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Abstract
An Ames test and a 28-day sub-chronic toxicity study in male and female Sprague–Dawley rats
were conducted to evaluate the safety of a chicory root extract being investigated as a therapeutic
for inflammation. Chicory extract had no mutagenic activity in the Ames test although it was
cytotoxic to certain strains of Salmonella at higher doses with and without metabolic activation.
For the 28-day rat study, measurements included clinical observations, body weights, food
consumption, clinical pathology, gross necropsy and histology. There were no treatment-related
toxic effects from chicory extract administered orally at 70, 350, or 1000 mg/kg/day. Since there
were no observed adverse effects of chicory extract in these studies, the NOAEL for the extract is
1000 mg/kg/g administered orally for 28 days.
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1. Introduction
Chicory (Cichorium intybus L.) is a perennial herb in the Asteraceae family with many
commercial uses. Historically, chicory was grown by the ancient Egyptians as a medicinal
plant, vegetable crop, and for animal forage (Grieve, 1971). Greeks and Romans also grew
chicory as a vegetable crop; its use was mentioned by several ancient writers including
Horace, Virgil, Ovid, and Pliny the Elder (Grieve, 1971). Today, the roots are dried and
roasted and used as a coffee substitute (Bais and Ravishankar, 2001). The chicons (shoots
and leaves) are grown for consumption in salads and vegetable dishes. Young and tender
roots can also be boiled and eaten. Chicory extracts are added to alcoholic and non-alcoholic
beverages (Bais and Ravishankar, 2001). The US imports over 2.3 million kilograms of
chicons and 1.9 million kilograms roasted chicory roots for coffee according to 2002 US
Department of Commerce tariff and trade data. Chicory extract is Generally Regarded as
Safe (GRAS) by the FDA and appears on the Everything Added to Food in the United States
(EAFUS) list.

Besides its alimentary use, chicory also has a history of medicinal use. Chicory roots have
been used as a digestive aid, diuretic, laxative, and mild sedative (Bais and Ravishankar,
2001). Additionally, hepatoprotective agents have been described in the seeds (Gadgoli and
Mishra, 1997). Chicory is recognized as a source of dietary fibers such as inulin and fructo-
oligosaccharides, which have health-promoting properties (Bais and Ravishankar, 2001). Its
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aqueous, ethanolic, and methanolic extracts have been shown to affect cholesterol uptake
(Kim, 2000) and tumor development in mice (Hazra et al., 2002), prevent immunotoxicity
induced by ethanol (Kim et al., 2002), and have anti-inflammatory properties in vitro and in
vivo (Jindal et al., 1975; Cavin et al., 2005).

Studies have linked sesquiterpene lactones, the bitter agents in chicory, to some of the anti-
inflammatory health benefits (Hall et al., 1979; Cavin et al., 2005). Sesquiterpene lactones
are C15 terpenoid compounds that have a range of biological and pharmaceutical activities
(Picman, 1986; Hehner et al., 1998). They have been reported as the active compounds of
some well-known medicinal plants, such as Arnica montana (leopard’s bane) (Lyss et al.,
1997) and Tanacetum parthenium (feverfew) (Kwok et al., 2001) and have been used
clinically for inflammatory conditions including migraines (Palevitch et al., 1997) and
arthritis (Knuesel et al., 2002). Studies have shown that sesquiterpene lactones inhibit pro-
inflammatory gene expression through inactivation of the transcription factor nuclear factor-
κB (NF-κB) (Lyss et al., 1997; Kwok et al., 2001).

In general, sesquiterpene lactones have a reputation for their unpalatable effects partially due
to their bitter flavor and implication of some specific sesquiterpene lactones in livestock
poisoning. Western bitterweed (Hymenoxys odo-rata), Colorado rubberweed (Hymenoxys
richardsonii) and other Hymenoxys species contain the sesquiterpene lactone hymenovin
(Ivie et al., 1975a). Hymenovin contains an alpha-methylene-gamma-lactone moiety that
disrupts cellular signaling (Cheeke and Shull, 1985). Bitter sneezeweed (Helenium amarum)
and other related Helenium species contain sesquiterpene lactones with toxicity at high
concentrations (Ivie et al., 1975b). Repin is a sesquiterpene lactone with well-documented
neurotoxic effects (Robles et al., 1995, 1998). Repin is found in Russian knapweed
(Centaurea repens) and yellow star-thistle (Centaurea solstitialis), which are both naturalized
in western North America cattle grazing areas. Horses are most often affected, causing
equine nigropallidal encephalomalacia (ENE) which resembles Parkinson’s Disease (Robles
et al., 1998).

Although chicory has a long history of human use without reported toxicity, high levels of
concentrated chicory sesquiterpene lactones have the potential to produce toxic effects.
Since chicory sesquiterpene lactones may be useful as anti-inflammatory agents, we
investigated the safety of a chicory root sesquiterpene lactone extract prepared by sequential
ethanolic extraction, defatting with n-heptane and extraction with ethyl acetate using the
Ames test for mutagenicity and a 28-day sub-chronic toxicity study in rats.

2. Materials and methods
2.1. Extraction procedure

Chicory cv. Sacson roots were provided by Leroux (Lille-Valenciennes, France). A
sesquiterpene enriched extract was prepared by the following procedure. Dry chicory roots
(1 kg) were extracted in 10 L of 95% ethanol for 24 h at room temperature (24 °C). The
resulting ethanolic extract was defatted with n-heptane. A secondary extraction of the
defatted ethanolic extract with ethyl acetate created an extract rich in sesquiterpene lactones.
Solvents were removed under vacuum, creating a brown syrup that was stored at 4 °C.

2.2. LC–MS analysis
To determine the sesquiterpene content and provide a fingerprint for evaluating stability,
chicory extract was separated and analyzed with the Waters (Milford, MA) LC–MS
Integrity™ system consisting of a solvent delivery system including a W616 pump and
W600S controller, W717 plus auto-sampler, W996 PDA detector and Waters TMD
Thermabeam™ electron impact (EI) single quadrupole mass detector. Data were collected
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and analyzed with the Waters Millennium® v. 3.2 software, linked with the 6th edition of
the Wiley Registry of Mass Spectral Data, containing 229,119 EI spectra of 200,500
compounds. Substances were separated on a Phenomenex® Luna C-8 reverse phase column,
size 150 × 2 mm, particle size 3 µm, pore size 100 Å, equipped with a Phenomenex®

Security-Guard™ pre-column. The mobile phase consisted of two components: Solvent A
(0.5% ACS grade acetic acid in double distilled de-ionized water, pH 3–3.5), and Solvent B
(100% acetonitrile). The mobile phase flow was adjusted at 0.25 ml/min, and generally a
gradient mode was used for all analyses. The gradient points were for time 0.0 min −95% A
and 5% B; for time 25.0 min −5% A and 95% B; held isocratic for 2 min and from 27.0 min
to 30.0 min. – back to initial conditions of 95% A and 5% B. A column equilibration time of
15 min was set between subsequent injections.

2.3. Bacterial reverse mutation assay
Evaluation of chicory extract for potential mutagenic properties was performed using
Salmonella typhimurium strains TA97a, TA98, TA100, TA1535, and Escherichia coli strain
WP2 uvrA (328). The extract was dissolved in DMSO and tested at 0, 5, 10, 50, 100, 500,
1000, 2500, and 5000 µg/plate using the standard Ames plate incorporation method (Ames
et al., 1975) with and without exogenous metabolic activation using Aroclor 1254-induced
S9 as described elsewhere (Maron and Ames, 1983). Positive controls without metabolic
activation included for S. typhimurium strain TA97a, 1 µg ICR 191 Acridine mutagen (ICR
191); strain TA98, 25 µg 2-nitrofluorene (2 NF); strains TA100 and TA1525, 2 µg sodium
azide (NAAZ); and for E. coli strain WP2 uvrA (328), 2 µg N-ethyl-N-nitro-
nitrosoguanidine (ENNG). With metabolic activation, the positive controls were for S.
typhimurium strain TA97a, 20 µg 10-dimethyl-1,2-benzanthracene (DMBA); strains TA98,
TA100, and TA 1535, 2.5 µg 2-aminoanthracene (2AA); and for E. coli strain WP2 uvrA
(328), 12.5–25 µg 2AA. DMSO alone was used as a negative control. All concentrations
were tested in triplicate and the assay was repeated once. This was a GLP study conducted
by Next Century Inc. (project number 05-04-001) in accordance with FDA, ICH, EPA, and
OECD guidelines.

2.4. 28-Day rat toxicity study
A 28-day oral toxicity study was conducted in CRL:CD® (SD) IGS BR rats to determine the
potential of chicory extract to produce toxic effects. Forty healthy rats (20 males and 20
females) were selected for the test and equally distributed into eight groups (five males and
five females per group). Oral gavage dose levels of 70, 350, and 1000 mg/kg/day of the test
article, as well as a vehicle control, were selected for the test.

An appropriate amount of the test or control article was administered daily by oral gavage to
each rat for 30 consecutive days. The test article was administered as a 1.4%, 7.0% or 20.0%
w/v solution in corn oil. Corn oil was administered at a similar dose volume to the control
animals. The test article mixtures were prepared daily. Samples were collected from each
dose level and analyzed for changes in stability. The animals were observed daily for
viability, signs of gross toxicity, behavioral changes, and weekly for a battery of detailed
observations. Body weights were recorded at test initiation (day 1), weekly thereafter, and at
terminal sacrifice. Individual food consumption was recorded weekly to coincide with body
weight measurements. Blood was sampled from all animals on day 29 of the study for
hematology, clinical biochemistry and serology assessments and at terminal sacrifice for
determination of prothrombin time and partial thromboplastin time. Gross necropsies were
performed on all study rats, and selected organs and tissues were evaluated histologically in
the control and high dose level groups. This was a GLP study conducted by Product Safety
Labs (study number 17678) in accordance with FDA, ICH, EPA, and OECD guidelines.
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2.4.1. Animals—The Sprague–Dawley derived, CD® rat was the system of choice
because, historically, it has been a preferred and commonly used species for oral toxicity
tests. Fifty CRL:CD® (SD) IGS BR rats (25 males and 25 females) were individually housed
in suspended stainless steel caging with mesh floors which conform to the size
recommendations in the most recent NIH Guide for the Care and Use of Laboratory
Animals. Animal room temperature and relative humidity were 16–23 °C and 38–65%,
respectively, and there was a 12 h light/dark cycle. During acclimation, the animals were fed
Purina Certified Rodent Meal #5002 ad libitum. During the study, food consumption was
measured weekly. All animals were fasted overnight prior to blood collection. Filtered tap
water was supplied ad libitum. Pooled serum samples from animals on test were evaluated
for the absence of viruses near the end of the in-life portion of the study.

2.4.2. Dose preparation and administration—Individual doses were calculated based
on the most recent weekly body weights and were adjusted each week to maintain the
targeted dose level for all rats (i.e., mg/kg/day). All doses were administered volumetrically,
at a constant volume of 5 ml/kg, after correcting for concentration of the test solution. The
control animals received the vehicle only at the same volume as the test groups. The test
article was administered as a 1.4%, 7.0%, or 20% w/v solution in corn oil. On each day of
dosing, for each concentration, an appropriate amount of the test article was accurately
weighed into a 4 oz container. To facilitate the mixing process, approximately 1.5 g of
acetone was added to the container, mixed, and then a portion of the total corn oil required
was added. This preliminary dilution was maintained on a magnetic stir plate for
approximately 30 min to evaporate the acetone and mix the test article with the corn oil.
This preparation was then brought to a volume of 50 ml with corn oil. Dose preparations
were used within approximately 2 h, and maintained on a magnetic stir plate during
administration. Each animal was dosed by oral gavage using a stainless steel ball-tipped
gavage needle attached to an appropriate syringe. Dose administration was daily via oral
gavage to each rat for 30 consecutive days. The first day of administration was considered
day 1 of the study. Dosing was at approximately the same time each day ± 2 h with an
exception on the day the hematology and clinical chemistry samples were collected (study
day 29). On the day of blood collection, food was returned to the fasted animals for a
minimum of 2 h prior to test article administration.

2.4.3. Clinical observations—All animals were observed twice daily for mortality.
Cage-side observations were made daily during the study and any abnormal findings
recorded. Detailed observations were recorded on day 1 (prior to administration of test
article) and weekly thereafter on all animals. These observations were conducted both while
handling the animal and with the animal placed in an open field. Observations included, but
were not limited to: changes in skin, fur, eyes, and mucous membranes, occurrence of
secretions and excretions and autonomic activity (e.g., lacrimation, piloerection, pupil size,
unusual respiratory pattern). Changes in gait, posture and response to handling as well as the
presence of clonic or tonic movements, sterotypies (e.g., excessive grooming, repetitive
circling), or aberrant behavior (e.g., self-mutilation, walking backwards) were also recorded.

2.4.4. Body weight and body weight gain—Individual body weights were recorded
twice during the acclimation period, at study initiation (day 1), and weekly thereafter. Mean
body weight gains were calculated for each group at each interval and for the overall (days
1–28) testing interval. Animals were also weighed immediately prior to sacrifice (fasted
body weight) for calculation of organ to body weight and organ to brain weight ratios.

2.4.5. Food consumption and food efficiency—Individual food consumption was
measured, adjusting for spillage, and recorded weekly to coincide with body weight
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measurements. Mean food consumption was calculated for each sex/dose level during each
weekly interval and overall (days 1–28) testing interval. Mean food efficiency was also
calculated for each sex/dose level based on body weight gain and food consumption data.
Animals were allowed ad libitum access to food throughout the study. Animals were fasted
overnight prior to blood collection on day 29 and prior to terminal sacrifice on day 31.

2.4.6. Clinical pathology examinations—All animals were fasted overnight prior to
each blood collection. Blood samples for hematology (except prothrombin time and partial
thromboplastin time) and clinical chemistry from the test and control groups were collected
via orbital sinus bleeding under isoflurane anesthesia on study day 29. Blood samples used
to determine the prothrombin time and partial thromboplastin time were collected via the
inferior vena cava under isofurane anesthesia for all groups at terminal sacrifice. All blood
samples were evaluated for quality by visual examination prior to analysis. Upon completion
of clinical chemistry, remaining serum samples were pooled for Serology. Examinations
were made by E.I. Dupont de Nemours and Company, and Haskell Laboratory for Health
and Environmental Sciences (Table 1).

2.4.7. Necropsy and histopathology—At scheduled sacrifice, all rats were euthanized
by exsanguination from the abdominal aorta under isoflurane anesthesia. All male and
female rats from each group were sacrificed on day 31. Gross necropsy of all males and
females included an initial examination of external surfaces and orifices, as well as the
cranial, thoracic and abdominal cavities and their contents. Rats were examined for gross
lesions. Tissues of interest and any gross lesions were retained in neutral buffered 10%
formalin (NBF).

The liver, kidneys, adrenals, brain, heart, thymus, spleen, uterus, ovaries, testes, and
epididymides (of all animals sacrificed by design) were weighed wet as soon as possible
after dissection to avoid drying. The following organs and tissues from all animals were
preserved in NBF for possible future histopathological examination: all gross lesions, lungs,
trachea, brain- including sections of the medulla/pons, cerebellar cortex and cerebral cortex,
spinal cord (three levels: cervical, mid-thoracic, and lumbar), thymus, heart, sternum with
bone marrow, adrenals, liver, spleen, kidneys, thyroid/parathyroid, ovaries, testes, uterus
(with attached urinary bladder, cervix and vagina), esophagus, ileum, cecum, accessory
genital organs (epididymides, prostate, and seminal vesicles), peripheral nerve (sciatic),
stomach, duodenum, jejunum, colon, rectum, representative lymph node (mesenteric and
mandibular), and pancreas and salivary glands. Histological examination was performed on
the preserved organs and tissues of the animals from the control groups and test high dose
groups. The fixed tissues were trimmed, processed, embedded in paraffin, sectioned, placed
on glass microscope slides, and stained with hematoxylin and eosin. Slide preparation and
histopathological assessments were performed by Experimental Pathology Laboratories, Inc.
(EPL®).

2.4.8. Statistics—Mean and standard deviations were calculated for all quantitative data.
Treated and control groups were compared using a one-way analysis of variance (ANOVA),
followed by comparison of the treated groups to control by Dunnett’s t-test for multiple
comparisons. A 95% confidence level was used to determine statistically significant
differences between treated and control groups.
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3. Results
3.1. Sesquiterpene lactone content

The major peaks shown in the LC–MS chromatogram (Fig. 1) matched the UV spectra and
fragmentation patterns of several known sesquiterpene lactones (van Beek et al., 1990).
Putative compounds included dihydrolactucin, 14.1 min; lactucin, 14.8 min; a (4-OH-
phenyl) acetate ethyl-ester compound, 15.2 min; 8-deoxylactucin,19.8 min; (epi-)
jacquinelin, 20.2 min; and dihydrolactucopicrin at 22.1 min. Using peak area as a guide, it
was determined the chicory root extract contains approximately 60% sesquiterpene lactones.
Doses for the Ames test and 28-day oral toxicity test were analyzed by LC–MS for stability.
The peak area and retention times for each of the major sesquiterpene lactones in the
prepared doses were identical to the parent test article, confirming the stability of the test
article in solution and throughout the testing period.

3.2. Bacterial reverse mutation assay
Chicory root extract was evaluated in the bacterial reverse mutation assay (Ames test) using
S. typhimurium strains TA97a, TA98, TA100, TA1535, and E. coli strain WP2 uvrA (328)
with and without a metabolic activation system. All bacterial strains tested showed
appropriate phenotypical characteristics. Extract-related cytotoxicity (reduction in colony
numbers) was noted at a concentration of 5000 µ/plate in S. typhimurium strains TA97a and
TA100 with metabolic activation (Table 2). In TA97a without metabolic activation,
cytotoxicity was noted above 1000 µ/plate and in TA100 without metabolic activation
cytotoxicity was noted above 2500 µ/plate. Despite the occurrence of cytotoxicity at higher
concentrations, there was no evidence of mutagenicity in any bacterial strain with or without
metabolic activation at any concentration.

3.3. 28-Day rat toxicity study
Rats received 0, 70, 350, or 1000 mg/kg/day of the chicory root extract by oral gavage.
There were no extract-related mortalities, and there were no clinical signs in any test or
recovery group that were considered to be of toxico-logical significance.

3.3.1. Body weights—The mean body weight and mean body weight gain for male and
female rats at 70, 350 and 1000 mg/kg/day were comparable with control values. A
statistically significant increase compared to the control was observed in the body weights of
females in the low and mid-doses on day 22 (Fig. 2). This finding was not observed in the
high dose group and therefore is considered not to be related to treatment.

3.3.2. Food consumption—Overall (days 1–28) average daily food consumption and
food efficiency for male and female rats at 70, 350 and 1000 mg/kg/day were comparable
with control values. A statistically significant increase compared to the control was observed
in the food consumption on days 22–28 and overall (0–28) for the females in the mid-dose
(Fig. 3). A statistically significant increase compared to the control was observed in the food
efficiency on days 15–22 for all groups of treated female rats. On days 22–28, a statistically
significant decrease compared to the control was observed in the food efficiency for mid-
dose females and a decrease without statistical significance was noted for the high dose
females. These findings were of similar magnitude between groups and do not appear to be
dose related. Therefore, these results are considered not to be of toxicological significance.

3.3.3. Clinical pathology—There were no treatment-related effects in hematology
parameters (Table 3). Mean cell volume was increased (105% of the control group, p =
0.03). The MCV of females dosed with 1000 mg/kg/day was 105% of the control group
mean. This magnitude of change relative to control was influenced by one control female

Schmidt et al. Page 6

Food Chem Toxicol. Author manuscript; available in PMC 2013 November 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



with a low mean cell volume. Eosinophils were increased (331% of the control group, p =
0.02) in males dosed with 350 mg/kg/day. This change was considered to be unrelated to
treatment because it did not occur in a dose-related pattern.

There were no treatment-related or statistically significant effects in coagulation parameters.
Activated partial thromboplastin time was minimally prolonged in females dosed with 1000
mg/kg/day (not statistically significant). This increase relative to controls was due primarily
to one control female with an unusually low clotting time. Therefore, this change in 1000
mg/kg/day females was considered to be unrelated to treatment.

There were no adverse effects on clinical chemistry parameters (Table 4). Cholesterol was
significantly (p < 0.05) decreased in females dosed with 350 or 1000 mg/kg/ day. Group
means were 76% and 81% of the control group mean, respectively, and thus had a flat dose
response. In addition, cholesterol concentrations of individual females were within or above
the in-house reference interval for similarly aged rats (95% reference interval for mid-study
time point of 90 day studies is 35–69 mg/dL; Haskell Notebook No. E-98560-AN).
Therefore, although these changes appear treatment related, they were considered not to be
toxicologically significant. Increased sorbitol dehydrogenase in females dosed with 70 mg/
kg/day and decreased bilirubin in males dosed with 70 or 350 mg/kg/day were observed.
The statistically significant changes in mean clinical chemistry results did not occur in a
dose-related pattern were considered to be unrelated to treatment, and thus non-adverse.

3.3.4. Necropsy and histopathology—Mean absolute and relative organ weights
(organ-to-body and organ-to-brain weight) for all organs evaluated were comparable to
respective control values (Table 5) with two exceptions. Organ weight, organ-to-brain
weight and organ-to-body weight ratios were comparable to control. A statistically
significant increase compared to the control was observed in the organ weight for the
adrenals in the low-dose females and in the organ-to-body weight ratio for the liver in the
mid-dose males. There were no gross lesions observed in any of the rats from any of the
groups. Potential treatment-related histomorphological findings were limited to the testis and
epididymis of one male from the 1000 mg/kg dose group. Definitive association between
treatment and these lesions in a single high dose animal remains uncertain because these are
occasionally similar findings in untreated rats and because of the small group sizes in this
study.

4. Discussion
The current study provides evidence that chicory root extracts rich in sesquiterpene lactones
prepared by sequential ethanolic extraction, defatting with n-heptane and extraction with
ethyl acetate have no short-term toxicity up to 1000 mg/kg/day. There have been no
previous studies formally addressing the toxicity of chicory root sesquiterpene lactone
extracts, however several animal studies have been performed using aqueous and ethanolic
extracts without reports of toxicity (Gadgoli and Mishra, 1997; Kim, 2000; Roberfroid,
2000; Kim et al., 2002). At the cellular level, an Ames test showed no evidence of
mutagenic activity in various strains of E. coli and S. typhimurium exposed to chicory
extract. In Salmonella typhimurium, there was some cytotoxicity observed with and without
metabolic activation in strains TA97a and TA100 at high concentrations (Table 2). This is
not surprising, since it has been previously reported that some sesquiterpene lactones have
antimicrobial properties (Ramos et al., 2002).

Administration of chicory extract to rats by oral gavage at 70, 350, or 1000 mg/kg/day for
28 days caused no significant adverse toxicological effects attributable to treatment. Body
weights were all comparable to control with the exception on day 22 of females receiving
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the low and inter-mediate doses (Fig. 2). Since this response was not seen in the high dose
group and was not seen on any other day, we conclude it was not an effect of treatment.
There were some fluctuations in food consumption and food efficiency, however these
differences were uniform between groups and did not show a clear trend in any direction.

There were some slight changes noted in hematology and clinical chemistry parameters. The
MCV of females in the high dose group was 105% of the control group; however, this value
was influenced by one control female with a low mean cell volume. Other red cell mass
parameters were unaffected and therefore this event was determined not to be
toxicologically significant. Cholesterol was mildly decreased in females in the intermediate
and high dose groups; however, there was a flat dose response and the values were within
the in-house reference interval for similarly aged rats. None of the results were considered to
be related to treatment.

Organ weight, organ-to-brain weight and organ-to-body weight ratios in treatment groups
were comparable to control animals with a few minor exceptions (adrenal gland weights in
intermediate dose females; organ-to-body weight ratio in high dose males). One male in the
high dose group had a lesion of the testis and epididymis. It is difficult to say whether these
findings are of toxicological importance since the same lesions are occasionally seen in
control animals. It has been established that sesquiterpene lactones can inactivate sperm by
reacting with thiol groups on the outer membrane (Huacuja et al., 1993), however this effect
was only studied in vitro and does not necessarily suggest a direct effect on male fertility or
male reproductive organs. To our knowledge, there have been no reports of adverse effects
of sesquiterpene lactones on male reproductive organs.

In summary, some evidence suggests that chicory root extract containing sesquiterpene
lactones is non-toxic. Chicory has been grown and consumed by humans since ancient
Egyptian times. The aqueous extract which contains a large amount of carbohydrates is
generally regarded as safe (GRAS) and has a history of human use as a coffee additive. The
current study showed chicory extract prepared by ethanol extraction, defatting with n-
heptane and further extraction with ethyl acetate is non-mutagenic in the performed Ames
test. The 28-day rat study showed no treatment-related adverse events, demonstrating that
the tested chicory extract is non-toxic to rats, with a NOAEL of 1000 mg/kg/day when
administered orally for 28 consecutive days. The combined history of human use of the root
and aqueous extract and data from the current study support the use of chicory sesquiterpene
lactone root extract in a longer-term test of toxicity in experimental animal models and also
support further testing of chicory root extract as a therapeutic agent for inflammatory
diseases.
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Abbreviations

ANOVA analysis of variance

EAFUS everything added to food in the United States

EPA Environmental Protection Agency

FDA Food and Drug Administration

GLP good laboratory practices
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GRAS generally regarded as safe

ICH International Conference on Harmonization

NBF neutral buffered formalin

NIH National Institutes of Health

NOAEL no observed adverse effect level

OECD Organization for Economic Co-operation and Development
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Fig 1.
HPLC chromatogram of chicory extract showing putative compounds: (1) dihydrolactucin;
(2) lactucin; (3) (4-OH-phenyl) acetate ethyl-ester; (4) 8-deoxylactucin; (5) (epi)
jacquinelin; (6) dihydrolactucopicrin.
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Fig 2.
Mean male and female body weights (± standard deviation).
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Fig 3.
Mean food consumption (± standard deviation).
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Table 1

Summary of hematology and clinical chemistry parameters measured

Hematology

Erythrocyte count (RBC) Hemoglobin concentration (HGB)

Hematocrit (HCT) Mean corpuscular volume (MCV)

Mean corpuscular hemoglobin (MCH) Red cell distribution width (RDW)

Absolute reticulocyte count (ARET) Platelet count (PLT)

Total white blood cell (WBC) and differential leukocyte count

Clinical Chemistry

Serum aspartate aminotransferase (AST) Serum alanine aminotransferase (ALT)

Sorbital dehydrogenase (SDH) Alkaline phosphatase (ALKP)

Total bilirubin (BILI) Urea nitrogen (BUN)

Blood creatinine (CREA) Total cholesterol(CHOL)

Triglycerides (TRIG) Fasting glucose (GLUC)

Total serum protein (TP) Albumin (ALB)

Globulin (GLOB) Calcium (CALC)

Inorganic phosphorous (IPHS) Sodium (NA)

Potassium (K) Chloride (CL)
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Table 2

Ames test observations in Salmonella typhimurium strains TA97a and TA100

Concentration µg/plate TA97a TA100

Colony (#) SD Colony (#) SD

Without metabolic activation

0 67.0 5.2 125.0 6.0

5 51.7 9.9 131.0 10.2

10 50.5 5.0 123.0 20.0

50 69.0 9.9 130.5 7.8

100 73.3 5.5 121.3 8.1

500 56.7 14.0 123.0 23.8

1000 36.0 15.7 123.3 12.6

2500 29.0 3.0 111.7 9.5

5000 9.3 5.5 74.3 7.2

With metabolic activation

0 82.0 20.4 136.7 9.2

5 68.3 30.6 131.7 2.1

10 56.0 28.2 131.0 2.7

50 87.3 15.1 133.3 10.2

100 83.3 15.0 124.3 10.2

500 56.7 14.6 114.0 10.2

1000 47.7 4.5 124.3 15.8

2500 53.7 4.0 122.7 17.6

2000 44.3 2.3 116.0 10.5
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