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I N T R O D U C T I O N

Inflammation is a complex biological response of

vascular tissues to harmful stimuli such as allergens,

pathogens, damaged cells, or irritants. Several drugs are

available for the treatment of inflammation, osteoarthri-

tis, and respiratory disorders. However, the two most

common categories of medicines frequently prescribed

are steroidal anti-inflammatory and non-steroidal

anti-inflammatory drugs (NSAIDs). A large number of

NSAIDs are currently in use for the treatment of

inflammatory diseases including that of osteoarthritis

and allergy, as first-line therapy [1,2]. Diacerein has

proved to be effective in the treatment of osteoarthritis

[2–5]. It is known to inhibit the production of superoxide

anion and interleukin-1 (IL-1b), and to prevent cartilage

breakdown as well as to slow the progression of cartilage

lesions [6–8].

Some reports are also there on the thyroid inhibitory

role of NSAIDs [9–11]. Despite this fact, practically

nothing was known, so far, on the impact of diacerein

therapy on thyroid functions. Moreover, it is well

documented that thyroid gland regulates almost all body

functions including antioxidant defense system, and

glucose and lipid metabolism [12–18]. Despite the above

mentioned pharmacological effects, the involvement of

thyroid hormones (triiodithyronine, T3 and thyroxine,

T4) in the mechanism of action(s) of diacerein was not

revealed till date.

In fact, various drugs and other substances are already

known to interfere with thyroid hormone homeostasis

[12,19–21]. However, many patients, particularly who
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A B S T R A C T

This study was designed to reveal the possible involvement of thyroid hormones, if

any, in diacerein induced alterations in glucose metabolism and tissue lipid

peroxidation (LPO) in the animal model of carrageenan-induced inflammation. We

studied the influence of diacerein administration on the changes in carrageenan-

induced thyroid dysfunction; hepatic, renal and cardiac LPO as well as serum

glucose, thyroid hormones and insulin concentrations in Wistar rats. Alterations in

paw volume, serum levels of total cholesterol, high-density lipoprotein cholesterol

(HDL-C), low-density lipoprotein cholesterol, very low-density lipoprotein cholesterol

and triglycerides as well as hepatic, renal and cardiac reduced glutathione (GSH)

contents were also studied as supporting parameters. While a decrease in the level of

serum thyroid hormones and HDL-C and in tissue GSH content was observed in

carrageenan-treated animals, it increased paw volume, the concentration of other

serum lipids, glucose and insulin as well as tissue LPO. However, following diacerein

administration for 21 days to carrageenan-treated animals, level of thyroid

hormones and all other thyroid dependent parameters were reversed suggesting

that the drug might be acting through stimulation in the thyroid functions.
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are on chronic medications may develop thyroid dys-

functions [22–24]. Unfortunately, limited literature is

available with special reference to thyroidal status in

various respiratory disorders including occupational

asthma. But depressed activity of thyroid gland has been

reported in various inflammatory conditions [25,26].

On the other hand, thyroid hormones have been

reported to possess anti-inflammatory activity [27].

Despite this inter-relationship, till date, no attempt was

made to study the alterations in the thyroid metabo-

lism following diacerein administration, if any. Serum

insulin, glucose, total cholesterol (TC), high-density

lipoprotein cholesterol (HDL-C), low-density lipoprotein

cholesterol (LDL-C), very low-density lipoprotein choles-

terol (VLDL-C) and triglycerides (TG) concentrations

and tissue (cardiac, hepatic and renal) LPO as well as

reduced glutathione (GSH) contents, all being related

to thyroid function [13–19], have also been studied as

supporting parameters. As females are known to be

more prone to thyroid dysfunctions [28], the present

investigation was carried out in female rats.

M A T E R I A L S A N D M E T H O D S

Animals

Colony bred adult female Wistar rats, weighing 180–

200 g, were acclimated for a week in a light (14 h light:

10 h dark cycle), temperature (23 ± 2 �C) and humidity

(50–60%) controlled room with the provision of labora-

tory feed (Gold Mohur feed, Hindustan Lever Ltd.,

Mumbai, India) and water ad libitum.

Drugs and chemicals

The test drug diacerein (Orcerin�; Macleods Pharmaceu-

ticals Limited, Mumbai, India) was purchased from a

registered local medical store, while k-carrageenan,

2-thiobarbituric acid (TBA), Ellman’s reagent, sodium

dodecyl sulphate and m-phosphoric acid were obtained

from (Himedia Laboratories Pvt. Ltd., Mumbai, India).

Radioimmunoassay (RIA) kits, for the estimation of

different hormones were obtained from Bhabha Atomic

Research Centre, Mumbai, India. All other chemicals were

of reagent grade and purchased from Loba Chemie,

Mumbai, India.

Induction of paw edema

Twenty-one healthy rats were divided into three groups

of seven each: animals of group 1 receiving the vehicle,

normal saline (0.1 mL/animal) served as control, and

those of group 2 and 3 injected with 0.1 mL of 1%

k-carrageenan in saline into the right hind paw under

light ether anaesthesia. The volume of the injected hind

paw was measured before and 3 h after the carrageenan

administration using a plethysmometer. Daily single

dose of diacerein (30 mg/kg/day) or vehicle (normal

saline) was administered orally 30 mins before carra-

geenan administration for 21 days, as performed by

Tamura et al. [2]. Animals were maintained as per the

guidelines laid down by the departmental Ethical Com-

mittee for Handling and Maintenance of Experimental

Animals and the Committee for the Purpose of Control

and Supervision on Experiments in Animals, Ministry of

Environment and Forests, Government of India.

Preparation of serum and tissue samples

On the day of termination (22nd day), over-night fasted

animals were killed after exposing them to mild ether

anaesthesia. Blood from each animal was collected and

serum was isolated for the estimation of different

biochemical and hormonal parameters. After exsangu-

inations, the liver, heart, and kidneys were removed,

quickly freed from blood clots and washed thoroughly

with phosphate buffered saline (PBS, 0.1 M, pH 7.4),

weighed and processed for the estimations of LPO, GSH,

and protein contents.

Assay of thyroid hormones

Total circulating T3 and T4 were estimated by RIA in

serum samples following the protocols provided in the kits,

as routinely followed in our laboratory [14–18]. In brief,

RIA was performed using tris hydroxy-methyl amino

methane buffer (0.14 M, containing 0.1 % gelatin; pH

8.6). The anti-sera, specific hormone standards, radio

labeled hormones (I125 T4 and I125 T3), and the control

sera were reconstituted with assay buffer/double distilled

water. The reaction mixture comprised of standard/

sample, buffer, radio labeled hormone, and the respective

antibody was incubated at 37 �C (30 mins for T4 and

45 mins for T3). Incubation was terminated by the

addition of polyethylene glycol. Tubes were then centri-

fuged at 2000 g for 20 mins. After decanting the super-

natant, traces of liquid were removed with the help of filter

paper wicks without disturbing the precipitate. Finally, the

tubes were subjected to radioactivity counting for one

minute (CPM) using an I125 gamma counter. A set of

quality control sera of rat was also used with each assay.

Hormone assay of insulin

Assay of total serum insulin was also carried out

following the protocol provided in RIA kit, as routinely
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performed in our laboratory [15–18]. In brief, 200 lL of

assay buffer and 100 lL of serum sample/standard were

mixed and then 100 lL of primary antibodies (anti-

porcine guinea-pig IgG) was added and the mixture was

incubated at 4 �C for overnight. Following the incuba-

tion, 100 lL of I125-labeled insulin was added. After 3 h

of incubation at room temperature, 100 lL of secondary

antibodies (anti-guinea pig-rabbit IgG) was added fol-

lowed by addition of 1 mL polyethylene glycol. After

gentle mixing, tubes were incubated at room tempera-

ture for 20 mins and then centrifuged at 1500g for

20 mins at room temperature. After decanting the

supernatant, traces of liquid were removed with the

help of filter paper wicks without disturbing the precip-

itate. Finally, tubes were subjected to radioactivity CPM

using an I125 gamma counter.

Estimations of serum glucose and lipids

For the estimation of fasting serum glucose concentra-

tion, glucose oxidase/peroxidase method of Trinder [29]

was followed, where 4-aminoantipyrine and phenol

react with glucose to yield a red colored complex as

routinely performed in our laboratory [14–18]. While for

the estimation of serum TC and HDL-C, spectrometric

method of Allain et al. [30] was followed; TG, ALP

activity, and creatinine were studied using protocols of

Fossati and Lorenzo, King and Owens et al., respectively

[31–33]. LDL-C and VLDL-C concentrations were calcu-

lated using the formula TC-(HDL-C+VLDL-C) and TG/5,

respectively [34].

Biochemical estimations of LPO and GSH content

For the evaluation of LPO, the liver, heart, and kidney

tissues were homogenized in 10 % (w/v) ice-cold PBS,

centrifuged at 2000g for 30 mins and the supernatant

was used for the assay [14–18,35]. In brief, LPO was

determined by the reaction of 2-thiobarbituric acid with

malondialdehyde (MDA); one of the major products

formed due to the peroxidation of lipids, in acidic

medium. Amount of MDA was measured by taking

the absorbance at 532 nm (extinction coefficient,

� = 1.56 · 105), using a Shimadzu UV-1700 spectro-

photometer. However, tissue GSH content was measured

by taking the absorbance of the product formed by the

reaction of Ellman’s reagent with GSH at 412 nm

(extinction coefficient, � = 1.36 · 104) following the

method of Ellman [36], as carried out earlier in our

laboratory [14–18]. Tissue protein estimation was car-

ried out by the routine method of Lowry et al. [37] using

bovine serum albumin as standard.

Statistical analyses

Data are expressed as mean ± SEM. For statistical

evaluation of the data, analysis of variance (ANOVA)

and the Student’s t-test were used.

R E S U L T S

Effects on paw volume, LPO, and GSH

Administration of carrageenan on hind foot pad of rats

significantly increased the paw volume (Table I) and

hepatic, renal and cardiac LPO (Figure 1); it decreased

Table I Effect of diacerein (30 mg/kg) administration for 21 days

on paw volume (% swelling), serum ALP activity (KA units/L) and

creatinine (mg/dL) concentration and hepatic; renal and cardiac

GSH content (lM GSH/mg protein) in normal and carrageenan-

(0.1 mL/animal) treated female rats.

Control Carrageenan

Carrageenan +

Diacerein

Paw volume – 104.76a ± 6.01 39.53x ± 3.02

ALP 6.44 ± 0.29 8.87a ± 0.42 6.81y ± 0.23

Creatinine 5.45 ± 0.32 8.66a ± 0.41 6.03x ± 0.28

Hepatic GSH 4.03 ± 0.20 2.96b ± 0.21 4.06y ± 0.16

Renal GSH 4.29 ± 0.19 2.61a ± 0.10 3.85x ± 0.16

Cardiac GSH 2.65 ± 0.08 2.26b ± 0.09 2.77y ± 0.08

GSH, reduced glutathione ALP, alkaline phosphatase.

Data are mean ± SEM. (n = 7); x, P < 0.001 and y, P < 0.01 compared to the

respective values of carrageenan-treated group. a, P < 0.001 and b, P < 0.01

compared to the respective control values.
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Figure 1 Effects of diacerein administration on the changes in

hepatic, renal, and cardiac lipid peroxidation in carrageenan-

induced paw edema in female rats. Each vertical bar represents the

mean ± SEM (n = 7). bP < 0.01 compared to the respective control

values; xP < 0.001 and zP < 0.05 compared to the respective

values of the carrageenan-treated group.
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GSH contents in these tissues. Diacerein administration

inhibited the carrageenin-induced paw edema and tissue

LPO, with a consistent increase in hepatic, renal, and

cardiac GSH contents (Table I).

Effects on serum thyroid hormones, lipids,

and ALP activity

A significant decease in the serum concentrations of

T3, T4 (Figure 2), and HDL-C were observed following

carrageenan administration. On the other hand, carra-

geenan administration increased serum TC, LDL-C,

VLDL-C, and TG levels as well as ALP activity (Table II).

However, treatment with diacerein reversed these

abnormalities, as it increased serum level of both the

thyroid hormones and HDL-C and reduced other lipids

and ALP activity.

Serum concentration of insulin, glucose,

and creatinine

Carrageenan administration significantly increased the

serum concentrations of insulin, glucose, and creatinine.

However, diacerein administration to carrageenan-trea-

ted animals reversed all these changes bringing down

the values to nearly normal levels (Table II).

D I S C U S S I O N

The result of the present investigations clearly demon-

strates that the administration of carrageenan to rats

increased the tissue (hepatic, renal, and cardiac) LPO,

serum fasting glucose, insulin and other lipid concen-

trations, but lowered serum levels of T3, T4 and HDL-C,

indicating a peroxidative, hyperglycemic, and hypothy-

roidic conditions. It also increased the paw volume

reflecting the induction of inflammation.

The current treatment of inflammatory diseases

including that of osteoarthritis is primarily focused on

symptomatic relief by use of analgesics, NSAIDs, and/or

selective cyclo-oxygenase (COX) inhibitors. Diacerein is

known to inhibit IL-1 synthesis and release as well as

down modulate IL-1 induced inflammatory activities

[2,5,38]. It has no effect on COX expression [4,38]. In

consistent to earlier findings [2,5] in this study, also

diacerein was found to inhibit carrageenan-induced paw

edema in rats.

When diacerein was administered to carrageenan-

treated animals, it reversed most of the adverse effects

including irritant-induced altered glucose and lipid

metabolism as well as oxidative stress, with a simulta-

neous increase in the serum level of thyroid hormones.

To the best of our knowledge, for the first time we report

the influence of diacerein therapy on thyroid functions

and on other thyroid dependent parameters in an animal

model of paw edema.

Carrageenan-induced increase in the level of serum

lipids, except HDL-C, indicating a hyperlipidemic state as

previously observed [39] was also reversed by daicerein

administration. This is in accordance with other reports

that suggest the hypolipidemic effect of NSAIDs [40,41].
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Figure 2 Effects of diacerein administration on the changes in

serum concentrations of T3 and T4 (X100) in carrageenan-induced

paw edema in female rats. Each vertical bar represents the

mean ± SEM (n = 7). aP < 0.001 compared to the respective

control values and xP < 0.001 compared to the respective values

of the carrageenan-treated group.

Table II Effect of diacerein (30 mg/kg) administration for 21 days

on serum insulin (IU/L), glucose, TC, HDL-C, LDL-C, VLDL-C, and

TG (all in mg/dL) in normal and carrageenan-(0.1 mL/animal)

treated female rats.

Control Carrageenan

Carrageenan +

Diacerein

Insulin 16.0 ± 1.01 25.33a ± 1.50 17.01x ± 1.2

Glucose 103.21 ± 4.13 154.52a ± 7.18 105.27x ± 5.13

TC 188.65 ± 12.1 314.94a ± 16.91 175.66x ± 13.12

HDL-C 34.69 ± 1.63 23.66a ± 1.09 36.02x ± 1.91

VLDL-C 16.40 ± 0.81 28.01a ± 1.50 14.57x ± 0.63

LDL-C 138.02 ± 7.12 262.99a ± 15.81 125.10x ± 6.13

TG 82.69 ± 3.91 140.38a ± 6.13 72.61x ± 3.02

TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C,

low-density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein

cholesterol.

Data are mean ± SEM. (n = 7); xP < 0.001 compared to the respective values

of carrageenan-treated group and aP < 0.001compared to the respective

control values.
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Carrageenan-induced hyperlipidemia appears to be an

outcome of diminished activity of lecithin-cholesterol

acyltransferase, which converts free cholesterol into

cholesteryl esters [39]. Furthermore, irritant-induced

hypercholesterolemia might also be the result of decreased

level of circulating thyroid hormones, as prolonged

hypothyroidism very often leads to hypercholesterolemia

[14,15,42]. Following diacerein administration, amelio-

ration of hypercholesterolemic state could be the drug-

induced stimulation of thyroid functions, as thyroid

hormones are known to be lipolytic in nature [12–14].

An increased level of both serum insulin and glucose

concentrations, indicating a state of insulin resistance,

following carrageenan administration was observed.

The possible cause of hyperglycemia could be the result

of carrageenan-induced abnormalities including hyper-

lipidemia, which sometimes result in insulin resistance

and leads to hyperglycemia [17,20,21,43]. Adminis-

tration with diacerein to carrageenan-treated animals

reversed hyperglycemic state. As diacerein in this study

could decrease the level of circulating lipids in carra-

geenan-treated animals, it should be expected that the

decrease in insulin resistance might be the result of

decreased level of different lipid contents [12–14].

Carrageenan-treated animals also exhibited damage in

hepatic, renal, and cardiac tissues as evidenced by the

increase in LPO. Enhanced tissue LPO along with a

decrease in GSH content in irritant-treated animals

manifests the toxic nature of carrageenan in different

tissues, as suggested earlier by other workers [44].

An increased level of circulating lipids might have

enhanced the tissue LPO [45]. Another possibility of

increased tissue LPO could be a secondary result

from carrageenan-induced hyperglycemia, as sugar in

higher concentration provides an oxidative environ-

ment [15,17,45]. Interestingly, diacerein also inhibited

carrageenan-induced LPO in different tissues including

that of hepatic, cardiac, and renal. Tissue protective

role of diacerein might be an outcome of its inhibitory

role on free radical formation [8], as rhein, an active

metabolite of diacerein is known to reduce the produc-

tion of superoxide anion [8,46].

Observations made on the changes in thyroid

hormones revealed a hypothyroid condition after carra-

geenan administration, which was reversed by simul-

taneous administration with diacerein. Interestingly,

carrageenan-induced alteration in thyroid metabolism

consolidate the earlier findings made by some other

workers, who observed the depressed activity of

thyroid gland in various respiratory disorders [25,26].

As decrease in tissue LPO and increase in GSH content

coincided with this elevation in thyroid hormones, it is

quite possible that the toxic manifestation of carra-

geenan might have been mediated through the altera-

tions in thyroid hormones, which seems more justified

because thyroid hormones are known to reduce LPO and

increase the levels of natural antioxidants [12,18]. Of the

two major circulating thyroid hormones, T4 is synthe-

sized only in the thyroid gland and the major amount

of T3 (80–90%) is produced by the peripheral conversion

of T4, primarily in hepatic tissues [12–14]. As the levels

of both thyroid hormone were increased in this study, it

seems that diacerein regulates thyroid functions both at

the glandular level (the only source of T4 generation)

and at the level of peripheral conversion of T4 to T3 (the

major process of T3 formation). Carrageenan-induced

hypothyroidism could also be an outcome of increased

IL-1 level [47]. However, amelioration of carrageenan-

induced thyroid dysfunctions following drug admini-

stration could be the resultant of diacerein-induced

inhibition in IL-1b synthesis as suggested by earlier

workers [2,5,38]. Furthermore, anti-inflammatory

action of diacerein might also be an outcome

of increased concentrations of circulating thyroid

hormones, which have been reported to possess anti-

inflammatory activity [12].

Diacerein also appeared to be safe for carrageenan-

treated animals, as it did not induce LPO, but rather

increased the GSH content in liver, heart, and kidneys.

As these parameters are dependent on the levels of

thyroid hormone [12–18], which were also increased, it

is possible that diacerein might have brought these

changes through the mitigation of carrageenan induced

hypothyroidism. Protective effects of diacerein were

further supported by the decreased value of serum ALP

activity and creatinine in carrageenan-treated animals.

C O N C L U S I O N

The present findings reveal the hitherto unknown mech-

anism of action of diacerein that the drug might be acting

through activation in the synthesis and/or secretion of

circulating thyroid hormones, which in turn stimulate the

anti-peroxidative and anti-inflammatory responses.
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25 Swennen B., Buchet J.P., Stánescu D., Lison D., Lauwerys R.

Epidemiological survey of workers exposed to cobalt oxides,

cobalt salts, and cobalt metal. Br. J. Ind. Med. (1993) 50

835–842.

26 Harrod K.S., Jaramillo R.J., Berger J.A., Gigliotti A.P.,

Seilkop S.K., Reed M.D. Inhaled diesel engine emissions

reduce bacterial clearance and exacerbate lung disease to

Pseudomonas aeruginosa infection in vivo. Toxicol. Sci. (2005)

83 155–165.

27 Cury Y., Garcia-Leme J. The inflammatory response of hyper-

thyroid and hypothyroid rats role of adrenocortical steroids.

Agents Actions (1984) 15 377–385.

28 Bulow P.I., Laurberg P., Jorgensen T., Perrild H., Ovesen L.,

Rasmussen L.B. Lack of association between thyroid autoanti-

bodies and parity in a population study argues against

microchimerism as a trigger of thyroid autoimmunity. Eur. J.

Endocrinol. (2006) 154 39–45.

29 Trinder P. Determination of blood glucose using an oxidase–

peroxidase system with a non-carcinogenic chromogen. J. Clin.

Pathol. (1969) 22 158–161.

30 Allain C.C., Poon L.S., Chan C.S., Richmond W., Fu P.C.

Enzymatic determination of total serum cholesterol. Clin. Chem.

(1974) 20 470–475.

470 R. Jatwa & A. Kar

ª 2009 The Authors Journal compilation ª 2009 Société Française de Pharmacologie et de Thérapeutique
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