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Abstract

Objectives:

The aim of the present work was to study the anti-inflammatory and anti-arthritic activities of petroleum
ether extract of fenugreek seeds.

Materials and Methods:

Fenugreek seed powder was extracted in petroleum ether by cold maceration. This fenugreek seed
petroleum ether extract (FSPEE) was analyzed by gas—liquid chromatography (GLC) and tested on rats
against carrageenan and formaldehyde-induced paw edema, complete Freund's adjuvant (CFA)-induced
arthritis and cotton pellet-induced granuloma. Changes in serum glutamic oxaloacetic tansaminase
(SGOT), serum glutamate-pyruvate transaminase (SGPT), and alkaline phosphatase (ALP) activities in
liver and serum were also studied in cotton pellet-induced arthritic rats. Data were analyzed by Student's #-
test. P <0.05 was considered statistically significant.

Results:

GLC of FSPEE showed oleic (33.61%), linoleic (40.37%), and linolenic (12.51%) acids. With 0.5 mL/kg
FSPEE treatment, there was 37% (P < 0.05) and 85% (P < 0.05) reduction in inflammation of the paw in
carrageenan and formaldehyde-induced paw edema. In CFA-induced arthritis, a biphasic increase in paw
volume followed by decrease was seen. There was 42.5% (P < 0.01) reduction in the weight of cotton
pellets and significant (P < 0.01) reductions in the elevated SGPT and ALP activities in serum and liver of
FSPEE (0.5 mL/kg) treated rats.

Conclusion:

Thus, petroleum ether extract of fenugreek seeds has significant anti-inflammatory and anti-arthritic
activities which are due to the presence of linolenic and linoleic acids.
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Fenugreek seeds (7rigonella foenum-graecum Linn. Fabaceae), are used as a spice, in colic, flatulence,
dysentery, diarrhea, diabetes, and lipid disorders in India.[1] Mishkinsky et al.[2] reported that ethanol
extract of fenugreek seed powder and an alkaloid trigonelline isolated from it, when given for 3 weeks,
reduced hyperglycemia in diabetic rats. Riyad et a/.[3] found a reduction in hyperglycemia of diabetic rats
when they were pretreated with 20% fenugreek seed in the diet. Khosla et a/.[4] observed a lowering of
blood glucose in diabetic rats treated with 2—8 g/kg fenugreek powder. Ribes et al.[5] treated nondiabetic
and diabetic dogs with defatted, fiber-rich fraction of fenugreek seeds for 8 days. They observed a
lowering of basal blood glucose level, plasma glucagon, and somatostatin in diabetic dogs. The fiber rich
defatted fenugreek powder was also found to reduce hypercholesterolemia in diabetic dogs.[6] In Iranian
traditional medicine, fenugreek, under the name of “Shanbalileh,” is used to treat rheumatism.[7] Ethanol
extract, mucilage, and flavonoids of fenugreek seeds were found to have anti-inflammatory, anti-arthritic,
and anti-oxidant activities.[8,9,10] During preliminary screening experiments, we found good anti-
inflammatory activity in fenugreek seed petroleum ether extract (FSPEE). A 38—40% of reduction in
inflammation in carrageenan-induced rat paw was noted when FSPEE was given at a dose of 0.5 mL/kg.
Hence, we studied the fatty acid composition of this extract and its anti-inflammatory activity employing
inflammatory and arthritic models in rats.

Materials and Methods

Seeds

Trigonella foenum-graecum seeds were procured from the local market and authenticated by a trained
botanist.

Chemicals

The chemicals procured are indicated in the parenthesis. Petroleum ether (boiling range 60—80°C) (S. D.
Fine Chemicals Ltd., India); « Carrageenan Type IV and Formaldehyde (Sigma-Aldrich, USA); complete
Freund's adjuvant (CFA) (Difco Laboratories, USA.); Liver enzyme standard kits (Star Diagnostics and
Crest Bio-systems, Ahmedabad, India); phenylbutazone (PBZ) (Zydus Cadila Healthcare, Ahmedabad,
India); standard rat feed (Lipton's India, Bombay, India).

Instruments
Gas-liquid chromatography (GLC) instrument (Perkin-Elmer, U.S.A., model: F-11); colorimeter
(Systronics Ltd., India).

Animals

The experiments were carried out after obtaining necessary clearances from the Institutional Animal Ethics
Committee (CPCSEA registration No. 197/2000/CPCSEA). Albino rats (Wistar strain) of either sex (200—
250 g) were used in the experiments. Animals were procured from the animal breeding house, Zydus
Cadila Healthcare Laboratories. The animals were maintained under standard laboratory conditions of 12 h
day-night cycle, 25 + 3°C, 45-50% RH, and had free access to food and water.

Extraction of Seeds

Seed powder of fenugreek (500 g) was extracted with 2 x 2.5 L petroleum ether (60—80°C) at room
temperature for 4 days. The extract was evaporated to get a viscous oily extract (FSPEE).

Gas-Liquid Chromatographic Analysis of Fenugreek Seed Petroleum Ether Extract
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FSPEE was analyzed by GLC after converting the fatty acids into methyl esters. FSPEE (1.0 mL) was
dissolved in 18 mL of petroleum ether in a stoppered test tube and to this 2 mL 2M solution of potassium
hydroxide in methanol was added.

After thorough mixing, the upper petroleum ether layer was taken for GLC analysis under the following
conditions:

Column: 1.52 m glass column with 10% DEGS on chromosorb WHP; Oven temperature: 180°C.

Carrier gas: Nitrogen; injection volume: 0.4 uL; amplification: 5 x 102; Chart speed: 10 mm/min. Some
available reference standards of fatty acids were used for comparison and identification of the fatty acids.

Dosing and Drug Administration

FSPEE, ground nut oil (as vehicle control) and PBZ (PBZ-as positive control) were administered p.o. in all
the experiments. FSPEE (1.0 mL) was mixed with 1.5 mL ground nut oil. PBZ was dissolved in 1% of
normal saline with two drops of tween-80. In the carrageenan paw edema experiment, five groups of five
animals in each group were employed which were treated as under:

Group I (0.5 mL/kg groundnut oil); Groups II, III, and IV (0.25 mL/kg, 0.5 mL/kg and 0.75 mL/kg
FSPEE, respectively); Group V (100 mg/kg PBZ).

In all other experimental models, three groups of five animals each were used. Animals in Groups I, 11, and
IIT were administered groundnut oil (0.5 mL/kg), FSPEE (0.5 mL/kg), and PBZ (100 mg/kg), respectively.

Carrageenan-Induced Paw Edema

The method used was that suggested by Singh and Ghosh, which employed a plethysmometer.[11] Vehicle,
FSPEE, and PBZ were administered to animals and after 1 h, 0.1 mL carrageenan was injected in the
subplantar region of the right hind paw. Volume of the paw was measured at 0 h and after 3 h with a
plethysmometer.

Anti-inflammatory activity was calculated as follows:
% Inhibition of inflammation = 1-(VT/VC) x100

Where VT is the change in the paw volume in the treatment group and VC is the change in the paw
volume in the control group.

Formaldehyde-Induced Paw Edema

The method described by Brownlee[12] was used. Paw volume was measured at 0 and 48 h after
formaldehyde challenge. Anti-inflammatory activity was calculated as described above.

Complete Freund's Adjuvant-Induced Arthritis

CFA was made into a fine emulsion with a glass syringe. Vehicle/FSPEE/PBZ was administered orally 30
min before the injection of CFA (day 1) and once daily until the end of the experiment.[13] CFA was
injected beneath the plantar aponeurosis in the right hind paw (0.1 mL) and into the root of the tail (0.05
mL) subcutaneously. The volumes of both the hind paws were measured just before adjuvant injection and
on the 2nd, 3rd, Sth, 7th, IOth, 14th, 17th, 22nd, and 261 days after injection.

Cotton Pellet-Induced Granuloma

The method employed was that suggested by Goldstein et al.[14] Vehicle, FSPEE, and PBZ were given for
7 days to the respective groups. On the gth day, the cotton pellets were removed from the rats after light
ether anesthesia, cleared of adherent blood, and dried to a constant weight in a hot air oven at 80°C.
Reduction in the granuloma formation was calculated as under:
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% Reduction in granuloma formation = 1-(Wt/WC) x100

Where Wt is the change in the weight of cotton pellet in the treatment group and WC is the change in the
weight of the cotton pellet in the control group.

Blood Sampling and Serum Analysis

After removal of the cotton pellets, 4-5 mL blood was collected for serum analysis from the coronary
artery of animals by decapitation under light ether anesthesia. Livers were carefully excised immediately
after the collection of blood and homogenized separately in cold water at 4—6°C. Serum and the liver
homogenates were analyzed for serum glutamate-pyruvate transaminase (SGPT), serum glutamic
oxaloacetic transaminase (SGOT), and alkaline phosphatase (ALP) activities using standard kits.

Statistical Analysis

Data are expressed as mean =+ standard error of mean. Data of control groups and treatment groups were
compared by Student's #-test using GraphPad Prism 5.0 software (Graph Pad Software Inc., La Jolla, CA,
U.S.A)). P <</i> 0.05 was considered statistically significant.

Results

Fenugreek seeds yielded 7% of w/w FSPEE, which mainly consisted stearic (1.72%), palmitic (9.58%),
oleic (33.61%), linoleic (40.37%), and linolenic (12.51%) acids.

FSPEE exhibited significant (P < 0.05) anti-inflammatory activity against carrageenan-induced paw edema
at all the three doses tested. At 0.5 mL/kg dose, formaldehyde-induced inflammation was significantly
inhibited (P < 0.05) in 48 h [Table 1]. It showed 85% of inhibition while a 90% of inhibition was noted in
the PBZ-treated group.

In FSPEE-treated CFA arthritic rats, the right paw showed a sudden inflammatory response which reduced
to near half on day 5. A biphasic phenomenon of increase in paw volume followed by decrease was
observed in all the groups [Figure 1].

There was a 45% (P < 0.05) reduction in the weights of cotton pellets due to the formation of granuloma in
animals treated with FSPEE [Table 2]. This reduction is comparable to that of animals treated with 100
mg/kg PBZ (56%).

The activities of various liver enzymes are higher in untreated animals than in rats treated with either PBZ
or FSPEE. The activity of SGPT in serum was reduced from the elevated values of 131.8 = 11.1 to 107 £+
2.19 in PBZ-treated rats (P < 0.01). FSPEE treatment lowered SGPT activity to 88 = 5.85 U/mL (P <
0.01). The reduction in serum SGOT activity was lower in FSPEE-treated rats than that found in PBZ-
treated rats. FSPEE significantly (P < 0.01) reduced serum ALP activity. Elevated SGPT and ALP
activities were reduced significantly (P <0.01; P <0.01) in liver of rats treated with FSPEE or PBZ [
Table 3]. Two phenomena are conspicuous in arthritic conditions. They are marked increase in the serum
and liver peroxide enzyme activities in the arthritic animals and anti-arthritic activities of FSPEE and PBZ,
which also resulted in the inhibition of these enzyme activities.

Discussion

FSPEE contained saturated and unsaturated fatty acids. The amounts of linolenic and linolenic acids
obtained in our analysis are more or less similar to those reported by Skakovskii et al.[15] Significant anti-
inflammatory activity was noted with linolenic acid in various acute models involving carrageenan,
prostaglandin E2, leukotrienes, and arachidonic acid-induced inflammation[16] suggesting its ability to
inhibit both cyclooxygenase and lipoxygenase pathways. FSPEE, rich in linolenic acid, and linolenic acids
may also be acting in a similar way in carrageenan and formaldehyde-induced inflammation. The
reduction in the weights of cotton pellets in FSPEE-treated animals indicates protection against
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production, migration, and cellular infiltration of chemoattractant factors. This may be due to anti-oxidant
activities of FSPEE which help in the maintenance of cell membrane integrity and stability. There was a
significant reduction in activities of SGPT and ALP suggesting a strong anti-oxidant role of FSPEE.
Chronic inflammation has been attributed to hepatomegaly due to hypertrophy of hepatocytes.[17]
Inflammatory diseases result in the release of lysosomal enzymes which, in turn, stimulate prostaglandin
synthesis.[18] Various marker enzymes in the liver are enhanced in inflammatory conditions reflecting
overall changes in metabolism.[19] Omega fatty acids have an unequivocal bearing on total lipid
metabolism and recent findings point toward involvement of impaired lipid metabolism which enhances
the production of proinflammatory mediators.[20] CFA-induced arthritis is akin to a number of clinical and
immunological symptoms of human arthritis. Most of the studies with polar fractions of fenugreek seeds
point toward a strong anti-inflammatory and anti-arthritic activities mediated through anti-oxidant
mechanisms.[8,9,10]

FSPEE, rich in anti-oxidant fatty acids might be acting in a similar way.

Conclusion

Our studies show petroleum ether extract of fenugreek seeds (FSPEE) to be rich in linolenic and linolenic
acids with significant anti-inflammatory and anti-arthritic activities in all the models tested. The results
also indicate that the activity resides not only in the mucilage and polar fractions of seeds as reported by
other workers but also in the nonpolar fixed oil. Thus, the entire seed may be more beneficial in
inflammation and arthritis.
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Figures and Tables

Table 1
Treatment Paw volume (mL) carrageenan- Percentage Paw volume (mL) formaldehyde- Percentage
induced paw edema inhibition of edema induced paw edema inhibition of edema

AtOh After 3 h AtOh After 48 h

Control (0.5 ml/kg 1.1940.044 1.85+0.020 - 1.3640.0650 1.56+0.0291

ground nut oil)

0.25 ml/kg FSPEE 1.1410.035 1.53+0.047* 40.91

0.5 ml’kg FSPEE 1.0110.076 1.42+0.110* 37.23 1.44+0.0418 1.47+0.0583" 85.00

0.75 ml/kg FSPEE 1.041+0.042 1.37+0.022* 50.00

100 mg/kg PBZ 1.1210.066 1.31+0.153" 71.21 1.4240.0254 1.44+0.0745" 90.00

Results are presented as mean+SEM (n=5). As compared with controls: *P<0.05. FSPEE=Fenugreek seed petroleum ether extract, PBZ=Phenylbutazone,
SEM=S5tandard error of mean

Effect of oral administration of different doses of fenugreek seed petroleum ether extract on carrageenan-



induced paw edema and formaldehyde-induced paw edema in rats

Figure 1
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Effect of Fenugreek seed petroleum ether extract on complete Freund's adjuvant-induced granuloma in rats. (FSPEE:
Fenugreek seed petroleum ether extract; PBZ: Phenylbutazone; CFA: Complete Freund's adjuvant)

Table 2

Treatment Dry weight of cotton pellet (mg) Percentage
At the time of Eight days after inhibition of
implantation  implantation granuloma

formation

Control (0.5ml/kg 100.0 340.0+27.01 -

ground nut oil)

0.5 ml’kg FSPEE 100.0 238.3+7.27* 4250

100 mg/kg PBZ 100.0 205.0+23.62" 56.25

Results are presented as mean+SEM (n=5). As compared with controls: *P<0.01.
FSPEE=Fenugreek seed petroleum ether extract, PBZ=Phenylbutazone,
SEM=Standard error of mean

Effect of oral administration of fenugreek seed petroleum ether extract on cotton pellet-induced granuloma

in rats
Table 3
Treatment Serum enzymes (U/ml) Liver enzymes (U/ml)

SGPT SGOT ALP SGPT SGOT ALP
Control (0.5 ml/kg ground nut oil) 131.8+111 324.448.28 978.30+21.6 154.5+11.03 325.84+20.81 602.50+73.2
0.5 ml’kg FSPEE 88.0+5.85" 305.149.90 726.25+102.1* 63.546.66** 300.60+8.83 473.75+102.6*
100 mg/kg PBZ 107+2.19* 244 2+6.75" 932.50+67.5" 81.1+6.4"" 260.15+4.73" 545.00+10.1*

Results are presented as mean+SEM (n=5). As compared with controls: *P<0.01. FSPEE=Fenugreek seed petroleum ether extract, PBZ=Phenylbutazone,
SEM=Standard error of mean, ALP=Alkaline phosphatase, SGPT=5Serum glutamate-pyruvate transaminase, SGOT=Serum glutamate-oxaloacetate transaminase

Effect of oral administration of fenugreek seed petroleum ether extract on serum and liver enzymes in rats
with cotton pellet - induced granuloma
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