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The weights and feed intake were the sairie for the  
control group as well as for the groups receiving the 
drug. No visual differences could be observed in 
the rats receiving the drug over those in the control 
group. Furthermore, the rats showed no sensi- 
tivity to the drug. 

Four rats out  of each series ( L e . ,  two males and 
two females) werc checked a t  the  end of 8 weeks 
and no ahnormalitics were found with respect t o  
blood glucose, cholesterol, phospholipids, and urea 
nitrogen suggesting that  no chcmical rhanges re- 
sulted from the use of the drug. 

SUMMARY AND CONCLUSIONS 

In carefully controlled studies carried out over a 
period of 8 weeks, involving 120 rats, no statistically 
significant changes occurred in the blood picture 
with respcct to red cell, white cell, and differential 
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counts when varying amounts of dipyrone were 
administered orally. 

No visual diffrrences could be observed in the rats 
receiving the drug over those in the control group. 

No rats died as the result of taking the drug. 
No abnormalities were found with respect to blood 

glucose, cholesterol, phospholipids, and urea nitro- 
gen on examining animals from each group sug- 
gesting that  no chemical changes resulted from the 
use of the drtig. 

In this study using massive doses of dipyrone no 
indications of agraiiulocytosis were produced. 
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Phytochemical Investigation of Abies concolor 
By AYHAN ULUBELEN*, MARY E. CALDWELL, and JACK K. COLE 

Extracts of the bark of Abies concolor have shown antitumor activity against the adeno- 
carcinoma of the duodenum test system of the Cancer Chemotherapy National Ser- 
vice Center. The 
isolation of the active fractions has been reported utilizing solvent extraction, column, 

One of the active materials appears to be a complex tannin. 

paper, and thin-layer chromatography. 

N A ROUTINE screen of Arizona and Mexico plants I for antitumor activity, it was found that  extracts 
of the bark of Abies concolor (Gordon and Glcndin- 
ning) Hoopcs were shown to have activity aga.inst 
the adenocarcinoma 01 the duodenum (7D1) test 
system of the Cancer Chemotherapy National Ser- 
vice Center, Bethesda, Md. The plant, also known 
as white fir, is a soft-wooded, resinous evergreen 
monoecious trec, 100--200 ft. tail, 3-6 ft. in trunk 
cliatnetei-. It  is distributed from Wyoming west to 
Oregon and south into Raja California, Arizona, 
New Mexico, and Sonora, at elevations of 3000- 
1u,ooo it. 

Thc collection used in this study was obtained 
from upper Sabino Creek, 8000 f t .  elevation, Santa- 
Catalina Mouiitains, Pirna County, Ariz.1 

EXPERIMENTAL 

Preliminary Extraction.-The bark (3.5 Q.) of 
2 4 .  concolor was extracted with chloroform-ethatiol 
(1 : 1) in a Lloyd extractor for 2 days. Aftcr cvapo- 
ration, this crude extract was submitted to the ade- 
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TABLE I.--ln Vioo TUMOR INHIBITION 
~ ~ 

Dose, mg./Kg. ‘70 T/Ca 
n-Hcxanc cxtract 175 82 

200 32 
Brown powder 100 26 

200 11 

The ciileria lor activity i i  detined as being a T/C 
(lest/control) value of less than 12 in a satisfactory dose 
iesponse tcst ( I ) .  

nr)c;ti-eiiionia of the duodenuiri test systcnt (71) 1). 
The crude material showed a decrease in tumor size 
of approximately 86 and 84(;4 at a dose of 400 and 
200 mg./Kg., respectively (Table I). 

One kilogram of the crudc material was c?&-xtccf 
with 2000 ml. of n-hexanc in a Soxhlet for 72 lir. 
1 he grecn n-hexanct extract upon evaporation yielticd 
200 Gin. of guniniy inaterial. A brown powdcr \vas 
obtained in the Soxhlet. Both of the materials 
wcrc active against the test system. 

,. 

n-Hexane Extraction 
Twenty-live grams of the green material obtained 

from thc n-hexane cxtraction WAS extracted with 
10 X 100 ml. nf petroleum ether (36-60”). The 
petroleum ether was evaporated to dryness in a Rinco 
evaporator under reduced prcssurr. A light green 
rcsidue ( 10 Gin. j was ofitaincd. 

Part A.-Five grams of tliis residue was cliro- 
rnatographed on a neutral alumina column (30  X 
3 a n . )  (Fisher certified reagent catalog No. A-950 
13rocktnan, activity I, 80-200 inesh). The colurnn 
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WLLS succcssively washed with the followiiig solveuts 
until extinction: ( a )  benzene, ( b )  chloroform, 
(c)  ether. 

( a )  Thc benzene fraction was evaporated to a 
small volume A white substancc was scparatcd 
(45 mg.) This substance was purified by prepara- 
tive thin-layrr chromatography using 20 x 20 
cm. plales covered with a slurry of Silica Gel 
G (35  Gm. in 50 nil. of water), and activated in an 
oven at 110' for about 2 hr. Benzene-petroleum 
ether ( 3 : 7 )  was used as the developing solvent. 
Thc compourtd obtained from the plates was crys- 
tallized from ethanol and had a melting point of 
82-83". 'The I.K. curve showed that it was a sim- 
ple long chain ketone. The semicarbazone deriva- 
tivc was oily. The oxime was prepared. It had a 
melting point of 59". Thc compound was identified 
as paltnitcru by coniparing the melting point of the 
compounds and oximc derivative (2) and I.K. 
curves. The remaining part of the benzene fraction 
was evaporated to dryness. An oily compound 
(2.0378 Gin.) was obtained. Preparative thin- 
layer Chromatography indicated a series of materials. 
'I'hese appear to be small molecular weight terpenes. 
Since a thorough work has been performed by Carl- 
berg ( 3 ) ,  andl since this part had no activity, no 
further work has been done. 

(6) The chloroform fraction was evaporatcd to 
dryness arid yielded 2.2 Gm. of material. Again by 
means of th:. preparative thin-layer chromatog- 
raphy, using chloroform-petroleum ether (7: 3 )  
as the dcvcloping solvent, two main spots and a 
series of ininor conipounds were obtained. Since 
the two main compounds were close to each other, 
they were extracted from the plates with chloroform 
and rechromatographed with petroleum ether-ether 
( 1: 1) as the developing solvent. A better separa- 
tion was achicved. Tlic yields of the compouiids 
were 330 ing. for compound I with an RJ value 0.5, 
and 700 nig. of  conipound I1 with an Rf value of 
0.7. Compound I was recrystallized from methanol 
arid had ii melting point of 136-137". The I.K. 
spectropliotornetry and mixed melting points in- 
dicated that the compound was ?-mcnthandiol- 
( l ,4) .  Compnund I1 was recrystallized from ace- 
tone and had a melting point of 70-71". The 1.R. 
spcctropliotornetry and mixed nieltiiig points in- 
dicated the compound to be docosotiol-1. 

(c) Thc cther fraction, when evaporated, yielded 
0.5318 GIII. of material. Preparative thin-layer chro- 
matography with chloroforrri-ether (99 : 1) as devel- 
oping solvent showed four spots (RJ valucs wcre 0.2, 
0.27, 0.5, 0.95). The yields were 54.2 mg., 66.8 mg., 
53.4 rng., m d  203.8 mg., respectively. The first spot 
had a melting point of 88-89". 'l%c I.R. curve 
has bands at 3509, 2941, 2874, 1718, 1626, 1595, 
1508, 1464, 1422, 1266, 11.56, 1022, 97.5, 845, 808, 
and 720 ciii.--l. The U.T.:. curve has a iiiaxiniuni 
a t  321, 243, arid a Ininirnurn at  263 nip. The other 
three compounds were simple ketones and alcohols. 
No further investigation of the above materials was 
carried on since they were inactive. 

Part B.-Tlie reriiaiuing material after thr 
prtroleuni extraction (13 Gin.) was tlilutcd to 10 
times its weight with 50';;, aqueous potassiunn hy-  
droxide (4). The mixture was I v f t  t r )  cool ant1 3 
times thc volume of ethanol mas added. Tlic iriix- 
ture W:LS then rcfuxed under riitt-ogert :rtrnosphcre 
fvr 3 Iir. At 3U-niin. intervals a sinall ainount o f  
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tlic mixture was subjected to  thin-laycr chro- 
matography using petrolcum ether--ether-acetic acid 
(70:3(J:2) solvent system. This was done in order 
to see if the hydrolysis was completed. After the 
3-hr. rcfluxing period the volunie was increased 3 
times with water. The solution was extracted with 
ether (10 X 100 id.), the ether was washcd with 
water, and dried over anhydrous sodium sulfate. 
The yield of the nonsaponifiable portion was 9 Gm. 
One grain of this material was applied to a prepara- 
tive thin layer of silica gel, and chloroformn-benzcnc- 
ether (6:2:3) was used as the developing solvent 
system. Thrcc spots were obtained with Rl values 
of 0.97, 0.6, and 0.4. The material a t  0.97 R l  
was oily and in minimal concentration. The middle 
spot yielded 395 mg., which was recrystallized from 
alcohol and then from acetone. It had a melting 
point of 76-77". Comparison of the I.R. curves 
and mixed melting points showed that it was 
lignoceryl alcohol. 'The third compound (117.6 
mg.) was recrystallized from alcohol. It had a 
melting point of 138-139'. The I.R. curve cotu- 
parison and mixed melting point showcd that i t  
was 8-sitostcrol. 

After the extraction of the nonsaponifiable part 
with ether, the aqueous solution was acidificd and ex- 
tracted with ethcr (10 X 100 nil.). Upon evapora- 
tion 6.5 Gm. of brown material was obtaincd. A 
portion of this material (2.5 Gm.) was separated 
using preparative thin layers with petroleum ethcr- 
ether-acetic acid (90: 10: 1) as the developing sps- 
tern. Four fractions were obtained. Rfvalucswerc 
0 ,  0.01, 0.04, :tiid 0.2, and the amounts 550 Ing., 1.200 
Gtn., 200 IIIK., and 280 mg., respectively. All of 
thesc fractions were subjected to further separation 
using reverse phase paper and thin-layer chromatog- 
raphy. Papcrs were covered with 7 and 12y0 of 
paraffin in berizeric and the developing solvent was 
85';;, aqueous methanol. Fraction 4 gave a yellow 
spot oii a blue background when sprayed with bromo- 
phenol blue. Methyl derivatives were prepared and 
only onc spot was obtaincd in the case ol fraction 4 
when sprayed with Sudan IV solution (5). A di- 
methyl polysiloxane,2 57" in ether, was used to im- 
pregnate the silica gel plates for the reverse phase 
tliinlaycr chroniatography. Acetic acid-formic acid- 
water (40:40:20) was used as the mobile phase. 
Again fraction 4 revealed one single spot. This frac- 
tion (280 mg.) was recrystallized from alcohol, It 
had a melting point of 79-80'. The I.R. curve com- 
parison and the mixcd melting points revealed that 
i t  was lignoceric acid. The compounds thus far 
isolated from the n-hexane extracts do nut exhibit 
antitumor activity in the 7Dl test system. 

Alcohol Soluble Part 
The tilatcrial rernainirig after thc n-liexauc cx- 

traction was :in amorphous red-brown powder which 
charrcd above 250'. Elementary analysis showed 
16.9l2, inorganic residue and the absence of nitrogcn, 
sulfur, and halogens. Magnesium and hydrochloric 
acid ( A ) ,  fcrric chloride (6), gelatin test (7), and Wil- 
son's boric acid test (8) suggested that this material 
was a riiisturc o f  complex tannin and flavonoid 
siibstances. Attempts to purify this crude material 
were uiatlc using the Iollowiilg chromatographic 
substratcs: silica gel, alriniinurn oxide [neutral), 
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TABLE II.-RI VALUES OF DELPHINIDIN AND CYANIDIN IN DIFFERENT SOLVENT SYSTEMS 
- - ~~~ _ _ _ _ - _ _ _ ~ -  

~ ~~ 

----Known----- 
NU. Solvent System Cyanidin Uelphiniditi -Unknown-----. 

1 H2O-HCI-Acetic acid ( 10 : 3 : 30) 0.52 0.31 0.52 0.30 
2 n-Butanol-acetic acid-H20 0.91 ... 0.93 . . .  
3 Formic acid (88’??,’,)-3 N HC1 0.23 0.12 0.23 0.12 

(4:1:5) (upper phase) 
. 

(1 : l )  

phase) 
4 n-Butanol-2 N HCl (1 : 1) (upper 0.62 . . .  0.62 . . .  

magnesium trisilicate, and polycaprolactam pulver 
“S”.3 

The first three columns adsorbed the material. 
When polycaprolactam pulver “S” is mixed with 
the same amount of diatomaceous earth4 and packed 
into a 35 X 3 cm. column, a ycllow substance was 
obtained from ethanol elutions. This was a flav- 
onoid substance. Column chromatography with 
polycaprolactani powder utilizing preparative thin- 
lager chromatography yielded the same material, but 
no antitumor activity was deirionstrated by this 
material. Solvent purification was then employed. 
Fifty grams of the crude material was dissolved in 
alcohol and upon the addition of water a precipitate 
appeared (6.5 Gm.).  This precipitate was washed 
with ether. One gram of a yellow flavonoid sub- 
stance was obtained. The U.V. spectrum of the 
flavonoid showed maxima a t  285 and 206 nip and a 
minimum a t  260 mp. The ether and watcr-in- 
soluble portion was active against adenocarcinoma of 
the duodenum test system (7D1), 11% T/C a t  
200 mg./Kg., 2694 T/C a t  100-mg. doses. This 
part gave long streaking blue spots when applied 
on papcr with solvent systems such as (a)  
n-butanol-acetic acid-water (4: 1: 5), ( b )  50% acetic 
acid, and ( c )  2YG acetic acid and when sprayed with 
ferric-ferricyanide, a long pink spot with p-toluene 
sulfonic acid, two violet-pink spots with vanillin- 
HCI, and no sugar spots with aniline phthalate. 
The I.R. curve revealed a large hydroxyl band a t  
3400, and phenyl group a t  1595,1505, and 855 cm.-’. 
The U.V. spectra showed adsorption maxima a t  280 
a n d  206 mp and a ininimum a t  260 mp. This com- 
pound, when boiled with hydrochloric acid, caused 
the solution to turn a light pink color and had only 
2.5YG inorganic material. The compound %vds w-ater 
and ethcr insoluble, nonhydrolyzable, and the clas- 
sification tests indicated the presence of a phlo- 
baphenc. Further purification was accoinplished 
by dissolving the material in alcohol arid precipita- 
tion by the addition of ether. Column chro- 
matographic separation or hydrolysis with HCI re- 
sulted in a loss of activity. The water-soluble por- 
tion was extracted with isoarriyl alcohol. A slightly 
brown-red solution was obtained. This also gave 
streaking spots with thc same solvent systems that 
were used oil the phlobaphenes, aiid the same results 
were obtained whcn spraycd with thc reagents :LS 
indicated above. This coinpound had less activity, 
49S;l T/C at  a dost. of 100 r r i ~ . / h I ~ .  Ko residue was 
obtained upon burninn. The I . K .  rurve was very 

a Marketed a5 Pel-Ion l’owder by Parbaerke Hoeschst AG, 

4 Mal-keted as Celite ,545 by Johns Manvillc Intatiational 

~~ 

Bobingern. Germany. 

Cul-p., Kew Yurk, N .  Y. 

similar to that of the phlobaphene. The U.V. 
curve gave maxima at 281 and 206 mp and a mini- 
mum a t  260 m p .  Being water soluble and ether 
insoluble, the differential classification reactions in- 
dicated above showed that this was a complcx 
tannin. In the three compounds separated the 
U.V. curve did not show any shift when 1.2 ml. of a 
1% AICh in alcohol solution was added, which shows 
the absence of 3-hydroxy flavones or flavonones with 
o-hydroxy carbonyl groups. When the alcoholic 
solution was made 0.006 N alkaline with ROH, 
thc flavouoid spectra had a bathochromic shift of 
20 mp, phlobaphenes 22 mp, and the complex tannin 
14 mp. The maximum 280-283 nip indicated a flavan 
nucleus, and this is corroborated by the absence 
of a shift in the spectra with AlCla and a definite 
shift in the spectra of the alkaline solution. 

Boiling the complex tannin with hydrochloric acid 
for approximately 2 hr. changed the color to a bright 
red. Paper chromatography of this hydrolyzed coni- 
pound using several solvent systems indicated 
the prcsence of cyanidin and delphinidin (Table 

After hydrolysis, thc compound did not yield any 
sugar spots on paper. Drastic hydrolysis of antho- 
cyanidins isolated using the same method as rc- 
ported previously (9) yielded protocatechuic acid, 
phloroglucinol, and gallic acid. 

11). 

SUMMARY 

A.  concolor has been investigated to determine the 
chemical agents responsible for its activity against 
adenocarcinoma of the duodenum. A complex 
tannin and phlobaphene fractions appear to be the 
active compounds in the plant. In addition to the 
above, palmiton, p-mcnthandiol-( 1,4), docosonol-1 , 
lignoceryl alcohol, 6-sitosterol, and lignoceric acid 
werc separated and identified by using column and 
paper chromatographic techniques. 

REFERENCES 
(1) “Protocols for Screening Chemical Agents and iXatni nl 

Products Sgainst Animal Tumors and Other Biological 
Systems,” Comer Chemolheragy Refit., No. 26, December 
1962. 

( 2 )  Huntress, E. H., “Identification of Pure Organic Corn- 
pounds, John Wiley & Sons, Inc., New Yoi-k, N. y.. 1941. 

(3)_ Carlherg, G. I,., and Kurth, E. F., T a p p i ,  53, 982 
I.19tiUJ. 

(4) Stahl, E., “Thin Layer Chromatogi-aphy,” Academic 
Pz-ess Inc., NPW Yo,-k, N .  Y., 1965, p. 145. 

( 5 )  Mock, I<. J., J)urrurn, E. L., and Zweig, G.. “A 
A‘l:iii~ial of Paper Chromatography and Paper ISlecLrophoresis, 
Acadetnir Press Inc., N e w  Ycrrk. N. Y . ,  1958, p. 242.  

( 6 )  Geissmnn, 1’. A , ,  “The Chemisli-y ol I’lavnnuid Com. 
pound.;,” ’The l\lacmillan Co., New Yolk. N .  Y . ,  1902, p, _ .  
I Z .  
(7) Biyant, C .  F., J .  Am. Phavm. Assuc., Sca. Ed., 39,  

( 8 )  Wilson. C.  W., J .  A m .  Chem. Sor., 61, 2303(1!439). 
(9) U!ubelen, A , ,  and Cole, J. R.,  J. Pharm. Scz., 54, 

181)(1950). 

1 7 6 3  1965). 




