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Nuclear Magnetic Resonance Study
of Chicken Ovo-Transferrin

Gu Zhi-hong
Anhui Medical University

Abstract | |

“Transferrins are a family of homologous proteins of about 80 kDa that
combine trivalent iron and transport it through the blood either to the
reticulocytes or to the liver. Transferrin is ‘a single polypeptide chain
with two homologous domains. Each domain has a specific iron
binding site. Although the overall structure and function of the two
sites (amino (N-) and carboxy(C-) sites) are similar, they demonstraie
different behaviors.

For investigating the difference and the cooperativity between these
two sites, NMR of 51V Bonnd to the iron binding sites in chicken
ovotransferrin was studied and two signals corresponding to the two
iron bmdmg sites were found, which are expected to become a high

sensitive tool to monitor binding of vanadium to ovotransferrin,

Introduction

“General "description about iron metabolism by transferrin



Transferrin is a major serum glycoprotein i;jcludjn_g serum transferrin,
ovotmns_ferrin(conalbumiﬁ) and ‘lactotransfén‘fn, ‘which traﬁSports iron fo
all tissue cells from the liver, the main site of its storage in the body,
and from the intestine, the site of iron absorption. The iron-free form;
apotransferrin, binds two Fe(ll) ions very tightly forming
ferrotransferrin,  All grbwing cells contain surface transferrin receptors
that avidly bind ferrotransferrin | at neutral pH'(Fig.l), after which
“receptor-bound” ferrotransferrin is subject to endocytosis. As shown in
Fig.2 (ransferrin  cycle), after epdeéytosis, iron is released from the
transferrin-receptor comhlek' in the acidic CURL compartment. ‘The
transferrin protein remain's bound to its receptor, and they cycle 1o
the cell surface together. When the reccpto'f-trahsferrin cdmﬁléx
encounters the neutral pH of the exterior medium, the iron-free
teansferrin is released. The ' secreted apotransferrin is carried mthe '
bloodstreamn to the liver or intestine, 'wh-eré it is reloaded with irbn. '

Review of the previous work and purpose of the present study

Ovotransferrin consists of a' single polypeptide chain with a molecular
‘mass of 77700 daltons which has the capacity to'bi'r;d'two_' atoms of
iron, The amino- (N-Jterminal and and carboxyl- (C-)terminal halves of
‘the chain form independent 'cofnpact -domains(Fig.3), each containing
one specific iron—binding site (Fig;4). Although the overall structure and
function of the two .sites are siniilar, ‘they demonstrate different
behaviours in the kinetics and pH dependence’ of iron binding(3) and
thermal stabilities(4) etc. The functional difference or cooperativity

between the two sites may play an important role in iron metabolism.



Moreover recent report by Mason et al. (1), (2) have demonstrated that
“the interaction between the two half molecoles is functidnaily
significant for the recogmtlon by the transfemn receptor of chick-
embryo red bloocl cells. '

For 1nvesugatmg ‘the difference and the coopefativity of the two
binding sites in 'tmsfem; a lot of experimental works have been
done since now(5), hdwevér, there are not so many clear works
which demonstrated their difference. 1t is well known that transition
metal ions, Fe, Cu, Mn etc. combine preferably to the N-site. By
Yamamura et al., binding of ‘lanthanide ions to ovotransferrin has
been systematically investigaied.(6) They found that the transferrin-
lanthanide coxﬁplexés at the two sites differ markedly in the rate of
the metal release by EDTA. Makmg use of the properties of
transferrin-lanthanide. complexes Uemura et al. studied the electron
spin resonance of Gd(III) ion bound to the two iron bmdmg sxtes m
chicken ovottansfemn and found the difference of the ligand field of
the two sites(7,8,9,10). Sasaki ‘et al, carried experiments using dynamic
loght scattering ‘technique on various lanthanide ions and Cu jon and
suggested that the contraction of the transferrin molecule originate
from a predomlnant metal- bmdmg to the C-sﬁe compared to the N-
site(11). | |
Vanadium is widely recognized as a 'biologically. ﬁhpoﬁant
element(12,13) and an - attractive method to characterize metal binding
sites ‘of ‘metalloproteins ‘is NMR' speciroscopy of the bound metal ion
which can serve as a highly selectlve probe, giving information about
site - s_ymmetnes, the nature of the coordinated ligands, exchangc
kinetics, and the motional properties of the protein. Unlike most other



biologically important isotopes, the NMR receptivity of the 51V
nucleus is exceptionally high due to a large magnetlc momert, ~high
natuml abundance(99. 76%) and rapld quadxapolar relaxatlon in solutlon
The 51V NMR cher.mcal shifts are very sensitive to changes in the |
nature of the hgands(l4 15,16,17), thereby provxdmg an excellent
dlagnostic tool for detazled 1nvestlgation of vanadlum(V) coordmatlcn
“environment, In the present report, the 51V NMR study of a “J(V)
chlcken ovotransfemn complex will be reported

General principle of nuclear magnetic resonance

The atormc nucle1 of many elements have magnet:c moment because
they are charged and because they behave as if they were spinning.
We can mvestigate thlS magnetle property by studying the way  in
whxch these nuclei mtemct thh an extemally apphecl magnetic field,
Bo. Typxcal magnetic nuclei are those of proton(IH) carbon(the 13C
isotope  only), mtrogen(l“N and 15N) oxygen(170 on_ly) fluorine(t9F) ,

and phosphorous(i"iP) Those nucle1 that have magnetic propertles give nse
to n,m,r. signals. 'lfhe abu_:;dant 1_sotop-_es,_of carbon and oxygen, 12C and 160,
have Zero spin and therefore do_ not produce n,m,r. signals. As de_scribed
above, the science :of NMR ié domin?fed by studies of proton and
carbon-13 NMR, followed in interest and importance by the NMR
properties of elements with high _abundance: and sensitibity, such as
fluorine-19 and phosphorous-31. Nitrogen NMR  and. oxygen. NMR
etuc_iies Owe part of their extensiveness to .the 'cent_rarl chemical and
biochemical importance of these elements. Recently, however,
trensition rnetal- ciement NMR and lanthanide element NMR . have



attracted an much attention not only in chemisis but also in biologists.
Because when these elements can be substituted into sites of
biologically interest, such as metal binding sites of metal binding
proteins, these can be used as probes to investigate the surrounding
circumstance of these sites. In the 'presenf paper, Sivanadium NMR
application to transfersrin will be reported. The principle, however, is
the same as that of proton NMR. Brief description of the principle of
proton NMR will be shown.

The nuclei of hydrogen (proton) behave like a bar. magnet in an
- applied magnetic field, and in the manner of compass needles tend to
align _themsclves." along the same. direction as the field. According to
the quanunn mechanics, unlike bar magnets and compass needles,
however, magn_ctic nuclei of proton . have quantum restriction -which
result in two different orientations being allowed-either aligned with
the field or opposed to the field, These two orientations clearly have
different energies, the élligned position being of lower energy than the
opposed. The .cnergy difference (AE) between the two nuclear
configulations corresponds to a particular, precise - electromagnetic
frequenzy since, by Bohr relationship, AE=hv (Fig.5). If a sample
containing proton nuclei is placed in a magnetic field, and the sample
then irradiated with the corresponding radio frequency v, some of the
lower energy nuclei absorb radiartion and move up to the higher
~energy state, that is, they undergo a transitionm from being aligned
with the. field to ‘become opposed to the field, ai the same time, some
of the higher energy nuclei are stimulated to emit energy, and they
c_h_a_ngé_ their opposed orientation and become aligned with . the field.

These transition will only arise when ‘the magnetic energy gap



between the nuclear epergy levels is matched exactly with the
incoming radiofrequency, that is, when they are "in resonance” and
ABE=hv with the frequency of radiation gbsorbed 'duriﬁ'g tesonance. The
frequency characteristic of n,m,r lie in the radiofrequency region of the
electromagnetic spectrum. They are low, typically in the rahge 1-500 MHz,
and are therefore associated with transitions between energy levels that are -
relatively closely spaced. These levels correspond to different mé;gnétic -
states of atomic nuclei. The separation of resonance frequencies from an
arbitrarily chosen reference frequency is termed the chemical shift, ahd is
expressed. in terms of the dlmensmnless units of parts per million (ppm).
The mode of detecting is Fourier transform n,m,r, In Fourier transfonn

nmr. the mdlofrequcncy ﬁeld is applied in short powerful pulses, typically
of duration about 20us, the bandwidth is sufficiently large to excite all of the
resonances. Its main advantage over the continuois-wave method is that it
provides a considerable improvement in sensitivity because the resonances
are all detected smlultaneously rather than one by one as in continuous-wave
n m r . : | . |

The responses are automatically added in a ccmputer"aintil the‘reqdir'ed'
signal-to-noise radio is obtamed, and then Fourier transformation of the data
is performed using this computer to produce the final spectrum .

Experimental

Sample preparation
Chicken  ovo-transferrin- was~ purchased from Sigma _Chemical Company
as an apo-transferrin.  Apoovotransferrin - was dissolved in  100mM



HEPES buffer(20% D;0 + 80%H,0) containing 10mM NaHCO;
(pH7.3).  10mM NH4VO; solution was prepared by dissolving
NH;VO; in the same buffer. Vanadium-transferrin was prepared with
the required ratio of the metal ion to apoovotransferrin solutions. The
pH  of the vanadium-transferrin solutions was readjusted to 7.3 and

incubated for 12 hours at 37°C before measurement.
Determination of the Protein Concentration

The protein concentration of the transferrins was determined by the method
of BCA Protein Assay(18). Reagents for this method were purchased
from Pierce Chemical Company. The principle of the BCA Protein
Assay is described as following; Biciﬁchoninic acid (BCA) shown in
Fig.(6), in the form of its water soluble sodium ‘salt, i5s sensitive,
stable and - highly specific reagent for the cuprous ion (Cu2*).
Macromolecular structure and - four peptides(cysteine, cyi:tinc; tryptphan
and tyrosine) have been reported to be responsible for color formation
in protein samples when assayes with BCA(19) . The reaction scheme
is shown in Fig.(7). It shows how the BCA Protein Assay combines
the well known biuret reaction (protein reducing Cu?* in alkaline
medium to~ produce Gu“) with the unique features of BCA. The
purple reaction’ .'product,‘ formed By- ‘the '.interaction of two molecules
BCA with one cuprous ion(Cul*), is water soluble and exhibits a
strong - absorbance at 562nm. This allows the spectrophotomeric
quantitation of protein in aqueous solition. |

Before atte_m:ptmg the assay, a set of protein standards of known

conceniration by the BSA standard solution (bovine serum alburmin) was



prepared, in the same dilutent as the - transferrin solution. 0.1 ml . of
each standard and transferrin sample were pipetied into  the
appro;iri_atel_y labelled test tube. After 2.0 ml of _wOrking rcagént. was
added to_péc_h tube and mixed well, all tubes were, incubated at 37 °C
for 30 min. = After incubation, all tubes were cooled to room
temperature and the. absorbance. at.; 562 nm of cach was measured V.,
water reference. A standard chrVe was prepared by plotting the net
absorbance at 562 nm vs. protein concentration. Using this standard
curve, protein concentration of the transferrin  solutuion was

determined.
SDS-PAGE clectropho_r'mis of transferrin

The transferrin _solution was- precipitated with 10% - trichloroacetic acid
after incubation with 0.02 % deoxycholic acid at room temperature. A
pellet obtained by centrifugation for 10 min at 15800g was washed . by
‘cold acetone _cOhtaining 1 % hydrochloride. After centrifugation for. 10
min at 15800 g, the pellet was dissolved in the SDS solution(22mM
NaPi, pH=7_.0, 5.5.% SDS, 220ul glycerol/_ml,_ O.II%_dithiaﬂareitol,
0.037%bromphenol blue) and was -incub'&tcd for 5 min at 900C,
El_ectrophoresis was carried out using Pharmacia Multiphor: II system
on a ready made acrylamide gel (ExcelGel SDS, Gradis?lt 8-18 -for EPH,
from Pharmacia Co. Ltd.). After cl_cctfophorcsis, -the gel was . stamed
with coomasie blue - solution. The LMW Calibration kit with a
molecular weight range of 14400-94000 was used for calibration.

NMR measurcment



51V NMR experiment was performed on about 0.4 ml of sample in a tube of
outer diameter 5 mm, 51V NMR spectra were measured on a JEOL o/
-500 NMR spectrometer at 131.4 MHz. The chemical shift data for 51V
were recorded relative to VOCLs;. All the chemical shifts are

expressed in ppm and the sample temperature was 24.8 0C,

Results and Discussion

Purity, molecular weight and concentration of the used samples

The result of SDS-PAGE electrophoresis of transferrin is shown in Fig. &.
Used ‘Sampleis were pure cnough. for 57V NMR measurements. The
~molecular - weight of - chicken ovotransferrin was determined to be
77700 - Dalton 'b'y extraporation from those of standard sample.

By BCA protein as’s.ay, ‘the _transfén'in concentration of the used

samples are determined as shown in Table.l.

~ Table.l
.sample ':'_[nansfcﬁjﬁ] | [Nﬁﬂ[ég] | : [NHNO;,] / [transferrin]
A | 0:67 mM - 0.63mM 094

C 0.69 mM 20mM 2.9



51V NMR - result

- Fugores 9,10 and 11 are 'V NMR spectra of the sample ‘A, B and
C, respectively. Ii is said that vanadiilﬁi ion binds preferably to 'N_-site
“in chicken ovotransferrin but no clear evidence has  been -repoi'ted. :
The spectrum of '.the sam'p_lel A has only one signal at - 530 ppm.
If vanadium ion dominantly binds to Nisite or C-site, the observed
single line is expected to come from N-site or C-site because [V]/
[transferrin] = 0.9 < 1. The spectrum of the sample B has almost the
same Sig_xlal with stronger intensity as that of ‘sample A. Since the
ratio [V] / [transferrin] = 1.8 > l(almost saturated) vanadium ions
'_should bind to both binding sites. |
. The spectrum of the sample C has two. closed "signals with line
width of 280 Hz ( -529.78 ppm and -530.15 ppm) ‘and one signal (-
555.23 ppm). Since the ratio [V]/ [transferrin] = 28 >2; ‘about ‘one
third of the vanadium 10113 -should be. free. Compa:mg Fig.12: with
Figs 10 and 11, -555.23 ppm signal can casxly beaszgned to a signal |
of free vanadlum ions. Two closed signals ( -529.78 ppm and -530.15
ppm) should correspond 10 th_e signals from IV bound to two iron
binding . sites. - Unfortunately which signal of the two corresponds * to
that of N-site or C-site can not be determined at this stage however,
it w111 be possible . by combining other metal ions “whose binding
properties are well investigated. For example, aluminum dominantly
binds to N-site /in chicken 0votran'sfexﬁn and it -is. very easy. to
prepare Ovotransferrin sample with the N-51te occupied by aluminum

and with the C-site occupied by vanadium.

=10 —



Conchision

.For investigating the difference and the cooperativity between two
iron blndmg sites in transferrin, NMR of 51V substitutionally bound to
the specific iron binding sites in chmken ovotransferrin  was studied.
From the NMR spectra ‘we found two ‘signals correspondmg to the
two iron binding sites, whlch are expected to become a high sensitive

tool to monitor bmdmg of vanachum to ovotransferrin.
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- Fig3 Schematic- representation of two domains in transferrin,
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Abstract;

' Here we reported two-step and one-pot synthesis of the tetranuclear platinum
Green complex ' with ~1-Methyluracil in the formula [(NH3)gPta(1-MU)4]
 (NO3)5.6H30, which was reported before in the literature as Blue. From the same
reaction mixture, after obtaining the green complex, we could obtain blue complex
and punﬁed by gel chr omatography, but no single crystal was obtained for X-Ray
study. The ratio of C : Pt : nitr ate was obtained and also the molecular weight
was determinated by gel chromatography calibrated with Poly Ethylene Glycol. It
was found that the Blue complex has the same ratio of C Pt : nitrate as in the
case of Green and also moleculal weight little more than that of green one, which
means that the blue has ohgomemc structure of the tetranuclear green.

The bloassay study showed that the complexes of dmuclear and tetranucleal
green gave higher antitumor activity, but the mononuclear and blue complexes
have much lower activity compared with them, against several types of cancer

cells.

The v151ble spectra showed lmax of green at 740 and 480 nim and of blue at 680
nm . The spectra in U.V. region of monomer and blue ( less active ) showed a
'sxmﬂar__?s. max at 268 nm, and also the: dmucl_ear_an_d green ( more active ) gave
 ‘the makim'a at 2'79‘mn= In the nmr, the chemical shift of Hg, in 1-MU, is the same
for the less active complexes at 7.60. PPM, and the .same for the more active
complexes at 7 42 PPM. = '

The colorless 'soluti'on' ‘of the dinuclear complex’ turned green color .of the
tetranuclear complex upon acidification, and the room temperature was the
optimum practical temperature for this conversion,



ntr i

The mononuclear platinum complex CDDP, (cis-platin, cis-DDP)(1), Figure
1, - exhibits strong antitumor act1v1ty particularly against ovaman, gastnc and
prostate cancersl, but also it possesses inherent sermus problems -of
nephrotoxicity and other side effects2. '

‘w=l  cis-diiododiammine platinum (1)
=Cl - cis-dichlorodiammine platinum (1)

The platinum pynrmdme complexes were reported as antmancer since they
“have high antitumor: actlwty with reducing: the undesirable effectsd; It was
reported in the literature ‘that the tetranuclear platmum complex with. 1-
;Methyluracﬂ (1-MUH) (2), F1gure 2,1s blue in- color with the characteristic visible
‘spectra maxima at 740, 520, and 480 nm48{ The trinuclear mixed PtgPd
complexes contammg bridging 1- methyluracxlato and 1-methylminato hgands )
with different amine hgands (A) ( NH3z, ethylenediamine), and different counter
ions (NOg-, CLOy4’) have been synthesmed and characterized as blue complexes
with the general formula cis- [(.A)zPt(L)de(L)th(A)2]3+ 8,7 . :

1

1-Methyiuracil
Figure 2 (1MeUH) (2)



Recent work from our laboratory showed for the first time an efficient and
reproducible preparation of platimim pyrimidine blues through air oxidation
under heatmgs and successful pumﬁcatlon by gel-filtration. Oxidation reactions
with a controlled amount of HgOg as oxidizing agent under mtrogen yielded,
green chelates? and the- bmassay results showed that the green complexes are
active as anticancer compounds and that the blue complexes are less actwe
compared with the green complexes10

In this-work our aim is tlié synthesis of the platinum green complex with 1-
Methyiuraéil,' sinde we expect that it has higher antitumor activity, and so with
determination its structure and study of its bioassay with the comparison with
other platinum complexes of 1-Methyluracil.



Experimental
Analytical instruments;
1- HPLC with 0.D.S column using JASCO 870-UV detector
HPILC with gel column using RI detector R403
HPLC with Shoden ICI-613 column using JASCO 880-PU ion detector
2- IR spectra recorded on JASCO FI/IR-7300, KDr pellet,
3- TH-NMR spectra recorded on BRUKER spectrophotometer in DO with -

[3-(Trimethylsilyl)propan] sulphonic acid Na salt as an internal standard.
4-UV and visible spectra recorded on a HITACHI U-3200 spectrophotometer

5- Atomic Absorption, HITACHI 170-70 Zeeman-Effect, Spectrophotometer.

Materials:

- 1-Methyluracil(1-MUH) was prepared as reportedi!:12 using uracil and Mel

- cis platin, cis-diiododiammine platinum (II) from Nippon Engelhard

- All other materials and reagents are analytical grade.

-The mononuclear platinum complex with 1-Methyluracil was prepared as
reported previouslyld by the reaction of the aquated complex cis-
[Pt(NHz)e(Hs0)2)(NO3)g, 1 mmol, (3) prepared in situ from cis-Pt(NHglgIg with
AgNO314, with 1-MUH, 3 mmol, and NaOH, 2 mmol, in water at pH 8 and 60°C
for 88h. The product has the formula [Pt(NH3)2(1-MU)gla .4H20 (4). Also, the
dinuclear derivative [Pt{NH3)o(1-MU)]2.(NO3)9.HoO (5) was prepared as repoted
previously5,16. ‘

Synthesis of the platinum Green complex with 1-Methyluracil:

This reaction was carried outf in two-step and one-pot reactions and the
product were typically the same.

Two-step reaction;

Step 1 .
A solution of cis-[Pt(NH3z)o(H20)2l{(NO3)z (3) (1 mmol-0.389 g) in 30 ml water

was prepared by the reaction of cis-Pt{NHa)ols (1} (1 mmol-0.483 g) with AgNQOg
(2 mmol-0.340 g) at 60°C for 1h, filtered off the silver iodide and a colorless
solution of the aquated complex (3) was obtained.



Step 2.
To the solution of the aquated complex, from step l 1 mmol-0,651 g of the

mononuclear platmum complex (4) was added, and the reaction mixture was
stirred at 60°C, pH 3.2 for 24 h, blue- -green color of the reaction mixture was
obtalned In the room temperature acidified to pH 1 using 7N HNOj with
addition of 1 g NaNOjg, allowed to standing at 5°C, for 2h, filtered, green-yellow
crystals of the dinuclear plaf_inum complex were obtained, gave bright yellow
crystals of the dinuclear complex (H-H) [Pta(NH3)o(1-MU)gy(NO3)e.HoO (5) which

reported previouslyl9:16,

To the ﬁltrate 20 drops of a TM HNO3 solution and 3g of NaNOj were added
" and allowed to standing at 5°C over night, filtered, dark green needles were
obtained , thh blue filtrate, dried over P205 at 40°C. The yield was 20% of the
tetranuclear platinum green complex with 1-Methyluracil [Pt(NH3z)o(1-

. MUNIs(NO3)s.5H20 (6)

Synthesm of the tetranuclear plat;mum complex green by one-pot reaction
| gave the same preduct with nearly the same yield of that produced in two-step
reaction. This reaction was carried out by adding the mononuclear platinum 7
‘ '."complex 4 meol -0.551 g) to CDDP_ (1ua mmol-0.483 g) and AgNO3 (2 mmol-
0.340 g) in 30ml water , stirred at 60°C for 24h, filtered off Agl and blue-green
solution was 6btained, treated similarly to that in case of two-step reaction.

~ The dark green needles gave absorpmon maxima at 740 and 480 nm in the-
visible regmn and at 279 nm in UV region in a 0.01M HN03 solution.
- IR spectra; 1634, 1586, 1522, and 1485 em-1. :
- 1- NMR (D90); 8=3.36 (s 12H ,CH3), 5. 87(d 4H, H5) and 7.41(d, 411, H6).
.. Elemental analysm, - ' :
" The sample which subrmtted to the e]emental analysis was found that it has
_ 8H20 molecules, so the caleulated values for the formula with 8HgO;
‘cale. % C 12.83 ,H 3.23, N15.72, Pt41.70.
found % C 12 50, H'2.96, N 15.73. Pt 41. 14 (deterrmnated from ash).
- X-Ray data a dark green needle was examined and the data of the X-ray
dlffractlon studies are shown in Tables 1, 2, and 3.
- Ton chromatography 1ndlcated that mtrate % =17 26 which 1is equwalent
b -(N03)5 of the formula (6).
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Table 1 The crystal

diffraction studies

a= 10.120A,

c=19.5294,

Table 2 Selected interatomic distances (A) and angles (deg.) for Green (6)

b=13.087A,

ATOM 1 ATOH 7 SYM

PT1
PT1
P2
P12
P13
P13
PT4
PT4
HO6
N11
€12

P71
PT?
£T2
PT3
- PT3
P74
P14
HO6
NG5
N1l
£12

PT1
PT1
P12
PT2
P13
P13
PT4
NOB
NO35
-H11
c1z

-PT2
- N1

-PT3
- N3

-PT4
=033
- NY

-N41
-06C
-PT1
~H11

-N21
-PT1
-023
-PT2
- N6

-PT3
-N31
-068
-0s¢
-C18
-C14

=N11
-N2
-013
-N4
- N5
-043
- N8
-06A
-058
-€12
-013

P N e
L T WY P T T e T B e T

P N = T T ey

13
12
1)
1)
1)
1
1)
12
1
D
1

1
13
13
1)
1)
1)
11
1)
13
1)
1)

1)
17
1)
1)
17
1D
13
1)
1)
1)
1)

o= 92.24,
p= 101.15,

v= 107.34

parameters for Green (6) obtained

from the X-ray

V= 1409.55 A®

BIST  A7gn 2(SMY-ATOM 1-ATOM 3(SH)

2.8167 P12
2.1118 . P72
2.8636  N11
2.0963 N11
2.7997 N21
1.7492 PT1
2.0927 PT1
2.0339 PT1
1.1537 PT3
1.9962 PT3

1.6628 013
. 023
2.1081 3

2.8167  prg
2.0214  pyy
2.8636 oy,
1.6510  py4

2.7997 NS
2.0330 NS
1.2275 NG

1.3900 PT3
1.2027 PT3

1.4389 7
1.9962 - N7
2.0764 N

1.9262 006A
1.891¢ 008
1.9022 P71
1.9409 (12
2.1136 K11
0.9455 PT2
1.1058  C14
1.6628  C1°

1.1767 Wit
N15S

R e T T T T an T e T S R N A T T e T e T T T o T S S e I T T T R e

1)

1-PT1 -NH11 C 1}
1)-PT1 -H1 ¢ 13
13-PT1 -N2i ¢ 1)
1)-PT1 -H2 {1
1-PTH -H2 ¢ 1
13-PT2 ~-P13 ¢ 1)
1y-pT2 -023 ¢ 1)
1y-PT2 ~N& (
1)-PT2  -023 ¢ 1)
1}-P72 ~ N4 ¢ 1)
1)-PT2 ~-N3 ¢ 1D
12-PT72 - N3 ¢ D
13-P72 ~ N4 ¢ 1
1)-P73 - N3 ¢ 12
1)-PT3 -033 ¢ 1)
1)-PT3 -H5 'SED)
1)-PT3 -033 ¢ 1)
1)-PT3 -Nb6 <D
12-PT3 ~043 ¢ 1)
1>-PY3 -043 ¢ 1)
1)-PT4 N7 ¢

1)-PT4 -H31 (1)
1)-PT4 -H8 ¢ 1)
1>-PT4 ~N41 ¢ 1
1)-PT4 -K41 ¢ 1)
1y -NOb -068 ¢ 1
1)-NGH ~06C 1
1y-M11 -C172 ¢ 1
1)-N11 -C18 (¢ 1
1)-C12 -C14 1)
13-013 ~-C12 <1
13-C15 -N15 « 1)
17 -H13 ~L18 {17
1)-C18 ~H15S { 1)
1>-C18 ~019 (1)

ANGLE

88.67
99.35
90.34
176.87
89.53
165.08
83.30
102,03
86,97
88.90
. 86.35
176.68
93.66
93.38
92.02
97.70
77.28
87.95

177.48"

90.70
99.39
86.69
91.90
175.79
90.17
121.29
66.55
113.03
118,22
107.95
135.45
118.44
117.64
129.15
116.10

SIGCANG)

.50
.48
.07
.16
19
16
.28
.33
.34
<40
L1t
.56
.27
.99
L46
.94
.38
.79
.23
-43
47
.87
48
.81
.33
.44
41
.85
.38
.55
40
.97
.10
ey
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Table 38 Positional param_eters. for Green (6)

ATOM
S PYTH

PY2

P13

PT4
NO6 .
NOS
NE1

£12

013
Ci4
Cis
NS
C17
€18
019
N2t
€22

023 -
C24
Ces

N26
cev
28
029

N1
N2

N3

T N4

N5
Ho

N7

N8

N31

£32
033
£3a
C35
N36
C37

'OQOOOOOHMHHGODOHA'uﬁuAmH‘A.-A...»...s..n...a._a._a...a..a'o._-oooc

X

.9855
L9364
L9650
.9162
.0000
.5088
L1377
1630
0985
. 2792
L3417
.3061
L3750
.2035
L1647
1278
.1305
L0617
.2335
.3044
.2889
L3694
L1960
L1804
.8489
.8310.
8135
L7782
.1384
.0581
L0720
L0493
L7873
L7830
.8665
L7237
.6528
.6506
L5756

Y
0.6001
0.3762
0.1654

-0.0558
0.5000
0.5191

0.6100

0.4923
0.4144
0.5104

0.5975

0.6940
0.7922
0.6865
0.7673

0.6001

0.5017
0.4141
0.5232
6.6183
0.7074
0.8204
0.6982
0.7776
0.6058
10,5988
0.3311
0.3308
0.2143
0.1992
-0.0511
-0.0723
-0,0470
0.0670
0.1378
0.0649
-0.0246
-0.1255
~0.2231

VA N
0:7768. ¢ 40
0.7603 41
0.7483 42°
0.7204 . 43
11,0000 44
0.5355 45
0.8612 46

20.8760 47
0.8375 48
0.9354 49
0.9781 50
0.9613 51
1,0085 52
0.9032 53
0.8943 54
0.7110, .55
0.6751. 56
0.6900 57-
0.6314 58
0.6211 59
0.6527 .60
0.6364 61
0.6971 = 62
0.7275 83
0.8451 64
0.6894 65
0.835S 66
0.6839 67
0.7175 68

0.8297 69
06630, . 70

0.8142 71
0.6285 72
0.60%4 73
0.6619 T4
0.5417 75
0.4955 76
0.5213 T
0.4719
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ATOMN
€38
039

N4l
€42

043

C44

C45

H46

Cav

€48

049

NO1
0tA

018

01cC

NO2

028
- 02cC.
ND3
03A
038
03¢
NO4
044

048 .

04¢C
05A
058
0s5¢

06A -

068
R
owi
ow?2
ow3
OW4
ows

028

X Y
0.7134 -0.1279
0.7224 -0.2116

.0,7555 -0,0702

0.7152 0.0184
0.7900 0.1216
0.5915 -0.,0054
0.5246 -0.0995
0.5654 -0.1880
0.4866 -0.3062
0.6913 -0.1651
0.7309 -0.,2400
1.4644 0.1382
1.5118 0.2067
1.5377 0.1173
1.3369 0.0863
1.4520 0.3865
1.3980 0.3251
1.3861 0.4080
1.5887 0.4337
0.7569 -0.1551
0.8518 -0.1607
0.7227 -0.2565
0.7685 -0.0699
0.9595 -0.1815
1.0924 0.2755
1.0700 0©.1004
1.0094 -0.2242
0.5458 0.5225
0.6093 0,5027
0.6073 0.5090

1 0.9629 0.5486

6.9728 0.4061
0.9102 ©0.4746
0.5691 0.4548
0.8321 0.3468
0.3090 0.0828
0.1187 0.4253
0.9005 0.1282

S OO QOO0 OQOOOOOORM OO0 0COOO0OC oo o0o0oO0

{

L5855
L6071
L7715
L7984
7818
8240
.8318
8126
8215
.T832
L T664
6998
L7525
6637
L6963
8341
8704
JTT72
.8503
L9720
9291
. 9885
.0019
4938
.5584
. 5463
.5503
L4846
5563
L4971
L9742
L9762
.9503
6782
5426
.8690
L4491
. 9503



The_platinum Blue complex with 1-Methylureacil

The blue filtrate was concentrated to about 5 ml under vacuum at 60°C and
large amount (200 ml) of acetone was added to the concentrated solution, allowed
to standing for 2h, a blue material was collected by filtration contains most of the
contents of the reaction mixture, which was purified by gel-chromatography (see
ourification of the blue material) over Toypearl HW-40S5, followed by
concentration and reprecipitation from water-acetone, filtered, dried over PoQj at
40°C with yvield about 10% of the blue complex with the ratio of Pt: IMU: NO3 is
4: 4: 5 (7), the molecular weight was determinated by gel-chromatography and it
was found to be near to that of the green with a little more .

Purification of the blue material;

Addition of acetone to the blue materials gave large amount of the contents
and this amount was submitted to gel-column chromatography (a 20mm x500mm
column packed with Toyoperal HW-40S) using a 1 mM HNOj3 solution as an
eluant. The purity of the collected blue fraction was evaluated by using HPLC
with 0.D.S column (octadecylsilane) which gave only one peak on the
characteristic retention time, Figure (32).

It was suitable to use 0.D.S ¢olumn chromatography for the evaluation of

“purity of blue and green complexes, since it was able to distinguish between them

even some contaminates of each other or contaminates of the mononuclear (4)
and this shown by some examples in figures (3b-e).



Figures 3
The 0.D.8 chromatography of pure blue, green , mononuclear, and some
samples contain both green and blue with deferent ratio as indication for its

efficiency.

3 ) G 4 M“”““

3a; pure Blue

-

09°9

-
3b; pure Green

12

3¢, Moenonuclear(4)

- 4,11 ; {
5.66 .
3d; Sample contains 83 % Green and 17 % Blue
411 C L
5.66
3e; Sample contains 97 % Green and 3 % Blue
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The purified blue fracl;io.n gave.'absorptiori makima at 680 nm in the visible
region and at 270 nm in the UV 1eg‘10n 1n 0 OlM HNO3

-IR spectra IGBb 1526 1486 cm*l
- IH-NMR(D20); 8 =3.36 (s,12H,CH3), 5.78 (d, 4H, H5) and 7.60 (d, 41, Hb‘)

- The ratio of platinum : 1- MU NOg,

The ratio of Pt: 1-MU : NOgis 4 : 4 :

C % was determinated by © Total organic carbon analyzer calibrated w1th
phthalic acid, and from which the amount of 1MU was calculated.

Pt % was determinated by the atomic absorption spectrophotometer; at 265
nm with the calibration using standared platinum solutions in different
concentrations.

The amount of nitrate was determined by the gel-:chromatography with the
green as a reference.

Determination of the molecular :h L-chrom hy;

Gel- column chromatography was used for determination of the molecular
welght of the blue complex [ Toyosoda (G 3000SW, 7.5 mm x 600'11, using solution
of 1 mM HNOz+ 0.1 M KCl as an eluant} which was calibrated with standared
P.E.G. in different molecular We1ghts from the relation between log MW and
time, the molecular weight of both: green- and blue was obtained from the
calibration graph, Figure 4. MW of blue was found to be 1940"‘150 and of green
1750%150, which means that the melecular size of both is nearly the same with a
little large in case of blue‘ | '

Figure 4. Gel chromatography graph _
Cahbratlon of Toyosoda G 3000SW (7 5 .
mmx60 cm) with P.E.G. (Poly Ethylene = .
Glycol) in different MW using 1 mM
HNO3+0.1 M KCl as an eluant with a 0.8
ml/min flow rate.

Log MW

10 14 18 22 28 30

Time miln,



The Ion chromatography:

Ton chromatography using a Shodex ICI-613 column and KNOj3 as a
standard solutmn with different concentratmns 10-2, 10-3, 10-4 M, showed
successive quantitative techmque_ for the nitrate anion in both green and blue.
From the calibration graph, Figure (5), using KNOg; the amount of the nitrate
could be determined. by plotting its peak area against the corresponding
concentration as a linear relationship.

Figure §: Ion chromatography for mtrate determmamon cahlm ated with KN03
using a mixture. of 0.1 mM phathahc acid, 0.35 mM tetrabutyl ammonium
hydroxide and 0.5 % tetrahydrofuran as an eluant in a 1.5 mi/min flow rate:

For the green (6); the samplefgave peak '

20000

“area equivalent to nitrate = 17.26%, which oced
means that green(é) contains 5 nitrate ot
15000
anions. g 14600
2 sa000 F
. For the blue (‘?) the sample gave peak % o000 f
area equivalent to nitrate = 15.85%, which E bkeedd
. 9000 [ .
means that blue (7) contains 5 nitrate = * s} blue.
L + . 7000
anions, since it has MW around 1940. ©C 000 f
5000 |
aco0 F
3000 F green
2000 |-
© 1000 F . - . .
N 0 i 1 i 1 f L 1 ] " 1 1,
- 10-3 - 10-2
. M

- The perchlorate and suiphate salts of the green and blue were obtained by
.usmg HCIOy4 or Hp,SO4 and NaClO4 or Na2804 insted of HNOg and NaNQO3
_ during the prepratxon butin case of perchlorate the green complex was obtamed
with contamination of some blue, and so it was subrmtted to gel- chromatography
for punﬁcatxon and, the products gave the same absorptlon spectra of that of the
mtrate salts and in case of‘ sulphate the reactxon mixture was pre01p1tated by
addition of acetone and then subrmtted to gel chromatography for pumﬁcamon
Also, the dmuclear of the perchlorate ‘salt was obtained by the same manner in

case of nxtrate salt



Biological activity s

The growth inhibitory activity of the mononuclear (4), the dinuclear (5), the
green (6), and the blue (7) were tested with different types of cancer cells;

~ 1,1210 cells; mouse white blood cell (Leukemia),

- S 180 cells; mouse Sarcoma,

KB cell, U 937, HL 60, Daudi cells, Colo 320 cells, and LX 830 cells; Human
cancer cells. ’ ‘

-NIH3T3 cells; which is not true cancer cell, established from mouse.

in vitro: Each tumor cell line { 1x10-5/ml; MEM (for S180) or RPMI (for
others) medium containing, penicillin or streptomycin, 20 mM HEPES (N-2-
hydroxyethylpiperazine-N"-2-ethanesulfonic acid), and fetal bovine serum} was
cultured in the presence or absence of the compounds for 48h in case of 8180 and
72h for the others at 37°C in 5% COs.

In case of KB cells and 1,1210 cells; % of cell growth inhibition was calculated
by the following formula: % of cell growth inhibition= (1-T/C)x 100, where C is the
mean absorbance at 540 nm of the control group and T is that of the treated
group. The 50% inhibition (IC5g) was determined graphically from the dose-.

response curve with at least 3 drug concentration points..

In case of other cells; the number and size distribution of cells were assayed
with a Coulter Channelyzer, the cells between 6.4 and 16 pm in diameter were
counted. Activity was expressed as ICsp values defined as the concentration at
50% inhibition of cell growth and the percent inhibition was détermined as
follows:

% inhibition = [1-( cell numbers of sample well / cell number of 60_ntfol
well)1x100 ‘ ‘ ' - o

The results of cytotoxic actiirity of platinum -com'p}éxes with some cancer cells

as a relation between the concentration, pg/ml, and the relative cell number % are
shown in Figures 6-10 as the method for IC5g determinaion.



Figure 6 Cytotoxic activity of platinum complexes against S-180 cells:

Cell Number (%)

monomer and blue have lower activity compared with green,
dimer, and CDDP.

——  Monomer
= Dimer
~—@— Groen
~—i—  Blue
-—— CDDP

Concentration (pug/mi)
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Figures 7

Cytotoxic activity of Monomer against different types of cancer cells.
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Cytotoxic activity of Green against different types of cancer cells.
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Results and discussign;

The tetranuclear piatinum Green complex was prepared by the reaction of
the aquatéd'c’omplex (3) with the mononuclear complex (4) at 60°C, pH 3 for 24k,
under air, and from the same reaction mixture the platinum Blue complex was

obtained.

The structure of the green complex (6) was :icfentiﬁed by IR, 1H~NMR,
elemental analysis, and the X-ray diffraction, also using the ion chromatography
for the determination of the nitrate amount, and 0.D.§ column chromatograﬁhy
to indicate about the purity of the structure with the formula [PH{NH3)o(1-MU))4
(NO3)5.5H20 (Figure 11) with average oxidation‘numb’erz.'zs for each platinum

atom,

Figure 11
The crystal structure of Green (6) with the foi‘mula.{(NH_gj)th( 1-MU)}45+

Surprisingly, the data obtained for the green co_fr_rii)-'lex (6) are perfectly
consistent with those of pfeviouély _repd_rtéd' “.P.latinuiri:Blue with 1-MU” by
Lippard and Lippert, but actu'a.ley we ébtained dark green needles which have
characteristic visible spectra maxima at 740 and 480 nm, ,a‘,nd‘thé'reported bluein -
literature has maxima at 740, 520, and 480 nm, which fﬁeahs that there is one
additional absorption maximum for the reported blue at 520 nm (Figure 12).



The structure of the Blue complex(7) was estimated by IR, ‘H-NMR, Pt%,
(%, and ion chromatography for the nitrate amount after purificatien by gel-
chromatography, and the purity of the compound was checked by using 0.D.S
column 'éhrdinéltogr_aphay. Its molecular size estimated near to that of the green,
but no str ohg evidance for the crystal structure. So from all data which we had ,
we guess that the molecular structure of both green and blue is the same with the
differance in the crystal structure. The blue compound gave characteristic visible
spectra maximum at 680 nm. Figure 12 shows the visible spectra of green (6),

blue (7), and the reported blue.
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Visible spectra of platmum green and blue complexes with 1- Methy[uractl



Companng the UV’ spectxa of the green (6) wzth the Blue (7, there was a
maximurn at 279 nm for the green (6) but at 270 nm for the blue (I‘1gure 13) Also
1H NMR study showed that Hg of 1-MU in blue complex hds a chemical smﬁ; at
7. 60 but in green at 7 42 PPM, w1th a httle dlﬁ‘erence in case of' H5, Flgme 14.
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Hy and Hg chemical shifts in green (6) and blue (7) complexes



The stability of the green (6) and the blue (7) in 0.01M HNO3 with the time
was studied by measuring the decrease in the absorbance.at Atnax. The blue
complex (7) was more stable, since the rate of decreasing in the absorbance at

Amax Was slower than that of the green (6); Pigure 15.
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The absorbance at Amax of Green (6), 740 nm, and Blue (7) 680 nm, in 0.01M
HNO3 solution for 24h.

From this study, we couid calenlate the decompostion rate of green in 0.01M

HNO3, during the first 6 h after preparing the solution, the rate was faster,
0.164mg/h, but after 16 h the rate was slower, 0. 0021mg/h, and this calculation
was obtained from plottmg the absorbance with the time for each interval,
Figures 16 and 17, with usmg the linear relation between absorbance and

concentration .
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Interestingly, a colorless aqueous solution of the dinuclear platihum complex
(5) turned a green solution instantly upon acidification, in 0.01M HNOg, whose
maxima ?t. max. were at 278 and 730 nm, and gave the retention time of the green
(6) by the O D.S column c.‘m omatography This conversion from the dinuclear (5}
to the green (6) was:_studl‘edr by measuring the increasing of the absorbance of
Amax » 130nm, with the time.i.r-i different temperatui'es. It was found that the room
temperature was the optimum temperature for this conversion, and also it is time
dependent, since it increased with the time, Figures18, 19.
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~ Absorbance at 740 nm in O 01M HNO3 Solutlon of the dinuclear platinum complex
“with 1-methyluracil with the time in different temperatures



The biological activity -

The ICxo (concentration at 50% inhibition of cell growth) values for these
compourids are summarized in Tablé 4 and 5. From all the data; it was found that =
the greeﬁ'complex'(G) and 'the'dinudeai‘ (5) are active aganist all the tjp’és"of' the
cancer-cells but the blue (7) and the mononuclear complexes (4) are much less
active. e ' o ' o ' S

Table 4 An’titumor activfty of Platinum T-Methyiuracil Cbmp!exes in'vitro

Sample (Cso_ngfml
S180 L1210 KBcell
| coop | 002 185 082
Mononuclear(4) =200 >50 >80
Dinuclear ~ (5) 0.16 1.65 0.48
Green  (6) loor 208 05
Blue 7) 3.2 33 185

Table 5: 1C50 of ihe piatinu}ﬁ éom'p!exes' with.anothér'types of cancer celis

| ICsp pg/mi.
Complex |Us37  HL60  Daudi  Colo320 X830  NIH3T3
cooP {18 14 09 25 30 07
Mondmer inactive  inactive ;nacti\;e inactive .. inacti\;e >200
Dimer | 1.0 08 08 21 21 05
Geen [0 08 06 18 18 03
Bue 33 19 42 53 39 4




By companng i;he actlwty of these complexes with the chermcal shift of g, it
was found that the dinuclear (5) and the green (6) gave chemlcal shift for Hg at
7. 42, bub that of the mononucleal 4) and the blue (7) at 7.6 PMM and so we can
say that the active compounds have the same H-NMR chemical shift and the less
active compounds have another same one, this is shown in Table 6, as well as the
‘Amax in the UV region, whiéh also indicated that the dinuclear (6) and green (6),
active compounds, gave nearly the same value, but the mononuclear (4) and blue
(7), less active compounds, have Aqax at. 10we1 wave length near to that of the

ligand itself.

Table 6 Amaxin U.v. and Hg chemical shift for platinum complexes

H-NMR | UV nm

Compound 6 H6 | A max 7
{-MUH 760 | o265, Green and dimer, aclive , Amax=279-278

Mononuclear| 760 | 268 and § H6 = 7.42-7.43

Dinuclear 743 278 : Bme and monomer, less active, A max is
Green 7 40 279 i lower wave 1engt!f1 near .Io Amax 1-MUH
: and so do for chemical shifts of 8 H.
Blue - 760 | 270




For the dxﬂ"erent counter anions of the green, in case of S 180 cells it was
found that the perchlorate is more active ( lower IC50), than nltrate or sulphate
salts. AIso, ICs0 was higher in case of the dmuclear than that in case of gleen in

both perchlorate and mtrate salts as shown in Table '? R

. Table 7

}C 50 g/mt
Anion —
Green | Dinuclear
NOs oo jote
CLOy4 0.02 0.12
2 K
SO~ |02 IND

IC 50 values with differént'--a'nions :

ICsp for CLO, is fower than that for
NOg in both green and dimer



Conclusions

1- The tetran'uoleor‘ platihum complex with 1- Methylixracil in the formula
[(NHg)gPt4(1-MU)4](N03)5 5Hp0 is GREEN with the charactemstlc visible
spectra at 740 and 480 nm (Xmax) and UV, spectra at 279, nm, which has been

reported in literature as blue.

2- The tetranuclear platinumﬁLUE complex with 1'M'ethy1uracil has the same
Pt: 1IMU: NOg ratio (and amounts) as in the green one with the characteristic
\nsﬂ)le spectra at 680 nm, and U.V, spectra at 270 nm (lmay)

3- The solutxon of tetranuclear green, in 0.01M HNOg, 1s less stable compared
‘with that of the blue with the time. :

4 ’I‘he tetranuclear green and dmuclear complexes have higher antitumor
activity, but the tetranuclear blue and mononuclear complexes have much lower
activity aganist all types of cancer cells Les{,ed here.

5- It was found that the actwe compOunds have the same. lmax in U. V and 171
'NMR chemical shift, and the less active compounds also have another same
values, whlch means that the ligands orientation in the structure of the complex
has a big rule in the activity of the complex.

6- Acidification of the colorless solutxon of the dinuclear complex turned a green

solution of the tetranuclear complex with its charactemstlc visible absorption at

740 nm. We studied this conversion, and it was found that the room femperature

- was the practically optlmum t,emperature for this conversion which was time
- depenaent
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