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A six-month chronic toxicity study of curcuminoids extracted from the powdered dried rhizome of
Curcuma longa L. was performed in six groups of 15 Wistar rats of each sex. Water control group received
5 ml of water/kg BW/day, while tragacanth control group received 5 ml of 0.5% tragacanth suspension/
kg BW/day orally. Three treatment groups were given the suspension of curcuminoids powder at the doses
of 19, 50 and 250 mg/kg BW/day, which were 1, 5 and 25 times of the proposed therapeutic dose. The fourth
treatment group, or the recovery group, also received 250 mg/kg BW/day of curcuminoids for six menths,
but two weeks of no curcurninoids treatment elapsed before the time of sacrifice. It was found that the growth
rate of male rats receiving curcuminoids 50 mg/kg BW/day was significantly higher than that of the traga-
canth control group. Curcuminoids did not produce any significant dose-related changes of hematological
parameters. In the group of male animals receiving 250 mg/kg BW/day of curcuminoids, actual and relative
liver weights and the Ievel of alkaline phosphatase (ALPy were significantly higher than those of the two
controls, but the ALP level was still within a normal range. There appeared to be a higher incidence of mild
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degree of liver fatty degeneration and adrenocortical fatty degeneration in this group of animals; however,
the incidence was not significantly different from that of the two controls. The results indicated that long-
term administration of curcuminoids at therapeutic dose (10 mg/kg BW/day) did not produce any toxicity
in rats. However, at higher doses, it may affect the funciion and morphology of the liver in a reversible
manner.
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Turmeric is the dried rhizome of Curcuma

Six-month toxicity study of curcuminoids in rats
Chavalittumrong, P,etal

longa L. of the family Zingiberaceae. It has long
been used as a food-coloring agent and spice all
over the world, especially in Asia. Based on the
clinical study conducted in Thailand, turmeric is
recommended by WHO and Thailand’s Essential
Drug List as an herbal medicine for the treatment
of dyspepsia (Thamlikitkul, et al., 1989, World
Health Organization, 1999, National Drug Com-
mittee, 2000).

Chemically, turmeric contains curcumi-
noids, volatile oil, starch and resin. Curcuminoids
refer to a group of compounds present in turmeric,
which are chemically related to its principal
constituent, curcumin {diferuloylmethane). Three
main curcumineids that can be isolated from
turmeric are curcumin, desmethoxycurcumin and
bisdemethoxycurcumin. These curcuminoids are
responsible for the yellow color of the herb
(Department of Medical Sciences, 1998).
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There are many reports on pharmacolo-
gical and clinical studies of curcuminoids and
the doses of curcuminoids used in those clinical
studies varied from 500 mg to 1.2 g per day
(Majeed, et al., 1995, Soni and Kuttan, 1992). Re-
cently it has been discovered that curcuminoids
are potent antioxidant and possess chemopre-
ventive activity (Selvam, et al., 1995, Grinberg,
1996, Ramsewak, et al., 2000, Huang, et al.,
1994, Limtrakul, et al., 1997, Limtrakul, et al.,
2001). However, there appears to be only a few
published articles on the toxicity of turmeric but
none on the toxicity of curcuminiods (Bhavani,
et al., 1980, Sittisomwong, et al., 1990, Qureshi,
et al., 1992). The present study was therefore
conducted to determine toxicity of curcuminoids
extract in rats in order to obtain scientific evi-
dence about the safety of this group of com-
pounds upon long-term consumption. The result
of this study can be used to promote the safe use
of curcuminoids in Thailand.

Materials and Methods

Preparation of curcuminoids

Dried rhizomes of Curcuma longa L. were
collected from local market and ground into
powder. The turmeric powder was extracted with
ethanol and then evaporated at low pressure to
obtain ethanolic extract in the form of semisolid
residue containing oil and curcuminoids. The oil
part was then removed to give curcuminoid ex-
tract. The curcuminoid contents of the extract
used in the experiment were 58-67% and the ratio
of curcumin ; demethoxycurcumin : bisdemethoxy-
curcumin was 1 : 0.4-0.5:0.2-0.3. The curcuminoid
extract was suspended to the desired concentra-
tions with 0.5% tragacanth suspension.

Treatment of the animals

Ninety male Wistar rats weighing 290-
320 ¢ and 90 female rats weighing 200-230 g
from the National Laboratory Animal Center,
Mahidol University, Nakhon Pathom province,
were used. The animals were housed in the animal
facility of the Department of Medical Sciences.

The temperature in the animal room was kept at
25 + 1 "C with 60% relative humidity. The ani-
mals were allowed to have free access to food
and clean water.

Six-months toxicity study

Ninety Wistar rats of each sex were ran-
domly divided into 6 groups of 15 animals per
sex. Group 1 (water control) received water 5 ml/
kg BW/day orally and Group 2 (tragacanth con-
trol) received 0.5% tragacanth suspension 5 ml/kg
BW/day. Groups 3-6 were given the curcuminoids
suspended in 0.5% tragacanth suspension at the
doses of 10, 50, 250 or 250 mg/kg BW/day, res-
pectively. Body weight and food intake was
measured weekly and the animals were observed
for signs of abnormalities throughout the study.
At the end of 6-month treatment period, the 1-5"
groups of rats were fasted for 18 hours, then
anesthetized with ether and sacrificed by drawing
blood samples from the inferior vena cava for
hematological and biochemical examinations.
The 6" group of rats, the recovery group, was
allowed to have free access to food and water
without curcuminoids administration for another
14 days before being sacrificed.

Hematological analysis was performed
using an automatic hematological analyzer (Cell
dyne 3500, Abbott). Hematological parameters
measured were white blood cell (WBC), %neu-
trophil, %lymphocyte, %monocyte, %basophil,
%eosinophil, red blood cell (RBC), hemogiobin,
hematocrit (Het), platelet, plateletcrit (PCT),
%reticulocyte, and reticulocyte.

Biochemical analysis of serum samples
was performed using an automatic chemistry
analyzer (Hitachi mode] 912). Biochemical para-
meters measured were aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), alka-
line phosphatase (ALP), p-amylase, bilirubin, cre-
atinine, blood urea nitrogen (BUN), cholesterol,
triglyceride, total protein, albumin, uric acid,
glucose, sodium, potassium, and chloride.

The positions, shapes, sizes and colors of
internal organs, namely, brain, heart, both kidneys
and lungs, trachea, esophagus, stomach, liver,
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pancreas, intestine, spleen, bladder, and testis in
male rats or ovary and uteras in female rats were
visually observed for any signs of gross lesions.
These organs were then collected, weighed to
determine actual and relative organ weights, and
preserved in 10% buffered formalin solution. Tis-
sue slides were later prepared and stained with
hematoxylin and eosin, and histopathological
examinations were performed by a veterinary
pathologist.

Statistical analysis

Data were statistically analyzed using
SPSS/PC program and statistically significant
difference was set at p< 0.05. Food consumption,
body weight, hematology, serum biochemistry
and organ weight (absolute and relative) data
analyzed by one-way ANOVA followed by Bon-
feroni’s test or Tamhane 's test. Histopathological
results were evaluated by Fisher exact test at
p<0.05.

Results

Effects of the curcuminoids on body weight and
food intake

The body weights of male rats receiving
50 mg/kg/day of curcuminoids were significantly

higher than those of the tragacanth control group
from the first week until the end of the study
(Figure 1). The body weights of male rats re-
ceiving curcuminoids 10 mg/kg/day were signifi-
cantly higher than those of the tragacanth control
during the 3"-5" weeks.

In female rats, the body weights of the
group receiving curcuminoids 50 mg/kg/day
were significantly higher than those of the water
control during the 5" until the 8" weeks. The body
weights of the group receiving curcuminoids
250 mg/kg/day were significantly higher than
those of the water control between the 1" and16"
weeks. The body weights of tragacanth group
were significantly higher than those of the water
control group during the 17-8" weeks (Figure 1).

The food intakes of both male and female
rats receiving curcuminoids were significantly
higher than those of the tragacanth controls on
some weeks during the study (Figure 2).

Effect of curcuminoids on actoal ergan weight
and relative organ weight

Male rats treated with curcuminoids at the
dose of 250 mg/kg/day had a higher actual weight
and relative weight of the liver than the water and
tragacanth control groups, and had a higher actual
weight of the left kidneys than the tragacanth
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Figure 1. Growth curves of male and female rats receiving curcuminoids for 6 months.
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Figure 2. Food consumption of male and female rats receiving curcuminoids for 6 months.

control group. Male rats treated with curcumi-
noids at the dose of 50 mg/kg/day had a higher
weight of the liver but a lower relative weight of
the brain than the tragacanth control group. (Table
1 and Table 3).

Female rats treated with curcuminoids at
the dose of 250 mg/kg had a higher actual weight
of the liver than the water and tragacanth control
groups. Female rats treated with curcuminoids at
the dose of 50 mg/kg had a higher actual weight of
the brain than the water control group. (Table 2 ).

Effect of curcuminoids on hematological para-
meters

Tables 5 and 6 showed that there was no
difference of the number of white blood cells,
%meutrophil, %lymphocyte, % monocyte, %ba-
sophil, %eosinophil, the number of red blood
cells, hematocrit, platelet, PCT, or the number
of reticulocytes between curcuminoids-treated
groups and those of the water and tragacanth
control groups of both male and female rats. The
group of male rats receiving curcuminoids at the
dose of 250 mg/kg/day had significantly lower
hemoglobin level than the water control group. In
the recovery group of male rats, the number of
reticulocytes was significantly lower than that of

the water control group, while %hematocrit was
significantly lower than those of the two control
groups.

Effect of the curcuminoids on blood chemistry
In male and female rats, no difference in
the serum levels of AST, ALT, P-amylase, biliru-
bin, creatinine, BUN, triglyceride, total protein,
uric acid, glucose, sodium, potassium or chloride
was found between all curcuminoids-treated
groups and the water and tragacanth control
groups. The group of male rats receiving curcu-
minoids at the dose of 250 mg/kg/day had signi-
ficantly higher ALP than the tragacanth control
group and had significantly higher albumin than
the water and tragacanth control groups. The group
of female rats receiving curcuminoids at the dose
of 250 mg/kg/day had significantly higher cho-
lesterol than the tragacanth control (Table 7-8).

Effect of curcuminoids on histopathology of
internal organs

Upon gross examinations of internal organs,
no abnormal signs were observed. Histopatho-
logical results indicated that some lesions were
found in some groups or all groups of animals
in the lung, heart, liver, kidney, spleen, intestine,
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Table 1. Actual organ weight and body weight of male rats given curcuminoids orally for 6 months.

Group of animals

Male water tragacanth 10 S0 250 250-R
mg/kg/day  mg/kg/day mg/kg/day  mg/kg/day
N=15 N=15 N=15 N=14 N=15 N=15
Initial body 306+18 292417 309+12 31545%* 300+15 301124
weight
Final body 635463 576148 618453 657+44%* 640+76 670+£68**
weight
Weight gain 329451 285435 309+51 342442 340167 3681£59%*
Brain 2.08+0.075 2.10+0.063 2.11+0.067 2.11£0.070 2.1440.120 2,1440.043
Heart 1.50+£0.16  1.4710.14 1.45+0.13 1.54+0.094  1.5440.24 1.58+0.17
Right kidney  1.37+0.11 1.31+0.10 1.3110.11 1.4040.12 1.6040.60 1.49+0.17
Left kidney 1.33£0.11 1.2440.13 1.24+0.15 1.34+0.11 1.3940.12%% 14240, 18**
Urinary 0.143+0.032 0.143+0.021 0.15340.022 0.169£0.030 0.14530.034  0.148+0.031
bladder
Liver 14.66£1.97 13.10+£1.30 14.17+1.20  1539+1.55%% 17.05+2,03* ** 157742.08**
Spleen 1.10+0.13 1.04+0.15 1.14+0.15 1.1240.14 1.1520.17 1.11+0.16
Stomach 2.19+0.20 2.04+0.22 2.1840.20 2.2340.17 2.2310.21 2.2040.25%%
Lung 1.87+0.28 1.70+0.18 1.87+0.22 1.72+0.14 1.83+0.13 1.9240.18%*
R adrenal 0.035+0.066 0.033+0.054 0.030+0.051 0.036+0.055 0.034+0.068 0.034+0.055
L adrenal 0.040+0.071 0.037+£0.047 0.035+0.055 0.039+0.061 0.039+0.067 0.038+0.054
Right testis 3.16+0.55 3.10+0.37 3.2410.26 3.23+0.25 3.23+0.44 3.2140.23
Left testis 3.09+0.38 3.15£0.42 3.24+0.31 3.54+1.08 3.22+0.41 3.20+0.25

Each value represents meangSD.

*  Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).

thyroid gland, and testis {in male rats), or uterus
and mammary gland (in female rats) (Table 9-10).
Meanwhile, no lesion was found in the brain,
pancreas, esophagus, and salivary gland in all
groups of animals, The lesions found in all or
some groups of both male and female animals
were lymphoid proliferated peribronchioles, fatty
degeneration of the liver, tubular cyst of the kid-
ney, lymphoid hyperplasia of the spleen, and lym-
phoid aggregation in the submucosal layer of the
intestine. However, the incidence of those changes

in the controls and curcuminoids-treated groups
was not significantly different (Table 9-10).
Other histopathological findings in some
groups of male rats treated with curcuminoids
were focal myocardiosis, testicular atrophy, fol-
licular hyperplasia of the thyroid gland. The
incidence of those abnormalities was, however,
neither dose-related nor significantly different
from that of the controls (Table 9), Adrenocortical
fatty degeneration were found in all groups of
male rats with the highest incidence (10/15) in the
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Table 2. Actual organ weight and body weight of female rats given curcuminoids orally for 6 months.

Group of animals

Female water tragacanth mg/ltg/day mg/ligfday m;:;day m;/i?gflr:ay
N=15 N=15 N=15 N=15 N=15 N=15

Initial body 20949 22548% 214414 221+11 227417* 221+14
weight
Final body 318129 330424 318431 345431 356437 364455%
weight
Weight gain 110425 105+19 104+24 124427 130+31 143 447# #*
Brain 1.91+0.066 1.94+0.099 1.94+0.088  1.99+£0.066% 1.96+0.055 1.9340.071
Heart 0.91+0.090 0.95+0.099 0.91+0.049 0.97+£0.059  1.00+0.095  0.98+0.117
Right kidney  0.82+0.082 0.81+0.043  0.80+0.106  0.87+0.217  0.89+0.112  0.81+0.241
Left kidney 0.78+0.072 0.7840.058 0.76:0.092  0.76+0.119  0.8520.087  0.80+0.092
Urinary 0.078+0.011 0.086+0.012 0.082+0.095 0.086+0.011 0.085+0.012 0.080+0.096
bladder
Liver 6.94+0.74  6.98+0.55 6.78+0.73 7.44+0.63 8.47+1.55% ** 780+1.15
Spleen 0.65+0.052 0.7410.14 0.68+0.12 0.69+0.10 0.74£0.10 0.77+0.19
Stomach 1.57+0.17  1.59+0.18 1.57+0.23 1.59+0.20 1.59+0.17 1.63+0.20
Lung 1.33+0.11 1.3340.13 1.2820.11 1.32+0.11 1.34+0.11 1.3340.098
R adrenal 0.039+0.064 0.038+0.081 0.039+0.049 0.038+£0.055 0.041+0.079 0.040+0.068
L adrenal 0.043+0.058 0.040+0.080 0.039+0.055 0.043+0.044 (.042£0.08% 0.041+0.065
R ovary 0.065+0.014 0.06240.017 0.062+0.013 0.060+£0.014 0.062+0.016 0.08410.116
L ovary 0.063+0.017 0.064+0.097 0.068+0.019 0.067+0.014 0.068+0.019 0.058+0.011
uterus 0.63+0.26  0.80+0.30 0.67+0.14 0.71+£0.23 0.81+0.17 0.72+0.23

Each value represents mean+SD.

*  Sjenificantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).

group treated with curcuminoids 250 mg/kg, yet
the incidence was not significantly different from
controls (Table 9). An isolated case of renal cell
carcinoma was detected in one male rat receiving
curcuminoids 250 mgfkg

In female rats, tubular cast was found in
the kidneys of all groups of animals and glandular
hyperplasia of the mammary glands was found
in some groups of animals, but the incidence was
not dose-related or significantly different between

groups (Table 10). Glandular hyperplasia of the
uterus and cervix was found in only one animal
treated with 50 mg/kg curcuminoids, while con-
gestion of the adrenal gland was found in only one
animal in the water control group.

Discussion

Even though it was found that the body
weights of some groups of curcuminoids-treated
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Table 3. Organ weight relative to body weight @ (g/kg BW) of male rats given curcuminoids orally

for 6 months.

Group of animals

Male water tragacanth 10 50 250 250-R
mg/kg/day mgkg/day mg/kg/day mg/kg/day
N=15 N=15 N=15 N=14 N=15 N=15

Final body 635463 576148 618+53 G657 +44#% 640476 670L68%*
weight
Brain 3.36+0.27 3.721£0.30*  3.51+0.32 3.28+40.21%* 3494052 3.2440.33**
Heart 2.42+0.24 2.60+0.24 2.40+0.19  2,39+0.17 2.49+0.29 2.38+0.18
Right kidney  2.20+0.18 2.3310.23 2,16+0.15  2.18+0.24 2.56+0.81 2.2540.18
Left kidney 2.1440.16 2.20+024  2.05+0.19  2.08+0.22 2.26+0.21 2.1310.18
Urinary 0.23+0.054  0.26:0.032 0.25+0.048 0.26+0.050  0.24+0.049 0.2240.048
bladder
Liver 23.45+1.67 23144179 23.38+1.30 23.82+1.86 27.54+3.14* ** 23 66+1.76
Spleen 1.7640.17 1.83+0.24 1.88+0.20 1.7440.23 1.86+0.26 1.68+0.21
Stomach 3.5310.32 3.60+0.26 3.60+0.33 3.4610.33 3.611044 3.46+0.34
Lung 3.00+0.31 3.01+0.25 3.09+0.41 2.67+0.23 2.97+0.39 2.90+0.32
Right adrenal 0.059+0.092 (.059+0.098 0.054+0.085 0.056+0.098 0.058+0.016 0.052+0.010
Left adrenal  0.064+0.091 0.067-+0.013 0.059+0.010 0.062+0.011 0.066+0.020 0.056+0.071
Right testis 5.0840.87 5.4840.56 5.3840.66  5.04+0.59 5.26+0.97 4.86+0.52
Left testis 5.00+0.74 5.5610.67 5.37+0.68 5.53+1.90 5.23+0.88 4844048

€  QOrgan weight relative to body weight is expressed as (g organ weight/g body weight) % 1000

Each value represents mean + SD.

* Bignificantly different from water control group (p < 0.05).
*#* Significantly different from tragacanth control group (p < 0.05).

rats were significantly higher than those of the
controls on some weeks during the experimental
period, this may in part be due to the initial body
weights which were significantly higher than
those of the controls from the beginning of the
study. There was no difference of the hematolo-
gical parameters between curcuminoids-treated
groups and those of the control groups, except for
male rats treated with high dose of curcuminoids
that had significantly lower hemoglobin level than
the water control group, but the higher hemoglobin
level was still within the normal range (Gad, 1992)

Biochemical examinations of the serum
showed that male rats receiving high dose of
curcuminoids had a significantly higher ALP
level than the tragacanth control, and a signifi-
cantly higher albumin level than the two control
groups (Table 7). However, both the ALP and al-
bumin levels of this group of animals were still
within the normal range (Gad 1992). In addition,
these changes appeared to be reversible since the
levels of both ALP and albumin in the recovery
group were not different from those of the two
controls. Female rats receiving high dose of cur-
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Table 4. Organ weight relative to body weight € (g/lkg BW) of female rats given curcuminoids

orally for 6 months.

Group of animals

Female water tragacanth 10 50 250 250-R
mg/kg/day  mg/kg/day mglkg/day mg/kg/day
N=15 N=15 N=15 N=15 N=15 N=15
Final body 318429 330+24 318431 345+31 356437 364+55*
weight
Brain 6.14+0.53 6.03£0.51 6.25+0.45 5.9440.55 5.65+£0.53  5.4840.79%
Heart 2.94+0.28 2.96+032 292016  2.87+0.20 2.884£023  2.75+0.34
Right kidney 2.62+0.31 2.53+0.25 2.59+0.28 2.60+0.74 2.55+0.34 2.27+0.69
Left kidney 2.50+0.29 2.4440.27 2.45+0.22 2.26+0.35 2.45+0.26 2.25+0.30
Urinary 0.25+0.032  0.2740.040 0.27+0.028 0.26+0.034 0.2420.047  0.2310.041**
bladder
Liver 22.35+3.10 21.61+1.30  21.85+42.25 22.09+2.16 24.23+3.54 21.73+2.04
Spleen 2.11£0.29 2304044 2181031 2054035  2.13:x0.27 2141044
Stomach 5.0710.80 4.94+0.59  5.06+0.85  4.73+0.67  4.57+0.60  4.60+0.77
Lung 4,27+0.49 4.12+0.32 4.12+0.33 3.94+0.50 3.87+£045 3.76+0.52
Right adrenal 0.13+0.019  0.12+0.029  0.13£0.020 0.12£0.017 0.12+0.020  0.11+0.016
Left adrenal  0.14+0.028  0.1240.026  0.13£0.020 0.13+0.016  0.1240.023  0.12+0.024
Right ovary  0.21+£0.048  0.19+0.057 0.20:0.03% 0.18+0.043 0.18%0.052  0.25+0.37
Left ovary 0.20+0.052  0.2040.032 0.22+0.054 0.20+£0.033  0.20+0.051 0.1710.041
Uterus 2.0i+0.81 2.50+0.92 2.19£0.55 2.13+0.70 2.35+0.58 2.04+0.73

@ Organ weight relative to body weight is expressed as (g organ weight/g body weight) x 1000

Each value represents mean + SD.

* Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group (p < 0.05).

cumineids had significantly higher cholesterol
level than the tragacanth control; however, it
appeared to be a reversible change because cho-
lesterol level of the recovery group was not dif-
ferent from that of the tragacanth control (Table 8).

Histopathological examination of the inter-
nal organs of male rats receiving high dose of
curcuminoids showed an apparently dose-related
incidence of mild degree of fatty degeneration in
the liver and adrenocortical fatty degeneration
than that of the two controls. The incidence of

both histopathological findings in the recovery
group, however, appeared to be lower than that
of the high dose group and not significantly differ-
ent from that of the controls suggesting that these
observed pathological changes were reversible.
Since there were no change of serum triglyceride
or glucose levels in curcuminoids-treated male
rats, the fatty degeneration of the two organs was
not likely due to an increase of serum triglyceride
or glucose levels. The reason for the fatty change
in the two organs was not known.
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Table 5. Hematologieal examination results of male rats given curcuminoids orally for 6 months.

Group of animals

Male water tragacanth 50 250 250-R
. mg/kg/day mg/kg/day  mg/kg/day mg/kg/day
N=15 N=15 N=15 N=14 N=15 N=15
WBC (K/uL) 6.7312.14 5.33+1.27 5.76+£1.32 5.9241.27 5.20+1.51 6.3741.26
% Neutrophil 17.88+5.76 17.4645.66 18.70+4.89  18.5645.34 15.75+4.36 16.78+3.85
%Lymphocyte 78.69+5.19 79.3246.18 77.98+5.21 77.96:4:5.47 80.28+5.72 79.8014.14
% Monocyte 1.3241.43 1.2241.66 1.04+1.27 1.06+1.07 1.78£1.91 0.99+0.89
% Basophil 0.64+0.24 0.55+0.26 0.5610.29 0.64+0.47 0.66+0.27 0.70+0.31
% Eosinophil 1.48+0.29 1.44+40.49 1.71+0.65 1.79+0.53 1.5240.33 1.73+0.73
RBC(x10%ul) 9.01+0.39 8.79+0.32 8.77+0.39 8.90+0.39 8.74.+0.45 8.43+0.74*
Hemeoglobin
(g/dL) 16.2240.57 15.78+0.46 15.73+0.43 15.76+0.41 15.5640.48* 15.8720.55
%Hematocrit  46.6542.11 45.58+1.90 44.4742.69  45.5511.29 44.65+1.99 42,6944 38% **

Platelet (K/uL) 926.87+111.73 869.10+£115.16 908.23+58.07 905.07+73.06 900.43x103.50 906.80+125.08

PCT (%) 0.9240.14 0.84+0.15 0.89+0.13 0.86+-0.081 0.86+ 0.099 0.92+0.17

%Reticulocyte 18.4816.51 13.19+6.06 14.38+2.57  13.8245.14 14.9345.58 13.73:+5.07

Reticulocyte 1676.53+ 1158.934 1260.00+ 1223.21+ 1312.864+ 1133.07+
(K/uL) 579.59 569.99 270.40 457.83 510.37 429.57%

Each value represents mean + SD.

* Significantly different from water control group (p < 0.05).
** Significantly different from tragacanth control group {p < 0.05).

Therefore, if curcuminoids will be taken at
a high dose for a long period of time, patients
should be advised to observe themselves for any
possible sign of liver toxicity, i.e. juandice or yel-
lowing of the skin or the eye, brown urine, nausea,
vomiting, abdominal pain, light-colored stool,
unusual tiredness, and loss of appetite. In addi-
tion, liver function test should also be performed
periodically.

Conclusion
Six-month chronic toxicity study of curcu-

minoids in Wistar rats indicated that curcumi-
noids at the doses of 10 and 50 mg/kg/day did not

produce any significant dose-related changes of
organ weights, hematological parameters, serum
chemistry, or pathology of the internal organs.
Both male and female rats receiving curcumi-
noids 250 mg/kg/day had higher actual weights
of the liver than those of the two control groups.
Fatty degeneration of the liver occurred in a
dose-dependent manner in male rats, while it was
observed in 2 out of 15 female rats receiving
the highest dose of curcumineids. In addition, a
dose-related adrenocortical fatty degeneration
was also observed in curcuminoids-treated male
rats but not in female rats. However, the inci-
dence of these pathological changes was not
significantly different between curcuminoids-
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Table 6. Hematological examination results of female rats given curcuminoids orally for 6 months

Group of animals

10 50 250 250-R
Female water tragacanth mg/kg/day mg/kg/day  mglkg/day mg/kg/day
N=15 N=15 N=15 N=15 N=15 N=15
WBC (K/uL) 3.16x1.51 2.83x£1.18 2.4040.67 2.65+1.13 2.6940.92 2.3640.96
% Neutrophil 19.91+8.37 21.36+11.16  22.06+6.65 23.19+4.60 21.33+5.71 21.93+6.80
%Lymphocyte  75.5619.62 75.49+11.12  73.5417.70 72.3145.55 73.4016.31 73.2248.05
% Monocyte 2.05+1.84 0.9040.44 1.47+1.42 1.54+1.68 2.2642.48 2.09+2.19
% Basophil 0.5110.54 0.4840.31 0.5540.49 0.50+0.24 0.73+0.49 0.57+0.32
% Eosinophil 3.10+4.28 1.77+0.61 2.3710.92 2.46+1.11 2.2940.62 2.1940.84
RBC(x 10%ul)  B8.00+0.438 7.7740.56 7.86+ 0.50 7.8240.49 7.7540.40 7.63+0.49
Hemoglobin 15.54+0.49 15.1840.75 15.31+0.55 15.3140.74 15.20+0.46 15.10+0.46
(g/dL)
%Hematocrit  44.38+2.59 43.16+1.75 43.7442.62 43.79+2.26 43.2441.93 42.40+2.10
Platelet 855.07+100.51 803.20484.62 848.00+98.19 843.37+100.51 814.03+87.63 812.30199.91
(K/uL)
PCT (%) 0.84+0.12 0.7610.073 0.80+0.11 0.81+0.11 0.76+0.069 0.78+0.09
%Reticulocyte  16.72+6.57 17.4945.13 15.4745.70 12.81+5.85 15.81+4.72 16.59+5.36
Reticulocyte 1340.07% 1343.80+ 1234.50+ 983.73+ 1223.07+ 1268.144
(K/uL) 535.38 33744 493.81 423.91 400.45 444 68

Each value represents mean + SD.

* Significantly different from water control group (p < 0.05).
** Sjpnificantly different from tragacanth control group {(p < 0.05).

treated animals and the two controls, and was
lower in the recovery group suggesting a revers-
ible nature of these changes. Taken together, the
results suggested that long term administration of
curcuminoids at a high dose might affect the liver
of the rat morphologically and functionally in a
reversible manner.
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Table 7. Blood chemistry results of male rats given curcominoids orally for 6 months

Group of animals

Mal tor ¢ th 10 50 250 250-R
ale wate ragacan mg/kg/iday  mg/kg/day mg/kg/day mg/kg/day
N=15 N=15 N=15 N=14 N=15 N=15
AST (U/L) T70.4748.55 68.67+6.91 7193+10.09 73.86+14.42 07.07+6.58 71.13+15.09
ALT (U/L) 39.60+9.17 36.20+4.89 35.604+6.95 39.07+£10.48 35.73+7.98 42.13+16.01
ALP (U/L) 67.4749.16 62.7349.74  69.07+16.37 74.21+12.74 79.40+13.39%* 68.13+12.67
p-amylase 1960.87+ 1833.73+ 1884.60+ 2099.36+ 1992.73+ 2063.60+
260.43 139.52 205.10 207.49 311.97 271.07
Bilirubin 0.066£0.039  0.073+£0.037 0.070+0.028 0.080+0.025  0.069+0.042  0.052+0.036
(mg/dL)
Creatinine 0.67+0.062 0.68+0.045  0.65+0.061 0.65+0.041 0.65+0.063 0.67+0.041
(mg/dL)
BUN (mg/dL) 18.64+1.55 19.19+3.16  18.28+2.38 17.64+2.05 17.80+2.04 17.63+1.83
Cholesterol 89.31+ 85.75+ 91.71+ 81.68+ 104.47+ 118.40--
{mg/dL) 19.55 16.37 18.77 15.80 22,79 24 20% ®*
Triglyceride 183.42+ 139.42+ 155.20:+ 149.90+ 152,12+ 253.94+
(mg/dL) 72.53 33.75 30.13 38.95 54,28 88.26**
Total protein 6.95+0.31 6.83+0.19 6.91+0.29 6.94-+0.23 6.94+0.29 7.1540.31%*
(g/dL})
Albumin (g/dL) 4.2710.14 4.23+0.09 4.2540.14 4.3610.13 4.44+40.19% ** 4 2440.17
Uric acid 2.7141.34 1.5140.59 1.90+1.03 1.84+0.87 2.01+0.89 1.87+0.87
(mg/dL)
Glucose 185.57+30.78 154.04+17.72* 165.93+21.81 169.66+22.36 171.07+28.88 172.28+19.04
(mg/dL)
Sodium 146,47+2,26  146.80+1.82 147.33+1.84  147.86+1.66 148.20+1.90  147.13+1.25
(mmol/L)
Potassium 6.54+1.37 5.69+0.81 5.65+0.37 5.44+0.48 5.65+0.43 5.93+0.75
(mmol/L)
Chloride 109.80+2.43  111.27+1.87 111.40+1.55 111.57+1.83 111.87+42.26 112,7312.31*
(mmol/L)

Each value represents mean+SD.

* Significantly different from water control group (p < 0.05).

** Significantly different from tragacanth control group (p < 0.05).
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Table 8. Blood chemistry results of female rats given curcuminoids orally for 6 months

Group of animals

Femal te ¢ th 10 50 250 250-R
€ water ragacan mg/kg/day mg/kg/day mg/kg/day mg/kg/day
N=15 N=15 N=15 N=15 N=15 N=15

AST (U/L) 86.87+29.15  93.07+24.86 102.80241.78 97.40+36.66  73.80+12.39 74.07+11.75

ALT (U/L) 43.60£17.44  40.93+19.58 47.33+17.77 47.00+18.35 36.80+£11.10  35.40+5.83

ALP (U/L) 22.67+4.12 23.27+727  20.73x3.20 23.60+6.43 23.60+4.61 22.67+4.29

p-amylase 1217.531¢ 1143.27+ 1146.67+ 1082.53+ 1230.60+ 1298.60+

299.96 170.25 178.65 21242 167.27 238.92

Bilirubin
(mg/dL}) 0.097+0.037  0.096+0.051 0.099+0.040 0.080+0.052  0.112+0.059 0.074+0.035

Creatinine 0.75+0.079 0.761+0.084  0.7610.070 0.77+0.090 0.75£0.065 0.74+0.061
(mg/dL)

BUN (mg/dL) 21.453345 21.95+3.72 22.34+2.70 21.50+2.60 19.99+3.22 19.05+3.13

Cholesterol 71.59£14.39  65.02+10.76  74.24+9.83 79.05+16.66 83.46+18.86%* 72.53+16.38
(mg/dL)

Triglyceride 109.93+30.98 112.82440.87 122.29439.66 127.74+39.82 134.81141 25 143.35471.07
{mg/dL})

Total protein 7.27+£0.49 7.28+0.36 7.31+0.27 7.40+0.36 7.56+0.29 7.33+0.44
(g/dL)

Albumin 5.00+0.31 5.00+0.35 5.09+0.21 5.12+0.25 5.28+0.22 5.05+0.27
(g/dL)

Uric acid 1.77+0.86 1.43+0.91 1.94£1.21 1.47+0.68 1.5840.82 1.48+0.55
{mg/dL)

Glucose 141.07422.46 133.45+19,19 144.32433.92 139.75+23.68 143.33+15.77 153.70+423.05
(mg/dL)

Sodium 147.13+1.60 147.67+1.76 147.67+1.68 148.07+1.44 148.20+1.57 148.4710.92
(mmol/L)

Potassium 5.42+0.94 4,69+0.96 5.15+1.06 4.38+0.95 5.05+0.95 4.63+0.67
(mmol/L)

Chloride 113.20+£1.66  113.07+1.58 113404140 113.33+1.84 113.73£1.94 11693+
(mmol/L) 1.87% *%

Each value represents mean+5D.
*  Significantly different from water control group (p < 0.05).
** Gignificantly different from tragacanth control group (p < 0.05).
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Table 9. Histopathological results of visceral organs in male rats given curcuminoids orally for 6 months

Group of animals

Organs Microscopic findings 10 50 250 250-R
water tragacanth mg/kg/day mglkg/day mg/kg/day mg/kg/day
Lung Lymphoid proliferated 4/14 6/14 8/15 4/14 3/15 8/15
peribronchioles
Heart Focal myocardiosis 3/14 1/14 1/15 1/14 0/15 0/15
Liver Fatty degeneration 4/14 3/14 2115 5/14 8/15 4/15
Kidney Tubular cyst 2/14 2/14 0/15 2/14 0/15 215
Renal cell carcinoma 0/14 /14 0/15 o/14 1115 0/15
Spleen Lymphoid hyperplasia 0/14 0/14 0/15 1/14 0/15 0/15
Intestine Lymphoid aggregated 2/14 2/14 4/15 2114 0/15 2/15
submucosal layer
Testis Atrophy 1/14 2/14 /15 0/15 1/15 0/15
Adrenal gland Cortical fatty degeneration 5/14 5/14 2/15 5/14 10/15 6/15
Thyroid gland Follicular hyperplasia 0/14 0/14 0/15 2114 0/15 0715

The results were expressed as the number of rats with pathological findings per total number of rats treated

Table 10. Histopathological results of visceral organs in female rats given curcuminoids orally for 6 months

Group of animals

Organs Microscopic findings 10 50 250 250-R
water tragacanth mg/kg/day mg/kg/day mg/kg/day mg/kg/day
Lung Lymphoid proliferated 4/15 5/14 6/14 2/15 2/15 6/15
peribronchioles

Heart Mpyocardial calcification  1/15 0/14 0/14 0/15 0715 0/15

Liver Fatty degeneration 0/15 0/14 0/15 0/14 2/15 0/15

Kidney Tubular cast 5/15 3/14 4/14 7115 6/15 5/15
Tubular cyst 0/15 0/14 0/14 /15 0/15 0/15

Spleen Lymphoid hyperplasia 0/14 0/14 015 /14 0/15 0/15

Intestine Lymphoid aggregated 2/15 2/14 1/14 0/13 0/15 3115
submucosal layer

Uteus and cervix Glandular hyperplasia ~ 0/15 0/14 0/14 1/15 0/15 3/15

Mammary gland Glandular hyperplasia /15 2/14 214 0/15 0/15 3/15

Adrenal gland Congestion 1/15 0/14 0/14 0/15 0/15 0/15

The results were expressed as the number of rats with pathological findings per total number of rats treated
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