and a positive control group. According to genotype,
the biological factors needed to meet the requirements of Salmonella
typhimurium histidine-deficient TA97, TA98, TA100, and TA102 strains
were identified. An in vitro metabolic activation system was based on
polychlorinated biphenyl-induced rat liver homogenates. First, 0.1 ml of
the test-strain-enrichment broth and drug solution and 0.5 ml of the S9
mixture were added to the top agar plate and mixed into the underlying
medium plate. After heating at 37°C for 48 h, the number of revertant
colonies per dish was calculated.

Bone marrow micronucleus test

Thirty male and female mice were randomly divided into three groups.
Solutions of DAP were prepared at final concentrations of 0.75, 1.5, and
3 mg/ml. Using an oral gavage method with 30 h of exposure, 20 ml/kg
body weight of the DAP solutions were fed to the mice, corresponding
to 15, 30, and 60 mg/kg body weight; cyclophosphamide (CTX) was
used for the positive control group and normal saline (NS) was used
for the negative control group. Lavaging occurred at 0 and 24 h and the
mice were sacrificed by cervical dislocation at the last lavage. After 6 h,
both femurs were clipped, and a smear from the cut end was diluted
with calf serum, followed by Giemsa staining after fixation in methanol.
For each mouse, up to 1000 polychromatic erythrocytes (PCEs) were
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counted under a microscope, and the number of micronucleated PCEs
was counted among 200 PCEs (mature red blood cells) within the
field of view; the PCE/normochromatic erythrocyte (NCE) ratio and
micronucleus rate were then calculated.

Acute skin allergy test

Solutions of DAP were prepared at a final concentration of 4 mg/ml, and
analytically pure dimethyl sulfoxide (DMSO) was diluted with distilled
water to a 10% solution. A 2-cm diameter piece of disinfection filter paper
was dropped into a mixture of 0.5 ml of saline, a 10% DMSO solution, and
the DAP solution. Twelve healthy rabbits were randomly divided into an
NS group, a 10% DMSO group, and a DAP group. The backs of the rabbits
were shaved on both sides of the spine (2.5 cm x 2.5 cm area), taking
care not to damage the skin, and the area was gently wiped clean with
warm water. A piece of filter paper was used for each group (NS, DMSO,
or DAP according to the label) and was affixed onto the hair of the 12
rabbits at the skin, which was then covered with a layer of greaseproof
paper and two layers of gauze and finally closed with nonirritating tape.
The residual liquid was removed with physiological saline after 6 h; the
skin of each rabbit was checked for reactions to the stimulation at 1 h,
24 h,48h, 72 h, and 7 d, and the skin test area was excised and prepared
as routine paraffin-embedded sections and stained with HE.[!]

Local mucosa stimulation test

DAP was prepared as before. Twelve healthy rabbits were randomly
divided into an NS group, a 10% DMSO group, and a DAP group.
A small cotton ball 5 mm in diameter that was fully saturated with the
test solution was placed on the right side of the palatal mucosa of the
rabbits for 15 min each morning and evening. Care was taken to not
damage the mucous membrane, and the change in the contact area was
observed at 1 h, 24 h, and 7 d. The control site and experimental sites
of the palatal mucosa were assessed after the animals were sacrificed,
and the areas were excised and prepared as routine paraffin-embedded
sections and stained with HE.

RESULTS
Acute toxicity test

Our previous study estimated the effective dose of DAP in the human
body to be 0.57 mg/kg. The mice were exposed to more than 175 times
the body effective dose of 100 mg/kg body weight through lavage and
were continuously observed for 14 d with no signs of poisoning. After
the end of the experiment, all the animals were sacrificed and their gross
anatomy was examined. These results confirm that the maximum dosage
for oral toxicity of DAP in mice is >100 mg/kg body weight.

Mutagenicity test
Ames test

Four strains of S. typhimurium (TA97, TA98, TA100, and TA102) were
tested with or without the added S9 activation system. At each dose
of DAP, the number of revertant colonies was <2 times the number of
mutated colonies in the negative control group. No genetic toxicity or
dose-response relationship was observed, indicating that the DAP Ames
test was negative [Data in Table 1 and Figure 1].

Bone marrow micronucleus test

The micronucleus rate for each DAP test dose group was not significantly
different from the rate for the negative control group (P > 0.05) but
was significantly different from the rate for the CTX positive control
group (P < 0.05). The PCE/NCE values were between 1.0 and 1.3,
and the results were negative [Figure 2], indicating that DAP had no
effect on mouse bone marrow cells or showed any genotoxicity under
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Figure 1: The number of revertant colonies of four strains of Salmonella typhimurium tested with or without the added S9 activation system: (a) TA97, (b) TA98,
(c) TA100, and (d) TA102. ¥: More than twice the number of spontaneously revertant colonies compared to the number of mutated colonies in the control group

Table 1: Dose of the daphnetin-positive control drug in the Ames assay (ug/ml)

Dose/(ug/vessel) TA97 TA98 TA100 TA102

-S9 +59 =S9) +S9 =S9) +59 =S9) +59
Sodium azide - - - - 1.5 - - -
2-Aminofluorene - 10 - 10 - 10 - -
4-Dimethylaminobenzenediazosulfonic acid sodium 50 - 50 - - - 50 -
1,8-Dihydroxyanthraquinone - - - - - - - 50

our experimental conditions. A normal red cell morphology in the
micronucleus test is shown in Figure 2.

Acute skin allergy test

After removal of the residual liquid by physiological saline followed
by continuous observation for 7 d, the skin of the rabbits showed no
stimulation reactions to DAP or 10% DMSOQO, that is, no erythema or
edema, and the animals did not display any sensitization phenomena.
According to the allergic skin reaction rating criteria in the 2011
edition of the People’s Health Publishing House “Research Methods in
Pharmacology of Chinese Medica,”!"? the sensitization rates were lower
than 10%. Therefore, DAP is nonallergenic and does not produce allergic
reactions.

HE-stained tissue biopsies of the rabbit skin allergy test sites are shown
in Figure 3.

Local mucosa stimulation test

The rabbits were generally in good condition after exposing their oral
mucosa to DAP; no oral mucosal erythema, erosion, ulcers, or other oral
mucosal irritation reactions were observed. According to the allergic
skin reaction rating criteria in the 2011 edition of the People’s Health
Publishing House “Research Methods in Pharmacology of Chinese
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Medica,’"? there was a <10% incidence of sensitization. Therefore, DAP
is nonallergenic to oral mucosa and does not produce irritating reactions.

HE-stained pathological sections of the rabbit oral test sites are shown
in Figure 4.

DISCUSSION AND CONCLUSIONS

In recent years, effective active ingredients in herbal extracts from
natural medicine have become a hot topic in new drug research and
development. In traditional Chinese medicine, active ingredients such
as coumarin,™ flavonoids,**) Hook,!"*'” and Sinomenine!** have good
anti-inflammatory and antitumor pharmacological effects. DAP is a
typical monomeric active ingredient of the coumarin class of compounds.
Many studies have investigated the pharmacological activity of DAP,
but research on the toxicology of this compound has been lacking. To
facilitate more comprehensive development and utilization of DAP
and predict its potential threat to humans, this study subjected DAP to
systematic toxicological tests and evaluated its safety.

Acute toxicity testing exposes animals once or several times within 24 h
to a certain dose of a drug, and the toxicity-related reactions are evaluated
over a certain period. As one of the main tools of pharmaceutical
toxicology research, acute toxicity testing is often the first step in
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Figure 3: H and E-stained pathological sections of the rabbit skin allergy
test sites

Figure 4: H and E-stained pathological sections of the rabbit oral test sites

preclinical toxicology studies of new drugs. When the test substance is
of low toxicity or the median lethal dose (LD50) cannot be measured
due to dose limitations, the results can provide the maximum dose to
assess the safety of the drug."*"” In our previous research, we estimated
the effective dose of DAP in the human body to be 0.57 mg/kg. Mice
that were fed a one-time dose of 100 mg/kg body weight, which is more
than 175 times the effective dose, and were then continuously observed
for 14 d. Mice showed no signs of poisoning and had normal weight
gain. These observations essentially reflect the broader safety of DAP and
indicate no short-term toxicity.

564

Genetic toxicity studies are an important part of the evaluation of drug
safety to predict unknown potential genetic toxicity or carcinogenicity.
Mutations are changes in genetic material and can be caused by a drug;
these include genetic mutations and chromosomal aberrations. Point
mutations are changes in one or more genes that make up a chromosome
that cannot be directly visualized by light microscopy.?” The Ames test
is a widely employed method that uses bacteria to test whether a given
chemical can cause mutations in the DNA of the test organism.?!! The
test uses a number of Salmonella strains with preexisting mutations that
leave the bacteria unable to synthesize a required amino acid, histidine,
and therefore, unable to grow and form colonies in its absence. Salmonella
strains TA97, TA98, TA100, and TA102 were used in this study. Plate
incorporation was used for the DAP Ames test. In the Ames test, the
ratio of the average number of colonies of the same dose in each dish to
the mean number of spontaneous colonies in each negative control dish
was referred to as MR. When the MR value was 2 or higher, there was
a dose-response relationship with a normal background, and the plate
was judged as mutagen-positive.???! In this study, the S. typhimurium
test strains TA97, TA98, TA100, and TA102, with or without the added
S9 activation system and at each dose of DAP, resulted in MR values of
less than 2; no dose-response relationship was obtained, and the Ames
test results were negative, indicating that DAP has no mutagenic effect.
In addition, the high-dose DAP group (5000 pg/dish) had significantly
fewer mutated colonies of each test strain than the control group. Thus,
the high dose of DAP significantly inhibited the growth of the Salmonella
strains, which was also reported by Cottigli,”! who confirmed that
DAP is an iron chelator that can act on the iron-containing enzymes
of microorganisms such as bacteria, causing selective “iron-starvation,”
thus affecting microbial metabolism and inhibiting or killing the
microorganisms.

There are many ways to study the chromosomal aberrations induced by
drugs in mammals. The micronucleus test is widely used in genotoxicity
studies because ofits simplicity, quickness, and sensitivity. A micronucleus
is a manifestation of chromosomal damage, evolving from fragments or
rings that have experienced chromosomal breaks.*! A micronucleus test
is used in toxicological screening for potential genotoxic compounds. This
assay is now recognized as one of the most successful and reliable assays
for genotoxic carcinogens. PCEs in anaphase are red blood cells present
during childhood development. At the mature stage, the nucleus of red
blood cells is discharged and the cytoplasm contains ribosomes. When
Giemsa staining turns erythrocytes a gray-blue color, the cells are mature;

Pharmacognosy Magazine, Volume 14, Issue 58, October-December 2018



KUANG NANZHEN, et al.: Toxicological studies of daphnetin

when the cells are dyed pale orange, the stored ribose has disappeared.
The number of PCEs with a micronucleus in the bone marrow is easier
to determine than the spontaneous micronucleus rate; therefore, the
bone marrow PCE micronucleus test is preferred for assessing the cell
population.?"?”! The micronucleus rate calculation takes into account
the ratio of PCEs and NCEs among 200 cells, which can be used as an
indicator of cytotoxicity. A result of <0.1 indicates that the formation of
PCEs was strongly inhibited, and a result of <0.05 indicates an overdose
and unreliable results. A PCE/NCE ratio >1.0 indicates a reliable result.
If the test substance increases the micronucleus rate in a dose-dependent
manner or if some dose groups show significantly higher reproducibility
at a specific test point, the micronucleus test is positive. The micronucleus
rate of each DAP test dose group was not significantly different (P > 0.05)
from the rate of the negative control group but was significantly different
from the rate of the CTX (positive control group (P < 0.05). The results
were negative, indicating that DAP had no effect on mouse bone marrow
cells and showed no genotoxicity under our experimental conditions.

Drugs must primarily exert a pharmacological effect from the oral or
external application. Evaluating the safety of drug application to the
oral mucosa and skin is therefore particularly important.”?***! Rabbits
are a commonly used animal model because of their large surface
area and their mouth area, which are easy to manipulate,® as well
as their high sensitivity to external stimuli. Therefore, this study used
rabbits as subjects to test the effects of BAP on skin sensitization and
oral stimulation. DAP must be dissolved in DMSO before application,
and DMSO also has some toxicity that may affect the test results.
Therefore, in addition to the experimental control groups and the DAP
groups; a 10% DMSO group was simultaneously tested to ensure the
reliability of the results. A concentration of 10% is much higher than
the concentration of DMSO used to dissolve DAP. DAP and 10% DMSO
had no stimulating effect on the rabbits, including no erythema, edema,
or systemic sensitization phenomena. In the pathological examination
of the rabbit skin test sites, microscopic inspection also revealed no
significant inflammation or tissue damage. The sensitization score and
sensitization rate were determined for DAP and indicated that this
drug is nonallergenic and does not produce allergic reactions. After
the rabbits” oral mucosa were continuous treated with DAP for 7 d, the
rabbits were generally in good condition, and the oral mucosa was not
congested or eroded, with no ulcers or other oral mucosal irritation
reactions. The results for the DAP groups were not significantly different
from those of the control group or the 10% DMSO group. No epithelial
morphological abnormalities were observed under the microscope
and DMSO did not have a significant impact as a solvent for DAP in
this study. DAP did not produce any irritation or allergic reactions
on the skin or mucous membranes of rabbits in this study, indicating
that DAP is safe for oral or topical administration and has no harmful
pharmacological effects.

In summary, the results of toxicological studies within the dose range
tested here showed no obvious toxicity, mutagenic effects, allergenic
effects, or mucosal irritation due to DAP, suggesting that DAP is a safe
drug with broad application prospects and development value.
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