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Effects of spin labeled derivatives ofpodophyHotoxin on cell cycle 

and macromolecular synthesis in ht~man lymphoid leukemia Molt 4B cells 
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A ：To examine the effect of the spin labeled 

derivatives of podophyllotoxin， N-podol~hyllic 

ac 』＼r 【4-(2，2，6，6-tetramethyl-1一pipefidlny— 
loxy)J thiosemicaflmzide(GP4)and 4-l ( ， 

， ， 一tetramethyl-1 -piperid~nyloxy)anfino]一 
4，-demethylepipedophylloto~in(GIy7)on the cen 
cycle and macromolecular sm hesis of human 

lymphoid leukemia Molt 4B cells ／n v／tro． 

M盱Ill0璐 ： 肌 ’assay。 H incorporation． 

and flow cytometer were used． REs【 ： 

GP4．GP7．and etolx~ide 0．02—1(30mmol·L 

cultured for 48 h inhibited the proliferation of 
human lymphoid leukemia Molt 4B cens． ICso 

v~ues of GP4，GP7，and etoposide were 0．11． 

4．7，and 1．6 mmol·L_。。respectively． DNA 

and protein syntheses were obviously sI pI 

by GP4，GIy7。and etoposide 10 mmol·L f0r 

48 h． After Molt 4B cells were treated with 

GP4，GP7，and etoposide 10 mmol·L一 for 6 

and 12 h，the mi totic index was increased by 

GP4 and reduced by GP7 and etoposide． 

According to flow cytometric BrdU／DNA 

analysis， GP4 slightly retarded S phase and 

mainly arrested oell cycle progression in Q ／M 

plH∞，whereas GP7 similar to etoposide induced 
cons accumulated at S D}la and ret￡IIded the 

cells in Q phase． CONCLUSION：GP4 and 

GP7inhibitthe proliferationofMoh4B cens，but 
the Inechardsms—aIe衄  rent

． 

‘ 日  m to m  W ANG Jun-Zhl ‰ 86-10-6701 7755．~xt 380 

Fax 86-10-57017683 E-mm~ ∞h目n@ pubI；∞ ．bta．net∞ 

Received 1997-12-29 Aea~ed 19~ -07-07 

Podophyllotoxinan d a numberof its deriva— 

fives pof~ss an titumor activity． As most an ti— 

tumor drugs presendyin u8e．including etoposide 

and teniposide． exhibit a wide range of toxic 

effect‘J,2j。it is of interest to find new readily 

synthesizable with hi activity and low  

toxicity． nIe slain labeled derivatives of tx~lo— 

phynoto~ ，N-podophyllic 电N ·[4-(2,2 6 
6．t tllyl一1- )]

_

pi~ri
．dipj!o． thiesemicarba- 

zide(GP4)and 4-L4 (2 ， ，6 ，6"-tetramethy1． 
1 piperidinyloxy)amino]-4'-demethylepipodo— 
phynotoxin (GP7)were synthesized by into— 
dI the nitroxyl radical moiety into r~toohyl— 

lotoxin at different positionsL ． In this lmper． 

we investigated the effects of GP4 and GP7 on 

cen proliferation，macmmolecular synthesis，and 

cen cycle progression as o0rr虻日red with those of 

etoposide． 
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M_A．I]口珏ALs AND Ⅳ匝 HODs 

Clm~ eals aIld∞U culmre Startin~from 

pedophyllot~xin， isolated from a Chinese 

medicinal herb Podophygum emod~ Wal1 var 

chinesis Spr'dglle， N—Podophyllic acid一 一l 4一 
(2，2．6，6-tetramethyl一1-piperidinyloxy)l thio— 
semiearbazide(GP4)and 4-I 一( ．2 ，6”．6 
tetramethyl—l"-piperidlnyloxy ) amino l一4 一de— 

methylepipedophyllotoxin (GP7)were synthe— 
sized as deseri~ ：l pm~ously jJ． They were 

dissoh,ed in 1％ Me)SO before using． 

Etoposide，as a reference drug，was purchased 

from Nippon Kayaku Co Dd，Tokyo，Japan． 

Human lymphoid leukemia Molt 4B cells were 

grown jn RPMI_164O medi哪  ( Nissui 

PhalTnaceutical Co I_td，Tokyo Japan)with 
1O％ fetal calf 8erurfl，benzylpenieillin(50 kU· 

L )，and streptomycin(5O ·LI1)in a 5％ 
CO2incubator at 37℃ ． 

Ⅱproliferation andmitoticindex(̂Ⅱ) 
A suspension of Molt 4B cells(1× 10s cells· 

L ) grown in 96-well miemtiter plates and 

incubated at 37 oC with or without different 

concentrations of drugs for 48 h． en． a 

tetmzoliutmbased compound (Mrr) (Sigma 
Chemical Co，St Louis MO)was added to each 
well and ineubated for fu~ er 4 h． After 

centdfugation，MezSO was used to solubilize the 

fol-nhsizan crystals． e absorhance was read at 

540 nmL ． 加 was determined after cells were 

fixed on a slide and stained with Gierma’s solu— 

fion． AccoTdi】 to counting of 1O00 cells on 

each slide under a light microscope，the percent— 

age of cells in mitotic phase was calculated
． 

Determination of maeromdeeular svn山． 

esis Molt 4B cells were eulturedwith orwithout 

GP4，GP7，and etoposide 10∞ 1．L一 f0r48 h． 

Then[ H~thymidine，[ H]uridine，or[ H]leu— 
eine(Biomedicals Ine，Costa Mesa CA)37蛐B口 
· L-。was added to the et~ture medlilm．and the 

radloactivities in trieh!oroace tie acid-insoluble 

materials were measured at different times 

through a liquid scintillation coun ter[ 
． 

n0W eytometric B DNA analy~s 

Molt 4B cells for analysis of BrdU／DNA were 

exposed to dru by 2 methods． In method 1， 

cells weIe first treated with or without GP4， 

GP7，or etoposide 10 mol·L_。for 6 and 12 h． 

Then bromedeoxyuridine(BIdu)(Sigma Chemi— 

cal Co)10 mol·L was added to the cells and 

incub ated at 37 oC for the fmal 30 mi n． e 

cells were washed h~ice and fixed in cold 70 ％ 

ethanol for at least 30 min． 1hefixed ceilswere 

washed and resuspended in HCl4 mol·L f0r3O 

min． After being washed the cells were resL1一 

spe ndedin borax 0．1 mol·L_。．pH 8．5． e 

cells were again washed twice and treated with 

O．5％ Tween-20． ell the cells weIe washed 

and resuspended in PBS 0．5 址L． Anti．B U 

nrI℃ (Beeton DiekiYison C0)20血 were added 
and cells weIe incubated at 22 ℃ for 30 min． 

The cells were washed  twice and resuspended in 

PBS 1 mL containing propidlum iodide(PI)5 g‘ 
L (Sigma Chemical Co)for 15 min． e 
single cells thus obtained veTe analyzed bv flow 

cytometry． In method 2．the cells were first 

pulsed with BrdU， washed  twice ， and then 

incubated in medium containing drug． At 

diffemnt times，the progression of BrdU labeled 

cellsin cell cyclewas analyzed as above． 

RESULTS 

All drugs depressed the growth of Molt 4B 

cells ii1 a concentration-dependent i'nanner． e 

conce ntration—respo nse cttrves were very 

different． At low concentrations (O．02一O．2 

mrr101．L一 )theinhibiting effectof GP4 appeared 

to be dependent on the concentration，while at 

high concentrations(1—100 mrr101．LI1)the 
effect ofGP4 almost remained at a plateau$~ttus． 

Th e concentration—response cllm  of GP7 w舶 a 

straight line，which was similarto etoposide． At 

low concentrations． the activity of GP4 was 

higher than that of GP7 and etoposide． tQo 
va】lles of GP4，GP7．and etoposide weIe 0．11 

(O．08一O．15)，4．7 (3．O一7．4)，and 1．6 

(O．9—2．8)mmel·L_。，respectively( g 1)． 
As GP4 and GP7 markedly inhibited  the 

proliferation of cells， it suggested that the 

mechanism of growth inhibition was attributed to 

the suppression ofDNA and protein syntheses． 

After Moh 4B eells were treated with 3 

dru for 6 and 12 h，the cell cycle dlstribution 

wasmarkedly eh~Sed in a different chamcteristie 

(Tab 1)． 
DNA and protein syntheses in Molt 4B cells 

weIe inhibited  by treatment of GP4，GP7．and 

etoposide，but the effect on RNA synthesis was 
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not obvious(Fig 2) 

-2 ．1 o 1 2 

Concentrationllg mm ol· 1 

啦 !． MTTm y伽 啦 ∞血．呻m  expeemresto 
for鹌 h． ±s 州 p旺c矗怔 expertmem~． P‘0．01． 

{ 
垂 ∞ 

l 
{．50 
扣 
i蜘 

}． 

啦 2． Elect 0f GP4，GP7．IDd et叩豳 OlGi DNA． 
RNA，IDdprot~ 卵口lhe8幅 Molt4B edls． The edls血 

瑚 血嵋 0f 2．5 x l胪 edls·L 眦 如棚 wllh 

GIM (●】．G,P7{x】．emd o {口 )10mmd·L 

" without血驿 (0 )for 鹌 h bef~'e rsdidatded 
曲 _lⅡI 盯 lee~im 惴 一raided． The expedmm~ 

w蕾 teem edtwice． 

The Dresence of GP4 during 6-and 12-h 

incubation resulted in a nlflxiYlluln of the G2／M 

aceunmlafion with a slight jncrea jn S phase． 

11le marked jncl'ea．~ jn S and G2／M was 

嗍 after eannent witI1(聊 and etoposide． 

GP7，similar to etoposide．not only blocked tI1e 

cellsi171 S nIla8e but also retardedthe cellsjnG2／ 

M n}la8e． 邯1e data also indicated that GP4 

markedlyjncreasedtI1eMI ofcells．whereas GP7 

and etoposide decreased the MI． Molt 4B cells 

firsdy pulsed with BIdU f0r 3O min． 

Tab1． CelI删 e di铀曲lJ60n叫 MI栅  朗 with 
GP4．GP7．舳 d etol：csa~． =3 ∞驴盯 蛐 妇． ± 

A er heanI*m 6 h 

Control 55．9±5．2 

GP4 45．1±6．0 

GP7 43．9±5 0 

Etopcside 42．1±6．6 

After n℃ 血eII【12 h 

Control 50．5±2．2 

GP4 l1．4±6．0 

GP7 21．7±2．6 

Etoposide 20．4±5．2 

34 7±2 6 

35 5± l l 

40．7±2 5 

45．3±4 5 

9 4±2 9 

19 3±5 0 

l5 4±3 8 

l2．6±3 9 

2．8±0．3 

9．5±0．7 

2．3±0．5 

0．5±0．2 

w~hed ． and tI1en incubated in medium 

cont~nins drug for various times indicated ． Cell 

cycle pmgression was determined (Fig 3)． 

DlSCUSS10N 

As shown i171 Fig 1， the concentration- 

response curv~ ofGP4 and GP7 onMoh 4B cells 

were very difierent． This Ineam that the 

I／lechallism of GP4 and GP7 on Moh 4B cells is 

also different． GP4，GP7，and eto~side were 

indicated to inhibit the DNA and pmtein 

syntheses． These results are in accordance with 

those about VP16L ． 

Comr~ witI1theresult ofFig 3．tI1eBIdU 

labeled cellsin control progressedfrom Sphaseto 

c2／Mand G】phase at 6 and12 h，andfromG2／ 
M and G to S phase again at 24 h． One cell 

cycle was completed in 24 h． In GP4 treated 

cultllreS，astimedapsed．tI1eBIdU．1abeled cells 

0as8ed S phase rapidly and accum ulated in G2／M 

phase． As  MI in GP4 treated cells markedly 

increased，the accumulation ofthe cellsinG2／M 

phase w mainly due to the increment of the 

cells in M pha8e． In GP7 and etoposide treated 

cultll~S．tI1e BrdU-labeled cells were arrested in 

S and G2／M phase． As GP7 and etoposide 

decreased MI，the cells accum ulated jn G2／M 

phase mainly consisted of cells jn G2 phase． 

邯1e present stLldv showed that GP4 allowed cells 

to progress山m岫 the cell cycle untiltheywere 
stopped in G2／M phase． GP7 and etoposide 

retarded the cells at G2 and S phase． Althou 

cellstreated witI1 GP7and etoposidewere ableto 

complete DNA synthesis，they could not proceed 

2  8  4  2  

0  0  0  0  

± ± ± ± 

1  7  2  3  

3  5  1  0  

8  0  5  2  

0  4  2  3  
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5  5  3  5  
m 惦 坶 
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Cantral 

GP4 

GP7 

Etoposide 

Cantral 

GP4 

GP7 

Etoposidt 

Time after pulse with BrdU 

ng3． E~ect ofGP4，GP7，and 触 10 ·L一 ∞ 

cell州 e p,'osre~ ． X {PI fluoresceace)，Y {咖  
nⅫ由盯)，9Dd Z axis scale(eentJ-BrdU fluoresceaceJ． The 
expertn~ twas repeatedtwice． 

t0 cll10Im增ome co玎den 0n atld t0sis[印 

It has been reported that chemical stll~tures 

of anfittmaor drugs are closely eorrehted to their 

active mechanismsL7．1
． 
Emanuel et al reported 

that when all iminoxyl radical was intmdueed into 

the molecule of a13 an~tumer dmgt o-TEPA，the 

antitumor acfivity of the spin labeled drug vcas 

enhanced and the toxieity was much reducedL ． 

Similar results were also reported in the study of 

new spin labeled  derivatives of pedophyllotoxin as 

antitumor agents ,gj
． It was reported that GP4 

and GP7 could inhibit the mouse solid tmnor 

Sarcoma-180 and Hepatonm-A in vim and 

appeared a lower toxieity than etoposideuJ． 

Since GP4 and GP7 ale nlore readily synthesized 

than etoposide， they are hopeful of be I壕 

proJill’sing antitumor dnI帮 ． A8 the substitutive 

position of GP7 is the saⅡle as etoposide．it may 

be the rea$oD Why the action of GP7 is similar to 

etopo side ． A8 GP4 increased MI．it is evident 

that the chemieal modification on D ring of 

podophylloto~n sti11 reserved  the antimito6c 

activity of podophyllotoxin． Ibese results ma y 

pmvide insights into structure-activity rel 0nsIliD 

and the design of ilovel derivatives of 

pedophyllotoxin useful in cancer chemo therapy． 
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刚 蚰p m 。ene吕咀p0 。 小哪 “d即咖  肿瘤细胞；自旋标记物 ；鬼臼毒素 ；依托泊苷 E
ur J CancerClin Oncel 1988；24：l415—19． ’。⋯ ⋯ ⋯ ’⋯ ⋯ ～ t二 二 ⋯ ⋯ 。。一 

’ NP，功 目的：证实鬼 臼毒素 自旋标记物 GP4和 GP7TcM 体外eity antaumor activit ， y，and山 Irm且c0kin ∞ of spin- 日 HL ／巴H 目 1 ‘ 川 

labeledthioTEPA amlogs． 对 Molt 4B细胞周期 和大分子合 成的抑制作用 ． 

，

． sⅧL Y。， spin labeled 仪BrdU／DNA分析法
． 结果 ：GP4，GP7和依托泊podo~ 址l 0士 yllotoxin船potential mafitumor agemts

．  

’ ⋯ ⋯ 。 ⋯ ’’ 。 。’⋯ ⋯  

¨ 9
，

9
．

7；61：537—42． W(o．02一lOO rmnol‘L-。，48 h)抑制细胞生长量效 

。 ． ：)．一．．．．．．．一 ．．．．． 曲线不『莆1其Ic50值分别为0．11，4．7，1．6 mmol· 白兰孽 当 曼 血病 L一
- I

'

‘

并

,-ira

降,低7 _ 合成．’GP4’(10 101． M
oi‘ B细胞周期和大分子合成的影响 L

一  

1 。 葬 翕_ 对照 晶。 ； 

熹 ： z'志村 ， ／对M = 
⋯  

．『’ 嚣 和 (中国药品生物制品检定所生化室
， 北京 100050，中国 ； ¨ ”⋯

． ．

Ⅲ ⋯  ’ 

动物实验中心， 药理学讲座，日本三重大学医学部， G2期 · 结论 ：GP4和 GP7抑 制 Molt 4B细胞 生长 

最新消息：动物岛净他一瓷辱I乜 【革命 ! 

一 最先进的【对有菌和无菌室都适用、带滤膜罩的个体通风型动物笼】在华倍受青睐 

每天一个动物的垫革和粪便在空中的颗粒含量达 100个／ T产，在房内产生严重污染 故现广泛采用w R的 

① 带滤膜罩的个体通风型动物笼(IVC ② 堑睦 堂箜i垦蝗塞![略] IVO泉一巨大的培养皿，其上为过璃 

面积很大的膜罩 ，与外界直接进行 自然的个体通风，其有效透过率为87％；下为透 明材料 ，并舅有二孔各 自与笼补的净、 

污空气送排瞥相通，单个笼悻 与外界进行 附加 的个体通风 ，解决 了相邻笼 内动物 间、人 与动物问的交叉污染 ，防止赃 物 

落八邻近笼内，大大减少疾病在房内的传染，从而避免操作者染上各种职业病 l、，c适用于 SPF、免疫抑制和转基因型 

等各种动物．使用时，笼在100教条件下打开，且饲料、水和垫革都经过消毒．IVC的应用价值： 

● 宣董塑垂董皇塑垂 (区剐：净化度越低，耗膜越多，但滤膜竹榕极廉且可多次消毒，每1—3个月更换一次)： 

● o 净化等教由笼教取代室教．这 

样净化工序也可大为苘化；o 垫革耗重和劳动力强度下降：经过滴的气体使笼内N卜b和 0 的浓度维持在较低水平且 

湿度相对较干，大大减少更换垫革的次数． 当附加空气的交换率达到46攻／小时，仅需每隔 18天才更换垫革一次；o 

过滤费用减少：外界空气经 IVC高效气体过薅嚣，成为附加送八的洁净空气，相比整个房内的空气过滴，成本大为阵低； 

● o 非 IvC的房内空气交换卑为16攻／小时，现即使仅为10，笼内的通风反而更 

好，固笼内每小 时有 8—9攻的 自然通风和可调至 46攻 的附加通风 ；o 即使停 电长达 1周 ，动物照样可进行 自然通风 

读者可与vwR联系：【美国vwR公司中国联络处和联告技术中心】 Phn 0~1-6991-87G0 Fax：021-5~1-87G0 

地址：上海大学计算中心2楼 (2018o0上海市城 中路20号) 联系人：刘 冈 先生 E．marl jastmgl@usa
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