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Column chromatographic frac ti onation of essenti al oil obtained by hydrod ist ill alion frolll the fl owering tops of S. 

ixiocep/7a/a resulted in the isolation of ~-ca r yo ph y ll e n e, fenchyl acetate, T-cad inol and a new sesquiterpenc alcohol for 

whi ch a name ixiocephol has been proposed. The ~-car yo ph y ll e n e and fenchyl acetate were identified by Co-TLC with 

authenti c sG mpl es whereas T-cadinol and ixiocephol were structurally elucidated by UV. IR , IH NMR, DC MR and Mass 

spectral data . The GC-MS analys is of the essenti al oil has also revea led the presence of va ri ous monoterpenoids and 

sesquiterpenoids . The essenti al o il of S. ixioceplla/a de monstrated a dose dependa nt anti-inflammatory ac ti vity in 

carrageenan-induced rat paw oede ma. It has also revea led good act ivity in .:otlon pell et granuloma and adjuvant induced 

arthriti s model in rats. 

Keywords: Anti -art hriti c acti vity. Anti -inflammatory act ivity. Esse nti al o il of Srrobi/ollflw s, Srrobilallfllus ixiocepll ala 

Strobilanthus ixiocephala Benth . famil y: Acanthaceae 

also named as Thelepaepale ixiocephala (Benth ) 

Bremek commonly known as Waiti (Mar. ) is a sma ll 

straggling shrub found in Konkan , the Deccan and 

Kananl in Indi a. It is a very common, abundant and 

gregareous Khandala plant found in large patches 

about half way down St. Xavier's Ravine, at an 

alt itude of 500 m. in Khandal a and at Brahmagiri hill s 

of ashik . It is found to fl ower once in seven years
t
-
3

. 

Twigs with fl oral heads yield an essential oil hav ing a 

refreshing camphoraceous odour. The scent of the 

oil y substance ex uded by the glandul ar hairs is most 

penetrating and persistent. Strobilalllhus heyneanus, 

another species of genu s Strobilanthlls is also an 

aromatic sh rub fo und in South India particularl y in 

Kerala is reported to be used as a remedial measure 

aga inst neurolog ica l di sorders, oedema, itiching, skin 

diseases and ulcers". Very interest ingly the essent ia l 

oil prepared from the whole plant of S. heyneanus is 

reported to be effecti ve in infl ammatory conditions
5

.
1i

. 

Another pl ant Strob ilan lhlls calloslls is reported to be 

useful in treating infl ammatory di sorders
7

. Being 

chemotaxanomicall y related to S. heyneanus and 

S. callosus, the essenti al oil of floral heads of 

S. ixiocephala has been undertaken in present study 

for its phytochemical investigation and evaluation for 

anti-inflammatory and anti -arthriti c act ivity studi es. 

*Corrcspondel1l au thor : E-mai l: rangv in @vsn l.net 

Fax: 95 -020-5439383 

Materials and Methods 

Plant material - Fresh flowering tops of S. 

ixiocephala were collected from the Brahmagiri hills 

of Trimbakeshwar, Nashik . Authentication of S. 

ixiocephala was carri ed out with the hel p of Botanical 

Survey of Indi a, Pune and the voucher spec imen of 

the plant has been deposited in their office. S. 

ixiocephala Benth authenticated with Voucher 

Specimen field no. 153115 and Access ion no. 

lO3082. 

Reagents and apparallls - All reagents were of 

puriss or analytical qual ity unless otherwise specified. 

Puri ss grade solvents were di st ill ed prior to use. Silica 

gel fo r column chromatography had an average size 

of 60- 120 mesh (E. Merck, Darmstadt , FRG). The 

FT- IR spectra (KBr di sc) were recorded on JASCO 

5300 spectrometer. I H and DC M R pectra were 

recorded on in strument AMX-500 (500 MH z) by 

Bruker using deuteriated so lvent li ke CDCl3. Mass 

spectrum were obtained from Mass spect rometer 

in strument Varian YXR-300 (300 MHz). The essential 

oil was subj ected to GC/MS analys is on the GC-MS 

of HP CHEM Model HP G 18008 (Er, 2965 ev) gas 

chromatographic detector (GSD) equipped with HP-S 

cross linked S% PhMe silicone column (30 mx O.25 m; 

0.2S /-un film thickness) using helium as a carrier gas. 

The flow rate adjusted was 0.7 mllm in . with the 

temperature program from 80° to I SO°C at SOC/min. 

and then subsequently up to 300°C at 30°C/min . 



-t 

AGARWAL & RANGARI : PHYTOCHEMICAL INVESTIGATION & EVALUATION OF S. IXIOCEPHALA 89 1 

Quantitative data were obtained from electro nic 

integration of TIC data. Hydrodi still atio n o f essenti al 

oil was carri ed out by using C lavenger's apparatus
8

. 

EXTraction and isolation oj phvtoconstituents 

The freshly collected flowering tops o f S. ixiocephala 

were chopped and subjected to hydrodi still ation by 

using Clavenger's type essential oil hydrodi stillation 

apparatus. The column chromatographic fractionation 

of the oil using petro leum ether and benzene as e luent 

for the isolati on of essential oil constituents Isolated 

constituents were identified by usi ng chromatographic 

and spectroscopic methods. The o il was also 

subjected to GC-MS analysis which revea led the 

presence of various mono- and sesquiterpenoids. 

Testing for anti-inflanunatOlY and antiarthritic 

activity - Experiments were performed on albino rats 

of either sex (Wi star Stra in) weighing about ( 120-

160g body we ight). Test drug was fres hl y prepared as 

a fine homogeni zed suspension in tween-80 (2% w/v) 

in distilled water. Diclofenac Sodium ( 10 mg/kg) was 

used as standard drug . 

Carrageenall-induced oedema in rats'J - Odema 

was induced by inj ecting 0.1 ml of carrageenan ( I % 

w/v) in di still ed wa ter into the subplantar reg io n of 

the left hind paw afte r I hI' (o ral) drug admini stration . 

One group was used as a contro l and given only 

vehicle (2% w/v) Tween-80. The volume of the paw 

was measured with a volume differential meter mode l 

7140 UGO Bas ile after 3 hI' and 24 hr of carrageenan 

injection . Results were de te rmined as the percent 

inhibiti on of oedema compared with the control 

group. 

Cotton pellet granuloma ill rals
lo 

- Autoclaved 

cotton pe ll ets 50± I mg were impl anted by 

subcutaneous incision o n the back under ether 

anaesthes ia. Drugs were admini ste red daily ora ll y for 

7 days. Animals were sacrificed on day 7 and the 

granuloma was dried in an oven at 60°C and weighed 

to determine the percent inhibiti on of granulo ma. 

Ad' 'd d I'" 1112 (Th . 'ju vant-lIl uce art 7rtliS 111 rats . - erapeutlc 

test) Arthritis was induced in rats in gro ups of six 

animals by injec ting 0 .05 ml of a 0.5 % (w/v) 

suspension of killed MycobacteriulI/ tuberculosis 

(Difco) in paraffin o il into the left hind limb . Paw 

volume was measured till 12th day by using UGO 

Bas ile plethismometer 7140. Drug treatment was 

started on day 13 and terminated on day 2 1. At 22
nd 

day blood was withdrawn through heart puncture of 

all groups by anaesthetizing the animal s with diethyl 

ether and the biochemical parameters like 

haemoglobin content, total WBC count, differential 

WBC count, ESR and tota l protein content (albumin 

and g lobulin ) were analysed. The difference in paw 

volume on day 3 and day 2 1 were considered as 

oedema volume and the percent inhibiti on of oedema 

was dete rmined. 

Data analysis-Data are expressed as mean±SD. 

Stati stical analyses were carried out by uS1l1g 

Student's t test. 

Results 

The hydrodi still at ion of the fresh calli ses of S. 

ixiocephala yielded 0.5 % (v/w) of essenti a l o il wh ich 

was greeni sh ye llow in colour with pleasant aro matic 

odour. TLC study of essenti a l oil o n s ili ca ge l-G in 

pure benzene using vanillin/concentrated sulphuri c 

acid (l %) as spray ing reagent re vealed four major 

spots hav ing Rrvalue 0 .96, 0 .87 , 0 .63 and 0.45 and 12 

minor components. The essenti al o il afforded four 

major constituents from column chromatograph ic 

fractionation using petroleum ether and benzene as 

e luent. 

The GC-MS analysis o f essenti a l o il (Table 1) 

revealed the presence of a new sesq uiterpene alcohol 

as a major constituent (23.4%) and T-cadinol 

(17.6%). Sesquiterpene hydrocarbons Ii ke y-cadinene 

(4 .8%), ~-cadinene ( 1.6%) and ~-caryoph y ll e n e 

(6.6%) were also present. The monoterpeno ids main ly 

fenchone (3.0%), a-fenchol (7.6%), isoborneol 

(8 .3%) and a -fenchyl acetate (2.2%) were also 

detected from the GC-MS data o f essenti al oil. 

Pharmacological effects of essential oil 

(i) The essenti al oil of S. ixiocephala demonstrated 

a dose related anti-infl ammatory acti vity in 

acute model of infl ammation . In oral doses of 

0.5 , 1.0, 2.0 and 4 ml/kg it showed a dose 

dependant activity to the ex tent o f 37.45%, 

Table I - Chemical compositi on of Srrobilallrhus ixiocepilola oil 

by GC-Mass 

Constituent RI Area % Identification 

Fcnchone 1087 3.0 GC/MS 

a-Fcnchol 111 2 7.6 GC/MS 

Isoborncol 1156 8.3 GC/MS 

a-Fe nchyl 1220 2.2 GC/MS. Co-TLC 
acetate 

B-Caryophyllcne 1418 6.6 GC/MS, Co-TLC 

y-Cadinene 1513 4.8 GC/MS 

B-Cadincne 153 1 1.6 GC/MS 

Ixiocephol* 23.4 GC/MS, IR, ' H-, lJC-NMR, 

Mass 
T-Cadinol 1640 17.6 GC/MS. IR. 'F1 , ' 3C_ NMR 
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50.58%, 64.48%, and 75 .68% (P < 0.001) 

inhibition (Table 2) where as standard drug 

diclofenac sodium in dose of 10 mg/kg produced 

76.83% inhibition after 24 hr. (P<O.OO l ). 

(ii ) The essential oil in cotton pellet granuloma (a 

chronic model of infl ammat ion) when 

admini stered ora ll y in the dose of I ml/kg 

showed 35 .73% inhibition of granul oma where 

as 56.28% inhibition of granuloma was shown 

by standard diclofenac sod ium 10 mg/kg dose 

(P <O.OOI ). (Table 3). 

(iii) The essenti al oil in Freund's adjuvant induced 

arthriti s in rats at the oral dose of 1 mllkg 

inhibited the rat paw oedema by 35.56% after 21 

days where as diclofenac sodium ( 10 mg/kg) 

produced 54.22% inhibition of rat paw oedema 

after 21 days (P <O.OO I ) (Table 4). In 

biochemical study (Table 5) essenti al oi l and 

standard drug showed increase in haemoglobin 

content as compared to adj uvant positive control 

group (P < O.OOI). The increased WBC COLlnt 

was sign ificantly suppressed by essential oil and 

Table 2 - Effect of cssent ial o il of S. ixiocephala in carragecnan induccd ra t paw oedema 

Group Group spccification Mean Qaw volume Mean difference Perccnt 

No. Init ial 3 hr 24 hI' 3 hr 24 hI' inhibition 

3 hI' 24 hI' 

Controltwccn-80 (2%) 0.7 17 ±0.0163 1.019 ± 0 .0028 0.976 ± 0.0045 0.303 ± .01 85 0.259 ± .0 1135 

II Standard 0.727 ± 0.0 12 1 0.823 ± 0.003 1 0.786 ± 0.0058 0 .097 ± .0 11 4 0.060 ± 0.01 11 67 .99* 76.83* 

(Di clofcnac sodium 

10 mg/kg) 

III Esscnti al o il 0 .732 ± 0.0 183 1.007 ± 00159 0.X93 ± 0.0157 0.276 ± 0.0050 0. 162 ± 0 .0047 8.91 37.45* 

(0.5 ml /kg) 

IV Esse ntial o il 0.700 ± 0.0 14 1 0.900 ± 0.0 19 1 0.828 ± 0.0 122 0.260 ± 0.007 1 0 .1 28 ± 0 .009 1 14.1 9 50.58* 

( 1.0 ml /kg) 

V Esscntial o il 0.717 ±0.0 186 1.9 14 ± 0.0204 0.807 ± 0.0 I 00 0. 194 ± 00053 0.092 ± 0.0 I 04 35 .97 * 64.48* 

(2.0 ml /kg) 

VI Essenti al o il 0.7 18 ± 0.0204 0.897 ± 0.0 173 0.78 1 ± 0 .0039 0. 178 ± 0.0059 0.063 ± 0.0 [74 41.45 * 75.68* 

(4.0 mIlkg) 

No. of rat = 6 pCI' group. tabu lar va luc represcnts mean ± SD. 

*P < O.OO [ (Compari son of I wil h II. III. IV. V :lIld VI) 

Table :\ - Effcc i o f esscn ti al oi l of S. ixiocephala on COllon pellet granul oma 

Group No. Group speci fi ca ti on Initi al wt Wt ancr impl an tation 

(mg) 

Control 51.33 ± 0 .8 165 

Twee n-80 (2%) 

II Dic lofenac sodium 50.5 ± 1.0488 

( 10 mg/kg) 

III Essenti al o il 50.5 ± 1.0489 

( I mllkg) 

No. of rat = 6 per group. tabu lar va luc rcprescnts mcan ± SD. 

* P < O.OO I (Compari son of I wi th II and III ) 

(mg) 

24 1.1 7 ± 1.602 1 

133.5 ± 3. 1464 

172.5 ± 1.8708 

Difference in wt 

(mg) 

189.83 ± 1.4720 

83.00 ± 3.7947 

122.00 ± 2.0976 

Table 4 - Effcc t o f essenti al o il on adj uvant induccd arthriti s 

Percent 

inhibition 

56.28* 

35 .73* 

Group No. Group specification Mea n paw volume Mcan difference Perce/ll inhibition 
--~~~--~~~~---

Initial Afte r 3 clays After 2 1 days 

Cont ro l 123 ± 0.0234 1.428 ± 0.0041 

Twecn-80 (2%) 

II Diclo fenac sodi um 1. 160 ± 0.00 14 1.452 ± 0.0279 

( 10 mg/kg) 

III Essent ial o il 1 303 ± 0.0225 1.6 10 ±0.02 

( I ml/kg) 

o. of ral = 6 per group. tabu lar va lue rc prcscnts mean ± SD. 

*P <O.OO [ (Co mparison of I with II and III ). 

1.348 ± 0.0256 

1.263 ± 0.0047 

1.448 ± 0.0242 

After 3 days After 2 1 days After 2 1 days 

0.305 ± 0 .02 12 0.225 ± 0.0294 

0.292 ± 0.0027 0. 103 ± 0.0042 54.22* 

0.307 ± 0.0216 0. 145 ± 0.0035 35.56* 

-; 
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Table 5 - Effeet o f esscnti al o il of S. ixiocl'pha/a on biochemi ca l paramete rs stud ied in adjuvan t induced arthriti s 

SR. Parameters Cont rol Standard Test drug 

no. Tween -SO diclorenac sod ium essenti al o i I 

(2% ) ( 10 mg/kg) ( I mllk g) 

Hacmog lob in IO.S5g/dl 12.21 g/dl * 11. 83 g/dl* 

± 0.0609 ± 0 11 45 ± 0 . 1084 

2 Total WBC count 10900/cu.mm 8233.33/eu.ll1m* 8783.33/cu .mm* 

± 89.4427 ± 163 .299 ± 132.92 

3 Differential WBC cou nt 

a) Nelltrophil s 16.67% 43 .83%* 42 .33%* 

± 1.2 111 ± 1.602 ± 1.506 

b) Lymphocytes 8 1.16% 52.67%* 55.33%* 

± 1.1 690 ± 1.9666 ± 1.6329 

c) Eosinophil s 1.667 '70 2. 16% 1.833% 

± 0.5164 ± 07528 ± 1.1 690 

d) Basophils 0.0% 0 .0% 0 .0% 

± 0.0 ±O.O ±O.O 

c) Mo nocytes 0.5 % 1. 33% 0.5 % 

± 0.5477 ±086 1S ± 0 .5477 

4 ESR 11.33 mm 2.0 mm '" 2.0 mm* 

± 1.03after 1 hr ± 0.0 after 1 hr ± 0.0 after I hr 

5 Total protein contcnt 8.005 gm % 5 .65 gm %* 7.358 g m % 

± 0.0351 ± 0.Q35 1 ± 0 . 13 19 

a) Serum albumin 3.405 gm % 2. 15 gm %* 2.567 g m %* 

± 0.0345 ± 0.02 ±0.1 506 

b) Serum g lobllll1in 4.60 gm % 3.495 gm %* 4.792 gm % 

± 0.OI41 ± 0.0234 ± 0. 1390 

No. o f rat = 6 per group. tabular value represents mean ± SO. 

*P < 0.00 I (Comparison of a ll parameters of Control group with Std and Te. t group). 

standard diclofenac sodium (P < 0 .00 I). The 

inc reased lymphocyte count in adj uvant contro l 

group was signi ficant l y res tored back to normal by 

test and standard drug (P < 0.00 I). The s ig nificant 

increase of ESR in adjuvant contro l was a lso 

restored back to normal by the essenti a l o il and 

standard drug. The inc reased prote in content of 

adjuvant control group was remarkably decreased 

by standa rd drug (P < 0 .001) but essenti al o il did 

not show much effec t on tota l prote in content but 

suppressed o nly the serum a lbumin content as 

compared to adjuvant contro l g roup . 

Discussion 

Column chromatographic fractionation o f essenti a l 

o il on s ilica ge l afforded four major compo nents in 

pure fo rm w ith trace impuriti es. The isolated pure 

constituents were identifi ed as ~-caryophyllene. 

fe nchyl acetate and T-cadinol by Co-TLC with 

authentic sa mples . T- cad ino l was e lu c idated o n the 

basi s of it s UV, IR, IH, 13C NMR and Illass spectra l 

data which was fo und to be in accorda nce with the 

literature data of T-cad ino l
13

·
14

. The fo urth co mpo und 

afforded from chromatographic fractionati o n has been 

H 

h iocephol 

found to be a new sesq uiterpene alcohol. a white 

c rys ta lline compound, Illp 62°-64°C, All"" 259.4 nm, 

IR (KBr) c lll·
I
:3368 (-OH), 2961 , 1595, 1458, 1352, 

904 and 760. I H NMR (COCl3) : 2. 12 (4 H, m, C I-

C H2), 1.73 (2H,Ill,Cr C H2), 1.4 1 (2 H,Ill , Cr C H2). 

5.47 ( IH.d C6-CH), 2.12 ( IH, 111, CT CH) , 1.58 (2 H,m, 

C g-CH 2), 1.89 (2 H,m C9-CH2), 2.21 (I H, Ill , Cl o-CH ), 

1.37 ( I H,Ill , CII-CH), 0.95 (3 H,d, C 12-CH]). 0.96 

(3 H,d, CWC H3), 1.1 9 (3 H,s, CwCH .l ) and 0 .86 

(3 H,d, C is-C HJ). 13C_NMR (C OC I)) : 8 37.0 1 (C I), 

2 1.33 (C2), 51.13 (C3), 75.39 (C~), 148.09 (Cs), 

123.86 (Cc,), 43.65 (C7), 24.97 (C ~ ), 42.47 (e)). 37.43 

(C IO), 32 .98 (C II ), 2 1.07 (C I2), 21.13 (C l}), 23.80 

(C I4), and 15 .09 (C I., ). MS m/e (%) 222 (0.5) . 204 

( 17.0), 16 1 (JOO) , 147 (6.0), 133 (9.0). 105 ( 19.5). 9 1 

( 15.0). 79 (9'(), 55 (5 .5) and 4 1 (9 .0). The name 
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Ixiocephol has been proposed for this new 

sesquiterpcnc alcohol obtained from thc essential oil 

of S. ixiocepha/a I.'. 

Thc essential oil of S. ixiocepha/a have shown sig

nifi cant anti-inflammatory activity in acute as wcll as 

chron ic model and also rcmarkable antiarthritic activ

i ty in adj uvant induced arthritis model. In therapcutic 

test model of adjuvant arthritis primary les ions are 

generall y seen on day 3 and from day 12 onwards 

secondary les ions are observcd. The ri ght hind paw 

volumc was mcasured on day 0 and on day 2 1. There

fore in prescnt study, the differencc between the 

above two values has becn considered to be th e oe

dcma vo luillc. The standard drug. and essential oil did 

not supprcss the primary les ions on clay 3 but shown a 

signifi ca nt inhibition of secondary swe lling in the 

aj uvant injec tcd and non-injec ted paw on day 2 1. T

Iymphocytcs have been rcported to playa central ro le 

in the pathogenesis of rheumatoid arthritis. These 

ce ll s compri se the majority o f the lymphoid ce ll s 

found in the rheumatoid synov iulll
16 

The inhibition of 

secondary infl ammation in adju vant arthriti c rats by 

the cssential oil was further strength cned by the bio

chemical parameters studi cd. Increased lymphocy te 

count in arthritic rats was significantl y suppresscd in 

thc standard and cssential oil trea ted group indicating 

its immunosuppressant nature. A rthriti s condition 

gcnerall y result s in accumulation o f leucocy tcs and 

relcase of lysosomal cnzymes, the main mcdiators in 

arthritis
17

. In present study the migrati on of leucocy tes 

into the inflammed area is significantly suppressed by 

the essential oil as seen from the significant decrease 

in total WBC count. M ost o f the non-steroidal anti

inflammatory agents exert their bcneficial effcc t by 

inhibiting either relcase of lysosomal enzy mes or by 

stabili zing lysosomal membrane which is rcsponsiblc 

for inflammatory process!>. Poss ibl y essential oil 

wou ld be acting by the similar mechani sm as it re

duced the total protein content especiall y serum al

bumin content. The ES R count which drastically in 

creased in arthritic control group has been rcmarkabl y 

counteracted by the standard and cssenti al oi I, restor

ing it back to normal, thus justify ing its significant 

role in arthr iti c conditions. In conclusion, remarkable 

anti -inflammatory and antiarthritic act ivity of cssen

tial oil of S. ix iocephala could bc correlated to other 

chcll1otaxonomicall y related species like S. cal/osus 

and S. hevneol/us for the treatment of various inflam

matory conditions. 
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