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1. Introduction

Chamomile (Matricaria recutita L) is a plant belonging to the family Asteraceae,
considered by many as one of the most important medicinal plants in the world
for its anti-inflammatory, antispasmodic, antiallergic, antibacterial, and fungi-
cidal properties [1] [2]. Also of Asteraceae, Chrysanthemum (Chrysanthemum
coronarium L. (Garland)) is an annual herbaceous weed originating in Mediter-
ranean regions. Phytochemical investigations of some members of the genus
Chrysanthemum have revealed the presence of several odoriferous precursors
(cis-chrysanthenyl acetate, trans-chrysanthenyl acetate, a-pinene) and phenolic
components (mainly derived from quinic acid) [3]. Previous analyses of C. co-
ronarium essential oils have indicated different composition patterns based on
origin and genotype [4].

Pesticides are grouped into sets of compounds with different chemical and bi-
ological characteristics, classified by activity into herbicides, insecticides, fungi-
cides, etc. These are useful both in the agricultural industry and at the domestic
level, where they are frequently used to eliminate insects or other pests [5] [6].
The indiscriminate use of chemical pesticides, however, has been shown to affect
humans and the environment, further contributing to reduced crop production
[7]. Additionally, several types of pests have developed resistance to synthetic
insecticides: more than 500 species of insects and mites no longer respond to
conventional pesticides [8]. An alternative for this is the use of biopesticides.

Essential oil and organic extracts of genera Matricaria and Chrysanthemum
[9] have been shown to have different fungicidal and pesticide effects [10]. In the
case of the genus Matricaria, organic extracts have been shown to have an-
ti-microbial activity [11] and insecticidal properties [10]. These properties have
motivated the study of both genera [9] [12] for different purposes, both as medi-
cinal and as possible pesticides.

On the basis of the above, the insecticidal properties of hexanic extracts of
flowers of M. recutita and C. coronarium have been studied in search of new al-
ternatives such as biopesticides. In addition, experimental studies of their toxici-
ty, induced by Chrysanthemum coronarium extract against house flies and red
spider mites, points to sub-lethal and lethal effects of both, in addition to an-
ti-feeding behavior [13]. Research has also been performed on lethal toxic effects
of chamomile against Tetranychus urticae Koch, with extract obtained by Soxh-
let extraction, where this extract and its purified fraction showed, like C. corona-
rium extracts, both lethal and sublethal effects [14].

Of these, the main biological components with insecticidal properties are de-
rived from Pyrethrum, an oleoresin extract from the flowers of Chrysanthemum
cinerariaefolium that contains approximately fifty percent of active insecticidal
ingredients. Known as pyrethrins and pyrethroids, these have been used as in-
secticides for nearly a hundred years [15]. The latter insecticides are chemically
similar to natural pyrethrins, but are modified to increase potency and stability
[16] [17]. Pyrethroid use has been estimated at 23% (relative) of all insecticides
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used in the world [18]. Their uses, both in agriculture and in homes, have in-
creasingly been replacing old insecticides [19].

In their classifications, pyrethroids are either Type I or Type II, depending on
their chemical structures and their biological effects with acute dosage exposures
[20] [21]. Pyrethrins lacking an a-cyan group in their chemical structure pro-
duce characteristic toxic effects, such as tremors and aggressiveness (Type I or T
Syndrome). The presence of this cyan group, in contrast, leads to a syndrome
characterized by salivation and choreoathetosis (Type II or S Syndrome) [20]
[22]. Pyrethroids are strongly lipophilic, penetrating very quickly into many in-
sects and paralyzing the nervous system. Mammalian hepatitis enzymes are ca-
pable of very efficiently hydrolyzing pyrethrins and pyrethroids into inert prod-
ucts. This accelerated degradation, in addition to the relatively low bioavailabili-
ty, largely explains why toxicity in mammals is relatively low. However, the 1996
Food Quality Protection Act proposed and requested that the EPA consider
possible cumulative toxic effects of pyrethroids with common modes of action
[10]. The median lethal dose (LD50;) for pyrethroids in rats varies depending on
the type or mixture of pyrethroids. Thus, some type I pyrethroids, such as Per-
methrin and Resmethrin, have LD50, of 1200 and 2000 mg/Kg in weight, respec-
tively; while type II pyrethroids, such as Deltamethrin and Esfenvalerate, have
LD50, of 250 and 87 mg/Kg in weight, respectively [23].

And so, in addition to attacking their intended target organisms, pesticides
can also affect humans and/or animals. Once insecticides enter the body, they
are transported to different parts of the body by the circulatory system. The liver
is one such highly irrigated organ, especially through the portal vein transport-
ing materials absorbed in the gastrointestinal tract [24], which increases its con-
centration of toxins. Insecticides, like organochlorines, have measured hepato-
toxicity in both human and animal studies, possibly associated with the release
of liver enzymes [25]. Hepatocellular damage may be related to changes of liver
enzyme levels in plasma, which are indicative of liver tissue releasing enzymes
when damaged or injured. Indeed, increased values of liver enzymes in plasma
are commonly taken as indicators of liver damage [26]. For this reason, liver
function tests can be used as markers of cell damage.

Common liver function tests include alanine transaminase (ALT), aspartate
transaminase (AST), total bilirubin (TB), and others. These are biomarkers of
different hepatic functions, such as excreting anions (bilirubin), hepatocellular
integrity (transaminases), and formation and subsequent flow of bile (bilirubin
and alkaline phosphatase) [27]. Bilirubin is formed from red blood cell heme ly-
sis within the reticuloendothelial system. Bilirubin in serum reflects a balance
between hepatobiliary production and excretion [27]. Bilirubin is captured by
the liver for conjugation and excretion in the bile. Hepatocellular alterations or
biliary obstructions may be the cause of an increase in circulating bilirubin. Ala-
nine transaminase (ALT), a cytosolic enzyme, is found in higher concentrations

in the liver, and is more specific to liver damage [27]. Destruction or changes in
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permeability, of cell membranes provokes the release of ALT, increasing plas-
matic concentration. It has been demonstrated [25] that workers exposed to a
wide variety of insecticides can suffer liver damage. This is due to accidental ex-
posures to high levels of toxic substances, occasional low-dose exposures over
long periods of time, or improper use of protective equipment while performing
their work. Tomei et al. (1998) found that subjects with increased levels of ala-
nine transaminase, alkaline phosphatase, and total bilirubin were correlated with
liver damage and disruption of liver functions.

Evidence of liver alterations in toads poisoned with a pyrethroid insecticide,
fenvalerate, was demonstrated by Sakr et al. (2002) [28]. Batrachians were admi-
nistered the pyrethroid at a dose of 0.5 mg/kg weight for three weeks. Results
showed significant increases in circulating transaminases. This result, together
with histological evidence of abundant leukocyte infiltration, blood vessel con-
gestion, and other abnormalities, indicated that fenvalerate exposure caused liver
stress in toads.

Evolution between generations of living beings is dependent upon various en-
vironmental and chemical factors, including exposure to various foreign chemi-
cal substances of artificial origin, known as xenobiotics. In the presence of
chemicals, organisms do not generate degradation and excretion pathways for
each molecule; rather, these tend towards a general mechanism that removes the
maximum amount of molecules from the organism at the same time [29]. As the
organ responsible for xenobiotic metabolization processes, every drug, artificial
chemical, pesticide, and/or hormone is metabolized by the liver. Many of the
toxic products that are introduced to the body are lipophilic, which, due to high
affinity with cell membranes, inhibits their excretion by the body.

Thus, the liver has two mechanisms designed to convert liposoluble chemicals
into hydrosoluble chemicals: Phase I Biotransformation and Phase II Biotrans-
formation. In some cases, biotransformation produces metabolites that are more
toxic than the original compound, a process called bioactivation. If these more
toxic metabolites accumulate and overcome the body’s defenses, then they can
produce damage that manifests itself in a toxic response [30] [31]. In general,
xenobiotics are biotransformed in phase I, where a functional group is added to
causes a small increase in solubility in water (which serves as substrates for
Phase II enzymes). The enzymatic system used in Phase I liver biotransforma-
tion is called cytochrome system P450-or mixed-function oxygenases [32] which
have the function of introducing an oxygen atom to the substrate. The transfor-
mation of xenobiotics by phase I enzymes can generate reactive metabolites like
electrophiles and free radicals, which can damage cellular components including
proteins and DNA [33].

Cytochrome P450 (CYPs) are expressed ubiquitously in different life forms,
animals, plants, fungi, and bacteria [34] [35] and are indispensable for eukaryo-
tic life (though not so for prokaryotic life, some of which lack CYPs [35]). Most

CYPs are expressed in the liver [36]. CYPs catalyze a wide variety of reactions,
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including N-alkylation, O-alkylation, S-oxidation, and hydroxylation of aromat-
ic and aliphatic substrates, and, depending on the bioavailability of oxygen in the
tissue, redox reactions [37]. Most of these reactions require an initial step in-
volving the transfer of an oxygen atom from molecular oxygen (O,) to various
substrates. There is evidence that the process may generate reactive oxygen spe-
cies, such as superoxide anions and hydrogen peroxide, in addition to the radical
substrate R*, which, when bound to a hydroxyl radical, may generate an ROH
hydroxylated product [38].

Regulation of CYP 450 enzymes may influence how certain drug results are
administered regarding increases in the transcription of one or more CYP iso-
forms [39]. In many cases, inducers are also substrates of the induced enzymes.
Consequently, CYP activities remain elevated only when needed [40]. Because
the liver is the primary biotransformation site for xenobiotics, there is an abun-
dant expression of several CYPs isoforms in this organ [41].

The presence of other biomarkers may also be indicative of hepatic functions
that are activated and/or altered during xenobiotic detoxification processes, such
as Superoxide Dismutase (SOD), the largest antioxidant enzyme in aerobic cells.
A Cu-Zn form of SOD is found in the cytoplasm, and another Mn form in the
mitochondria. SOD reduces superoxide radicals to hydrogen peroxide with high
specificity [42]. Next, Glutathione Peroxidase (GPx), part of a group of proteins
containing Selenium (Se) known as selenoproteins, are involved in protecting
against oxidative damage. GPx is located both in the cytosol and mitochondria,
as well as the cell membrane. It is thus an important cellular protection mechan-
ism against oxidative damage in membrane lipids, proteins and nucleic acids
[43]; and is essential in GSH pathways that reduce lipid hydroperoxides to water
for removal. In short, GPx converts glutathione from a reduced GSH state to an
oxidized GSSG state. Here, reduced glutathione levels are essential for enzyme
activity, and so cells are equipped with NADPH-dependent glutathione reduc-
tase (GR) to reduce oxidized glutathione [42] [44].

The objective of this work, then, is to analyze parameters and biomarkers that
would indicate if Chamomile and Chrysanthemum extracts present hepatoxic
and/or stress effects associated with acute exposure (24 hours), and determine, if
any, non-lethal and/or slightly toxic concentrations in biological models, ac-
cording to the parameters established by Kennedy et al. (1986) [45].

2. Materials and Methods
2.1. Chamomile and Refined Chrysanthemum Extracts

100 g of dried and finely ground chamomile flower and 0.8 g of activated carbon
are added to a batch reactor equipped with a condenser. Add 2.5 L of Hexane
(Merck) and heat to reflux continuously for 8 hrs. Cool to room temperature.
Filter to separate insoluble material. Solvent is extracted at reduced pressure and
50°C temperature by Rotavapor. A dark yellow viscous residue corresponding to
a Semi-Refined Chamomile Extract is obtained. Add 40 mL of Ethanol
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(Merck) to the semi-refined extract. The mixture is agitated for 15 minutes at
room temperature and filtered by separating the insoluble material. Solvent is
extracted at reduced pressure and 50°C Rotavapor temperature. A low viscosity
residue of dark yellow coloring corresponding to a Refined Chamomile Extract

is obtained.

2.2. Characterization of Refined Extracts

General experimental procedures

Gas chromatographic analysis was performed on a Hewlett-Packard 5790-A
chromatograph, equipped with a split injector, without divider; and a flame io-
nization detector, connected to an LDC Analytical D-2500 integrator to store
and replicate the data. A fused silica capillary column (30 m, 0.25 mm dia.)
coated with a 0.25 mm film of 5% cross-linked methyl phenyl silicone (Supelco
SE-54) with helium (1 mL/min) as carrier gas was used. In a typical analysis, the
column furnace was maintained for 2 minutes at 80°C, then programmed at
10°C/min at 250°C and maintained for 10 minutes. The temperature of the in-
jector and detector was 250°C. Identification of the extract components was
achieved using a selective mass detector (Shimadzu MS-QP5050-A) coupled to a
gas chromatography system (Shimadzu GC-17A Series) under conditions as de-
scribed above. Structural clarification was achieved by searching a database
(Masslab, NIST, Wiley) of spectra using a matching algorithm based on proba-
bility.

2.3. Rat Assays

Assays were undertaken to determine LD50 and effects after acute exposure of
chamomile and chrysanthemum extracts in rats [46]. Five Sprague-Dawley rats
of each sex and of similar weights (150 - 200 grams) were treated with respective
extracts. 2000 mg/Kg was administered orally over one day. 24 hours after the
doses of refined extracts, the rats were euthanized by cervical dislocation, and
livers were extracted, weighed, and frozen with liquid nitrogen until study, with

the exception of samples for GSH assays, carried out the same day.

2.4. Determination of Enzymatic Activity and Oxidative Stress
2.4.1. Super Oxide Dismutase (SOD)

Weigh 1 gram of liver, homogenize in a Potter-Elvehjem with sodium phosphate
buffer solution pH 7.7 (0.1 M)-EDTA (1 mM) 1:3; then add 5 pL PMSF and mix
gently. Centrifuge 10 minutes at 340xg, then dilute supernatant with distilled
water to 50 times.

In the case of the test control, incubate 1475 uL Glycine buffer solution pH
10.0 (0 mM) for 2 minutes at 37°C; add Epinephrine 25 pL (1 mM); mix, and
measure absorbance at 480 nm (¢ = 4.0 mM "-cm™) after 30, 60, 90, and 120
seconds. For the sample, add 10, 25, and 50 pL epinephrine (1 mM) at 1465,
1450, and 1425 pL of glycine buffer pH 10.0 (50 mM) respectively; in each case,
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preincubate 2 minutes at 37°C; then add 50, 25, and 10 pL of sample (respec-
tively); and measure absorbance at 480 nm at 30, 60, 90, and 120 seconds. En-
zyme activity is expressed in SOD units. A SOD unit is defined as the amount of

enzyme that inhibits the reaction rate by 50% [47].

2.4.2. GPx Assay

After weighing 1 gram of liver, homogenize in a Potter-Elvehjem with sodium
phosphate buffer solution pH 7.7 (0.1 M)-EDTA (1 mM) 1:3; subsequently add 5
puL PMSF, mixing gently. Centrifuge 10 minutes at 340 xg, then dilute superna-
tant with distilled water to 50 times.

Add to the quartz spectrophotometer cell (3.0 mL) 1.63 mL of Phosphate buf-
fer solution pH 7.7 (100 mM); add 20 pL of t-BOOH (30 mM), 100 pL GSH (4
mM), 30 uL NADPH (8 mM), 50 uL GSR (50 UI/mL); and read absorbance at A
=340 nm (¢ = 6.22 mM".cm™") on thermoregulated spectrophotometer (35°C)
every 10 seconds for 1 minute. Then add 50 puL sample, mix and measure every
10 seconds for 1 minute.

Unit Definition: 1 unit of GPx is the oxidation/min of 1 pmol of GSH in the
system, which is also equal to 1 mmol of NADPH oxidized/min at pH 7.7 and
35°C [48].

2.4.3. Determining GSH

Prepare a protein free extract by weighing 1 gram of liver homogenized in 49
volumes of 0.5 M HCIO,, then centrifuge at 2430 xg for 10 min at 4°C. Collect
supernatant (acid extract). Prepare 5 mL of a 0.5 M pH 6.8 phosphate buffer so-
lution with 25 mg of Glyoxylic acid and 50 mg of sodium ascorbate. Put aside 1.2
mL into an aliquot and incubate at 60°C for 5 minutes. Put immediately into ice
bath and add 200 pL DNTB 3.7 mM, mix and centrifuge at 21,890 xg for 2 mi-
nutes. Yields a white supernatant. For the control case, 1.12 mL of the same buf-
fer solution is used and 80 pL of standard GSH (diluted 10 times) added, incu-
bated at 60°C for five minutes. Put immediately into ice bath and add 200 pL
DNTB 3.7 mM, mix and centrifuge at 21,890 xg for 2 minutes, and read the ab-
sorbance at 412 nm. For samples, add 1 mL of buffer solution and 200 uL of acid
extract, incubate at 60°C for 5 minutes. Put immediately into ice bath and add
200 uL DNTB 3.7 mM, mix and centrifuge at 21,890 xg for 2 minutes; and

measure the absorbance at a wavelength of 412 nm [49].

2.4.4. Determination of tBARS

Procedure: Weigh 1 g of liver, homogenize in a Potter-Elvehjem with buffer so-
lution Phosphate 30 mM pH 7.4 KCI 120 mM. Centrifuge 10 minutes at 700 xg,
and extract the supernatant. Add 1 mL target sample to the previous buffer solu-
tion, 100 uL of BHT, and 1 mL of TCA to precipitate the proteins, chill for 30
minutes and then centrifuge for 10 minutes at 2400 xg. Extract 1 mL of super-
natant and add 1 mL of TBA. Incubate the mixtures for 60 minutes at 100°C.
After cooling, measure absorbances at 535 nm [50].
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2.5. Obtaining Microsomal Fractions of Rat Liver

Liver tissues were macerated and washed with 0.15 M NaCl, and homogenized
in a Potter-Elvejmen with a buffer (1:3 P/V) containing 0.25 M sucrose and 10
mM Tris-HCI (pH 7.4). The resulting sample was centrifuged at 10,000 xg for 10
minutes. The obtained supernatant (3 mL) was applied to a Sefarose 4B column
(1914.7 cm), recompacted, balanced and eluted with 10 mM Tris-HCL (pH 7.4),
0.01% NaNj,. Flow was regulated at 0.7 mL/min. The eluted volume was collected
into 20 tubes, where each tube contained a 2.5 mL sample fraction. Microsomal
fractions appearing between 10 - 16 mL volumes were added to 0.25 M solid su-
crose. All operations were carried out at 4°C. The quality of these microsomal
preparations is similar in composition with respect to concentrations and activi-
ties of certain microsomal enzymes that are obtained by ultracentrifugation [51]
[52]. Microsomal protein concentration and microsomal enzyme activity were

measured for each collected tube.

2.6. Determination of CYP-450 Activity

2.6.1. Microsomal Protein Concentration of Rat Liver

The concentration of proteins in the microsomal fractions was measured by the
Lowry spectrophotometric method [53], using BSA (bovine serum albumin) as
the standard protein. Combine BSA, Water and ACR (Alkaline Copper Rea-
gent), mixing well. After 10 minutes, add FR (Folin Reagent), mix and heat for 5
minutes at 55°C. Cool the tubes, and read the Absorbance at 650 nm in spectro-
photometer, leading to zero with the target. To measure microsomal proteins,
proceed in the same way, only instead of adding BSA, add 0.25 mL microsomal
fraction diluted in a factor of 50. The concentration of microsomal protein is

obtained by interpolating absorbance from the BSA calibration curve.

2.6.2. Pentoxyresorufin 0-Dealkylase Activity in Microsomal Fractions
of Rat Liver

Pentoxyresorufin O-dealkylase (PROD) catalytic activity is mainly related to the
activity of P-450 cytochrome isoforms of subfamily 2B. The activity assay is
based on the ortho dealkylation of the Pentoxyresorufin substrate—also called
Resorufin pentyl ether—which yields Resorufin. This latter compound has emis-
sion spectrum of maximum excitation A,,,, 530 nm, and maximum emission A,
at 580 nm [54] [55] [56].

PROD activity was measured following Nims & Lubet in 1995 [57], with some
modifications. Briefly, after a calibration curve is made for resorufin, the fluo-
rescence intensity (FI) of each cell is measured via Fluorimax-2 fluorometer, ca-
librated with a thermostated cell at 37°C containing 30 pL of resorufin 1 pM. In
another cuvette, reagents are pipetted in the following order: 400 puL of micro-
somal fraction; 1515 uL of Tris-HCL 50 mM Buffer (pH 7.5); 10 uL of Dicuma-
rol; and 250 pL of pentoxyresorufin 80 pM. The combination is mixed and
pre-incubated for 2 - 3 minutes in a thermostatized bath at 37°C. The reaction is
started with 2 uL of NADPH 10 mM and the fluorescence over time measured.
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The PROD Activity is expressed in pmol resorufin formed per minute per milli-

gram of protein (pmol resorufin/min mg protein).

2.7. Statistical Analysis

Kruskal-Wallis test: Used to determine the statistical differences among SOD,
GPx, GSH and tBARS assays. Multiple comparison ANOVA, Tukey procedure:
Used for CYP 450 determined by PROD, ALT and TB. Data were processed by

SPSS software version 14.0.

3. Results and Discussion

3.1. Characterization of the Refined Extracts of Chamomile and
Chrysanthemum

Active principles of botanical extracts of both Chamomile and Chrysanthemum
were isolated and identified (Table 1), in which the main active principles were
dioxaspiros.

The characterization of both refined extracts generated show the presence of
dioxaspiros, such as camphor; f-farnesene; a-farnesene; 1,6-dioxaspiro(4,4)-non-
3-ene-2-(2,4-hexadinylidene) (also known as spiroether) and 1,6-dioxaspiro-(4,4)-
nona-2-8-dien-7-(2,4-hexadynilidene), which are known to have biocidal prop-
erties.

Both extracts share some of the molecules characterized as camphor, S-farnesene,
and molecules of the same family as dioxapiros, which could explain some of the
shared properties between both extracts, in particular what could refer to toxic

properties for organisms.

3.2. The Effects of Chamomile and Chrysanthemum Extracts on
Biomarkers

Biomarkers for effects of Chamomile and Chrysanthemum extracts were, for

Table 1. Chemical composition of chamomile and chrysanthemum extracts. The table shows the main components of chamomile
and chrysanthemum extract obtained by continuous hexane Soxhlet extraction. Active dioxaspiro principles of Chamomile were
32.37% of the total extract; and for that of Chrysanthemum, 17.21% of the total extract.

Chamomile Chrysanthemum

Compound % Relative Compound % Relative
2- Methyl-1-hepten-6-one 2.32 Camphor 5.21
3,3,6-trimethyl-1,5 heptadien-4-one 0.86 p-farnesene 2.21
Camphor 0.66 a-farnesene 0.7
pf-Farnesene 18.6 3-7- dimethyl-1,5-octadien-3,7-diol 1.47
3,5-dimethoxy-4-hydroxy-acetophenone 3.31 1,6-dioxaspiro-(4,4)-nona-2-8-dien-7-(2,4-hexadynilidene) 2.00
7-methoxy-2H-1benzopyran-2-one (coumarin) 1.74 1,6-dioxaspiro(4,4)-non-3-ene-2-(2,4-hexadinylidene) 15.21
2-(2,4-hexadinylidene)-1,6-dioxaspiro(4,4) non-3-ene 32.37 N.N. 15.21
5-Methyl-6-Heneicosan-11-one 21.18 N.N. 10.21
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hepatic toxicity, CYP P450; hepatic stability, ATL and TB; and stress, Lipope-
roxidation, SOD, GPx and GSH. Results differed significantly from correspond-
ing controls.

PROD activity related to Cytochrome P450 (or CYP) in both extracts pre-
sented a statistically significant increase, in relation to the control: for chamo-
mile, the extract was correlated with an increase of almost three times the activi-
ty of CYP, rising to 15.17 + 4.66 pmol/(min*mg,,); and for that of chrysanthe-
mum, a little over double, to 11.76 + 0.54 pmol/(min*mg,,) (Figure 1). The
large increase in PROD activity may be due to some CYP isoenzymes presenting
nonhyperbolic kinetics, characteristic of the result of an allosteric effect from
substrates [58]. Based on this evidence, the study cannot discard that some cha-
momile and chrysanthemum extract constituent may be a potential substrate for
CYP 450, exerting a positive feedback on the enzyme by increasing its catalytic
efficiency. Such a situation could explain the low correlation between increased
PROD activity and increased apoprotein.

Liver damage biomarkers alanine aminotransferase (ALT) and total bilirubin
(TB) presented distinct behavior between extracts. In rats treated with refined
chamomile extract, ALT levels do not significantly differ from control, increas-
ing only by 10.84%; but for chrysanthemum extract, ALT increases by 131.72%
(Figure 2). This elevated ALT within 24 to 48 hours suggests acute liver injury,
and particularly, due to its longer plasma half-life, continuous damage, evident
in the case of rats treated with refined chrysanthemum extract.

Rats treated with Chamomile extract do not show TB significantly differing
from control, even dropping slightly by 6.58% (Figure 2). In the case of TB in
rats treated with refined Chrysanthemum extract, there is a statistically signifi-
cant increase of 53.16%, indicating hepatotoxic effects of the extract. These ele-
vated levels of TB may indicate liver damage (jaundice).

Stress biomarkers reduced glutathione (GSH), glutathione peroxidase (GPx),
Super Oxide Dismutase (SOD) and tBARS did not present statistically signifi-
cant differences in the rats treated with chamomile in relation to the control
(Figures 3(a)-(d)). However small, measurements did indicate slight increases

24 4 F

N
=
1
T

N
®
1
T

pmol/(min*mg,,,,)

Control Manzanilla Crisantemo

Figure 1. PROD activity in microsomal fractions of rat liver. Significant differences be-
tween control and treated rats (p < 0.05, n = 5).
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Figure 2. Hepatic biomarkers, alanine transaminase (ALT) and Total bilirubin (TB). Dif-
ferences expressed as percentage variation. In the case of samples from rats exposed to
Chrysanthemum, the differences are statistically significant (p < 0.05, n = 5).
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Figure 3. Statistical comparisons of stress biomarkers among controls and rats with acute
exposure (24 hours) to refined extracts of chamomile or Chrysanthemum. (a) Super
Oxide Dismutase (SOD); (b) Glutathione Peroxidase (GPx); (c¢) Reduced Glutathione
(GSH); and (d) tBARS (lipid oxidation).

in GPx and GSH, perhaps due to acute ROS detoxification events. Any such
events were likely caused by CYP 450, reinforced by the slightly increased tBARS
level, indicating low lipoperoxidation of hepatocytes. Behavior of SOD was lower
than the control, perhaps due to decreased O*” resulting from antioxidant mo-
lecules present in Chamomile extract, or reactivity induced between Nitrous
Oxide (NO) and the formation of peroxynitrites.

4. Conclusions

The present work characterized extracts and found pyrethroid-type molecules
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likely responsible for the biocide activities of the products. This builds on pre-
vious studies that had identified such properties against mites ( 7etranychus ur-
ticae K) and insects (Musca domestica L.) at the Entomological Centre, INIA
Chile. The study found that acute exposure of non-lethal doses of Matricaria re-
cutita L extract presented minor hepatotoxic impact, given the lack of significant
alteration to biomarkers. For that of Chrysanthemum coronarium L, hepatic
functions were shown to be affected by acute exposure, given the significantly
altered ALT and total bilirubin levels; as was the redox status of liver cells, given
the variation of GSH and tBARS levels.

Neither extracts affected SOD or GPx enzyme activities. The nonreactivity
of these antioxidant enzymes may be due to the short time of exposure (24
hours)—longer exposure may more significantly alter enzyme activities.

Finally, both extracts generated significant increases in PROD activity, repre-
sentative of the CYP-450 function, suggesting that both extracts are metabolized
as xenobiotics in the liver. In the case of chamomile, there is a greater increase
CYP-450 activity, associated with a greater metabolization of this extract, and
thus minimized toxic effects as correlates with other biomarkers; and the PROD
activity of rats exposed to chrysanthemum extract does not present lower levels,
though still remain higher than the control. This may be associated with low

metabolism of extract molecules, and therefore more toxic effects on hepato-

cytes.
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