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Abstract
New series of 1-(1-adamantyl)semicarbazide 3a, 1-(1-adamantyl)-4-(4-

substituted phenyl)semicarbazides 3b-e, 1-(1-adamantyl)-3-(substituted amino-
sulfonyl)ureas 5a-g, 1-(1-adamantyl)-4-(1-adamantylamino-methylene)-semi-
carbazide 7, 1-(1-adamantyl)-4-(1-adamantylcarbonylimethyl)semicarbazide 8, 1-(1-
adamantyl)-4-acylsemicarbazides 9a-d and 1-(1-adamantyl)-4-(1-adamantylamino-
carbonyl)thiosemicarbazide 10 have been synthesized and tested for their antitumor
activity. Among them, compounds 3a, 5a, 9a. and 9d exhibited a broad spectrum
antitumor activity with full panel (MG-MID) median growth inhibition (Gls;) of 10.5,
12.0, 6.8 and 5.5 uM respectively. In addition, compounds 3a, 3¢, and 5d proved to
be of moderate selectivity toward leukemia cell lines with ratios of 3.0, 3.9 and 4.0
respectively. Moreover, compounds 5a and 5g showed moderate selectivity toward
melanoma cell lines with ratios of 3.6 and 4.4 respectively. The detailed synthesis,

specroscopic and biological data are reported.
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Introduction

Adamantane nucleus has received considerable attention of medicinal chemists
where many of its substituted derivatives have pronounced anticancer'® and
antiviral activities'®'2. Recently, we reported on the antitumor and antiviral activity of
a new series of adamantanes'?'*. As a continuation to our previous efforts aiming to
locate new active adamantane containing antitumor agent(s) with enhanced
potency, a new series of 1- (1- adamantyl)semicarbazide 3a, 1-(1-adamantyl}4-(4-
substituted phenyl)semicarbazides 3b-e, 1-(1-adamantyl)-3-(substituted
aminosulfonyl)ureas 5ag, 1-(1-adamantyl)-4-(1-adamantylaminomethylene)-
semicarbazide 7, 1-(1- adamantyl)-4-(1-adamantylcarbonylmethyl) semicarbazide 8,
1-(1-adamantyl)4-acylsemicarbazides 9a-d and 1-(1-adamantyl)-4-(1-
adamantylaminocarbonyl)thiosemicarbazide 10 have been synthesized where some
functional groups which are believed to contribute to the antitumor activity such as,

8.14-18

sulfonylurea, semicarbazides and thiosemicarbazides moieties were

incorporated in order to detect their effect with regard to activity.

Result and Discussion

Scheme 1 outline the synthetic pathway used to obtain compounds 3a-e and
5a-g, 1-(Ethoxycarbonylamino)adamantane 2 was obtained via the reaction of 1-
aminoadamantane 1 with ethyl chioroformate in dry toulene and in the presence of
triethylamine. Upon treatment of compound 2 with either hydrazine hydrate or the
appropriate  phenylhydrazine, this afforded the comesponding 1-(1-
adamantyl)semicarbazide 3a and 1-(1-adamantyl)}4-(4-substituted  phenyl)
semicarbazides 3b-e respectively. The reaction of chlorosulfonyl isocyanate with
1-aminoadamantane 1 in dry toluene yielded 1-(1-adamantyl)-3- chiorosulfonyl urea
4 in a good yield. Moreover, 1-(1-adamantyl)-3-(substituted aminosulfonyi)ureas 5a-
g were obtained through heating 4 with the appropriate amine in the same solvent,
dry toluene. (Scheme 1, Table 1). Treatment of 3a with triethyl orthoformate afforded
1-(1-adamantyl)-4- (ethoxymethylene)semicarbazide 6 which was then reacted with
1- aminoadamantane to yield the corresponding 1-( 1-adamanty!)4-(1-
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adamantylaminomethylene)semicarbazide 7. Upon reacting compound 3a with 1-
adamantyl bromomethyl ketone in dry acetone, 1- (1-adamantyl) -4-(1-
adamantylcarbonylmethyl)semicarbazide 8 was obtained, while 1- (1- adamantyl)-4-
acylsemicarbazides 9a-d were obtained through heating the same compound 3a
with the appropriate acid chioride in dichloromethane. On the other hand, treatment
of 3a with 1-adamantyl isothiocyanate in ethanol, fumished 1-(1-adamantyl)4-(1-
adamantylaminocarbonyl)thiosemicarbazide 10. ( Scheme 2, Table 1).

Scheme 1
NHCOOE NHCONHNHR aR=H
b: R = 4-BrCgH,
- . ¢ R=4-CI-C(H,

d: R = 4-NO,-C¢H,
e: R = 4-CH;-C¢H,

NH, 2 3a-e

] NHCONHSO,CI NHCONHSO,R

4 Sa-e H,C

aR=N(CH), b R=—N 0 cR=-—HNCH)—N Od:R= —N 0O
__/ _/

H,C
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aR= Amamaaw NHCONHNHCOR NHCONHN:CHOEt NHCONHN'CHNH

bR=C . i
¢ R 4CI-Ca ‘ -— — S f
d R=345(CH O)CH L g @ @

NHCONHNH, 7

NHCONHNHCH (ol0]

Table 1: Characterization data of the synthesized compounds:

. S S
Yield
Solvent M.P.°C Formulae
%
3a H CHC|3 113-15 62 Cqy H19 N3 (@]
3b 4-Br C5H4 EtOH 125-7 57 C17 H22 BI'N3 (@]
3c 4-C| CgH4 EtOH 118-19 59 C17H2CIN3 O
3d 4-NO; C¢H,4 EtOH 105-7 53 C17H22N4 O3
3e 4-CH3 C5H4 CHC|3 115-17 50 C1s H25 N3 (0]
5a | N(CoHs)2 EtOAC 2213 | 78 |CisHxN:O;S
5b 4- morpholino CHCI-EtOH | 211-13 73 | CisHasN3Os S
5c | 4-(2-Aminoethyl)morpholino | CHCWEIOH | 21517 | 78 | C17HoNsOs S
5d 2 6-dimethylpiperidino CHCL-EIOH | 251.3 62 |[CigH31N; O3S
Se 1-benzyl-4-aminopiperidine EIOH 21315 65 | Cz3HuNsO3 S
EtOH

Bt 4-methyl-1-piperazinyl CHCls 2579 98 | CreHzNa O, 8
59 4-(2-methoxyphenyl)-1-piperazinyl EtOH 2id9 6e C22Hzz Na Q4 5
9a 118-19 62 C22 H33 N3 02

adamantyl Pet. ether -Benz
9b 151-3 68 C18 Hzz N3 Oz

CeHs Acetone
9c 172-3 57 C1e sz N3 02

EtOH

9d 4-CICeH4 163-5 52 C21 Hxg N3 Os

3,4,5-(OCHa) 3Cg H2

w%ﬁ
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Antitumor Evaluation
All the synthesized compounds were subjected to the NCI in vitro disease

%21 About 60 cell lines of nine tumor

oriented human cells screening panel assay
subpanels were incubated with five concentrations (0.01 — 100 uM) for each
compound and were used to create log concentration versus % growth inhibition
curves. Three response parameters (Gls, , TGl and LCs,) were calculated for each
cell line. The Gls, value corresponds to compound’'s concentration causing 50%
decrease in net cell growth. The TGl value is the compound’s concentration resulting
in total growth inhibition and the LCs, value is the compound’s concentration causing
a net 50% loss of initial cells at the end of the incubation period (48 h). Subpanel
and full panel mean graph midpoint values (MG — MID) for certain agents are the
average of individual real and default Glsy, TGl or LCs, values of all cells lines in the
subpanel or the fullpanel, respectively’’. The NCI antitumor drug discovery screen
has been designed to distinguish between broad — spectrum antitumor compounds
and tumor as subpanel — selective agents®.

In this study, the preliminary screening data of NCI . using a 3-cell line panel
indicated that, only compounds 3a-c, 5a-g and 9a-d showed cytotoxic activity. With
regard to sensitivity against individual cell lines, compounds 3a , 5b, 5d and 9a
proved to be effective against MOLT 4 leukemia cell line with Gls, values of 7.3 ,
5.2, 9.8 and 6.8 uM respectively. Moreover compounds 5a, 5¢ and 9d proved to be
effective against the same cell line with Gls, values of 17.5, 15.9 and 13.5 uM
respectively. Non small cell lung cancer EKVX proved to be sensitive toward
compounds 9a-d with Glsg values of 0.79 , 8.3 , 7.5 and 0.53 uM respectively. On
the other hand, compounds 5a, b, f, g, 9a and 9d are particularly effective against
melanoma LOXIMVI with Gls, values of 1.5, 93, 7.5 , 58, 11.9, and 3.9 uM
respectively, while compounds 3a and 3b, 9a, 9d, showed effectiveness toward
ovarian cancer OVCAR-3 with Gls, values of 0.93, 1.4, 9.8 and 9.5 uM respectively.

Regarding breast cancer T-47D higher sensitivity was observed with only compound
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9a, d with Gls, value of 0.93 and 5.5 uM (table 2). With regard to broad spectrum
antitumor activity, the active compounds showed Glsp< 100 uM against leukemia,
non — small cell lung, colon, melanoma, ovarian, renal, prostate and breast cancer
subpanel cell lines (Table 3). Compounds 3a , 5a , 9a and 9d showed effective
growth inhibition Glsy (MG — MID) values of 10.5, 12.0, 6.8 and 5.5 uM respectively,
while compounds 3b, 3¢, 5b , 5¢ and 5f showed Gls, (MG — MID) concentration
range of 22.0 — 35.5 uM. On the other hand, compounds 5d, 5g, 9b and 9c are the
least effective members of this series with Gls; (MG — MID) concentration range of
40.5 - 57.3 uM. The ratio obtained by dividing the compounds full panel MG-MID
(uM) by its individual subpanel MG — MID concentration (uM) is considered as a
measure for the compounds selectivity’'. Ratios between 3 and 6 refer to moderate
selectivity, while ratios greater than 6 indicate selectivity toward the corresponding
cell line — subpanel. Most of the tested compounds proved to be non selective with
broad spectrum antitumor activity against the nine tumor subpanels used, except
compounds 3a, 3c and 5d that showed moderate selectivity at the Gls;, level toward
leukemia cell lines with ratios of 3.0, 3.9 and 4.0 respectively, while compounds 5a
and 5g showed moderate selectivity at the Glsy level toward melanoma cell lines
with ratios of 3.6 and 4.4 respectively (Table 3).

The activity of the tested compounds, could be correlated to structure variations
and modifications. The obtained screening results showed that, among the tested
compounds, 1-(1-adamantyl)semicarbazide 3a, 1-(1-adamantyl)-3-(N,N-dimethyl-
aminosulfonyl)urea 5a, 1-(1-adamantyl)-4-(1-adamantoyl)semicarbazide 9a and 1-
(1-adamantyl)-4-(3,4,5-trimethoxybenzoyl)semicarbazide 9d are the most active
members with Gls; (MG-MID) values of 10.5,12.0, 6.8 and 5.5 uM respectively.
Regarding compounds 3a-e, the 4-unsubstituted semicarbazide derivative 3a is the
most active member of this series Gls, (MG-MID) 10.5 uM, introduction of
substituted aryl moieties at position 4 of the semicarbazide function afforded
compounds 3b and 3c with a remarkable decrease in the magnitude of the antitumor
activity, Glsg (MG-MID) values of 35.5 and 29.5 uM respectively. Upon reacting 3a



Adamantane Derivatives, Part lll: Synthesis of Some Aminoadamantanes as Novel ... 201

with different acyl moieties, this yielded the corresponding 1-(1-adamantyl)4-acyl-
semicarbazides 9a-d, in these compounds, the presence of either adamantoyl or
trimethoxybenzoyl function, gave compounds 9a,d with a remarkable increase in the
antitumor potency, Gls; (MG-MID) values of 6.8 and 5.5 uM respectively. On the
other hand, the presence of either benzoyl 9b or p-chlorobenzoyl moiety 9¢ led to a
dramatic decrease in the antitumor potency, Glsq (MG-MID) values of 40.5and 57.3
uM respectively. In case of compounds 5a-d, the presence of diethylamino group in
the sulfonylurea moiety 5a, favored the antitumor activity rather than the presence of
mopholino 5b, substituted morpholino 5c, substituted piperidino 5d, e and
substituted piperazino 5f, g, as shown by 5a > 5b, c, d, f, g, with Gls; (MG-MID)
values of 12.0 > 22.0, 26.9, 51.5, 33.5 and 53.6 uM respectively.

Table 2. Growth inhibitory concentration (Gls,) of some selected in vivo
cell lines (uM)*

Non smalli cell lung Melanoma Ovarian Breast cancer
MOLT4 cancer EKVX LOXIMVI OVCAR-3 T-47D
7.3 29.3 26.5 0.93 28.6
20.3 19.8 40.3 14 324
28.3 215 235 30.6 =P
17.5 53.1 15 26.8 40.5
52 - 9.3 42.5 287
15.9 - 23.4 253 66.5
9.8 - 325 343 70.4
445 - 7.5 62.2 -
235 - 8.5 18.9 -
6.8 0.79 119 9.8 0.93
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a- Data obtained from NCI's in vitro disease — oriented human tumor cell screen (sea references 19
-~ 21 for more details)

b- Glso value > 100 umoi / L

Experimental
Synthesis

Elemental analyses (C,H,N) were performed on Perkin-Eimer 2400 analyzer
(Perkin—Eimer. Norwalk, CT. USA) at the Central Laboratory of the College of
Pharmacy, King Saud University. All the compounds were within + 0.4 % of the
theoretical values. Melting points were determined in open capillaries on an
electrothermal melting-point apparatus (Electrothermal Engineering Ltd., Essex, UK)
and are uncorrected. '"HNMR spectra were recorded in DMSO-d, on a Varian EM
360 (90 MHz) instrument using tetramethyisilan (TMS) as an internal standard
(chemical shift in 5 ppm).
1-(Ethoxycarbonylamino)adamantane (2) . Ethyl chlioroformate (1.63 ml, 0.01
5mol) was added dropwise to a stirred solution of 1-aminoadamantane (1.51g, 0.01
mol) and triethylamine (1.01 mi, .01 mol) in dry toulene (50 mi). The reaction mixture
was then heated under reflux for 6h, then evaporated in vacuo and the obtained
residue was triturated with ice water, filtered, dried and crystallized from pet. ether —
benzene to afford 72%, 2, m.p 136-8 °C, Analysis (C13H,;NO;) C,HN . 'THNMR
(DMSO - ds), 2:50.98 (t, 3H, J=7.0 Hz, CH;) , 1.75 - 2.12 (m, 15H, adamantyl —
H). 2.95-3.12 (q. 2H. J = 7.0 Hz. CH,), 9.50 (brs. 1H. NH).
1-(1-Adamantyl)semicarbazide (3a). Hydrazine hydrate 98% (2.5 ml, 0.05 mol)
was added dropwise to 2 (0.01 mol) over a period of 15 min. The reaction mixture
was then heated under reflux for 4 h., evaporated in vacuo and the obtained residue



Adamantane Derivatives, Part lll: Synthesis of Some Aminoadamantanes as Novel ... 203

was triturated with ice — water (50 ml), filtered, dried and crystallized (Table 1).
'"HNMR(DMSO - de), 3a : 5 1.93-2.12 ( m, 15H, adamantyi ), 4.23 (brs , 2H, NH,),
8.32 (brs , 1H, NH), 9.59 (brs, 1H, NH).

1-(1-Adamantyl)}-4-(4-substituted phenyl)semicarbazides (3b-e) . Compound 2
(2.23 g, 0.01 mol) was added portionwise to a stirred solution of the appropriate
phenyl hydrazine (0.01 mol) and triethylamine ( 5.06 mi, 0.05 mol) in ethanol (50 ml).
The reaction mixture was heated under reflux for 6h. . On cooling, the separated
solid was filtered, washed with ice — water, dried and crystallized (Table 1). '"HNMR
(DMSO - dg), 3b: 5 1.79 - 1.95 ( m, 15H, adamantyl-H ) , 7.03 (brs , 1H, NH), 7.23 -
7.93 (dd, 4H, Ar-H), 9.50 (brs, 1H, NH), 10.03 (brs , 1H NH), 3d : § 1.83 - 2.12( m,
15H, adamantyi-H ) , 6.7 (brs , 1H, NH), 7.1 - 7.7 (dd , 4H, Ar-H), 8.5, 8.7 (brm, 2H,
NH), 3e : 56 1.68-1.89 (m, 15H, adamantyl-H), 2.21 (s, 3H, CHa), 6.99 (brs, 1H, NH) ,
7.31-7.93 (dd, 4H, Ar-H), 9.31 (brs, 1H, NH), 10.55 (brs, 1H, NH).
1-(1-Adamantyl)-3-chlorosulfonylurea (4). Chlorosulfonyl isocyanate (1.42 ml,
0.01 mol) was added dropwise to an ice - cooled solution of 1-
aminoadamantane(1.51 g, 0.01 mol) in dry toluene (50 ml), The reaction mixture
was stirred at room temperature for 2h, and then at 100 °C for 3h., evaporated in
vacuo and the obtained residue was crystallized from Pet. ether -benzene to afford
80% 4 , m.p175-7°C , Analysis (C11H;,Cl N,O3S) C, H ,N. '"HNMR (DMSO-d;), 4 : 5
1.79-1.99 ( m, 15H, adamantyl-H ) , 7.53 (brs , 1H, NH), 9.53 (brs , 1H, NH).
1-(1-Adamantyl)-3-(substituted aminosulfonyl)ureas (5a-g ). To a stirred solution
of 4 (2.93 g, 0.01 mol) and triethylamine (1.01 ml, 0.01 mol) in dry toluene (50 ml),
the appropriate amine (0.02 mol) was added over a period of 15 min. The reaction
mixture was heated under reflux for 3-6 h. Solvent was then evaporated in vacuo,
the obtained residue was triturated with ice-water, filtered, dried and crystallized
(Table. 1). '"HNMR (DMSO-dg), 5a : 5 1.03-1.09 (t, 6H, J = 7.2 Hz, CH;), 1.69-2.01
(m , 15H, adamantyl-H), 4.23-4.40 (g , 4H, CH,), 9.53 (brs, 1H, NH), 10.63 (brs , 1H
NH), 8b : § 1.73-1.99 ( m. 15H, adamantyi-H) . 2.54-2.58 (m , 4H, morpholine-H),
3.71-3.80 (m, 4H, morpholine-H), 8.99, (brs, 1H, NH). 9.54 (brs, 1H, NH), 5d : § 1.27
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(d, 6H, CH3), 1.49-1.58 (m, 6H, piperidine-H) , 1.79-1.99 (m, 15H, adamantyl-H),
2.55-2.69 (m , 2H, piperidine -H) , 10.66 (brs , 1H, NH), 11.55 (brs , 1H, NH), 5f : &
1.85-2.01 (m, 15H, adamantyl-H), 2.32 (s , 3H, N-CH3) . 2.45-265 ( m, 8H,
piperazine-H ) , 7.96 (brs , 1H, NH), 9.53 (brs , 1H, NH), 5g : 6 1.79-1.98, (m, 15H,
adamantyl - H), 2.40-2.63 (m, 8H, piperazine-H), 3.95 (s, 3H, OCHs), 6.98-7.83 (m,
5H, Ar-H , NH), 10.5 (brs, 1H, NH).
1-(1-Adamantyl}—4-(ethoxymethylene)semicasrbazide ( 6 ) . A mixture of 3a
(2.09 g, 0.01 mol) and triethyl orthoformate (20 ml) was stirred for 1 h. at 80 °C. the
reaction mixture was evaporated /n vacuo and the obtained residue was triturated
with diethyl ether, collected by filtration, washed with diethyl ether, dried and
crystallized from petroleum ether-benzene to afford 65% 6, m.p 97-9 °C. analysis
(C14H23N30,) C, H, N. 'HNMR (CDCl3), 6 : 6 1.09-1.15 (t , 3H , J=7.0 Hz CH,), 1.69-
1.99 (m , 15H , adamantyl-H), 3.994.02 (9, 2H ,J=7.0Hz , CH,),6.85 (s, 1H, =
CH), 9.59 (brs , 1H , NH), 10.55 (brs , 1H , NH).
1-(1-Adamantyi)—4-(1-adamantylaminomethylene)semicarbazide (7). A mixture
of 6 (2.65 g, 0.01 mol) and 1- aminoadamantane (1.51 g , 0.01 mol) in n-butano! (20
ml) was heated under reflux for 4h. The reaction mixtures was evaporated in vacuo
and the obtained residue was crystallized from chloroform — ethanol to yield 52% 7,
m.p. 145-7 °C. Anal (C;H3N40) C, H, N. '"HNMR (DMSO-dg), 7 : & 1.59-1.73 (m ,
15H , adamantyl-H), 1.81-2.12 (m , 15H , adamantyl-H), 6.86 (s, 1H = CH), 9.34 (brs
,1H , NH) 10.53 (brs , 1H, NH), 11.56 (brs , 1H , NH).
1-(1-Adamantyl)-4-(1-adamantyicarbonyimethyl)semicarbazide ( 8 ) . A mixture
of 3a (2.09 g, 0.01 mol) , 1- adamantyl bromomethy! ketone (2.57 g , 0.01 mol) and
sodium bicarbonate (1.68 g , 0.02 mol) in dry acetone (50 ml) was heated under
reflux for 5h. After cooling, the resulting precipitate was collected, washed with
acetone and water and crystallized from acetone to yield 48% g 8 , m.p. 105-7 °C.
Anal. (C3H3sN;O;) C, H, N. '"HNMR (DMSO-ds), 8 : 5 1.66-1.79 (m . 15H .
adamantyl-H), 1.81-2.22 (m , 15H , adamantyl-H), 4.45 (d , 2H , CH,), 6.79 (brs , 1H,
NH)7.96 (brs . TH, NH), 11.63 (brs, 1H , NH).
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1-(1-Adamantyl)-4-acyl-semicarbazides ( 9a-d ). The appropriate acid chloride
(0.1 mol) was added to a stirred solution of 3a (10.45 g, 0.05 mol) and triethylamine
(5.06 ml, 0.05 mol) in dichloromethene (60 ml), the reaction mixture was then heated
under reflux at 70 °C for 3h. On cooling, the separated solid was filtered, washed
with ice — water, dried and crystallized (Table 1) . '"HNMR (CDCl;), 9a : & 1.66-1.78
(m, 15H , adamantyl-H), 1.81-2.13 (m, 15H, adamantyl-H), 6.49-6.53 (brm, 2H, NH),
7.77 (brs, 1H , NH), 9b : 6 1.72-1.99 (m, 15H, adamantyl-H), 6.83 (brs, 1H, NH),
7.12-7.59 (m, 6H, Ar-H, NH) , 10.59 (brs, 1H, NH), 9d : 6 1.68-1.98 (m, 15H,
adamantyl-H) 3.92 (s, 3H, OCHjs), 3.97 (s, 3H , OCHzs), 4.01 (s, 3H, OCHa) , 6.55
(brs, 1H, NH) , 7.48 (s, 2H, Ar-H), 9.53-9.60 (brm , 2H , NH).
1-(1-Adamantyl)-4-(1-adamantylaminocarbonyl)thiosemicarbazide (10). 1-
Adamantyl isothiocyanate (1.93 g, 0.01 mol) was added portion wise to a stirred
solution of 3a (2.09 g, 0.01 mol) in ethanol (50 ml). The reaction mixture was heated
under reflux for 6h. , evaporated in vacuo and the obtained solid was triturated with
cold petroleum ether, filtered, dried and crystallized from ethanol to yield 68% 8,
m.p. 122-5 °C. Anal (C,HyN4 OS) C, H, N. 'HNMR (DMSO-dg), 10 : & 1.68-1.77
(m , 15H , adamantyl-H), 1.79-2.03 (m , 15H , adamantyl-H), 6.77 (brs , 1H, NH),
8.26-8.33 (brm , 2H , NH) 9.34 (brs , 1H, NH).

Antitumor activity

Under a sterile condition, cell lines were grown in RPMI 1640 media (Gibco,
NY, USA) supplemented with 10% fetal bovine serum (biocell, CA, USA), 5x10°
cell/ml was used to test the growth inhibition activity of the synthesized compounds.
The concentrations of the compounds ranging from 0.01 — 100 .M were prepared in
phosphate buffer saline. Each compound was initially solubilized in dimethyl
sulfoxide (DMSO), however, each final dilution contained less than 1% DMSO.
Solutions of different concentrations (0.2 ml) were pipetted into separate well of a
microtiter tray in duplicate. Cell culture (1.8 ml) containing a cell population of 6x10°
cells/ml was pipetted into each well. Controls, Containing only phosphate buffer
saline and DMSO at identical dilutions, were also prepared in the same manner.
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These cultures were incubated in a humidified incubator at 37°C. The incubator was
supplied with 5% CO, atmosphere. After 48 hrs, cells in each well were diluted 10
Times with saline and counted by using a coulter counter. The counts were

corrected for the dilution'®?".
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