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ABsTRacT.-Benzophenanthridine alkaloids, fagaronine 4, 0-methylfagaronine 5 ,  
nitidine 1, allonitidine 3 and methosydihydronitidine 2 have been shox-n to  possess in- 
hibitory activity against reverse transcriptase of R S i i  tumor viruses. The enzyme 
inhibition (50%) by these alkaloids was found in the range of 6-6Opgper milliliter of the 
reaction mixture --hen poll-nucleotide-oligodeoxynucleotide complexes were used as 
template primers. The results suggested that  the benzophenanthridine alkaloids 
interacted with the template primers (particularly of the ;2:T base pairs) and not 
with the enzyme proteins. Kinetics reaction of the reverse transciptase inhibition 
showed that  the alkaloids stopped the D S A  polymerase synthesis instantly, probably 
by  interacting with the template primer. 

Reverse transcriptase is RKA-directed DSA polymerase present (1-4) in 
RKA tumor viruses. Such viruses are recognized as causative agents of malignant' 
diseases: especially in avian and murine systems. Reverse transcriptase is re- 
quired in the formation of viral DSA (provirus) which on integration with the 
host genome leads to  the viral infection and transformation of susceptible cells 
(5s). Recently, presence or isolation of virus-related components, reverse tran- 
scriptase, and type-C viral related nucleic acids have been reported in normal 
human cells (9-lo), ~voolly monkey sarcoma (ll), the gibbon ape lymphosarcoma 
(12), human leukemic cells (11, 13, 14)> human breast cancer cells (13), human 
brain tumor cells (16) and human milk (17, 15). The presence of reverse tran- 
scriptase in the normal tissues as well as in oncogenic R S A  viruses indicates that' 
this enzyme may play an important role in the regulation of cell function, expres- 
sion of genetic information, gene modification or mutation and cell transformation. 
The direct involvement of RS-4 tumor viruses in human cancer is a matter of con- 
troversy. However, there is convincing evidence that R S A  tumor viruses at 
some stage of viral replication are linked to some types of human cancer, at least 
in some cases of leukemic cells (19-21). 

The animal and tissue culture studies reveal that reverse transcriptase is es- 
sential for provirus synthesis but is not required for maintenance and transcription 
of the proviral DS-4 (6). The inhibitors of reverse transcriptase do not produce 
any effect after integration of the proviral genome into the host DS-4. There- 
fore, potential value of the inhibitor. is limited to its prophylactic use. There are 
different classes of inhibitors 11-hich can specifically inhibit the viral replication. 
The inhibitors may be substrate analogues, template-primer analogues, enzyme 
binding, and divalent cation-binding agents. The exact mechanism of antiviral 
actions of inhibitors is sometimes difficult to  demonstrate. But any inhibitor 
n-hich can block the viral replication a t  an!- step of viral oncogenesis should be 
considered useful. 

Benzophensnthridine alkaloids possess interesting biological and pharmaco- 
logical properties. number of these al ldoids  (fig. 1) shon-ed antileukemic 
activity and inhibited lung carcinoma. Benzophenanthridine alkaloids, namely 
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nitidine chloride (NSC 146397) and G-metliox!--6,G-dihJ-dronitidine (SSC 146396) 
isolated from Fagara macrophyla were found to be highly cytotoxic. exhibited 
antileukemic activitj- in both leukemia L1210 and P388 systems in mice and in- 
hibit ed Len-is lung carcinoma (22-24). Sgntlietic 6-niethoxy-5.6-dihydronitidine 
and allonitidine (KSC 1i1554) also ihowed antileukemic activity (25, 26). 
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Sirzccfz~re n j  Beiirnpiieiiaiitiirzdi.)ie Alkaloids. 

Fagaronine isolated (2?, 28) from Fagara zantliosyloides Lam. and 0-methyl- 
fagaronine (SSC 1792Oi) possessed (23) good activity against leukemia P388. 
Nitidine, G-rnethoxy-5,G-dili\-dronitidine and 0-methylfagaronine also demon- 
strated inhibition of catechol 0-methyltransferase and transfer RSA methyl- 
transferase (29). 
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I n  the previou:, work (3~)-3?) on the specific inhibitors of reverie transcriptase, 
fagaronine n-a:; found to be a potent inhibitor of this enzyne since Iov- molar con- 
centration cau5ed 50Cc inhibition. This activity compares well n-it11 other knon-n 
inhibitors. I n  order to  explore further inhibitorj- activity of alkaloids related to  
fagaronine: this paper reports an inhibition of reverse transcriptase activity of 
RS-A tumor viruses by some other members of the benzophenanthridines. The 
alkaloids reported here also showed good inhibition of reverse transcriptase activity 
as compared n-ith fagaronine. 

FIG. 2. Efecf qf Benropile,ialltiIridine .-llkaloids on dJiV Reverse Transcriptase. In  a 
standard assay mixture of 0.01 nil (Material and Methods) containing 5 p1 of 
reverse t ranscipt ase, diff went concent rat ions of nit idine (- X-- X-) , met box\-- 
dihydronitidine (-A-A-) or allonitidine (-J--r-) xere  added for enzyme 
inhibit ion. 

I\IATERIXL ASD METHODS 
RET-EF.BE TRASSCRIPTISE E s z r m - T h e  purified enzyme2 from avian myeloblastosis virus 

(-UIT-) had a specific activity of 56,663 units 'nig and a protein content of 0.217 mg,lml. The 

*Life Science Research Labs., Petersburg, Fla., obtained through the courtesy of 
Dr. J. Beard. n contained 12,296 units of reverse transcriptase/ml (1 
unit of enzyme activity is ex-ressed as the incorporation of I nmole of deoxvthymidine mono- 
phosphate into an acid-insoluble product in 10 min. at 3 i ' ) .  The enzyme & assayed by the 
established method of the laboratory. 

The enzyme prepara 
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enzyme was purlfied, detected and assayed by a published method (33). Reverse transcriptase3 
from Rauscher murine virus (AIuLT') propagated in JLS-1-9 cell line had an activit j  of 4 00 
nmoles of thymidine monophosphate incorporation/30 minutes/ml. i O S  RNA4 from MuLT was 
purified according to  the published method (34). 

THE TEMPLATES ASD OTHER CHE\IIC%LS.-The templates:, poly rh.oligo dT, poly dA OllgO 
dT, poly rC.oligo dG, substrates, [3H]-thymidine triphosphate6 (aH-TTP, Sp. ac t .  14 Cihmole) ,  
[3H]-deox~guanosine triphosphate6 (3H-dGTP, Sp. act. 14 Ci/nmole) and unlabelled nucleotide6 
were obtained commerclally. All other reagents were of analytical grade. 
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FIG. 3. Effect  o j  0-Meihgl fogaromine on AJiV Reoerse Transcriptase.  In  a standard assay 
mixture of 0.01 ml (Material and Methods) containing 5 p1 of reverse transcriptase, 
different concentrations of 0-Methylfagaronine (-D+-) were added for 
enzyme inhibition. 

REVERSE TR1NSCRIPTASE ASSAY A i i D  EiiZYUE ITHIBITIOii.-/d1 templates n-ere dissolved in 
buffer containing 0.01 AI Tris(hydroxymethp1)aminomethane hydrochloride (Tris-HC1, pH 
7.0), 0.01 mXI ethylenediaminetetraacetic acid tetrasodium salt (EDTA) and 0.10 ;\I KaC1. 

3Bionetic Laboratory Products, Kensington, AId. 
4Gift from Dr. 31. Reitz, Litton Bionetics Inc., Bethesda, Md. 
5P.L. Biochemicals Inc., Milwaukee, Wis. Templates abbreviations are: Poly rr2.oligo 

dT,  polyriboadenylic-oligodeoxythymidylic acid, Poly dA.oligo dT, polydeoxyadenylic- 
oligodeoxythymidylic acid, Poly rC.oligo dG, polyriboc>-tidylic-oligodeosyguanylic acid. 

sSchwarz-;\Iann. 
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Activated calf thymus D S h  vas prepared by  incubating 4.50 mg of DSA8, 5 mg of bovine serum 
albumin (BSA) in 10 ml of buffer containing Tris HC1, pH 7.0 (0.05 11) and 5.00 d1 MgClz 
with 0.01 mg of crystalline pancreatic deosyribonuclease~ for 15 min a t  37". I t  was cooled at 
4', further incubated a t  70" for 5 min, and stored a t  4'. Bppropriate concentrations of benzo- 
phenanthridine alkaloidsQ solutions were made in dimethylsulfoxide (DMSO). 

Reverse transciptase assays were performed by preparing 100 $1 enzyme assay mixture 
containing 5.00 umoles Tris HC1, p H  i . 3 ,  8.00 umoles KCl,  0.10 umole 1lnCl2, 0.50 umok 
dithiothreitol (DTT), 2.00 umole [3H]-TTP (200 cpmjpmole), 20.00 pg BSd, 2.00 pg poly r-l.oligo 
d T  and 5.00 fil purified enzyme fraction. The assay misture was incubated a t  3 i "  for 30 minutes. 
The enzyme reaction was stopped by cooling a t  4' and by  the addition of 25 pl of 0.10 bl EDTA. 
One hundred p1 of each assay mixture was spotted uniformly onto a 2.50 cm. circular filter 
paper.I0 The filter papers were mished batchwise sis times by swirling in 10 ml of 5% 
Sa2HP0,.7H,0 per filter paper, followed by two washings each of water and 9-55 ethanol. The 
filter papers were dried and the amount of radioactivity determined" in a toluene-based scin- 
tillation fluid. 
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Efec t  of Increasing Co~icentriitions of rl.ll17 Resmerse Trai iscriptase on Betizo- 
phenanthridine dlkeloids- inhibi fed React ion Mixi i tre .  I n  a standard assay mis- 
ture of 0.01 ml (Material and Methods) containing 5 pg of poly rA.oligo d T  and 
5 pg of methosydih>-dronitidine (-A-A-) or allonit idine (-z-l-) or 
0-methylfagaronine (-3-z-) increasing concentrations of enzyme were 
added. The control value was 60,000 cpni (average) of [%H]-T?rlP 
incorporation. 

For testing enzyme inhibition, tn-o reaction mistures were prepared, one misture con- 
tained enzyme, buffer, and BS-1: and the other mixture consisted of template, substrate, D T T ,  
and salts. -1ppropriate concentrations of the henzophenanthridine alka!oids in DAIS0 n-ere 
mised with the misture containing enzyme. The final concentration of the ingredients and the 
assay procedure was the same as mentioned above. The contrul assay misture contained an 
equivalent volume of DMSO without alkaloid which represented 1OOc; enzyme activity. The 
inhibitory results n-ere calculated by  determining the remaining radioactivit?. and espressed 
as percent iiontrol activity. 

RESULTS -4SD DISCUSSIOS 
ISHIBITIOS OF AMV A S D  NULV REVERSE TRISbCRIPTASE .kcTIvITr.-The in- 

- _ .  ' r igma Chemical Co., S t .  Louis, >Io: 
WorthingTon Biochemical Corporation. 
G i f t  samples obtained from Drug Synthesis and Chemical Rranrh, Division of Cancer 

IODE-6 1 What man. 
llBeckrnan Model L8 150. 

Treatment, Sa t iona l  Cancer Institute, Bethesda. AId. 
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hibitory activity of benzophenanthridine alkaloids (fig. 1) on reverse transcriptase 
from AlIV and JIuLT’ a t  increasing concentration of the alkaloids was studied. 
The inhibitory curves of nitidine chloride (l), 6-methoxy-5,B-dihydronitidine 
bromoacetate (2) and allonitidine methylsulfate (3) based on the effects of the 
alkaloids of ARIV reverse transcriptase are shown in figure 2 .  The 507, enzyme 
inhibitions of alkaloids 1, 2 and 3 were in the ranges of 40-50 pg,’ml, 50-60 pg/ml 
and 45-50 pg/ml of the reaction mixture respectively. The inhibition range n-as 

TABLE 1. Effect  of dzfferenf te?izplaie przniers o n  inhibition 
of AMV reierse traizscripiase actiazty by  

b c ~ i ~ o p h e n a n t h r i d i n e  alkaloids.” 

Template primer 
Radioactive 

substrate %;c Inhibition 

0-RIETHYLFAGBROIiINE 
I 

Poly rA.oligo dTb 1 TTP 
Poly dA.oligo dTb T T P  

Activated DXAd I TTP 
Poly rC.oligo dGc dGTP 

98 
97 
3 

96 
70 S R N l e  ~ TTP ’ 95 

I 

Poly rA.oligo d T b . .  . . . . . .  TTP 
Poly dA.oligo d T b .  . . . . . .  T T P  
Poly rC.oligo dGc. . . . . . . .  dGTP 
iictivated DK’hd.. . . . . . . .  T T P  
70 S RA4e.. .  . . . . . . . . . . . .  1 T T P  

95 
94 
2 

93 
92 

METHOXYDIHYDROSITIDINE 

Poly rA.oligo dTb. . . . . . . .  ‘ T T P  
Poly dAoligo d T h  . . . . . .  . I  T T P  
Poly rC.oligo d G c . .  . . . . .  , dGTP 
Activated DN.4d . . . . . . . .  T T P  

TTP 70 s RNA*. . . . . . . . . . . .  .~ 

94 
93 

2 
92 
91 

3For each inhibition alkaloid, 5 pglassay was used. 
Wee standard assay conditions under “hIateria1 and 

Methods . 
%tandard assay mixture contained 2 pg of this tem- 

plate primer and 2.50 nmoles of [3H]-dGTP. 
dStandard assay mixture contained 2.2 pg activated 

D S A ,  10 nmoles each of dATP, dCTP, dGTP and 2.5 
nmoles of [3H]-TTP. 

“70 S RNA (hlnLT, concentration in the standard 
assay mixture mas 0.05 OD units (260 nni). 

very close perhaps due to the close relationship of the alkaloids in chemical struc- 
ture (fig. 1). Similar results lvere obtained (data not shown) on JIuLV reverse 
transcriptase activity. Inhibition of AJIV reverse transcriptase by fagaronine 
chloride (4) and 0-methylfagaronine fluorosulfonate ( 5 )  n-as stronger than 
alkaloids 1, 2 and 3. Fifty percent inhibitions by alkaloids 4(30) and 3 (fig. 3) 
were obtained with 6-12 pg//ml and 12-18 pg/ml of the reaction mixture re- 
spectively. Similar results \\-ere obtained on RIuLT’ reverse transcriptase activity 
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for alkaloids 4 (30) and 5 (data not shon-nj. I t  n-ai: al-o rioted that AMY reverse 
transcriptase n as more qensitive to benzophenanthridine alkaloids than N U L T  
reverse transcriptase qince the latter enzyme required higher dose4 of alkaloids 
(5-10 pg nil) to cause an equal percent of inhibition. DSA and R S A  polymeraqes 
of E.  coli Tvere les> qenstiive to inhibition by these alkaloids than viral polymerases 
(unpublished work). 

I I I I I 

I I I I I 

POLY r A .  OLIGO d T( p<l ) 

FIG. 5 .  Effect  o,f Increasing Concentrations of T e m p l a t e  Primer on Benro- 
phenanfhridine Alkaloids-inhibited React ion . f ix ture.  The standard 
assay mixture (0.01 ml) contained 5 p1 of AMV reverse transcriptase 
and -5  p g  of methoxydihydronitidine c-A-A-) or allonit idine 
(-1---3-j or 0-AIerhylfagaronine (a+-). 

11ECH.4SISM OF ISHIBITION O F  REVERSE TRASSCRIPTSSE BY BEKZOPHE- 
SASTHRIDISE ALKALOIDG.-TO determine whether direct binding of the alkaloids 
2, 3 and 5 with A l I V  or NuLV reverse transcriptase enzyme was responsible for 
the inhibition, the effect of increasing concentrations of enzymes was qtudied on 
alkaloid-inhibited reaction mixture (fig. 4). \Then the amount of ,131T7 or NUL\- 
reverse trsnwiptase n-as increased from 5 to 20 ~1 in the assay mixture. the original 
percent of inhibition was not significantly changed. Similar resultq n ere ob- 
tained in the caSe of alkaloid 1. The results indicated that the enzyne did not 
interact with the alkaloids and the mode of enzyme inhibition was other than the 
direct binding of the enzyme with the alkaloids. However. the increase of enzyme 
concentration in the fagaronine-inhibited reaction mixture completely restored 
the enzyme activity (30). The rever-nl of enzyme inhibition could be explained 
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by assuming the formation of an enzyme-template-alkaloid ternary complex in 
the reaction mixture x-hich was fully dissociated by the addition of excess enzyme. 

To  explain further the mode of enzyme inhibition, different template primers 
such as poly rA.oligo dT, poly dA.oligo dT, poly rC.oligo dG, activated DSA, 
and 70s RNA were used as presented in table 1. The percent inhibitions of alka- 
loids 5 and 3 with different template primers occurred between 95-98 and 92-95 

:00 t- I I 1 I 
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FIG. 6. Ef fec f  of d d d i t z o n  of Benzophenanthridine Alkalo ids  durzng A M V  Re-  
aerse Transcrzptase K ine t i c  Reaction. For each assay, 2 ml of stand- 
ard mixture containin 100 p1 of enzyme was divided into four parts: 
i1(0.60 ml) ,  BJ0.50 mf), C ( 0 . y  ml),  D(0.40 ml).  From A, 0.10 ml 
sample m-as vithdrawn a t  0 minute and the remaining quantity was 
incubated at  37". One tenth ml samples from A were withdrawn a t  
5,  10, 20, 30 and 40 minutes after incubation which represented con- 
trol. B, C, and D parts n-ere also incubated at 37" and 50 pg/,ml 
solutions of methoxydihydronitidine (-A---A-) or allonitidine 
(-d-g-) or 0-hfethylfagaronine (-O+-) were added 5, 10, 
and 20 minutes after incubation. One minute after addition of 
alkaloid, 0.10 ml samples were withdrawn from B, C, and D a t  5 
minutes intervals. Radioactivity of each sample was determined. 

. 

respectively except with poly rC.oligo dG in which 2-3% inhibition was observed. 
Alkaloid 2 showed 91-94% inhibition with all template primers except poly rC.oligo 
dG which showed 27, enzyme inhibition. The data similar to that in table 1 
were obtained for alkaloids 4 (30) and 1 (data not shown). The enzyme inhibi- 
tion by the alkaloids presented in table 1 was due to the interaction of the alkaloids 
with the template primers used. If there was interaction betn-een the enzyme 
and the alkaloids, the same percent of enzyme inhibition would have been ob- 
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served regardless of the different template primers employed. A high degree of 
enzyme inhibition by poly rAoligo dT, poly dAoligo dT, ’70s R S B  and activated 
DSA template primer.; as compared to poly rC.oligo dG was due to the strong 
binding affinity of the alkaloids ivith adenine-thymine (A:T) template primers. 

The interaction of template priniers and alkaloids was further confirmed by 
examination of the effect.; of increasing concentrations of template primers on the 
alkaloid-enzyme inhibited reaction mixture. Figure 5 shows that the enzyme 
inhibition. of alkaloids 5,  3 and 2 n-ere reversed completely n-hen poly rAoligo d T  
concentration in the assaj- mixture iva. increased from 2-20 kg. This could be 
esplained by the fact that tlie initial binding of teniplate-alkaloid-enzyme n as 
overcome by the exces template primer resulting in complete dissociation of the 
coniplex product. Since the increase of template primer in the alkaloid-enzpie- 
template inhibited reaction nlixture restored the enzyme inhibition linearly, it 
vas  clear that the enzyme molecule did not interact with the alkaloid. Sinilar 
interaction was also demonstrated by the alkaloids 4 (30) and 1 (%), thus con- 
forming to the earlier reports. The interaction or competition of KC1 or substrate, 
[3H]-TTP or [3H]-dGTTP n-as ruled out since these were present in the reaction 
mixture in S- or 25-fold, respectively, relative to the alkaloids. The possibilitj- of 
interaction of metal ions u-ith the alkaloid n-as not considered since the enzyme 
activity was not changed when tlie concentrations of ;\InC12 in the reaction nlixture 
n-ere increased from 0.10 umole to 0.50 uniole (data not shown). A11 the esperi- 
mental re5ults discussed above demonstrate that the alkaloids have specific in- 
teraction n-ith A:T base pairs of the templateq rather than direct binding with the 
enzyme. 

The effect of alkaloids on the time course of the reaction of 81IT reverse 
transcriptase is shown in figure 6. The control experiment consisted of reaction 
mixture n-ithout the alkaloid, which means that the D S A  synthesis by reverse 
transcriptaqe was linear n-ith respect to incubation time. During the time course 
of the reaction, alkaloids were added at  different time intervals of incubation. 
When the alkaloids were added at  10, 20. 30 and 40 minutes after initiation of the 
polymerization reaction, the enzyme activity was abruptly changed. Further 
incubation did not change the kinetics of polymerization or degrade the product. 
The results indicated that the alkaloids stopped [3H]-T11P incorporation instantly, 
probably by interaction with the template primer. Similar results TT ere observed 
for alkaloids 1 and 4 (30). 

I n  conclusion, the data presented here revealed that the benzophenanthridine 
alkaloids mentioned above inhibited the reverse transcriptase activity of RNA 
tumor viruses by interaction with the adenine-thymine (A:T) template primers 
and stopped D S A  synthesis at  the initiation of the polymerization processes. 
Alkaloid. 4 and 5 were found to be potent inhibitors of reverse transcriptase since 
30-40 pg ml of alkaloids inhibited more than 90% of the enzyme activity. Alka- 
loids 1. 2 and 3, n hich were closely related to each other in chemical structure, 
also displayed good inhibition against XMV and MuLV reverse transcriptase as 
compared n-ith fagaronine. Since these alkaloids interfered 11-ith the viral D S A  
polpnerase synthesis in zitro, the)- could be promising prophylactic agents in cancer 
chemotherapy. Synthesis of more alkaloids related to fagaronine and nitidine 
would be useful n i th  a vien- to decrease the cytotoxic action but increase tlie 
inhibitory activity of these alkaloids against reverse transcriptase. I t  n-ould also 
be worthwhile to stud>- the effects of benzophenanthridine alkaloids on viral trans- 
formation and replication in cell culture. 



196 JOURSAL OF YATCRAL PRODUCTS [VOL. 42. so. 2 

ACKNOWLEDGRIENTS 
The author is grateful to Dr. Harry B. Wood, Jr . ,  "21, for providing alkaloid samples and 

t o  Dr .  11. A. Chirigos, S I H ,  for the supply of reverse transcriptase. 

Receit'ed 15 September 1978. 

LITERATURE CITED 
1. 
2. 
3. 

4. 
5 .  
6. 

8. 
9. 

10. 

11. 

12. 
13. 

14. 
15. 
16. 
17. 
18. 
19. 

20. 

21. 
22. 

23. 
24. 
25. 
26. 
27. 

28. 

29. 

30. 
31. 
32. 
33. 

34. 

35. 

r 
I .  

D .  BALTIMORE, ,Vatitre, 226, 1209 (1970). 
H.  11. TEMIS and S. MIZUT.ISI, lZhiztre, 226, 1211 (1970). 
R.  H. JOHO, E .  STOLL, R .  H. FRIIS, AI. 
Academic Press, Inc., Kew York-San Franscisco-London, 1976, p. 127. 
G. BAUER and P. H. HOFSCHXEIDER, Proc. S a i l .  Acad .  Sci. CSA,  73, 3028 (1976). 
R .  C. TING, 8. S. YANG and R .  C. GALLO, LVature, 236, 163 (1972). 
H. H.INAFUS.A and T. HAN.IFUS.~, Virology, 43, 313 (1971). 
D .  BALTIMORE, Science, 192, 632 (1976). 
H. >!I. TEXIS, Science, 192, 1075 (1976). 
B. FRIDLEKDER, M. FRY, A. BOLDEK and A4. WEISSBACH, Proc. iVatl. A c a d .  USA,  69, 452 
(1972). 
P .  E .  PEKSER, L. H.  COHEX and L. A .  LOEB, Biochem. Biophys. Res. Commun., 42, 1228 
(1971). 
R.  E .  GALLAGHER, G. J. TODARO, R.  G. SMITH, D. hI. LIVIXGSTOS and R.  C. GALLO, Proc. 
LVa:atl. Acad. Sci. C7SA, 71, 1309 (1974). 
G. J. TODARO and R. C. GALLO, A'ature, 244, 206 (1973). 
H. MOSDAL, R.  E. GALLAGHER and R.  C. GALLO, Proc. JVutl. Acad .  Sci. CSA,  72, 1194 
(197.5). 

BILLETER, and C. WEISSMASN, "Animal T%-ology", 

\ - -  - I  

R. E. GILLAGHER and R.  C. GALLO, Sczence, 187, 350 (1975). 
R. AXEL, S. C. GULITI and 6. SPIEGELxis, Proc. iVatl. Acad. Scz. USA,  69, 3133 (1972). 
W.  C u ~ r ~ c o ,  J. R.  CHO and S. SPIEGELMAN, Proc. A'atl. Acad. Scz. LISA, 70, 2789 (1973). 
S. TORE, Anal. Biochem., 71, 304 (1976). 
E. S. MCFARLANE, S. AT. RAYAS and E. MASN, J .  Aled .  Mzcrob . ,  8, 447 (1975). 
R .  C. GALLO, R. E. GILLAGHER, N. R. MILLER, H .  MONDAL, W. C. S.AXIKGER, R. J. MAYER, 
R.  G. SMITH and D. H. GILLESPIE, Cold Spring Harbor Symposza on Quantztatiae Bzology, 
39, 933 (1974). 
S. SPIEGELxis, "Modern Trends in Human Leukemia I1 (eds. R.  Neth. et u Z . ) ~ ' ,  J. F .  
Lehmanns, hlunchen, 1976, p. 391. 
R. C. GALLO, "Modern Trends in Human Leukemia I1 (eds. R. Neth.  et a l . ) " ,  1976, p. 431. 
AT. E. WALL, M. C. WINI and Y. L. TATLOR, Abstract, 162nd Xational Meeting of the 
American Chemical Society, Washington, D.C., 1971, MEDI-34. 
ROBERT K. Y. ZEE-CHEKG and C. C. CHESG, J .  Med. Chem., 18, 66 (1975). 
F. R. STERMITZ, K .  A. LARSOK and D. K .  KIM, J .  Med. Chem., 16, 939 (1973). 
K .  Y. ZEE-CHENG and C. C. CHESG, J .  Heterocycl. Chem., 10, 85 (1973). 
K. Y. ZEE-CHESG and C. C. CHENG. J .  Heterocvcl. Chem.. 10. 867 (1973). ~~ 

W. AI. hIESSMER, M. TIS-WA, H. H .  S. FONG;  C. BEvELLE; N. R. F . k % - O R T H ,  D. J. 
ABRAHAM and J. TROJISEK, J .  Pharm. sei., 61, 1858 (1972). 
JI. TIN-WA, C. L. BELL, C. BEVELLE, H. H. S. FOKG and N. R. FARNSTTORTH, J .  Pharm. 
Sci., 63, 1976 (1974). 
J. W. LEE, J. 0. MACFARLAXE, R .  K .  Y. ZEE-CHENG and C. C. CHENG, J .  Pharm. Sci., 66, 
986 (1977). 
1;. S. SETHI and hf.ISoH.4~ L. SETHI, Biochem. Biophys. Res. Commun., 63, 1070 (1975). 
MANOHAR L. SETHI, J .  Pharm. Sci., 66, 130 (1977). 

D .  L. KACIAN and S. SPIEGELMAN, in "methods in Enzymology," 1-01. 29 E, Grossman and 
K.  AIoldave, Eds., hcademic Press, Inc. ,  S e w  York (1973), pp. 150-173. 
J. BHATTACHARYYA, 11. XUJIA, M. REITZ, P .  S. S.IRIN and R. C .  GALLO, Biochem. Biophys. 
Res .  Commun., 54, 324 (1973). 
I-. S. SETHI, Cancer Resenrch., 36, 2390 (1976). 

hfAN0HAR L. SETHI, Can. J .  Pharm. sei., 12, 7 (1977). 


