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ABSTRACT 

On gel filtration through Sephadex G-150, the water-soluble polysaccharide 

from Mahua flowers gave two homogeneous fractions. The first fraction was found 

to contain D-galactose, L-arabinose, L-rhamnose, D-xylose, and D-glucuronic acid 

in the molar ratios of -21 : 5 : 1 : 1 : 6. Methylation analyses were conducted on the 

polysaccharide and its carboxyl-reduced derivative, and the results were corroborated 

by those from periodate oxidation followed by Smith degradation. The anomeric 

configurations of the different sugar residues in the polysaccharide were determined 

by chromium trioxide oxidation of the acetylated polysaccharide. 

INTRODUCTION 

The flowers of Mahua (Mudhuca indica) constitute a rich source of sugars, 

and are used, next in importance to cane molasses, in distilleries as raw material, 

as well as being eaten raw or cooked. Mahua flowers are regarded as cooling, tonic, 

and demulcent, and are used in alleviating coughs, colds, and bronchitis’. The total 

sugars reported therein amount to 73 %, and the sugars identified are sucrose, maltose, 

glucose, fructose, arabinose, and rhamnose’. Despite having such versatility, no 

structural investigation of the polysaccharide of Mahua flowers has as yet been 

made. In the present communication, some structural features of one of the poly- 

saccharide fractions are reported. 

EXPERIMENTAL 

General methods. - All evaporations were conducted in a rotary evaporator 

at 40”, unless stated otherwise. Descending paper-chromatography (P.c.) was per- 

formed on Whatman Nos. 1 and 3 MM papers, using as solvent systems (v/v): 

(A) 8 : 2 : 1 ethyl acetate-pyridine-water, (B) I-butanol-acetic acid-water (4 : 1 : 5, upper 

layer), and (C) 9 : 2 : 2 ethyl acetate-acetic acid-water. The spray reagent used was 
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alkaline silver nitrate. Opttcal rotations were tneasured with a Pcrkin- Elmer Model 

241 MC spectropolarimetcr at 2.3 t_ I and 589.6 ntn. The homogeneity of the paly- 

saccharides QQS determined by high-voltage I.‘apcr-electrophot-ests conducted in a 

Shandon high-voltage elcctrophorcGs tnstrument Model L-24. Infrared spectra \\ere 

recorded with a Bockman IR-20 A spectrophotometer. and ultras iolct and i isiblc 

spectra with a Yanaco SP-I spectrophotomcter. Ga--liqutd chromatography (g.1.c. ) 

was performed with a Hewlett--Packard model 5730 A gas chromatograph fitted w.ith 

a flame-ionization detector and glass columns ( I.83 .c 6 mm i pachcd with (/) 3 “,, 

of ECNSS-M on Gas-Chrom Q (100--1X mesh) and (2) 3”,, elf O\‘-‘15 on Cia\- IL 

Chrom Q (100-120 mesh). All g.I c. analyses \\crc conducted (at IS5 for unmethyl- 

ated sugars. and at 165 for methylatcd sugars) by converting the sugars into their 

alditol acetates”. 

E~tr’rrcticv~ of pal I..cLic.c.lrrrr.iL.~ ~IYW :lld~uu flo1t.cr.y. -~ Ma h ua flowers ( IO0 g ) 

were crushed with ethanol (300 mL) in a blender. and the slut-r! \v:t\ bttrrcd oxer- 

night, squeezed through a piece of Nylon cloth, and the solid air-drred (yield. 40 g). 

The dry tnatcrial was then stirred overnight wrth cold ~faator (600 mL) at room temper- 

ature, and the slurry was again squee;lcd through a piece of Nylon cloth. The poly- 

saccharides were isolated both from the residue and the tiltrute b? the following 

procedures. 

The filtrate was centrifuged at 15,000 r.p.m. in a Sorball RC-sf3 rcfri$cratcd 

centrifuge for 1 h. To the cold. clear liquid wa5 added cold ethanol (2.5 vol. ), and a 

whitish precipitate separated out. The precipitate wab collected by ccntrifug~tion. 

washed thrice with dry methanol, triturated \vith petroleum ether, and drtcd. The 

polysaccharide was dissolved in water (300 tnL), reprecipitatcd \vith ethanol ( I I. I. 

and the precipitate collected by centrifugation. The process of disbolution in natcr 

and precipitation with ethanol was repeated twice mot-c. until a fail-l) Lvhitc precipitate 

was obtained. Tt was drrrd over phosphorus pentaoxide; yield 30 mg [Y]::,, h 

~ 55 ’ (c 0.5, crater). and designated PS-A. 

The residue obtained by filtration of the slurry through Nylon cloth was SUS- 

pended in water (600 mL) and heated for 4 h in a boiling-n~atot- bath. The polysacchar- 

ide was obtained by employing the procedure just descrtbed. This polysaccharide 

was designated PS-B: yield, 161 mg; [z]<iy (, t-40 (c 0.6. watct-). 

Purificrrtiorl c~f’/~ol~~\(r(~~.IlLll.i~i~~ PS.4. The polysaccharide PS- +I (80 mg) V,XS 

purified by passing an aqueous solution of it through a column (95 v 1.X cm) of 

Sephadex G-l 50. The column was eluted wtth water, 5-tnL fractions hcing collected. 

The fractions were automatically tnonitored with a Waters Ahsoctates‘ Differcnttal 

Refractometer Model 403 fitted wtth a rccordcr. Two pcal\s. one comprtGng fracttons 

17-25, and the other, fractions 32-50. were obtained (see F‘tg. 1 ). The fractions 

respectively containing each of these polysaccharides \\erc comhincd. separateI\ 

dialyzed against distilled \\‘atcr, and freeze-dt-icd. The poIy>;tcchartde i)htained from 

the fractions constituting the first peak was termed PS-AI: yield, 75 mg. I~Y]~~~, ,I 
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Tube no - 

Fig. 1. Gel chromatography of polysaccharide PS-A from Mahua flowers by elution with water, 
and monitoring with a differential refractometer. (Assignment of peaks: 1, Fraction I; 2, Fraction II.) 

-9.3” (c 0.4, water), and that obtained from the fractions in the second peak, 

PS-AII. The yield was 50 mg, and it had [c(]:;~,~ - 19.5’ (c 0.4, water). Both PS-AI 

and PS-AI1 moved as a single component when electrophoresed (37 V/cm) for 90 

min in phosphate buffer, pH 6.9. 

Hydrolysis and sugar analysis of the polysaccharides PS-AI and PS-AIL - The 

polysaccharides PS-AI and PS-AI1 (2 mg each) were separately hydrolyzed with 

0.5M sulfuric acid for 20 h at 100”. The acid was neutralized with barium carbonate, 

the slurry was filtered through a Celite bed, and the filtrate was decationized with 

Dowex-SOW X8 (Hf ) resin, and concentrated to a small volume. Parts of the filtrate 

were examined by paper chromatography using solvents A, B, and C. The poly- 

saccharide PS-AI gave spots corresponding to galactose, arabinose, xylose, rhamnose, 

and glucuronic acid, and a faint spot near the base line, whereas PS-AII, in addition 

TABLE I 

COMPOSITIONa OF MONOSACCHARIDES IN THE ORIGINAL POLYSACCHARIDE (PS-AI) FROM MAHUA FLOWERS, 

AND ITS CARBOXYL-REDUCED DERIVATIVE 

Monosaccharide Original Carboxyl-reduced 
polysaccharide, PS-AI polysaccharide, PS-AI 

m, (“44 

D-Galactose 71.7 
L-Arabinose 21.3 
L-Rhamnose 3.8 
D-Xylose 2.5 
D-Glucose - 

59.5 
16.2 
3.0 
2.0 

19.6 

nPercentage values were obtained by g.1.c. analysis. 
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to all of the su_ears prescnl in PS-AI. gale a spot for glucose. The other parts of the 

respective filtrate were converted into their alditol aoetatc\. and thebc ~crc anal~zcd 

hy g.1.c. (column I). When estimation of sugars nm desired, ;t Anon 11 anwunt 0T 

w_w-inositol (accurately ~eighcd ) \va$ LNIJCJ tc) the polqwxhnridc before hydrolysi\ 

by the foregoing procedure The results are given in Tublr 1. 

Pwfutt’it~iott of ~nt+rt.y I-twhrd P.S.-Ii’ To tl solution of p+xwharid~ 

PS-AI (JO mg) rn water (40 ml. ) WRS added I-~ycloheayl-3-(1-mc~rphoIinoethyl)cnrbo- 

diimide ~iiet1io-/~-t~~lucnrsnlf~~nate (CMC. I 2). with stirnng. cmd thr pH \~as hcpt ,tt 

4.75 during the reaction bp the addition of 0.01 v hydrochlllnc xrd. lifter 2 11. 211 

aqueous sodium borohydridc (20 mL) ~vas add4 dropwrse for I h. :und the pH of the 

solution ~8s kept at 7 by the simultaneous addition of&l hydrochlol IL‘ acrd. Afier I h. 

the solution HAS dinly7ed agam\t distilled natrr for 24 h. and liecx-dried. The 

procedure was repeated once, to ensure complete reductrw of the carho\yl group\. 

The yield was 35 mg. 

The carboxyl-reduced B-AI (2 mg) was miwd \\ith n?w-lnositol (0.2 m,e. 

as the internal standard). and hydrolyzed with 0.5~ sulfuric acid ;LS prekiousl! 

described. The alditol acetates of the sugars were estimated by g.1.c.. uw~g column I 

(set Table I). The presence of glucose 111 the hydroly/atc confirmed that the uranic 

actd was glucuronic acid. as glucose was sbscnt from the hydrolyzak of the orlginal 

polysaccharide PS-Al. The uranic awl in PS-AI uas crlimated 1~) the carbwolc 

sulfuric acid method’. \vlth r>-glucuronw acid as the standwd. and the content XI\ 

found to be X”,,. 

The carbouyl-reduced PS-AI was prepared in severill batches. and hydrolyzed 

as described earlier. The sugars \\cre resolved. and ihol;tted by prepuratrw paper- 

chromatography using solvent if. The specific rotations of thew sugar\ wrc deter- 

mined: galactosc. +78’ (I&” + 79 ’ for u-galnctose); gluwse. -t- 51 (lit “h + 52.5 

for ~-glucose): arabinose. -f- IOO- (ht.” + IO.5 for L-nritblno\c ); rhamnose. f S 

(lit.“” t-9.18 for I.-rhamnosc): and ~ylosc. + IX’ (l~t.“~ + 19’ for n-\~IosL\). 

3 frtit_ricrtiott ctml wt.\ cd PS- 4 f mii (.cr~hrr.~~‘l-~crftt~2,1/ PS- 11 The polj- 

saccharide PS-AI (X.0 mg) and its carboxyl-reduced product (4.0 mg) were each 

dissolved in dimelhyl sulfoxide (8 mL and 4 mL. respcctivclp 1 111 separate bIals, bj 

ultrasonication, and treated with 2x1 methylsulfinyl sodium- (4 ml_ and 2 mI_. 

respcctiwly) under a nitropcn atmosphere. The solution\ \\crc stn-red overnIght. 

methyl iodide (3 mL and 2 m L, respc&tcl> ) WIS ;~lJcd drop\\ ix. N 1 t h r’xlernal 

cooling. to the bials, and the rni\tureh Iterr stirred for 2 h. The products in the \Ial\ 

\+ere flushed with a strcnm of nitrogen. dialyzd. and Iyophrked. 7 hc materktl ~~15 

rcmethylatcd tiith methj I iodide and silver osidc by the Kuhn prwcdurc”. The i-r. 

spectra of the methylation products \h<wcd IN h>droxyl absorption band at 3~00 

3300 cm - ‘. indicating the absence of free hyJro\jl group:, The mcth~lntcd PS-AI 

(6.0 mg) had [Y];:‘, ~, X.X:! (( 0.3. chloroform). A porlwn 41fthc nwthylatcd PS-AI 

and methylated. carbouyl-reduced PS-Al Here sepnratcly hydrol>xJ. first \Vrth ‘JO”,, 

formic acid for I h in a boiling-\\ater bath, and then H ith 0.5~ wlfurlc ;tciti for I h II 

at 100 . The hydrolyzateb were made neutral with burlum carbonate. and the :Uitcrl 
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TABLE II 

METHYLATION ANALYSIS OF THE POLYSACCHARIDE (PS-AI) FROM MAHUA FLOWERS, AND OF ITS CARBOXYL- 

REDUCED PRODUCT 

sugarsa T” Approximate mol. 

proportions 
Mode of lhkage 

1 2 Origitlal 

PS-AI 

Carboxyl- 

reduced 
PS-AI 

2,3,5-Ara 0.47 0.43 5 4 

2,4-Ara 1.41 1.08 2 1 
2,3,4-Xyl 0.67 0.54 1 1 
3,4-Rha 0.91 0.86 1 1 
2,3,4,6-Gal 1.24 1.19 3 2 
2.3.6-Gal 2.41 2.23 5 5 

2,3,4-Gal 3.39 2.89 4 3 
2,3-Gal 5.67 4.69 3 3 
2,4-Gal 6.40 5.11 8 8 

2,3,4,6-Glc 1.00 1.00 6 

Araf-(1 + 
+ 3)-Araj-( I+ 
Xylp-( 1 + 
+2)-Rhap-(l+ 

Galp-(1 + 
-+4)-Galp-( 1+ 
+ 6)-Galp-(I-+ 

+4,6)-Galp-(I+ 
+3,6)-Galp-(l+ 
GlcpA-( I+ 

u2,3,5-Ara = 2.3,5-tri-0-methyl-L-arabinose, etc. bRetention times of the corresponding alditol 
acetates, relative to that of 1.5-di-O-acetyl-2,3,4,6-tetra-O-methyl-o-glucitol as unity, on (1) a 3Ob 

ECNSS-M column at 165 ‘, and (2) a 3”; OV-225 column at 165 “. 

acetates were prepared as usual and examined by g.1.c. (columns I and 2). The results 

are summarized in Table II. 

Periodate oxidation and Smith degradation of PS-AI. - The polysaccharide 

PS-AI was treated with 0.1 M sodium metaperiodate in the dark at 5 ‘. Consumption 

of the oxidant, monitored spectrophotometrically9, became constant in 72 h, corre- 

sponding to a consumption of 1.10 mol per mol of hexosyl residue. 

In a separate experiment, polysaccharide PS-AI (40 mg) was treated with O.lM 

sodium metaperiodate (40 mL) in the dark for 72 h at 5 O. The excess of the periodate 

was decomposed by adding ethylene glycol (5 mL). The solution was dialyzed, 

concentrated to IV 10 mL, and the product reduced with sodium borohydride” 

(250 mg) overnight at room temperature. The mixture was made neutral with acetic 

acid, dialyzed, and freeze-dried. The yield was 32 mg. A part of the reduced, periodate- 

oxidized material (2 mg) was hydrolyzed with 0.5M sulfuric acid for 20 h at 100”. 

A portion of the hydrolyzate, after neutralization, was examined by paper chromato- 

graphy (solvent A), and another portion was converted into the alditol acetates, and 

these were analyzed by g.1.c. (column 1). Besides lower polyhydric alcohols and 

aldehydes, galactose and arabinose were detected. Another part of the reduced, 

periodate-oxidized PS-AI (10 mg) was kept with. 0.5~ sulfuric acid (1 mL) for 24 h 

at room temperature. After the usual treatment, paper-chromatographic examination 

using solvent A revealed spots corresponding to galactose (faint ). arabinose, and three 

oligomers whose RLnc values were 0.98, 1.3, and 1.73. The material was subjected to a 
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TABLE III 

0 IO 15 30 II.10 h.20 I ..io 0.3s 

I IO 0.3X 0.53 I.10 0.35 
1 IO 0. 1-l 0 54 0.55 0.1’ 

“The sugar\ were analyzed, and estlmatcti. by g.1.c.. wing column I at 18 

second periodate oxidation at 5” in the dark. After the usual treatment. the product 

was isolated by lyophilizatlon. On complete hydrolysis of the material. folloued hq 

the usual processing. and g.1.c. analysrs. only one peah, cnrrcsponding to gslactosc. 

\vas detected. 

Osidotion of cul-h0.v ~~l-rr~cf~icwl PS-.-I I rc.ifll d~rw~lirm trio \-id, ’ A mixture of 

carboxyl-reduced PS-AI (6 mg) and nl!winositol ( I mg) was ilis~ol\,ed in formaCde 

(0.5 mL). To the solution were added pyridinc (3 mL.) and acetic anhqdridc (3.5 ml-). 

and the mixture was slurred for 16 h at room temperature. The formamidc \vas 

removed under diminished pressure at 80”. and the product \\a> wwtylatrd. to 

ensure COlilplctC xetylation. Powdered CrO, (300 mg) LL’;L~ add4 to ;t solution of 

the acetylation product in c &cial acetic acid (3 mL.), and the mi\turc \vas stirred at 

50 ~‘. Aliquots were rcwoved at rnterbala of 0. I. and 2 II. and each u:t< immedlatcl~ 

diluted with water to stop Further oxidation. The solu~ron \\a$ cxtractcd \\ith chloro- 

form (3 x 20 mL), and tlic’ extract< were combined. washt’d \{iith \Iatcr (i x 20 ml.). 

dried (anhydrous xodiuw sulfate), and evaporated to dryness. The product \\as 

deacetylatcd wth 0.2~ sodium methouide (I mL) for 4 h. dccationi7ed with Dswe~- 

50W X8 (H’ ) resin, and the material hydrolyzed with 0.5~ H,SO, for I6 h at IOO’.. 

After the usual treatment. the hydrolyzate was analq/ed by g.1.c. (cc~lumn /). The 

results are shown in Table 111. 

After removal of free sugars by ethanol treatment. the Mahua flowers \vere 

extracted with cold Hater overnight. and the polysaccharidc V, as isolated from the 

aqueous filtrate by repeated precipitation with ethanol. The polysacchwldc was 

designated PS-A. and had [Y]::~ h 55 ‘. The residue was extracted urth hot water 

for 3 h, and ;L second polysaccharide was obtained from the cIwr. hot-water extract 

by ethanol precipitation. This polysaccharrde. [~x]~~,., +40 . \\a\ termed PS-H. On 

gel filtration through II column of Sephadex G- 150. polysaccharidc WA \\a\ separated 

into two fractions (mon!tolcd by a dill’et-ential refractometer). and each ki;14 separatcl~ 

lyophjlized. The t\\ D fractIc>ns 01‘ pol~~saccharides L\‘cro designated PS-AI and PS-AII, 
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respectively. Both polysaccharides were found homogeneous by high-voltage electro- 

phoresis; they had [cx]:,“,., -9.3 o and - 19.5 O, respectively. The polysaccharides 

PS-AI and PS-AI1 were separately hydrolyzed with 0.5~ sulfuric acid for 20 h at 

100 ‘. On paper-chromatographic examination using different solvents, the hydrolyzate 

of PS-AI gave spots corresponding to galactose, arabinose rhamnose xylose, and 

glucuronic acid (and a faint spot near the base line), whereas that of PS-AIT gave a 

spot corresponding to glucose (besides all of the monosaccharides present in PS-AI). 

G.1.c. analysis of the alditol acetates from the components of the hydrolyzate of PS-AI 

gave peaks corresponding to galactose, arabinose, rhamnose, and xylose. 

The sugar components in the polysaccharide having been identified, it was 

necessary to estimate them (see Table I). The uranic acid was determined spectro- 

photometrically by the carbazole-sulfuric acid method5, and its proportion was 

found to be 20%. The carboxyl groups in polysaccharide PS-AI were reduced with 

I-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-toluenesulfonate4. The 

alditol acetates obtained from the hydrolyzate of the carboxyl-reduced PS-AI showed 

the presence of galactose (59.5), arabinose (16.2), rhamnose (3.0), xylose (2.0), and 

glucose (19.6%). The presence of glucose in the hydrolyzate of the reduced poly- 

saccharide confirmed the presence of glucuronic acid. The sugar components were 

isolated by preparative paper-chromatography, and their configurations, as deter- 

mined by their specific rotations, were found to be D-galactose, L-arabinose, L- 

rhamnose, D-xylose, and o-glucuronic acid. 

The polysaccharide PS-AI and its carboxyl-reduced product were methylated, 

first by the Hakomori method’ and then by the Kuhn method*. The i.r. spectra of 

the permethylated products showed no hydroxyl stretching at 3600-3300 cm-‘, 

indicating that the methylation was complete. A portion of the permethylated poly- 

saccharide was hydrolyzed, first with formic acid for 2 h, and then with 0.5M sulfuric 

acid for 20 h. The alditol acetates of the partially methylated sugars in each hydrolyzate 

were identified, and their relative molar proportions were determined by g.1.c. The 

results are summarized in Table II. From these results, some structural features of 

Mahua polysaccharide PS-AI may be developed. In the hydrolyzate of methylated 

PS-AI and its carboxyl-reduced product, L-arabinose was found to be present as its 

2,3,5-tri- and 2,4-di-O-methyl derivatives, which indicated that the arabinose residues 

are present both in the furanose and the pyranose form; the former resulted from 

nonreducing groups, whereas the latter were formed from residues present in the 

interior part of the polysaccharide and joined in (1+3) linkage. Similarly, c-rham- 

nose and D-xylose are both present in the pyranose form; the former, having (1+2) 

linkages, is in the interior part of the molecule, as 3,4-di-0-methylrhamnose was 

obtained, whereas the latter is present as nonreducing groups, as revealed by the 

formation of 2,3,4-tri-0-methylxylose. 

The only glucose derivative that could be characterized was 2,3,4,6-tetra-O- 

methylglucose, and this was detected only as nonreducing end-groups. Characteriza- 

tion of large proportions of 2,4-di-O-methylgalactose and 2,3-di-0-methylgalactose 

in these two polysaccharides indicated that the molecule is highly branched, and that 
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the branch points originate at O-1,0-3, and O-6, and O-l, O-4. and O-6 of D-galacto- 
syl residues. The rest of the galactosyl residues rn the chain arc ( l-4)- and (l-+6)- 
linked, as 2,3,6-tri- and 2J,4-tri-U-methylgalactose were obtained. A point still not 
explained is that the sum of the nonreducing ends [IVY.. tetra-O-n7etl~vl-galactost: 
and -glucose (carboxyl reduced PS-AI) and tri-O-methyl-arahrllosc and -xylose] 
exceeds the branch points. IV?‘,-., the di-r)-methylgalnctosc. 

The polysaccharide PS-AI was oxidized with sodium metaperiodate, and the 
consumption of periodate i\a.s monitored spectrophotometricaIly” The consumption 
of periodate became constant in 72 II. and correspomicd to 1. IO tnol of periodate 
per mol of herosyl residue. The observed value of pcriodate uptake M~S in good 
agreement with the theoreticat amount required for the linkages propo,sed. On cotn- 
plete hydrolysis. the Smith-degraded material gave galactose (24”,,) and nrahinose 

(3 (I,, ). besides glycerol and other polyhydric alcohols, and aldehydes. The proportion 
of sugars resistant to periodate oxidation was in good agreement Ltith the theoretical 
values expected from the rncthylation stud&. When the material ~‘a< hydrolyzed 
under mildly acidic conditions, traces of arabinose and galacto\t: \+erc: detected. rn 
addition to these sugars, spots corrcspondlng to three ~~ligomers having RI_,, values 
of 0.98. I .3, and 1.73 Here obtained. which indicated that arabtnosc residues had been 
released during the mild trca.tment with acid. This hydrotysih ~a$ found suitable for 

release of the three ohgobaccharidcs. When subjected to a second periodatc oxidation. 
followed by reduction with NaRH,, the Smith-degraded material gave a product 
containing galactose. Identification of this product after the second periodate oxida- 
tlon suggests the possibility of a backbone of ( l-3)-linked gulactopyranr~syl residues 
in the polysaccharidc 

In order to ascertain the anomeric configurations of the different sugar residues, 
the acetylated derivative of the carboxy!-reduced PS-AI &as subjcctcd to ourdation 
with chromium trioRide” I’ in acetic acid for dlffcrent time-Intervals at SO’. using 
nl_ro-inositol as the internal standard. After deaoctylation with radium methoxide, 
the products were hydrolyzed. and the alditol acetates of the d1fTcrcnt sugars were 
estimated by g.1.c. The results are shown in Table III. From these results, It appears 
that the amounts of all of tbc sugar components decreased M-> raprdly Hith time. 

This is due to abstraction of an axially oriented l-proton to yield a 5-hexulosoni~ 
acid, thus leading to the disappearance of the sugar residues haiing /LgIycosidic 
linkages. Hence. it may bc concluded that all of the monosaccharides present in 

Mahua polysaccharide PS-AT arc (S-linked. 

The authors express their grateful thanks to Prof. C. V. N. Rae for his heen 
interest in this work, and to Dr N. Roy for generously supplying some authentic. 
methylatcd samples. 
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