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Abstract

Tetrahydrocurcumin (THC) is a major metabolite of curcumin, which is obtained from Curcuma longa. THC has

various benefits and overcomes the bioavailability issue of curcumin. To establish it as a pharmacologically active

molecule, its safety profile has to be determined. Thus, the present study aimed to determine the preclinical safety

profile of THC in a 90-day subchronic and reproductive/developmental toxicity study in Wistar rats. THC at oral

doses of 100, 200, and 400 mg/kg was administered daily for 90 days. Rats in the recovery group were kept for 14

days after treatment termination. The animals were observed for treatment-related morbidity, mortality, and

changes in clinical signs, clinical pathology, and histopathology. In the reproductive/developmental toxicity study,

THC at 100, 200, and 400 mg/kg was administered orally to rats and the reproductive/developmental parameters

in adult male and female rats and pups were observed. THC at up to 400 mg/kg/day of did not have any signifi-

cant effect on all parameters in male and female rats in both toxicity studies. Thus, 400 mg/kg/day can be consid-

ered as the no-observed-adverse-effect-level of THC in rats.
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INTRODUCTION

Curcuma longa, (family Zingiberaceae) also known as

turmeric, is a perennial herb (1). Turmeric powder pre-

pared from its rhizomes is used as a coloring and flavor-

ing agent. Moreover, it has been used for over 4,000 years

for religious purposes in the historical Vedic religion (2,3).

Turmeric contains curcumin (Fig. 1), which is biologi-

cally active and yellow (1). The quality, medicinal use,

and even economic value of turmeric are determined by its

curcumin content (4). Curcumin is a safe antioxidant with

a wide range of therapeutic use (5). It is an established

nutritional supplement with antioxidant, anticancer, anti-

inflammatory, and antimicrobial activities. It is also effec-

tive for Alzheimer’s disease, cystic fibrosis, rheumatoid

arthritis, cataract, and stress and cholesterol management (1).

Tetrahydrocurcumin (THC) (Fig. 1) is a major metabo-

lite of curcumin, along with hexahydrocurcumin and octa-

hydrocurcumin (6-9). Curcumin is converted to THC in
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two steps by NADPH-dependent curcumin/dihydrocur-

cumin reductase enzyme, with dihydrocurcumin as the

intermediate product (10).

THC, which is white, can replace synthetic antioxidants

in the formulation of colorless cosmetics and food prod-

ucts. It exhibits superoxide-scavenging activity, and de-

creases the deterioration of various lipid components by

inhibiting lipid oxidation (7). In addition, THC over-

comes the low bioavailability of curcumin, as it was

reported that in mouse plasma, THC is detected 80 min

post administration, whereas curcumin is not (11).

Curcumin has half-lives of 186 and 813 min, whereas

those of THC were 111 and 232 min, showing that THC is

more stable than curcumin (12). THC is more stable than

curcumin in 0.1 M phosphate buffer at pH 7.2 and 37oC

(11). In addition, the biological effect of curcumin is influ-

enced by the chemical stability of THC (13). THC binds

phospholipase A2 more potently than curcumin because

the hydrocarbon chain of THC lacks double bond at both

ends of the aromatic rings (14). Moreover, the antioxi-

dant, anti-inflammatory, antidiabetic, antihyperlipidemic,

and antihypertensive effects of THC are more potent than

those of curcumin. Furthermore, THC reduces the accu-

mulation and cross-linking of collagen and prevents azoxy-

methane-induced colon cancer to a greater extent than

curcumin (13-20). THC also suppresses lipid peroxida-

tion in erythrocyte ghosts, radiation-induced lipid peroxi-

dation, nitrilotriacetate-induced oxidative renal damage,

and LDL oxidation more potently than curcumin (21-24).

The biological effects of THC have been reported by

several studies (13-27), but its toxicity profile has not been

shown. Thus, the present study was conducted to deter-

mine the preclinical safety profile of THC using a 90-day

subchronic and reproductive/developmental toxicity study

in Wistar rats. During efficacy study of THC in the experi-

mental animals 40 mg/kg PO was obtained as efficacy

dose, considering that 400 mg/kg was taken up for the tox-

icity studies.

MATERIALS AND METHODS

Chemicals. THC is a white derivative of curcumin

and it contains no α,β-unsaturated carbonyl moiety (12).

THC was prepared in an inert solvent using palladium as a

metallic catalyst. During the process, the selective double

bond of curcumin was hydrogenated, thereby forming

THC (14). The resulting THC was then identified using

high performance liquid chromatography with UV/PDA

detector at 280 nm and standardized to 95% for further

use. THC has a chemical formula of 1,7-Bis(4-hydroxy-3-

methoxyphenyl)-3,5-heptanedione, molecular formula of

C21H24O6, molecular weight of 372.4117, and melting

range of 97-99oC (8).

The three-dimensional crystal structure of THC has

been studied by X-ray crystallography. The molecule is

non-planar and the benzene rings positioned at the end of

heptane chains are orthogonally placed, with a dihedral

angle of 84.09o, which means that the benzene rings are

perpendicular to each other. The molecular geometry and

H-atom locations reveal that a heptane-3,5-dione moiety

exists in the keto-enol form, with the enolic hydroxyl H-

atom equally disordered between the O-3 and O-5 dione

moiety. Of the possible tautomeric forms, in the crystal

phase, β-diketones prefer the cis-enol arrangement stabi-

lized by strong intramolecular hydrogen bond. THC is off

white in color, insoluble in water, and soluble in organic

solvents, such as acetone, ethyl acetate, chloroform, and

isopropanol (28). Carboxymethyl cellulose is used as a

vehicle in both the 90-day subchronic and reproductive/

developmental toxicity studies.

Animals. Adult Wistar rats, 50 and 40 each of either

sex, were used for the 90-day subchronic and reproduc-

tive/developmental toxicity studies, respectively. Females

used were nonpregnant and nulliparous. The animals were

housed in a standard propylene cage with stainless-steel

grill with autoclaved corn cob beddings, with two rats per

Table 1. Dose grouping of the subchronic toxicity study

Group no. Treatment groups Dose (mg/kg/day) Concentration (mg/mL) Sex No. of rats

G1 Control 000 NA M 10

F 10

G2 Low dose 100 10 M 10

F 10

G3 Mid dose 200 20 M 10

F 10

G4 High dose 400 40 M 10

F 10

G1R* Control 000 NA M 05

F 05

G4R* High dose 400 40 M 05

F 05

M-male, F-female, NA-not available, *Recovery group.
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sex per cage. During the acclimatization, experimental,

and recovery periods, the housing room was air-condi-

tioned with adequate fresh air supply (10-12 air changes

per hour) and was maintained at a temperature of 20.2-

24.9oC and relative humidity of 51-59% under a 12-hr

light and dark cycle. Pelleted animal feed (M/s Rayans

Biotechnologies Pvt. Ltd., Hyderabad, India) and purified

water were provided ad libitum.

Ethics. The Institutional Animal Ethics Committee

(IAEC) (registration no. VIP/IAEC/06/2015) had approved

the protocols and animals used in the protocols of both the

subchronic and reproductive/developmental studies. The

study was conducted in a CPSEA-approved laboratory

(registration no. 1683/RO/RcBiBt/13/CPCSEA) in com-

pliance with the CPSEA and OECD 408 and 421 guide-

lines for testing of chemicals.

Ninety-day subchronic toxicity study. After a mini-

mum 6 days of acclimatization, ten rats of each sex per

group were assigned to the main study groups, and five

rats of each sex were assigned to the recovery group. Rats

in the control (G1)/control recovery (G1R), low-dose (G2),

mid-dose (G3), and high-dose (G4)/high-dose recovery

(G4R) groups were administered THC at 0, 100, 200, and

400 mg/kg/day, respectively, as depicted in Table 1.

During the study period, all animals were checked twice

daily for any abnormality, morbidity, and mortality. Clini-

cal signs were observed twice daily for the first three days

of treatment and once daily thereafter throughout the exper-

imental and recovery periods. Body weight was measured

once before randomization and once weekly during the

acclimatization, experimental, and recovery periods. Food

consumption per cage was calculated once weekly by the

weight of food left and food fed.

Blood samples were collected from the main and recov-

Table 2. Dose grouping of the reproductive/developmental
study

Group

no.

Treatment

groups

Dose

(mg/kg/day)
Sex

No. of

rats

G1 Control 000 M 10

F 10

G2 Low dose 100 M 10

F 10

G3 Mid dose 200 M 10

F 10

G4 High dose 400 M 10

F 10

M-male, F-female.

Fig. 2. Effect of graded doses of Tetrahydrocurcumin in 90 days sub-chronic toxicity study. (A) Absolute body weights of male rats
in the 90-day subchronic toxicity study. (B) Absolute body weight of female rats in the 90-day subchronic toxicity study.
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ery groups on day 90 and 104 (14 days after the termina-

tion of treatments), respectively. Blood samples were

collected early in the day to reduce biological variations

caused by circadian rhythm. Immediately before sacrifice,

the rats were anesthetized with isoflurane/oxygen and

blood samples were drawn in a humane manner via the

retro-orbital plexus using a heparinized glass microhema-

tocrit capillary tube and placed into two separate tubes: a

tube with and without anticoagulant (K2EDTA) for hema-

tology and clinical biochemistry tests, respectively. Urine

sample was collected early in the morning before blood

sampling on the day of sacrifice. An ABC Vet hematol-

ogy analyzer, COBAS Roche 9180 electrolyte analyzer,

COBAS C111 clinical chemistry analyzer, and COBAS

411 urine analyzer were used to analyze hematological,

electrolyte, clinical chemistry, and urine parameters.

All rats were subjected to complete internal and exter-

nal examination and the results were recorded. The organs

from all animals sacrificed at the scheduled euthanasia

were trimmed off for adherent tissue and were weighed

wet at the earliest to avoid drying were preserved in neu-

tral buffered formalin for further histopathological exam-

ination. Histopathological examination was conducted on

the organs of rats in groups G1 and G4.

Reproductive and developmental toxicity study. After

an acclimatization period of one week, the rats were

grouped using computer-generated randomization. The

selected males and females were assigned to the control

(G1), low-dose (G2), mid-dose (G3), and high-dose (G4)

groups (THC at 0, 100, 200, and 400 mg/kg once daily,

respectively), as shown in Table 2.

A single female was placed with a single male from the

same group in a 1 : 1 ratio. Cohabitation was continued until

vaginal plug or sperm in the vaginal smear was observed.

Subsequently, pregnant females were housed individually

until lactation day 4. The day of confirmed mating was desig-

nated as Gestation Day (GD) 0. The precoital time of each

female was calculated. The duration of gestation (gestation

length) was calculated from GD0 to the day of parturition.

During the study period, all animals were checked twice

daily for any abnormality, morbidity, and mortality. Clini-

cal signs were also observed daily throughout the experi-

mental period. Individual body weights were recorded

Table 3. Effect of 90 days of exposure to THC on hematological parameters in Wistar rats

Parameter Sex G1 control
Treated G1R control

recovery

G4R high

dose recoveryG2 low dose G3 mid dose G4 high dose

Haemoglobin (g/dL)
M 15.82 ± 1.100 15.93 ± 1.880 15.14 ± 1.360 15.61 ± 1.260 15.48 ± 0.820 16.12 ± 1.180

F 15.76 ± 1.120 15.64 ± 1.550 15.34 ± 1.840 15.63 ± 1.540 14.60 ± 0.720 15.42 ±1.680

Haematocrit (%)
M 47.7 ± 2.92 48.37 ± 5.890 45.81 ± 5.220 47.90 ± 3.940 48.74 ± 3.090 50.54 ± 3.470

F 47.97 ± 3.940 46.72 ± 4.850 45.8 ± 3.92 47.08 ± 5.190 45.12 ± 2.100 47.32 ± 5.000

RBC (10
6
cells/mm

3
)

M 8.91 ± 0.70 8.94 ± 0.97 8.46 ± 1.00 9.04 ± 0.49 9.24 ± 0.70 9.45 ± 0.64

F 8.78 ± 0.84 8.53 ± 0.98 8.36 ± 0.76 8.73 ± 0.91 8.14 ± 0.52 8.41 ± 1.22

WBC (103 cells/μL)
M 7.68 ± 2.12 8.06 ± 1.15 7.48 ± 1.73 7.11 ± 1.28 7.40 ± 0.47 8.22 ± 0.85

F 7.17 ± 1.21 6.42 ± 0.71 7.25 ± 1.45 6.74 ± 1.98 6.42 ± 1.75 6.00 ± 1.93

MCV (fL)
M 53.70 ± 3.060 54.10 ± 2.180 54.40 ± 4.380 52.90 ± 2.730 53.00 ± 0.710 53.40 ± 1.140

F 54.70 ± 1.570 54.80 ± 1.400 54.60 ± 2.070 53.90 ± 1.450 55.40 ± 1.950 56.60 ± 2.510

MCH (pg)
M 17.82 ± 1.140 17.85 ± 0.840 17.99 ± 1.700 17.31 ± 0.810 16.74 ± 0.480 17.04 ± 0.550

F 18.00 ± 0.980 18.39 ± 0.760 18.33 ± 0.750 17.95 ± 0.730 17.92 ± 0.640 18.46 ± 0.780

MCHC (g/dL)
M 33.13 ± 0.580 32.99 ± 0.550 33.03 ± 0.910 32.64 ± 0.500 31.76 ± 0.590 31.84 ± 0.400

F 32.91 ± 1.070 33.53 ± 0.930 33.46 ± 0.860 33.29 ± 1.010 32.32 ± 0.510 32.48 ± 0.630

Platelet (10
3
cells/μL)

M* 536.70 ± 97.620 581.80 ± 99.880 600.00 ± 117.01 464.40 ± 104.12 620.80 ± 93.550 0607.2 ± 163.12

F 548.60 ± 147.31 610.70 ± 132.99 594.20 ± 74.230 610.30 ± 116.34 681.60 ± 137.31 651.80 ± 150.23

Clotting time (sec)
M 67.50 ± 29.37 63.00 ± 24.29 67.50 ± 23.72 76.50 ± 29.54 063.00 ± 32.52* 069.00 ± 39.12*

F 54.00 ± 10.49 60.00 ± 12.25 64.50 ± 28.33 61.50 ± 35.67 54.00 ± 22.75 36.00 ± 8.220

Lymphocytes (%)
M 41.80 ± 7.380 46.10 ± 6.030 43.20 ± 7.300 44.00 ± 5.520 40.40 ± 4.930 43.20 ± 1.920

F* 39.80 ± 5.160 39.40 ± 5.340 47.30 ± 8.000 43.50 ± 3.370 39.40 ± 7.090 34.20 ± 5.070

Neutrophils (%)
M 43.90 ± 8.030 40.50 ± 5.850 42.80 ± 9.130 43.20 ± 8.190 47.00 ± 5.430 44.20 ± 1.640

F 47.70 ± 4.320 48.90 ± 5.930 40.10 ± 9.100 42.70 ± 4.350 48.40 ± 7.370 55.20 ± 6.380

Monocytes (%)
M* 11.00 ± 1.410 10.10 ± 2.280 9.30 ± 1.25 8.60 ± 2.07 9.00 ± 1.00 9.40 ± 1.52

F* 8.80 ± 1.32 8.10 ± 2.69 9.00 ± 1.33 10.10 ± 1.520 9.00 ± 1.41 6.60 ± 1.82

Eosinophils (%)
M 3.30 ± 1.06 3.30 ± 1.77 4.70 ± 1.77 4.20 ± 2.30 3.60 ± 2.30 3.20 ± 1.92

F 3.70 ± 1.49 3.60 ± 1.71 3.60 ± 1.51 3.70 ± 1.57 3.20 ± 1.48 4.00 ± 1.22

Basophils (%)
M 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

F 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

n = 10, values are in mean ± SD. *Significant when p ≤ 0.005.
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during acclimatization, at Day 1 of treatment, at least once

weekly during the remainder of the treatment period, and

at termination. All dams were weighed on GD 0, 7, 14,

and 20, as well as on lactation days 0 and 4. Feed con-

sumption per cage was calculated once weekly by the

weight of feed left and feed fed.

Complete internal and external necropsy were con-

ducted in all groups and the results were recorded. The

organs from animals sacrificed at the scheduled euthana-

sia were preserved in neutral buffered formalin for histo-

pathological examination as described earlier.

Statistical analysis. Data were subjected to statistical

analysis using the Stat Plus program. The data of each

group were analyzed by analysis of variance (ANOVA)

and expressed as mean ± standard deviation (SD). T-test

was used to compare the difference between the treated

and control groups. The statistical significance of the dif-

ferences between groups were determined by one-way

ANOVA. All analyses and comparisons were evaluated at

a probability level of 5% (p ≤ 0.05).

RESULTS

In the 90-day subchronic toxicity study, mortality and

abnormal clinical signs were not observed in male and

female rats in the groups treated with up to 400 mg/kg/day

THC. There was no change in body weight, body weight

gain percentage (Fig. 2A, 2B), and food consumption

between the THC-treated and control groups. There was

no significant change in neurological and hematological

parameters (Table 3), clinical chemistry (Table 4), and

Table 4. Effect of 90 days of exposure to THC on clinical chemistry parameters in Wistar rats

Parameter Sex G1 control
Treated G1 R control

recovery

G4 R high

dose recoveryG2 low dose G3 mid dose G4 high dose

Total protein (g/L)
M 083.90 ± 17.72 084.34 ± 20.73 086.26 ± 19.72 88.32 ± 14.69 87.04 ± 1.60 84.48 ± 5.72

F 089.27 ± 19.26 094.36 ± 18.93 095.50 ± 17.75 93.89 ± 20.25 90.62 ± 4.05 87.76 ± 5.86

Albumin (g/L)
M 39.77 ± 3.66 40.01 ± 1.95 39.56 ± 2.32 39.93 ± 4.390 51.96 ± 3.09 52.75 ± 2.91

F 44.05 ± 3.15 43.43 ± 3.87 42.67 ± 4.30 43.08 ± 5.620 58.94 ± 4.17 57.40 ± 4.06

ALT (U/L)
M 046.10 ± 15.99 051.88 ± 24.02 38.88 ± 8.35 59.52 ± 37.65 49.64 ± 8.11 43.56 ± 9.13

F 38.59 ± 7.25 33.42 ± 5.26 36.95 ± 5.96 34.32 ± 11.35 040.48 ± 11.71 043.32 ± 11.11

AST (U/L)
M 098.49 ± 24.11 111.66 ± 35.77 088.49 ± 15.85 113.18 ± 34.900 103.48 ± 11.63 100.46 ± 16.49

F 100.83 ± 14.52 096.74 ± 10.53 098.15 ± 13.65 99.07 ± 26.04 098.48 ± 10.07 101.78 ± 19.50

ALP (U/L)
M 115.13 ± 27.96 108.88 ± 19.33 142.10 ± 54.52 109.93 ± 24.990 098.28 ± 16.77 099.00 ± 50.40

F 093.74 ± 36.53 102.63 ± 47.84 089.53 ± 45.96 80.01 ± 33.28 068.80 ± 18.63 056.18 ± 15.36

Total bilirubin (mg/dL)
M 00.05 ± 0.04 00.04 ± 0.04 00.05 ± 0.04 0.05 ± 0.05 00.03 ± 0.04 00.03 ± 0.05

F 00.09 ± 0.08 00.04 ± 0.04 00.10 ± 0.05 0.05 ± 0.06 00.02 ± 0.03 00.03 ± 0.05

GGT (U/L)
M 00.04 ± 0.13 00.00 ± 0.00 00.00 ± 0.00 0.00 ± 0.00 00.00 ± 0.00 00.00 ± 0.00

F 00.00 ± 0.00 00.00 ± 0.00 00.08 ± 0.25 0.02 ± 0.06 00.00 ± 0.00 00.00 ± 0.00

Glucose (mg/dL)
M 127.16 ± 22.61 134.72 ± 16.77 119.88 ± 18.23 132.19 ± 16.580 114.67 ± 8.150 127.00 ± 14.37

F 109.45 ± 19.84 104.84 ± 10.07 131.14 ± 18.23 143.25 ± 124.38 109.92 ± 17.73 101.31 ± 14.83

Triglycerides (mg/dL)
M 039.19 ± 14.43 40.27 ± 8.99 44.85 ± 9.99 46.58 ± 11.34 063.20 ± 18.78 058.38 ± 12.36

F 048.30 ± 13.31 35.42 ± 4.64 047.70 ± 15.32 45.93 ± 6.530 078.30 ± 23.50 086.51 ± 42.90

Uric acid (mg/dL)
M 35.04 ± 4.46 40.38 ± 6.06 35.37 ± 4.59 35.18 ± 7.560 40.92 ± 4.03 41.35 ± 5.18

F 38.87 ± 8.88 34.95 ± 5.50 40.53 ± 8.04 36.26 ± 6.280 38.36 ± 5.22 34.11 ± 4.32

Creatinine (mg/dL)
M 00.31 ± 0.05 00.34 ± 0.07 00.33 ± 0.09 0.32 ± 0.08 00.34 ± 0.05 00.35 ± 0.09

F 00.39 ± 0.09 00.40 ± 0.07 00.38 ± 0.07 0.38 ± 0.07 00.41 ± 0.08 00.38 ± 0.08

Total cholesterol* (mg/dL)
M 52.13 ± 9.29 54.46 ± 9.60 58.95 ± 7.82 67.85 ± 11.07 60.81 ± 8.06 054.92 ± 10.81

F 062.25 ± 12.06 060.17 ± 12.67 061.99 ± 11.47 70.11 ± 8.300 062.28 ± 16.25 055.66 ± 12.04

Phosphate (mg/dL)
M 03.80 ± 6.09 03.89 ± 6.03 03.97 ± 6.03 4.06 ± 6.04 02.29 ± 0.58 02.17 ± 0.27

F 03.81 ± 6.06 03.90 ± 6.07 01.99 ± 0.55 1.94 ± 0.54 01.96 ± 0.20 01.82 ± 0.18

BUN (mg/dL)
M 74.98 ± 9.54 086.42 ± 12.96 075.29 ± 16.17 75.29 ± 16.17 87.58 ± 8.62 088.49 ± 11.07

F 083.19 ± 19.01 074.80 ± 11.77 086.74 ± 17.21 77.60 ± 13.44 082.09 ± 11.18 73.00 ± 9.25

Sodium (mmol/L)
M 138.30 ± 1.830 137.70 ± 1.340 138.40 ± 1.070 138.40 ± 1.5800 139.00 ± 1.580 139.00 ± 1.220

F 137.80 ± 1.480 138.20 ± 0.790 137.00 ± 0.940 138.50 ± 1.1800 139.40 ± 6.150 136.00 ± 2.550

Potassium (mmol/L)
M 05.61 ± 0.80 05.44 ± 0.48 05.38 ± 0.33 5.07 ± 0.63 05.38 ± 0.28 05.22 ± 0.43

F 05.15 ± 0.47 05.21 ± 0.43 05.17 ± 0.42 5.09 ± 0.36 04.92 ± 0.55 05.06 ± 0.53

Calcium (mmol/L)
M 01.29 ± 0.05 01.30 ± 0.05 01.32 ± 0.04 1.31 ± 0.03 01.28 ± 0.03 01.28 ± 0.07

F 01.30 ± 0.07 01.32 ± 0.05 01.31 ± 0.05 1.31 ± 0.05 01.31 ± 0.07 01.30 ± 0.05

n = 10, values are in mean ± SD. *Significant when p ≤ 0.005.
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urine parameters (Table 5). The absolute and relative

organ weights (Table 6) in all treated groups were compa-

rable to those of the control group, and the gross histol-

ogy of all THC-treated groups also showed no lesion.

In the reproductive and developmental toxicity study,

there was no treatment-related abnormal clinical signs and

mortality in male and female rats treated with up to 400

mg/kg/day THC. Feed consumption, body weight (Fig.

3A, 3B), and absolute and relative organ weights of male

and female rats in all treated groups were comparable to

those of the control. There were no treatment-related gross

pathological and histopathological lesions (Table 7) in the

general organs and tissues as well as the reproductive

organs and tissues of male and female animals. Precoital

and gestation length was not affected by treatment. Feed

consumption, net body weight gain, and changes in body

weight of the dams during the gestation period were com-

parable to those in the lactation period. There was no treat-

ment-related effect on all reproductive parameters and

indices (Table 8).

DISCUSSION

Curcumin is a purified crystal obtained through the sol-

vent extraction of Curcuma longa rhizomes (3). The white

THC is a hydrogenated metabolite of curcumin (13). It has

antidiabetic, neuroprotective, and anticancer activities along

with beneficial effects in fibrotic liver disease (12,25,26).

The present study showed the subchronic and reproduc-

tive/developmental toxicity profiles of THC in rats.

In the 90-day subchronic toxicity study, THC at doses of

up to 400 mg/kg caused no mortality or adverse effect

Table 5. Effect of 90 days of exposure to THC on urine parameters in Wistar rats

Groups

Parameters

Sex Appearance Volume
Specific

gravity
pH Leukocytes Protein Glucose Erythrocyte

G1 vehicle
M Clear 7.01 ± 0.53 1.02 ± 0.01 7.00 ± 0.58 132.50 ± 131.26 45.00 ± 25.820 0.00 ± 0.00 89.50 ± 90.20

F Clear 7.05 ± 0.60 1.02 ± 0.00 7.00 ± 0.75 55.00 ± 38.73 40.00 ± 24.150 0.00 ± 0.00 44.00 ± 58.73

G2 low dose
M Clear to turbid 7.39 ± 0.55 1.02 ± 0.00 7.05 ± 1.04 220.00 ± 193.22 72.50 ± 34.250 0.00 ± 0.00 52.00 ± 54.68

F Clear to cloudy 6.57 ± 0.44 1.02 ± 0.00 7.25 ± 0.86 095.00 ± 146.63 20.00 ± 22.970 0.00 ± 0.00 34.50 ± 42.72

G3 mid dose
M Clear 7.37 ± 0.37 1.01 ± 0.01 7.25 ± 0.72 77.50 ± 36.23 30.00 ± 15.810 0.00 ± 0.00 21.50 ± 17.17

F Clear to cloudy 6.84 ± 0.48 1.02 ± 0.00 7.20 ± 0.86 095.00 ± 146.63 70.00 ± 152.66 0.00 ± 0.00 39.70 ± 59.08

G4 high dose
M Clear to cloudy 7.22 ± 0.94 1.02 ± 0.00 6.95 ± 0.86 172.50 ± 174.18 27.50 ± 18.450 0.00 ± 0.00 27.50 ± 43.86

F Clear 6.55 ± 1.08 1.02 ± 0.01 6.95 ± 0.80 55.00 ± 38.73 30.00 ± 25.730 0.00 ± 0.00 12.50 ± 9.500

M-male, F-female.

Table 6. Effect of 90 days of exposure to THC on absolute organ weight in Wistar rats

Organs Sex G1 control
Treated G1R control

recovery

G4R high

dose recoveryG2 low dose G3 mid dose G4 high dose

Liver
M 8.60 ± 1.69 8.81 ± 1.51 8.47 ± 1.87 8.74 ± 1.51 8.53 ± 0.40 9.69 ± 1.92

F 5.56 ± 0.60 5.34 ± 0.57 5.68 ± 1.22 6.03 ± 0.88 6.92 ± 1.80 7.85 ± 2.42

Kidney
M 2.05 ± 0.26 2.08 ± 0.29 1.98 ± 0.36 2.16 ± 0.34 1.93 ± 0.15 2.20 ± 0.38

F 1.25 ± 0.10 1.24 ± 0.16 1.28 ± 0.17 1.35 ± 0.15 1.54 ± 0.26 3.08 ± 3.25

Heart
M 1.06 ± 0.20 1.79 ± 2.35 0.97 ± 0.12 0.99 ± 0.14 0.99 ± 0.12 1.06 ± 0.11

F 0.72 ± 0.06 0.70 ± 0.08 0.73 ± 0.10 0.70 ± 0.06 0.83 ± 0.16 0.99 ± 0.24

Spleen
M 1.09 ± 0.25 1.14 ± 0.25 1.02 ± 0.27 1.12 ± 0.28 0.86 ± 0.55 1.03 ± 0.14

F 0.82 ± 0.24 0.74 ± 0.10 0.83 ± 0.16 0.69 ± 0.10 0.98 ± 0.32 1.07 ± 0.34

Adrenal
M 0.04 ± 0.01 0.05 ± 0.01 0.04 ± 0.01 0.05 ± 0.01 0.05 ± 0.01 0.11 ± 0.14

F 0.10 ± 0.14 0.05 ± 0.01 0.05 ± 0.01 0.09 ± 0.12 0.04 ± 0.01 0.07 ± 0.02

Brain
M 1.82 ± 0.13 1.85 ± 0.12 1.85 ± 0.15 1.91 ± 0.09 1.69 ± 0.20 1.95 ± 0.18

F 1.68 ± 0.18 1.82 ± 0.09 1.70 ± 0.15 1.72 ± 0.16 1.83 ± 0.20 1.93 ± 0.15

Thymus
M 0.38 ± 0.09 0.31 ± 0.08 0.34 ± 0.08 0.42 ± 0.15 0.30 ± 0.12 0.34 ± 0.08

F 0.34 ± 0.07 0.31 ± 0.06 0.26 ± 0.10 0.28 ± 0.12 0.36 ± 0.07 0.72 ± 0.75

Testes M 3.23 ± 0.40 3.11 ± 0.29 2.97 ± 0.19 3.11 ± 0.62 3.24 ± 0.36 3.36 ± 0.21

Ovaries F 0.33 ± 0.35 0.19 ± 0.26 0.10 ± 0.02 0.10 ± 0.02 0.12 ± 0.01 0.33 ± 0.35

Uterus F 0.62 ± 0.19 0.19 ± 0.26 0.57 ± 0.19 0.57 ± 0.17 0.70 ± 0.35 0.69 ± 0.43

Epididymus M 1.27 ± 0.15 1.17 ± 0.19 1.24 ± 0.17 1.29 ± 0.29 1.22 ± 0.07 1.31 ± 0.11

n = 10, values are in mean ± SD. *Significant when p≤ 0.005.
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during both the treatment and recovery periods. Through

ophthalmological examination, we observed that the eyes

of the rats were normal during the study period. During

the treatment and recovery periods, male and female rats

in all treated groups showed no treatment-related differ-

ence in mean food consumption, mean body weight, and

net body weight gain compared to those in the respective

controls. Hematological parameters of male and female

rats were normal during the course of the treatment. A

marginal decrease in platelet count was observed in male

Fig. 3. Effect of graded doses of Tetrahydrocurcumin in reproductive/developmental toxicity study. (A) Average body weights of male
rats in the reproductive/developmental toxicity study. (B) Body weight of female rats in the reproductive/developmental toxicity study.

Table 7. Effects of THC on rat reproduction and development

Group G1 control G4 high dose group

Organ/lesions NAD Minimal Mild Moderate Severe NAD Minimal Mild Moderate Severe

Males

Testes

Testicular atrophy 10/10 - - - - 09/10 - - - 01/10

Sperm development 10/10 - - - - 09/10 - - - 01/10

Epididymides

Sperm stasis 09/10 01/10 - - - 08/10 02/10 - - -

Exfoliated Germ cells 07/10 03/10 - - - 10/10 - - - -

Seminal vesicles

Atrophy 10/10 - - - - 09/10 - - - 01/10

Prostate glands

Atrophy 10/10 - `- - - 09/10 - - - 01/10

Adrenal glands

Angiectasis 08/10 02/10 - - - 08/10 01/10 - 01/10 -

Females

Ovaries

Angiectasis 10/10 - - - - 09/10 - - 01/10 -

Adrenal glands

Angiectasis 10/10 - - - - 09/10 - 01/10 - -

NAD- no abnormality detected.
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rats of group G4, but the decrease was comparable with

that of the control. A marginal decrease in monocyte count

was also observed in male rats of groups G3 and G4. The

clinical chemistry parameters were normal in almost all

rats. There were insignificant increases in total cholesterol

and triglycerides in males and females, respectively, of G4

and G4R groups, which were considered to be incidental

in nature. Sodium level decreased in female rats of G3, but

the decrease was comparable to that of the control.

Urine specific gravity, pH, protein, and leucocyte level

were in the normal range in both the main and recovery

groups. No treatment-induced gross pathological alter-

ations were noted in any of the groups. The absolute and

relative weights of the liver, kidneys, adrenals, spleen,

heart, thymus, brain, testes, and epididymides of rats in the

treated and recovery groups on day 91 and 105, respec-

tively, were comparable to those of the respective con-

trols. There was no major microscopic finding observed,

and observed findings were incidental in nature and not

related to the test substance. Taken together, the no-observed-

adverse-effect-level (NOAEL) of THC was 400 mg/kg/day.

In the reproductive/developmental toxicity study, there

was no mortality except for the incidental death of dam

#55 due to dystocia on GD23. The mean body weight and

net body weight gain of male and female rats in the THC-

treated group were comparable to those in the control

group during the precoital, gestation, and lactation peri-

ods. A marginal decrease in the body weight of dams was

observed on GD 0, 7, and 14. Total number of pups and

body weight of pups were not affected by THC.

There was no treatment-related effect on mean litter

size, mean viable litter size, live birth index, and day 4

survival index of the pups. A tail deformity was observed

in the pups of dam #35, which was incidental and not

dose-related. The precoital interval, gestation length, male

fertility, and mating and fecundity index in all treated

groups were comparable to those of the control group.

There was no treatment-related effect on implantation index

and percentage of pre- and post-implantation loss in all

treated groups. Microscopic and macroscopic findings of

rat organs did not show any treatment-related effect. The

microscopic findings observed were incidental, commonly

observed in Wistar rats at that age (29), and were of simi-

lar severity in all groups. Thus, our results indicated that

THC at oral doses of 100, 200, and 400 mg/kg/day was

safe with respect to the reproduction and development of

Table 8. Summary of histopathological findings in the reproductive/developmental study

Observation

Dosage (units)

Values

G1 (control) G2 (low dose) G3 (mid dose) G4 (high dose)

Pre-coital interval (days)# 4.6 ± 4.3 5.5 ± 5.0 5.4 ± 3.8 5.2 ± 4.4

Gestation length (day)
#

22.6 ± 0.8 22.3 ± 0.7 22.6 ± 0.7 22.3 ± 0.9

No. of pair started 10 10 10 10

No. of pregnant/conceived females (confirmed at necropsy) 10 10 10 10

No. of pregnancies 10 10 10 10

No. of dams for corpora lutea and implantation count 10 10 10 10

No. of corpora lutea/dam (mean) 11.5 11 .7 11.1 11.3

No. of implantation/dam (mean) 10.8 10.9 10.5 10.4

Male mating index (%) 100 100 100 100

Male fertility index (%) 100 100 100 100

Female mating index (%) 100 100 100 100

Female fecundity index (%) 100 100 100 100

Female fertility index (%) 100 100 100 100

Mean implantation index (%) 95.1 92.5 94.9 92.0

Mean pre-implantation loss (%) 4.94 7.53 5.11 8.02

Mean post implantation loss 15.23 12.88 16.74 29.98

Gestation index (%) 100 100 100 100

No. of litters/no. of live litters 10/10 10/10 9/9 10/10

Total no. of pups born/live pups on day 0 96/92 96/96 91/90 83/69

No. of live pups at day 4 86 91 89 66

Observation of live/dead pups 4/92 0/96* 1/90 69/14

Mean viable litter size 9.6 9.6 10.1 8.3

Mean pups body weight on day 0
#

6.1 ± 0.79 5.9 ± 0.75 6.1 ± 0.45 6.1 ± 0.57

Mean body weight on day 4
#

10.4 ± 1.70 10.1 ± 2.00 9.2 ± 0.80 9.9 ± 0.94

Sex ratio (m/f) (mean) 1.25 1.27 1.17 1.06

Live birth index (%) 95.8 100 98.9 83.1

Day 4 survival index (%) 93.5 94.8 98.9 95.7

*Tail cut off was observed in 9 pups of dam no. 35, #values are in mean ± standard deviation.
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Wistar rats.

We showed, through the 90-day subchronic and repro-

ductive/developmental toxicity studies, that THC at doses

of up to 400 mg/kg did not cause any adverse effect in

rats; thus, we concluded that a repeated dose of 400 mg/kg

was safe to rats and could be considered as the NOAEL of

THC under our experimental conditions. Therefore, THC

remains unclassified under the hazard category of the Glob-

ally Harmonized Classification System.
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