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ANTICANCER EFFECT OF HOWIINOL A 
AND ITS MECHANISM OF ACTION 

CHENG-XIONG XU* and JIAN-HUA HE 

Howiinol A (GHM- 10) is a kind of phenylethylene pyi-one compounds isolated from G/mio//io- 
/ ~ I I I I I I Y  liowii. Hy Limp the techniques of cell growth curve determination. MTT test. soft agar 

~y and cxperiiiiental thcrapy of transplantable tumors in mice. i t  is found that GHM- 
10 ewrts potent inhibitory effect on cancer cells but its influence o n  normal cclls i s  relatrvAy 
slight. the sensitivity of a drug-resistant cell line, KB:VCR 2000, t o  GHM-I(! is similar t o  its 
parent cell line K B .  Remarkable therapeutic effect can be been i n  inice bearing H22 hcpatoma 
and Ixwis lung canccr m d  in mice with ascetic sarcoma 180 when GHM-I0  is orally o r  iritrli- 
peritoneally administered. 

The I C , +  of L1210 cells treated with (;HM-IO for 1 and 2411 are 0 . X S  and 3 .32pg .mI  
respectively. The ratio of lCso I h and I('" 24 h is only 2.06. indicating that thc action of GHM- 
I 0  is conformed to a cell cycle non-specific cytotoxic agent. By using trypan blue exclusive test 
and morphological examination, it is demonstrated that the main effecl ofGl1M-I0 is to  inhibit 
the cell proliferation. Flow cytometery technique is used to analyze the cell cycle of L1210 cells 
The resulrs show tha! to some extent, GHM-I0 blocks the cell cycle transition from GI phase to 
S phase. By using ["HI labeled precursor incorporation technique. i t  is shown that GHM-I(! 
significantly suppresscs the biosynthesis o r  DNA. RN.4 and protein in L.1710 cells. and the 
DNA synthesis is mostly affected. At I h after the cclls wet-e treated wi th  GHM-10, these inhibi- 
lory effects have already been irreversible, suggesting that GHM- I0 may c a u ~ e  structural dam- 
'ige on DKA molecules. However. G H M - I 0  is unable to intercalate into DNA molecules or IO 
destroy its structure directly. By usiny single cell gel electrophoresis and alkaline elution tech- 
nology. it I S  confirmed that GHM-I0 causes D N A  molecule damage and single strand breakage 
in Li210 cclls. Further studies show that GHM-I0 markedly inhibits DNA dehelix induced by 
DNA Lopoicomerase I1 both inside and outside the cclls. indicnting that GHM-10 is acting a s  
a i l  inhibitor of DNA topoisomerase 11. 

* C'orrcsponding author. Tel.: 80-010-63153552, cxt. 103. Fax X6-010-6315.3557 
E-mail: xcxicr mdshnrris.comrtr [NET. 
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2 C:X. X U  AND J.-El. HE 

INTRODUCTION 

Plants of the Annonaceae family are growing in the tropic and subtropic 
areas. In recent years, they attracted great attention of the scientists as a 
series of new chemical components - annonaceous acetogenins, were iso- 
lated from this family, and some of them showed potent anticancer activ- 
ity [ 11. There are 24 genera, 103 species and 6 subspecies of plants belonging 
to the Annonaceae family growing in China [2] .  They are mainly located in 
Guangxi. Yunnan and Hainan provinces. Howiinol A (GHM-10) is a kind 
of phenylethylene pyrone compounds, isolated from Goniotlinlanius howii 
by Professor De-Quan Yu of the Institute of Matcria Medica. Chinese 
Academy of Medical Sciences [3]. GHM-10 is a new compound not found in 
literature. Its chemical structure is relatively simpler than those of acetogen- 
ins. and chemical synthesis has been accomplished. GHM- 10 has shown 
strong anticancer effect both in vitro and in vivo. In the present paper. the 
results of its anti-tumor effect and its mechanism of action were reported. 

The chemical structure of GHM-I0 

RESULTS AND DISCUSSION 

1. Effect of GHM-10 on the Gr'owth of L1210 Cells 

After treatment with various concentrations of GHM-10. the growth of 
L1210 cells was inhibited and the inhibition was both concentration and 
time dependent. It could be seen in Fig. 1 that the inhibitory rate of cell 
growth reached approximately 66.7% when the L1210 cells were treated 
with GHM-10 at a concentration of 2 pg.ml-' (for the method of calcula- 
tion, see Ref. [4]). 

2. Effect of GHM-I0 on Cancer Cells and Normal Cells In Vifro 

MTT test was'used for observing the effect of GHM-10 on human ovary 
cancer cells A2780, human hepatoina cells Be1 7402, human oral cavity 
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FIGURE 2 
!11mii i SD!. Q 
liiie HC'T-X. A 
Be1 7403: 

C ~ t u t o x i c  cf't'ccct of GHM-I0 011 ciincei ccl l  line> arid ii im~initl cell Imc ( [ I  -3. 
0 huinan  cvlon ciiiicer cell 
A t iumnrl  hcpatoma cell Ilrlc. 

0 IIuniaii ovary cancer cell linc A2780: 
A human o r a l  cavity cancer cell line K B .  A 

[ j Chinese hamster lung ccll line CHL. 

cancer cells K R  and h u m a n  colon cancel- cclls HC1T-8, as well as a normal 
ccll line of Chinese hamster lung cells CHL it7 vi/ro.  As shown in Fig. 7. 
c;incci' cclls were more sensitive to GHM-10 t h m  iiorrnal cells. 

3. Effect of GHM-10 on Drug-resistant Cells 

Multiple drtig resistance is ii serious problem in cancer chemotherapy. 
lisinp the techniquc of MTT test. we found that G H M - I 0  exertcd similar 
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A C.-X. X1J A N D  .I.-H. HE 

Concentration of GHM-IO (pgm-’) 

FIGURE 3 
mean + SD). 0-0 KB cells (parent cell line); 0-0 KBNCR200 (resistant cell line). 

Cytotoxic effect of GHM-10 on a multiple drug resistant cell line ( n = 3 ,  

cytotoxic effect on KB/VCR2OO cells and their parent KB cells (Fig. 3). It 
is suggested that there is no cross resistance between GHM-10 and vincris- 
tine. Since resistance to vincristine belongs to multiple drug resistance, KB/ 
VCR200 is a multiple drug resistant cell line. That is to say, the multiple drug 
resistant cell lines are still sensitive to GHM-10. 

4. Effect of GHM-10 on the Colony Forming Capacity 
of Various Cells 

Double-layer soft agar assay was used for observing the effect of GHM-10 
continuous exposure on the colony forming efficiency in several cell lines. 
Colony forming inhibitory rate of cells after treatment with drugs in various 
concentrations was calculated by taking the inhibitory rate of the control 
group as 0. I t  could be seen in Fig. 4 that HL-60 were the most sensitive 
cells to GHM-10, L1210 cells were the next and the sensitivity of normal 
bone marrow granulocyte-macrophage colony forming cells (GM-CFC) 
was lower than that of cancer cells. The 50% lethal concentrations (ICso) to 
GHM-10 for HL-60, L1210 and GM-CFC were 1.24, 1.57 and 5.34pg.mlp’ 
respectively. 

5. The Therapeutic Effect of GHM-I0 on Mouse H22 
Liver Cancer and Mouse Lewis Lung Cancer 

We can see from Table I that GHM-10 administered either orally or intra- 
peritoneally can inhibit the growth of H22 liver cancer and Lewis lung 
cancer markedly. 
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6. The Therapeutic Effect of GHM-10 on S-180 Bearing Mice 

Thc results i n  Tahlc I1 showcd thal < iHM-  10 iiijcctcd in t r~ i~~e i - i t onc~~ l ly  can 
prcolong the life span of mice bearing S- 180 ascitcs. 

7. The Colony-forming Capacity of L1210 Cells after 
Treated with GHM-10 for Different Time 

L l 2 I 0  cells were treated with G H M - I 0  in different concentrations for 1 .  
34 h and 7 days aiid the inhibitory rates of colony formation were shown 
in Fig. 5. When cells were continuously- exposed to GHM-I0 for 7 days. 
G H M -  10 3 pg .  nil were able to suppress the colony formation totally. Most 
cells lost their colony forming capacity aftcr treatment with G H M -  I0 
4 pg.  nil-' for 34 h.  The ratio of ICjO-24 11 (3.32 pg. i ~ l - ~ )  to ICFO-7 days 
(1 .59pg .ml  ' )  is 2.09; the ratio of lCsO-l h (6.85 pg.rn1-I) to IC50-7 days 
( 1.59 pg . nil- ) is 4.3 1. I t  is gcnerally held that the cytocidal effect o f  a cyto- 
toxic agent in r i f ro  is dependent on the drug concentration ( C )  and the time 
of exposure (T). Usually for producing the same level effect. the higher the 
concentration provided, the shorter the time needed. That is to say, C Y T 
is a constant. When the L1210 cells werc lreatcd with G H M - I 0  [or 1 h.  the 
I < ' i o  was 6.85 p g . m l  I, C x T=G.XS. When they were treated for 34h. 
the IC5(, w a s  3.32 pg .  nil-', C' x .I.' = 79.68. If' C x T = C' x T'. IC5(,-24 h 
would be 6.58/24 = 0.27 pg. nil". it is far less than the ICso-24 11 detected 
(3.32 big. in1 I )?  indicating that the efficiency of large dose GHM-I0 expo- 
sure for H short time is higher than small dose exposure for a long tinic. 
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.ANTIC'AN(CER EFFECT OF H O M ' l l N O L  A 

Concentration of GHM-IO (pg.ml '1 

8. Effect of GHM-10 on the Cell Cycle Transition of L1210 Cells 

Flow cytometer was used for analyzing the cell cycle and the ef'fect of 
G H M - I O ( 3  12 .~ ig .mlp ' . exposure fo r6 -18h)on  L1210cellswasobservcd. 
When the cclls were treated with GHM-IO i n  concentrations of 4-- 
I2  pg .  n i l p 1  for 6 h, n o  effect on cell cycle distribution could he detected. The 
percentage of cells in G 1 ,  S and G? + M remained in tlie normal range. Since 
tlie concentrations of GHM-10 used in this experiment were enough to sup- 
press the growth of L1210 cells (see Fig. 5. after treated with GHM-LO 
4-- I 2  pg.rn1-I for 1 h, the colony formation of  L1210 cells suppressed 20 
90%), the results indicated that G H M -  10 may block cell cycle transition i n  

cxposure time, there was a slight increase in the percentage of G ,  cells, and a 
slight decrease in the percentage o ~ S  cells. I t  is suggested that GHM-10 may 
block the cell transition from G I  t o  S (Fig. 6 and Table 1 1 1 ) .  

cells of all phases. Along with the increasc o f  CiHM-I0 conccntr, '1 t '  I 0 1 1  01' 
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8 C.-X. XU AND J:H. HE 

Channel Channel 
A. Control cells: B. Cells treated with GHM-10. 

FIGURE 6 Flow cytometric DNA histogram of L1210 cells treated with GHM-I0 
(4 pg, ml-') for 12 h. 

TABLE 111 Effect of GHM-10 on cell cycle kinetics in L1210 cells 

lmuharion GHM-10 % of cell population 

S G2 
time (h) (w nil ' j  

GI 

0 (Control) 
6 4 
6 6 
6 12 
6 24 

12 4 
18 4 

0 (Control) 

31 
32 
33 
38 
45 
22 
41 
40 

64 
64 
61 
58 
46 
69 
50 
52 

9. Effect of GHM-10 on DNA, RNA and Protein 
Biosynthesis in L1210 Cells 

Thymidine (TdR), uridine (UR) and leucine (Leu) are the precursors for 
DNA, RNA and protein synthesis respectively. Therefore, the incorpora- 
tion rate of [3H]TdR, [3H]UR and [3H]Leu reflexes the metabolism and pro- 
liferation of the cells. As shown in Fig. 7, inhibition of DNA, RNA and 
protein synthesis to different extent was induced by GHM- 10 in concentra- 
tions of 4- 12 pg . ml-I. This effect was dose dependent and the inhibition of 
DNA synthesis was the most obvious one, followed by RNA, and the pro- 
tein synthesis was less affected. It  could be seen in Fig. 8 that the inhibition 
of DNA and RNA synthesis was time dependent when 4 pg . ml-' of GHM- 
10 were used. 
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A N T I C A N C E R  E F F E C T  OF HOWIINOL R 
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Efiiccc o r  CHM-IO at various concentrations on the incorporation of ['HI 
labeled precursor5 into macromolecules of L1210 cells. L1210 cells were trcated with GIiM-IO 

Incubation time ( h )  

FIGURE 8 The time-effect curve of GHM-I0 4uci nil ' on the inhibition of I'H1 Libelccl . -  
qrzcursors incorporation into macromolecules of L1110 cells. 0 
['HI U R .  

0 ['HI T;lR:> 

10. Analyzing the Mode of Action for DNA Synthesis 
Inhibition Induced by GHM-10 

I'he inhibition of DNA synthesis may be caused by thc damage of D N A  
molecules or  caused by metabolic interference. From Fig. 9 we can see tha t  
after L1210 cells were treated with 6-Xpg-ml-' for I h, the ['IIITdR incor- 
poration curve was decreased progressively. indicating GHM- 10 may induce 
damage in DNA molecules. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
5
9
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



10 C.-X. XU .4ND J.-H. HE 

I 
0.000 0.500 1 .ooo 1.500 

Time after drug removal (h) 

FlGURE 9 Post-exposure effect of GHM-I0 on DNA synthcsis. L1210 cells wcre exposed 
to GHM-10 for I h; 0.5-1.5 h after GHM-I0 was removed, the cells were incubated with ['HI 
TdR for 4 h  and the incorporation rate of [3H] TdR was detected. 0-0 GHM-10 
6pg.ml- ' :  A A GHM-lO8pg-ml  I .  

11. The Effect of GHM-10 on UV Spectra of 
Calf Thymus DNA 

Some drugs like ethidium bromide (EB) can be combined with DNA 
directly to form a drug.DN.4 complex. The DNA absorption spectra would 
be changed by such combination (shift occurred in the peak of absorption 
curve). There was no change in the absorption spectra after calf thymus 
DNA was treated with GHM-10. It was indicated that GHM-I0 was not 
able to intercalate into DNA molecules directly (Fig. 10). 

12. DNA Damage in L1210 Cells Detected by 
Single Cell Gel Electrophoresis 

Under the fluorcscencc microscope, undamaged cells were seen as bright fluo- 
rescent round spots. In the cells with damaged DNA, however, comet like 
tails could be seen towards the positive electrode. The brightness of the tail 
depended on the degree of DNA damage. As shown in Fig. 11, when cells 
were treated with 4 pg . ml -' GHM- 10, comet like tails appeared; when the 
concentration of GHM-10 increased to 10 pg . m1-l- the brightness of tails was 
also increased. 

13. DNA Single Strand Break Induced by GHM-10 

The principle of alkaline elution technique for estimating DNA single strand 
break is that in an alkaline solution, the double strands of DNA will be 
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to ta l ly  separated into two single strands. I t '  thc filter mcimbranc does not  
adsorh DNA molecules. the speed of DIVA single sLrand passing through 
the nicinbranc will be dependent on its length. Tlicrcforc. the ratio o f  DNA 
i-ctained on the msmbrane will reflect the level o f  I)hA single strand break- 
age. Figure 12 showed that when L1210 cells were treated \hith GHM-10 
( 4  and  25 pz. nil ' )  for 5 11. the ratio of D N A  retained 0 1 1  the inembranc 
dccreased significantly. indicating t h a t  GHM-I0 is capable of inducing 
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C.-X. XCI A N D  J.-H. HE 

L 

al = 
;5 
c 

Elution time (h) 

FIGURE 12 DNA single strand break induccd by C€IM-10. Alkaline elution technique was 
used for estimation. D N A  single strand break was measured by the percentage of DNA 
retained on the filler. 0-0 Control; e-e GHM-10 4 p g . m l ~ '  A A GHM-I0 
25 pg . ml-'. 

DNA single strand break in L12 10 cells. Furthermore, as the concentration- 
of the drug increased, the ratio of DNA retained on the membrane 
decreased progressively. Obviously there is a dose-effect relationship. 

14. Effect of GHM-10 on the Activity of DNA 
Topoisomerase 11 in L1210 Cells 

DNA topoisomerase I1 is an important nuclear enzyme. It can modify the 
topo-structure of DNA molecules and induce the break and rejoin of DNA 
single and double strands. The capability of dehelix on super helix pUC18 
DNA was used to measure the activity of DNA topoisomerase 11. The 
results showed that compared with the control group, the activity of DNA 
topoisomerase I1 was decreased in L1210 cells treated with GHM-10 
4pg.ml ' for 12h (Fig. 13). When the DNA topoisomerase 11 extracted 
from control L1210 cells was directly exposed to GHM-10, the activity 
of enzyme was also decreased if the concentration of GHM-10 reached 
100-500pg~ml~ '  (Fig. 14). 

There are more than 120 genera, 2100 species of plants belonging to the 
Annonaceae family in the world [5].  Uvaricin was the first acetogenin eom- 
pound isolated from Uvavia acuminutu of the Annonaceae family [6]. Up to 
now, more than 100 acetogenins have been isolated from Annona, Rollina, 
Asimina, Goniothalamus plants. Among them, Bullatacin, Bullatacinone [7] 
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ANTICANCER EFFECT OF FIOM'IlhOL A 

A B C D E F G H I  

FIGURE I 3  D N A  topoisomer;ise II activity in nucleai- cxtr'icts from untreated 01' CFIM- 10 
treated LIZ10 cells. The eii7ymc activity W B S  dcteriiiined by uncoiling pUClS  D K A .  which 
\\:IS l oca lcd  i n  t h e  bottom miics of the photosraph. Lane I;: pL!C IS DhA only; Lanes b 10 I :  
pLICIX DNA p l u s  proleiii c.\tracted Crorn unlreated LI2IO cclls (0.96. 0.1X. 0.24 and 0.1211g 
i q x c t i v e l y ) ,  Lanes 4 to D: pIJC18 DNA plus protein extracted from L1210 cell< treated 
nil!i G H M - I 0  4 p g ~ t i i L ~ '  for 1 2 h  (0.96. 0.48. 0 24 aiid 0 .12  respectively). 

A B C D E F  

bl( ;LlKF 14 Ef'tect o f  GHM-I0 on t h e  activity 01' D h A  topoisomerase 11 in ii cell ft-ee 
\>\tciii Reaction iriixlure\ (20 111) containing plJC18 D N A  0.42 lrg, D N A  topoisoincrase I1 
0.12py and GHM-I0 IOO-SOOpg~rn!~'. Lanc A:  pUC18 DNA oiil): Lane B: pUC 18 D h A  
p l u a  G H M - I 0  5 0 0 p ~ . i i i !  I :  Laiic C: pUClH Dh-A plus DNA Lopoisomerase 11: Lanes I) t o  
F: pUC: I S  DNA p l u s  DNA topoicomet-iise I I  and  GHhl-10 100. 200 and SOOpg. tril ~ 

respcctivcl) 

and Asimicin [ X I  show~cd potent anticancer activity. Howiinol A (GHM-10) 
is ii phenylethylene pyrone compound. Although its anticancer activity was 
not ;IS slrotig a s  the above mentioned acetogenins. the content of G H M - I 0  
in the plant is rich arid has alrcady been chemically synthesized [3] .  GHM-I0 
exerted anticancer effect both in vitro atid in i,ii*o; i t  was effective in trent- 
inent of  transplantable tumors in mice even when it was adminislcred orally: 
the cancer cells were more sensitive to GHM-10 than the normal hcmato- 
poictic cells: the multiple drug resistant cell strain KB/VCR 2000 has sinii- 

loxicity was seen [8]. All these characteristics make GHM-10 a iiew molcc- 
ular entity with prospects for drug development. It is worth doing further 
studies . 

Preliminary sludies on  mechanism of action showed that CHM-10 had no 
cff'ect on inducing differentiation to cancer cells ",I. Whcn cells were treated 
nith GIIM-10 for 24 h, the growth rate and mitotic index were decreased 
and the morphology of cell nuclei changed, but the cell viability remained at 

1, < i t  . hensitivity . as its parent KB cells; in  the dose of efficacy, no significant 
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14 C.-X.  XU AND J.-H. HE 

normal level, indicating that GHM- I0 mainly inhibited the cell prolifera- 
tion [lo]. The major action was to induce DNA single strand breakage, and 
to suppress the biosynthesis of DNA and other biological macromole- 
cules [ I  I]. Since GHM-10 did not bind or intercalate to DNA molecules, the 
damage of DNA may be caused by its action on the activity of DNA topoi- 
somerase I1 and/or other mechanisms [12]. 

EXPERIMENTAL SECTION 

Materials 

Cells 

Mouse lymphocytic leukemia L12 10 cells and human acute promyelocytic 
leukemia HL-60 cells were kindly given by Dr. K. Scanlon of the Mount 
Sinai Medical college, USA. Human oral cavity cancer KB cells, Chinese 
hamster lung CHL cells were maintained by our laboratory. The vincristine 
resistant strain of KB cells (KB/VCR 2000) were kindly given by Prof. Xiu- 
Juan Ji of our Institute. 

Animals and Tumor Lines 

Kunming mice and C57BLi6 mice, 18-22g of body weight, both sexeb, were 
supplicd by the breeding center of the Institute of Experimental Animals. 
Chinese Academy of Medical Sciences. Transplantable animal tumors includ- 
ing mouse sarcoma 180, hepatoma H22 and Lewis lung cancer were main- 
tained by our laboratory. 

Drugs 

GHM-10, mw 380, was supplicd by the Department of Chemistry of Nat- 
ural Products of our Institute. It was dissolved in DMSO, stored at  4"C, and 
diluted with culture medium to required concentration before use. 

Methods 

Determination oj Growth Curve of 1,1210 Cells 

L1210 cells in exponential growth phase were suspended in RPMI1640 
medium with 10% new bbrn calf serum in concentrations of 2 x 
IO'cells .nil- I .  The method for determina6on of growth curve was accord- 
ing to Ref. [4]. 
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,M TT ( Thiacolyl Bliia Tetrazoliim Bromide) Titst ,fOr Meusiiring 
thr Inhibitory Rate of GHM-I0 on Canwr Cells 

Cells of ,43780. HCT-8. KB.  Be1 7402 and CI1L in exponential growth 
phase were inoculated i n  96 well plates at a concentration of 10'cells nil  ' 
iind 200 1-11 per wcll. MTT tcsl was uscd for measuring the sensitivity of dif- 
ferent cell lines to GHM-I0 [4]. 

Determination of' the Eflicicwcy of s(J ft Agar colony Formation 

Double-layer sofl agar niedium in 35 mni petri dishes was uscd for colon) 
formation [3 ] .  The assay for mouse bone rri;trrow ~raiitilocyte-macrophage 
progenitor cells (GM-CFC) was conducted accordin? t o  the literature [ 131. 

Trratmmt of' Moirse Lends Lung Cancvr and H22 
IIqmtoma of Solid Tvpe 

Tissue o f  solid tumor  was isolated ti-om well developed tumor-bearing mice 
using routine aseptic technique. Suspensions of  c ~ n c c r  cells prepared i n  nor- 
mal saline were inoculated into subaxillary region of Kunniiiig mice ( I  113) 
or  C'57BL'h mice (Lewis) subcutaneously. Twenty four hours  after inoeul;t- 
tion. the mice were divided into several groups randomly and drugs were 
:idministered 17) gastrogavage once dai!y fbr I0 days. The anitnalc nere  
hilled on thc 1 1 I h  d a y .  the body weight and tumor w i $ t  \vcre recoi-dcd. 
a n d  the inhihitory rate or  t~ tn ior  growth was calculated [ 141. 

7r.eutrrient of' M o u s c ~  Srircoma I S 0  Ascites 

Ascites was drawn from well developed tumor-bearing mice asepticully. 
After I : 1 dilution with normal saline. 0.2 ml ascites per iiioi.ise 
lated intraperitoneally into KLinining mice. Twenty four  hours aflcr inocula- 
tion, the mice \?iere divided randomly into sevelal groups. Drugs w r c  
intraperitoneally ndiniiiistered once daily for 7 days. The life span of cacti 
mouce was recorded and the mean life span and 30 day survival rate were 
cit Ic LI 1 it ted . 

i?#cct of GHM-10 on Colony Formation of L1210 Cd1.s 

Suspensions of Ll2 lO cells were treated n i t l i  <iHM-10 in  various conccntra- 
tions. After incuhation ;it 37'C and S o h  C 0 2  for 1 o r  24 11, the suspeiisic~ns 
were centrifuged at  1000 rpm f o r  5 min. Thc cells were washed twice thcn 
eiiltured i n  soft agar for colony assay. When the effect o f  continuous d r u y  
exposure on L I3 I0 cells was tested, GHM- 10 was added into the base-layel- 
of agar dircctl!. 
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16 C.-X. XU AND J.-H. HE 

Flow Cytometer Assay 

L1210 cells were exposed to GHM-10 for different time, fixed with 70% 
alcohol and re-suspended with 0.4 ml PBS; RNase A was added to the final 
concentration of 0.5 pg .rnl--'. After incubation at 37°C for 1 h, propidium 
iodide (PI, Sigma product) stain solution was added to the suspension to 
make the final concentration at 0.5 pg . ml-'. The DNA content in cells and 
the percentage of cells in different phases of cell cycle were measured with a 
FACS 420 flow cylometer. 

I3H]  Labeled Precursor Incorporation Tests 

L1210 cell suspensions 4 x 1OScells ' ml-' werc inoculated into 96 well plates 
and GHM-10 was added at the same time. The plates were placed in a 37"C, 
5% COz incubator for 6 h; at 4 h  before the GHM 10 treatment was ended, 
[3H] labeled precursors 1 pCi/well was added. An automatic cell collector 
was used to collect cells from the well and the cells were put on the glass 
fiber filter. Distilled water was used to wash the filter for at least 20 times. 
The filter was dried up in a 80°C lab oven for 15 min and put in a vial with 
4ml scintillater (0.4% PPO, 0.01% POPOP in xylene). After being stayed 
in a dark place for 15 min, the cpm value was counted with a Beckman LS- 
9800 scintillometer. 

Determination of' ["HITdR Incorporation Curve 
after the Cells Released from Drug Exposure 

Suspensions of L1210 cells in exponential growth phase, 4 x 105cells.ml I ,  

were inoculated into tubes and GHM-10 was added at the same time. One 
hour after incubation at 37"C, the tubes were put in an ice bath to stop the 
reaction. The suspensions were centrifuged at  1000 rpm for 5 rnin, the super- 
natants were discarded, and the cells were washed with cold PBS twice. 
Fresh RPMI 1640 medium was used to suspend the cells and the suspen- 
sions were kept in a 37°C incubator for 0, 0.5, 1 and 1.5 h. Each tube was 
added [31-I]TdR I pCi and incubated at  37°C for 4h.  The method for mea- 
suring the incorporation of [3H]TdR into cells was the same as mentioned 
above. 

Shvt of Absorption Spectrum 

GHM-10 10 pg . ml-' and natural calf thymus DNA 10--30 pg mi-' were 
put in tubes using pH 7.25 NaH2P04-Na2HP04 buffer solution as reac- 
tive medium. The tubes were maintained at 22°C for 24h and shaken 
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ANTICANCER EFFECT OF HOWIINOL A 17 

periodically. The ultraviolet absorption spectra were scanned in a Shimadzu 
MPS-2000 multifunctional ultraviolet spectrophotometer. 

Single Cell Gel Electrophoresis for Measuring 
DNA Damage in L1210 Cells 

L1210 cells in exponential growth phase at a concentration of 1 x 
I06cells .rnl-' were added GHM-10 4 and 10pg.ml-'. After incubation at  
37°C 5% COz for 4.5 h, the suspensions were put in an ice bath to stop the 
reaction. The cells were washed with cold PBS twice and suspended again in 
0.5 ml cold PBS. 

Two hundred ml of lo/" agar solution were evenly spread on a micio- 
scopic slide and the slide was put on an ice bath to gel the agar. The cell 
suspensions were kept at  37°C and mixed with 1% low melt point agarose 
(Sigma product) in the ratio of 1 : 3. This mixture was spread on the surface 
of the agar coated slide. The agarose was gelled on the ice bath again and 
the slide was dipped in a cytolytic solution (NaOH 0.03mol.l-', NaCl 
1 mol 'l-') for 40min. The slide was rinsed by distilled water, dried and 
dipped in a dehelix solution (NaOH 0.3 mol . I-', EDTA 1 pmal '1-l) for 
8 min. After being rinsed with double distilled water, the slide was placed in 
an electrophoresis bath (DF-C voltage and current stabilized electrophoresis 
apparatus) horizontally. The elec#rophoresis was performed at the voltage 
of 45V for 13 min, and the slide was stained with EB for 10min. The whole 
process should be protected from light and the morphology of cells was 
observed and photographed under a fluorescence microscope. 

Alkaline Elution Technique for Estimating DNA Single Strand Break 

L1210 cells in exponential growth phase, 3 x lo5 cell ' in- ' ,  were inoculated 
into 33mm dishes. Each dish contained 2ml of suspension and [3H]TdR 
5 pCi. Twenty four hours after incubation at 37°C and 5% C02,  GHM-10 
were added to the final concentration of 4 and 25 pg m1-l. Following 5 h 
incubation, the cells were transferred to a millipore filtering film (@ 0.2 pm), 
washed with cold PBS for three times, and 10 ml cytolytic solution (Sodium 
dodecyl sulfonate 0.2%, EDTA 0.02 mol . I-') was added. After the cells 
were treated for 3 rnin, the cytolytic solution was dropped naturally. The 
millipore film was further washed with 20ml cold PBS and treated with 
40 ml of alkaline elution solution (EDTA 0.02 mol 1-', pH was adjusted to 
12.0 by NaOH) for 5min to let the DNA become denatured. The elution 
solutions were collected fractionally; each fraction consisted of approxi- 
mately 1.5ml by a collecting time of 50min. The elution process was kept 
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away from light and the millipore film and elution fraction were put inlo 
visls containing 4ml scintillater (toluene 240 nil, absolute alcohol 1 10 nil. 
ti-itoii-X-lO0 130 nil. PPO 1 g, POPOP 0.025 g). Thc radioactivity \vas 
counted and the residual rate of DNA on the millipore film (XSO) was calcu- 
lated. The elution curve was plotted by using the Ro/o as the function of Lime. 

Residual rate of DNA on film (RS4)  - ( M / M  + E )  x 100"/0 
,M: Cpni for DNA on the film; E :  Sum ofcpm for D N A  

i n  the fraction of alkalinc clution solutioni 

D N A  Topoisomeraw I1 

When the effect of GHM-10 on DNA topoisonicrasc I 1  in LIZ10 cclls was 
tested, L1210 cells were treated with GHM-10 for 12 h aiid washed with cold 
PBS twice, then the enzyme was isolated and the activity measured. When 
the direct cffcct of GHM-10 on the activity of DNA topoisomcrase I I  was 
tested. the enzymc was extracted from control L1210 cclls first. thcii trca~cti 
with GIIM- 10 and the activity measured. The methods for e n q n i c  isolation 
and activity determination were according to the literature [ 151. 

[I1 Y.1'. Fang. M.J Ricacr. Z . M .  GLI, G.X. Zhao and J.L. LlcLuughlin. .Aiinoiictccoiis x c t o -  
genins. a n  updated review. Ph~~rociic.niito/ Ami/l.\i .s 1093. 4: 27.  
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[S] J.K. Rupprecht. Y.11. Hui  and J.L. McLaughlin. Annonaceous acelogerrins: ;I i - c v i c \ ~  
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I'rorri L'iwi-itr trccioi7incrrti (Annonaceae). J .  0r.y.  C/icw 1982, 47: 3 15 1 

[7]  Y . l l .  Hui, J .K .  Rupprecht. Y .M.  Liu. J .E .  Anderson. D.L. Smith. C.J. C'haiig ,ind 
J.L. McLaughlin, Hullatacin and hullatacinonc: two l i i ~ h l y  potent hioactive :icctoyxiiis 
fsoni Annorin l i ir//oto. J .  N r r r .  Prod~rc~t.\ 1989. 52: 463. 

1x1 J.K. Rupprecht, C.J. Chang, J . M .  Cassady. J.L McLaughlin, K.L.  Mikolajzrak and  
D Weislcder. Asimicin. a new cytotoxic arid pesliciclal acetogenin fiorn the paw'paw. 
.4 , s imi t io  trilohrr (Aiinonaceae). fftrrr.or?dc.s 1986. 24: 1 197. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
5
9
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



ANTICANCER EFFECT OF IIOWIINOL A 19 

[9] J .H.  He, Y.M. Ye and C.X. Xu, Studies on the anticancer effect of Howiinol A, a new 
compound isolated from Goniothalaniu.v howii. Acfa Phurm. Sinica 1998,33: 493. 

[lo] J.H. He, Y.M. Ye and C.X. Xu. Antitumor activity of Howiinol A (GHM-10) on L1210 
cells in v i m .  Acta Pharm. Sinica 1998, 33: 566. 

[ l  11 J.H. He and C.X. Xu, Inhibitory effect of Howiinol A (GHM-10) on thc synthesis of biolog- 
ical macromolecules in L1210 cclls. Acta Pharm. Sinicu 1998,33: 886. 

[12] r H .  He and C.X. Xu. Effect of Howiinol A (GHM-10) on the structure of DNA molecules 
and activity of DNA topoisomerase 11 in L1210 cells. Acta Pharm. Sinica 1999,34: 5. 

[I31 N.G. Testa, J.H. Hendry and L,.G. Lajtha, The response of mouse haemopoietic colony- 
forming units to repeated whole body X-irradiation. Biomedicine 1974,21: 431. 

[ 141 R. Han. Experimental methods on animal transplantable tumors. In Research and Develop- 
ment of’ Anticancer Drugs and E.xperiinentul Techniques, Han. R. Ed. Joint Publishing 
House of Beijing Medical University and Peking Union Medical College. Beijing. 1997, 
p.  298. 

[I51 L.G. Wang, X.M. Liu and X.J. Ji, Determination oEDNA topoisomerase I1 activity from 
L1210cells ~ a target for screening antitumor agents. ACZU Pharm. Sznicu 1991. 12: 108. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
5
9
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1


