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Abstract 0 A study of the antiproliferative activity of doxorubicin and 
several substituted aminoanthraquinone derivatives on Chinese hamster 
ovary cells was conducted. Doxorubicin and a derivative each inhibited 
cell proliferation at  low concentrations, the latter being more potent than 
doxorubicin. A structure-activity relationship of these compounds is 
discussed in connection with an earlier postulated N-0-0 triangulation 
hypothesis. 

Keyphrases Aminoanthraquinone derivatives-synthesis and eval- 
uation for antiproliferative activity, Chinese hamster ovary cells EI 
Doxorubicin-substituted aminoanthraquinone derivatives synthesized 
and evaluated for antiproliferative activity, Chinese hamster ovary cells 
t~ Antiproliferative activity-aminoanthraquinone derivatives synthe- 
sized and evaluated for activity in Chinese hamster ovary cells Struc- 
ture-activity relationships-substituted aminoanthraquinone derivatives 
synthesized and evaluated for antiproliferative activity 

Based on a working hypothesis involving the recognition 
of a common N-0-0 triangular pharmacophore among 
several antineoplastic agents (1, 2), 1,4-dihydroxy-5,8- 
bis([2 - (2 - hydroxyethyl)amino]ethyl)amino - 9,lO- anth - 
racenedione (I) was synthesized and found to possess 
outstanding antineoplastic activity in several experimental 
tumor systems (3, 4). Recently, a number of structural 
modification (5, 6), structure-activity (5, 7), pharmaco- 
logical (7, 81, mechanistic (9, lo), and clinical trial (11) 
experiments were conducted. Since several analogs of I 
exhibited antineoplastic activity in uiuo but do not contain 
the entire N-0-0 triangular pattern, an in uitro study of 
their antiproliferative activity on Chinese hamster ovary 
cells was undertaken to obtain additional structure-ac- 
tivity relationship information. 

EXPERIMENTAL 

Chemical Agents-Seven compounds, including the antibiotic dox- 
orubicin' (11), were evaluated. Preparation of I, IIIa, IV, and V was re- 
ported previously (3,5). 

Preparation of l-Amino-5,g-bis { [2-(2-hydroxyethyl)amino]ethyl)- 
amino-9J0-anthracenedione (IIIb)-To a mixture of 8 g (0.031 mole) 
of 5-amino-2,3-dihydro-1,4-dihydroxy-9,lO-anthracenedione (prepared 
by the reduction of 5-nitro-1,4-dihydroxy-9,lO-anthracenedione in zinc 
and acetic acid) in 55 ml of 2-propanol a t  50" was added 30 g (0.29 mole) 
of 2-[(2-aminoethyl)amino]ethanol with mechanical stirring under ni- 
trogen. The resulting reaction mixture was stirred at 50" for 4.5 hr, during 
which time a precipitate formed. The mixture was cooled to room tem- 
perature and filtered. 

The solid was washed with 2-propanol and ether and dried to give 8.3 
g (60% yield) of the dihydro analog of the target compound, l-amino- 
5,8-bs( [ 2 - (2 - hydroxyethy1)aminol ethyllamino -9,lO- dihydroxyanthracene, 
as gold-colored plates. Recrystallization from 2-propanol yielded an 
analytical sample, mp 135-145' dec.; UV: A,, (0.1 N HCl) 488 (t 9800), 
460 (15,300), 435 (11,700), and 252 (25,200) nm; Ash (0.1 N HCl) 280 (t 
17,000) nm. 

Anal.-Calc. for C Z Z H ~ I N ~ O ~ :  C, 61.52; H, 7.28; N, 16.31. Found: C, 
~~ ~ ~ 

Supplied by Dr. Harry B. Wood, Jr., National Cancer Institute. 

A 
I 

I1 
H 

A 
IIIa: X = H 
IIIb: X = NH, 
IIIc: X = OH 

IV V 
61.35; H, 7.11; N, 16.12. 

The mother liquor from the initial filtration was allowed to stir un- 
covered for 10 days at room temperature. The solution gradually turned 
dark blue and deposited a blue gummy solid. Filtration of this material 
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Figure 1-Cell counts and cell-sizing data for I. The data were stored 
and processed in a microprocessor. Every point of each line represents 
the average value of I on triplicate cultures. Key: -, control; - -, 1000 
nM; 

and recrystallization from a mixture of methanol and 2-propanol gave 
0.5 g (4% yield) of IIIb as a dark blue-black amorphous powder, mp 
131-141' (dampening at  110O); U V  X,, (0.1 N HC1) 634 (e 14,400), 590 
(13,500), and 252 (27,500) nm; &h (0.1 N HCl) 550 (t 7500) and 272 
(14,500) nm. 

Anal.-Calc. for C22H2gN504: C, 61.81; H, 6.84; N, 16.38. Found: C, 
61.53; H, 6.81; N, 16.04. 

Compound IIIb could be obtained also from the dihydroanthraquinone 
product as follows. To 100 ml of refluxing nitrobenzene with magnetic 
stirring was added 5.0 g of the dihydroanthraquinone. After 20 min, the 
reaction mixture was allowed to cool, and 200 ml of ether was added. 
Filtration and drying of the solid product gave 3.4 g of IIIb. 

Preparation of 1 -Hydroxy-B,d-bis 1 [2- (2-hydroxyethyl) aminoleth- 
yllarnino-9,lO-anthracenedione (lllc)-To 30 g (0.29 mole) of 2-[(2- 
aminoethyl)amino]ethanol at  room temperature under nitrogen was 
added 8.5 g (0.033 mole) of 1,4,5-trihydroxy-2,3-dihydroanthraquinone 
in one portion with stirring. A slight exothermic reaction developed. The 
reaction mixture was stirred at room temperature for 3 hr and then was 
warmed at 50' for 1 hr. To this mixture was added 250 ml of 2-propanol, 
and the dark solution again was warmed to 50'. Air was bubbled into the 
reaction mixture for 4 hr a t  that temperature, and then it was cooled to 
30' and filtered. 

The solid was washed with 2-propanol followed by ether to give 4.0 g 
(28% yield) of IIIc, mp 118-122'. A second crop of 3.7 g (26% yield) was 
collected by addition of 400 ml of ether to the mother liquor. Recrystal- 
lization from propanol-ether gave an analytical sample of IIIc as a 
dark-blue amorphous powder, mp 120-125'; U V  Xmax (0.1 N HCl) 636 
( E  9500),593 (10,300), and 240 (23,800) nm; (0.1 N HCI) 550 (6 6200) 
and 270 (11,900) nm. 

Anal.-Calc. for CzzHz8N405: C, 61.67; H, 6.59; N, 13.08. Found C, 
61.65; H, 6.69; N, 13.09. 

Biological Methods-Chinese hamster ovary cells2 were grown in a 

200 nM; and -.-, 10 nM. 
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Figure 2-Cell counts and cell-sizing data for 11. Every point of each 
line represents the average value of I1 on triplicate cultures. Key: -, 
control; --, 1000 nM; ....., 200 nM; and ---, 10 nM. 

2 Supplied by Dr. Don Roufa, Kansas State University, Manhattan, Kans. 
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Figure 3-Cell counts and cell-sizing data for IIIa (top), I l lb  (middle), 
and IIIc (bottom). Every point of each line represents the average value 
of triplicate cultures. Key: -, control; - -, 1000 nM; ....., 200 nM; and 
-'-, 10 nM. 
medium3 supplemented with 10% newborn calfserum4, selenium (30 nM), 
and insulin (10 ng/ml) and contained twice the glucose concentration (4 
g/liter). 

Cells were cultured a t  a concentration of 1-2 X 105 cells/dish in 1 ml. 
All drug concentrations were in triplicate cultures. After overnight in- 
cubation, drugs were added and cultured for an additional 24 hr. Cells 
were trypsinized, diluted with the counting fluid, and analyzed with 
electronic cell-counting and cell-sizing equipment5. 

Data from 100 channels were stored on microprocessor disks and an- 
alyzed. Each line of the graphs (Figs. 1-5) represents the average of values 
obtained from triplicate cultures. The ordinate is expressed as the number 
of cell counts. The data from the cell-sizing equipment were calculated 
so that the abscissa represents cell diameter in micrometers. Hence, the 

Roswell Park Memorial Institute 1640; obtained from KC Biological, Lenexa, 

Isoton solution, a ZBI cell counter, and a 100-channel Channelyzer were ob- 

Kans. 

tained from Coulter Electronics, Hialeah, Fla. 

* KC Biological, Lenexa, Kans. 
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Figure &-Cell counts and cell-sizing data for IV. Every point of each 
line represents the average value of IV on triplicate cultures. Key: -, 
control; - -, 1000 nM; -., 200 nM; and ---, 10 nM. 

data for each graph are given in terms of the number of cells for a given 
cell diameter. 

RESULTS 

Cell counts and cell-sizing data for I and doxorubicin (11)  are shown 
in Figs. 1 and 2, respectively. A t  1000 nM (1 X M), both I and I 1  in- 
hibited cell proliferation and shifted the population toward larger cells. 
In addition, I inhibited cell replication in concentrations as low as 10 nM, 
whereas I 1  did not. However, at 10 nM I ,  the size distribution indicated 
a return to cells of a smaller diameter. Moreover, 10 nM I (72% of controls) 
was significantly lower than 200,50, and 10 nM 11, using Duncan's new 
multiple-range test a t  the 0.01 level of significance. 

Compounds IIIc (Fig. 3) and IV (Fig. 4) showed activity comparable 
to 11; i.e., they were inhibitory at concentrations of 50 and 200 nM but 
not at 10 nM. At 200 and lo00 nM, IIIc and IV demonstrated that cell-size 
distributions shifted to a larger diameter. 

Under similar culture conditions, V (Fig. 5), IIIa, and IIIb were much 
less effective, showing no statistically significant inhibition of cell pro- 
liferation compared with controls (Table I). 

DISCUSSION 

Although both I and IIIa were reported to possess an inhibitory effect 
on cell survival and cell cycle progression in cultured mammalian cells 
(12-14), I appeared to be 200 times more potent than IIIa in vitro (12). 
Consequently, I and related aminoanthraquinones, as well as doxorubicin 
(111, were studied at concentrations between 1000 and 10 nM and the 
following results were obtained: 

1. Compound I was significantly inhibitory to Chinese hamster ovary 
cell proliferation at  concentrations as low as 10 nM I (Fig. 1). 
2. Doxorubicin exhibited inhibitory activity as low as 50 nM (Fig. 

21. 
3. The other ring-dihydroxylated bis(aminoalky1amino)-substituted 
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Figure 5-Cell counts and cell-sizing data for V. Every point of each 
line represents the aoerage value of V on triplicate cultures. Key: -, 
control; --, 1000 nM; ....., 200 nM;and ---, 10nM.  

Table I-Antiproliferative Activity of Doxorubicin (11) and 
Analogs against Chinese Hamster Ovary Cells 

Concen- 
Com- tration, Total Volumen Percent of 
pound nM x 106 pm3 Controls* 

Control 
I 1000 

200 
50 
10 

I 1  1000 
200 
50 
10 

IIIa 1000 
200 
50 
10 

IIIb 1000 
200 
50 
10 

IV 1000 
200 
50 
10 

V 1000 
200 
50 
10 

Control 
IIIc 1000 

200 
50 
10 

10.60 f 0.36 (3) 
2.02 f 0.74 (3j 
2.55 f 0.14 (3) 
2.55 f 0.11 (3) 
7.67 f 0.29 (3) 
2.61 f 0.11 (3j 
9.13 f 0.11 (3) 
9.01 f 0.21 (3) 
9.48 f 0.38 (3) 
9.40 f 0.34 (3) 
9.79 f 0.90 (3) 
9.95 f 0.22 (3) 
10.78 f 0.17 (3) 
8.52 Z k  0.77 (3) . . .  

9.82 f 0.50 (ij 
11.25 f 0.52 (3) 
11.24 f 0.24 (3) 
1.46 f 0.12 (3) 
6.22 f 0.61 (3) 
9.27 f 0.67 (3) 
8.50 f 0.15 (3j 
9.53 f 0.52 (3) 
10.12 f 0.32 (3) 
10.63 f 0.22 (3) 
10.52 f 0.24 (3j 
8.46 f 0.26 (3) 
1.35 f 0.15 (3j 
5.11 f 0.10 (3) 
7.17 f 0.33 (3) 
8.25 f 0.19 (2) 

19* 
24* 
24* 
72* 
24* 
86* 
85* 
89 
88 
92 
93 
101 
80 
92 
106 
106 
13* 
58* 
87 
80 
89 
95 
100 
100 

15* 
60* 
84* 
97 

Represents the area under the curve between 11.5 and 17.0 pm in cell diameter; 
>95% of the cells from control cultures are included within these boundaries. Values 
are expressed as mean M E  (number of determinations). * Values were analyzed, 
using analysis of variance and Duncan's new multiple-range test for significance. 
Asterisk represents differences between drug treated and controls at the 0.01 level 
of significance. 

anthraquinone (1V) also was active at  that concentration, but the mag- 
nitude of inhibition was not like that of I (Fig. 4). 
4. The ring-monohydroxylated bis(aminoalky1amino)-substituted 

anthraquinone (IIIc) was active at  200 nM (Fig. 3). 
5. Compound IIIb showed borderline activity a t  1000 nM (Fig. 5). 
6. Compounds IIIa and V (Fig. 5) were ineffective at the highest 

concentration (1000 nM) tested. 
The importance of the N-0-0 triangular pharmacophore to the an- 

tiproliferative activity of compounds of this type on Chinese hamster 
ovary cells was revealed since, theoretically, both I and IV possess two 
N-0-0 sets, doxorubicin and IIIc possess one N-0-0 set, and none of 
the other compounds contains this triangulation. The fact that IIIb 
showed borderline activity could be interpreted as due either to the 
presence of another electronegative element a t  the strategic position or 
to a gradual and incomplete replacement of the amino by a hydroxyl 
function under experimental conditions. 

Most of the compounds studied showed good antineoplastic activity 
in vivo. Judging from the reports (3,4,7) that the dosage required for the 
unhydroxylated anthraquinones, such as IIIa, is at least 10 times higher 
than that required for the corresponding dihydroxyl analog, such as I, 
the possibility of in vivo hydroxylation to "complete" the N-0-0 tri- 
angulation cannot be disregarded. In fact, chemical hydroxylation of 
1,4-diamino-9,10-anthracenedione diboroacetate with an oxidizing agent 
such as sodium persulfate yielded the corresponding 5,8-dihydroxyl de- 
rivative (15), which further indicated that positions 5 and 8 are elec- 
tronically preferred for hydroxylation. 

REFERENCES 

(1) K. Y. Zee-Cheng and C. C. Cheng, J.  Pharm. Sci., 59, 1630 

(2) R. H. Adamson, Cancer Chemother. Rep. Part I ,  58, 293 

(3) R. K. Y. Zee-Cheng and C. C. Cheng, J .  Med. Chern., 21, 291 

(4) C. C. Cheng, G. Zbinden, and R. K. Y. Zee-Cheng, J .  Pharrn. Sci., 

(1970). 

(1974). 

(1978). 

68,393 (1979). 

Journal of Pharmaceutical Sciences I 1013 
Vol. 70, No. 9. September 7981 



(5) R. K. Y. Zee-Cheng, E. G. Podrebarac, C. S. Menon, and C. C. 

(6) K. C. Murdock, R. G. Child, P. F. Fabio, R. B. Angier, R. E. 

(7) R. K. Johnson, R. K. Y. Zee-Cheng, W. W. Lee, E. M. Acton, D. 

(8) R. E. Wallace, K. C. Murdock, R. B. Angier, and F. E. Durr, 

(9) B. F. Kimler, ibid., 40,42 (1980). 

Cheng, J. Med. Chem., 22,501 (1979). 

Wallace, F. E. Durr, and R. V. Citarella, ibid., 22,1024 (1979). 

W. Henry, and C. C. Cheng, Cancer Treat. Rep., 63,425 (1979). 

Cancer Res., 39,1570 (1979). 

(10) T. W. Plumbridge, V. Knight, K. L. Patel, and J. R. Brown, J. 

(11) D. D. Von Hoff, E. Pollard, J. Kuhn, E. Murray, and C. A. Colt- 
Pharm. Pharmacol., 32,78 (1980). 

man, Jr., Cancer Res., 40,1516 (1980). 

(12) F. Traganos, D. P. Evenson, L. Staiano-Coico, Z. Darzynkiewicz, 

(13) D. P. Evenson, Z. Darzynkiewicz, L. Staiano-Coico, F. Traganos, 

(14) D. P. Evenson, F. Traganos, Z. Darzynkiewicz, L. Staiano-Coico, 

(15) C. W. Greenhalgh, Endeauour, 35,134 (1976). 

and M. R. Melamed, ibid., 40,671 (1980). 

and M. R. Melamed, ibid., 39,2574 (1979). 

and M. R. Melamed, J. Natl. Cancer Znst., 64,857 (1980). 

ACKNOWLEDGMENTS 

Supported by Public Health Service Grant ES-02046 and a grant from 
the University of Kansas Endowment Association. 

Simultaneous Determination of Vitamins B1, Bz, Be, and 
Niacinamide in Multivitamin Pharmaceutical 
Preparations by Paired-Ion Reversed-Phase 
High-pressure Liquid Chromatography 

RODERIC P. KWOK *x, W. P. ROSE *, RICK TABOR *, and THOMAS S. PATTISON * 
Received March 3,1980, from the *Foremost-McKesson Research and Development Center, Dublin, CA 94566, and the *Forrest C. Shaklee 
Research Laboratories, Hayward, CA 94545. Accepted for publication February 20,1981. 

Abstract 0 A high-pressure liquid chromatographic procedure for the 
simultaneous determination of vitamins B1, B2, Bg, and niacinamide in 
multivitamin pharmaceutical preparations was developed and evaluated. 
The method uses paired-ion reversed-phase partition chromatography 
for baseline separation of the four water-soluble vitamins. This method 
was applied to the analysis of a multivitamin and multivitamin-mul- 
timineral tablets, and a technique was developed to reduce vitamin ad- 
sorption by the minerals. The results obtained by this method were 
compared with those obtained by the official methods. It was concluded 
that this method is fast, accurate, specific, and suitable for routine quality 
control use. 

Keyphrases Vitamins, water soluble-simultaneous high-pressure 
liquid chromatographic analyses in multivitamin preparations 0 High- 
pressure liquid chromatography-simuItaneous analyses of various 
water-soluble vitamins in multivitamin preparations Multivitamin 
preparations-simultaneous high-pressure liquid chromatographic assay 
of various water-soluble vitamins 

Progress in vitamin preparations is being impeded by 
methodological problems. Current official methods (1 ,2)  
for the assay of water-soluble vitamins involve a compli- 
cated sample workup, tend to reproduce poorly because 
of the instability and pH sensitivity of the color develop- 
ment, and require that each vitamin be analyzed individ- 
ually. These methods also are subject to interferences from 
various sources when analyzing samples with complex 
matrixes (3 ,4) .  

High-pressure liquid chromatographic (HPLC) proce- 
dures for the simultaneous determination of water-soluble 
vitamins in pharmaceutical preparations have been de- 
scribed (5-7), but no mechanism has been developed to 
control vitamin adsorption by the minerals in multivi- 
tamin-multimineral tablets. This paper describes an 
HPLC procedure for the simultaneous determination of 
vitamins B1, B 1 ,  B 6 ,  and niacinamide in multivitamin and 

multivitamin-multimineral tablets by paired-ion re- 
versed-phase HPLC. 

EXPERIMENTAL 

Apparatus-The HPLC system included two solvent pumps1, a sol- 
vent programmer2, a UV absorbance detector3 at  280 nm, and an au- 
toinjector4. A pBondapak phenyl(l0 pm) 30-cm X 3.9-mm i.d. column 
and a 10-mv full-scale recorder5 were used. Peak areas were determined 
using a laboratory data system6. The column temperature was regulated 
at  30" by a constant temperature bath7. A high-speed centrifuge was 
useds, and the samples were disintegrated in a shaker bathg set a t  60". 

Materials and Reagents-Thiamine hydrochloride, riboflavin, py- 
ridoxine hydrochloride, and niacinamide were obtained as USP reference 
standards. 1-Hexanesulfonic acid was used as received'*. Anhydrous citric 
acid" was obtained commercially and used without further purification. 
Solvents, all distilled-in-glass12 grade, were obtained commercially. 
Commercial multivitamin preparations were obtained from local phar- 
macies. 

Preparation of Mobile Phases-The two pumps used 0.0025 M 1- 
hexanesulfonic acid in water and in methanol, respectively. Prior to use, 
the mobile phases were degassed by vacuum filtration through a 0.5-pm 
pore, 47-mm diameter filterI3. With a linear solvent program14, a gradient 
was run at  a constant flow rate of 2.0 ml/min for 18 min. Solvent condi- 
tions varied from 0 to 80% methanol in water. Five minutes was allowed 
between sample injections. 

Model 6000A, Waters Associates, Milford Mass. 
Model 660, Waters Associates, Milford, Mass. 
Model 440, Waters Associates, Milford Mass. 
WISP model 710A. Waters Associates, Milford Mass. 
Omniscribe, Houston Instrument, Houston. Tex. 

6 Model 3353, Hewlett-Packard, Palo Alto, Calif. 
FK2, Haak Inc., Saddle Brook, N.J. 
Sorvall RC-5B centrifuge fitted with 99-34 motor, DuPont Instruments, 

Magni-Whirl water bath 15-453-400, Fisher Scientific Co., San Francisco, 
Wilmington, Del. 

Calif. 
lo B-6 PIC reagent, Waters Associates, Milford Mass. 
l1 Matheson, Coleman and Bell, Norwood, Ohio. 
l2 Burdick &Jackson, Muskegon, Mich. 
l3 Type LS, 47 mm, Millipore Corp. Bedford, Mass. 

Curve 6 on model 660 solvent programmer. 
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