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ABSTRACT 

Purpose: The purpose of this study is to assess mo- 
lecular interactions between several anticancer drugs 
and an iodinated contrast medium by Fourier trans- 
form infrared spectroscopy (FT-IR) and ultraviolet- 
visible spectroscopy (UV-Vis). Materials and Methods: 
Iopamidol (IPM) was used as an iodinated contrast 
medium, and mitomycin C (MMC), epirubicin hy-
drochloride (EPI), cisplatin (CDDP), 5-fluorouracil 
(5FU), irinotecan hydrochloride (CPT11), gemcit- 
abine hydrochloride (dFdC), carboplatin (CBDCA), 
oxaliplatin (1OHP), paclitaxel hydrochloride (TAX) 
and docetaxel trihydrate (TXT) were used as anti- 
cancer drugs. For FT-IR, the purified IPM was mixed 
stoichiometrically with each anticancer drug as well 
as with a combination of MMC and EPI. After meas- 
uring each separated sample and the mixtures, the 
spectra of the mixtures were compared with the spec- 
tra of the sum of pure samples or the combination. 
For UV-Vis, IPM and anticancer drugs were dissolved 
in pure water; subsequently for the titration experi- 
ments, the mixtures were prepared by varying the 
molar ratio. IR absorption corresponds to stretching 
vibrations between atoms having covalent bonding, 
whereas UV-Vis spectra depend on molecular dy- 
namics and shapes. Both UV-Vis and IR spectra 
change when there are molecular interactions such as 
aromatic ring stacking and hydrogen bonding. Result: 
IPM exhibited molecular interactions with MMC, 
EPI, CDDP, dFdC, CBDCA, 1OHP, TAX and TXT, as 
well as with the combination of MMC and EPI on 
FT-IR. However, molecular interactions were not ob-
served on UV-Vis. Conclusion: Several anticancer 
drugs have molecular interactions with IPM, which 
could be clinically utilized for superselective intraar-
terial infusion chemotherapy. 
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1. INTRODUCTION 

Intraarterial anticancer chemotherapy (IAC) for the various 
kinds of malignant tumors which are not curatively re-
sectable has been widely attempted for many years, and 
has been utilized for the treatment of head and neck can-
cer [1-12], breast cancer [13], hepatic and gall-bladder 
cancer [14-17], pancreatic cancer [18] and uterine cervi-
cal cancer [19-22]. IAC aims to obtain improved local 
control with systemic chemotherapy by increasing drug 
concentration at the tumor site [5,7,13]. Since current 
improvements in catheter design have enabled the selec-
tive catheterization into the main tumor feeders, superse-
lective intraarterial infusion (SIAI) therapy has been re-
ported as a kind of novel method among intraarterial 
anticancer chemotherapies. In this situation, iodinated 
contrast media are often mixed with anticancer agents in 
order to monitor the distribution of these anti-cancer 
drugs via fluoroscopy or computed tomography (CT). In 
other words, the distribution of the diluted contrast me-
dium is believed to reflect that of the anticancer drugs; 
however there is no guarantee without proof of molecu-
lar interaction such as the formation of hydrogen bonds 
between them [13]. 

In order to analyze the molecular interactions, we em- 
ployed the studies of Fourier transform infrared (FT-IR) 
spectroscopy and ultraviolet-visible (UV-Vis) spectros- 
copy to detect hydrogen bonding and aromatic stacking. 
Spectroscopy is a technique whereby a spectrum is ob- 
tained by utilizing a phenomenon wherein a sample irra- 
diated with light absorbs specific photons. This spectrum 
is represented by a wavelength on the horizontal axis, 
while the vertical axis indicates the absorption intensity 
of each wavelength component. 

FT-IR spectroscopy serves as an effective method for 
analyzing molecular structure. It utilizes the phenomenon 
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of wave interference and the Fourier transform to process 
the resulting interferogram in order to obtain an infrared 
spectrum. Since molecules have characteristic vibrations 
that correspond to its structure, irradiating these mole- 
cules with infrared range light would yield a specific 
infrared spectrum based on the absorption of the vibra- 
tions. In this study, stretching vibrations (the increase or 
decrease in the distance between atoms) of functional 
groups with carboxyl (C=O), hydroxyl (O-H) and amino 
(N-H) bonds provide useful information on the formation 
of hydrogen bonds (Figure 1) [23-26]. 

UV-Vis spectroscopy is used to measure the absorp- 
tion spectra of a sample irradiated with ultraviolet to 
visible light based on the electronic states of molecules. 
The spectra within the absorption wavelength region are 
exhibited by the molecules with unsaturated bonds in- 
cluding aromatic rings. A lack of interaction results in a 
spectrum with a single superposition, while an interact- 
tions between molecules through the aromatic rings pro- 
duce a spectrum different from that with the single su- 
perposition (Figure 2) [27,28]. 

These spectroscopy studies would show changes in the 
specific absorption bands or peaks of the spectra if there 
is a molecular interaction between the anticancer drugs 
and the iodinated contrast media. The purpose of the pre- 
sent study was to assess the molecular interactions be- 
tween several anticancer drugs including mitomycin C 
(MMC), epirubicin hydrochloride (EPI), cisplatin 
(CDDP), 5-fluorouracil (5FU), irinotecan hydrochloride 
(CPT11), gemcitabine hydrochloride (dFdC), carboplatin  
 

Red line: Theoretical spectrum 
Blue line: Observed spectrum 

(c) (d) 

(b) (a) 

 

Figure 1. Principle of FT-IR spectra. (a) If there is no interact- 
tion between molecules, the peaks of the theoretical spectrum 
and observed spectrum have the same wavenumbers. (b)-(d) If 
molecular interaction is present, the theoretical spectrum and 
the observed spectrum are different (arrow). Interaction be- 
tween molecules is proven if (b) there is a change of 4 cm–1 or 
more in the wavenumbers of the peaks, (c) the absorption band 
appears broad, and/or (d) the intensity of the absorption band 
decreases. 
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Figure 2. Principle of UV-Vis spectroscopy analysis. If mo- 
lecular interaction is present, a change in the shape (arrow) of 
the variations in molar rate in the absorption spectra appears. 
 
(CBDCA), oxaliplatin (1OHP), docetaxel trihydrate (TXT), 
and paclitaxel hydrochloride (TAX) and iopamidol (IPM) 
using FT-IR and UV-Vis spectra measurements and to 
determine whether we can assure the distribution of anti- 
cancer agents by using a mixture with iodinated contrast 
media. 

2. MATERIALS AND METHODS 

2.1. Materials 

All samples were purchased as purified powder. The 
IPM (Wako Pure Chemical Industries, Japan) was cho- 
sen as the iodinated contrast medium and MMC (Wako 
Pure Chemical Industries, Japan), EPI (Wako Pure Che- 
mical Industries, Japan), CDDP (Wako Pure Chemical 
Industries, Japan), 5FU (Wako Pure Chemical Industries, 
Japan), CPT11 (Yakult Honsha Co., Ltd., Tokyo, Japan), 
dFdC (Eli Lilly Company, Japan), CBDCA (Wako Pure 
Chemical Industries, Japan), 1OHP (Wako Pure Chemi- 
cal Industries, Japan), TXT (Toronto Research Chemi- 
cals, North York, Ontario, Canada), and TAX (Wako 
Pure Chemical Industries, Japan) were used as the anti- 
cancer drugs. 

2.2. Preparation of Samples 

The samples were prepared using the purified powder of 
each anticancer drug, IPM powder and the mixture of 
both powders. For the FT-IR spectroscopy analysis, the 
mixtures of purified IPM and each anticancer drug, as 
well as a mixture of IPM, MMC and EPI were prepared 
with an equal molecular ratio. The samples were then 
dissolved in ethanol. A drop of the prepared solution was 
then placed on the surface of a KBr tablet and the solvent 
was allowed to evaporate overnight. For the UV-Vis 
spectra measurement, the IPM and the anticancer drugs 
were first dissolved in pure water. Subsequently for the 
titration experiments, the mixtures to be measured were 
prepared by varying the molar ratio of the anticancer 
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drugs and the IPM (Tables 1 and 2). First, the anticancer 
drug, IPM, and the anticancer drug-IPM mixture were 
introduced into a spectroscopic quartz cell with an opti- 
cal path. 
 
Table 1. UV-Vis spectroscopy measured, mixture composition 
of each anticancer drug and IPM. 

Anticancer drug* 
(mL) 

IPM* 
(mL) 

Total volume 
(mL) 

Molar ratio of  
anticancer drug and IPM

0.25 2.25 2.5 1:9 

0.50 2.00 2.5 2:8 

0.75 1.75 2.5 3:7 

1.00 1.50 2.5 4:6 

1.25 1.25 2.5 5:5 

1.50 1.00 2.5 6:4 

1.75 0.75 2.5 7:3 

2.00 0.50 2.5 8:2 

2.25 0.25 2.5 9:1 

Note: IPM = iopamidol; *= 5 × 10–5 mol/L. 

 
Table 2. UV-Vis spectroscopy measured mixture composition 
of anticancer drugs and IPM. 

MMC* 
(mL) 

EPI*  
(mL) 

IPM**  
(mL) 

Total volume 
(mL)  

Molar ratio of 
MMC, EPI and IPM 

1 1 0.00 2.00 1:1:0.0 

1 1 0.02 2.02 1:1:0.2 

1 1 0.06 2.06 1:1:0.6 

1 1 0.10 2.10 1:1:1.0 

1 1 0.14 2.14 1:1:1.4 

1 1 0.18 2.18 1:1:1.8 

     

EPI* 
(mL) 

MMC* 
(mL) 

IPM** 
(mL) 

Total volume 
(mL)  

Molar ratio of 
MMC, EPI and IPM 

1 1 0.00 2.00 1:1:0.0 

1 1 0.02 2.02 1:1:0.2 

1 1 0.06 2.06 1:1:0.6 

1 1 0.10 2.10 1:1:1.0 

1 1 0.14 2.14 1:1:1.4 

1 1 0.18 2.18 1:1:1.8 

     

IPM* 
(mL) 

EPI* 
(mL) 

MMC** 
(mL) 

Total volume 
(mL)  

Molar ratio of 
MMC, EPI and IPM 

1 1 0.00 2.00 1:1:0.0 

1 1 0.02 2.02 1:1:0.2 

1 1 0.06 2.06 1:1:0.6 

1 1 0.10 2.10 1:1:1.0 

1 1 0.14 2.14 1:1:1.4 

1 1 0.18 2.18 1:1:1.8 

Note: IPM = iopamidol; MMC = mitomycin C; EPI = epirubicin hydrochlo-
ride; *= 10–5 mol/L; **= 10–4 mol/L. 

2.3. FT-IR Spectroscopy 

The molecular interactions of anticancer drugs with IPM 
were analyzed using FT-IR spectroscopy. The analysis 
was performed in a few regions where wavenumbers 
(cm–1) of absorption bands or peaks corresponding to 
characteristic stretching vibrations related to group wave- 
numbers could be evaluated in detail. In the high wave- 
numbers region above 4000 - 3000 cm–1, stretching vi- 
brations corresponding to the N-H and the O-H are pre- 
sent in the spectrum. Another spectral region at around 
1700 cm–1 corresponds to the C=O. 

FT-IR spectra were recorded on a FT/IR-4000 spec- 
trometer (Jasco Corporation, Tokyo, Japan) at room 
temperature. Absorbance spectra were acquired at 4 cm–1 
resolution and signal count at 16 scans. Spectra were 
truncated to span bands in the range 4000 cm–1 to 400 
cm–1. Sample preparation and FT-IR scan was performed 
over 3 times for each combination. 

The FT-IR spectra are most sensitive to hydrogen 
bonding interactions [23-26]. In this study, the observed 
spectrum was assessed by comparing it with theoretical 
waveform on the basis of combination of the mixture for 
two compounds is IPM and each anticancer drug. 

A mixture of three compounds, the combination of 
MMC, EPI and IPM, was chosen. The observed spec-
trum was compared with following theoretical spectra: 

1) Sums of the three compound spectra from IPM, 
MMC and EPI.  

2) Sum of a binary mixture spectrum with one com- 
pound spectrum:  

a) The spectrum of MMC-IPM mixture with the 
spectrum of EPI; 

b) The spectrum of EPI-IPM mixture with the spec- 
trum of MMC; and  

c) The spectrum of the mixture of MMC-EPI with 
the spectrum of IPM. These comparisons were performed 
because it is important to confirm how the three com-
pounds interact. 

Hydrogen bonding between the two molecules was af- 
firmed when the following changes in the measured 
FT-IR spectra were observed. 

1) Shifts in absorption band: 
In the IR spectra, the peaks of both the observed spec- 

trum and theoretical spectrum have the same wavenum- 
bers if there are no interactions between molecules such 
as hydrogen bonding. However, hydrogen bonding is 
present if the peak positions of the observed spectrum 
showed a significant shift (4 cm–1 or more) to downward 
or upward wavenumbers from the theoretical spectrum 
(Figure 1(b)). 

2) Absorption band broadening: 
OH and NH groups in molecules formed through in-

ter-molecular hydrogen bonds appear as a broad absorp-
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tion band above 3000 cm–1, which represent changes in 
the stretching vibrations of O-H (Figure 1(c)). 

3) Peak intensity: 
The absorption band derived from stretching vibra-

tions of O-H and N-H not influenced by hydrogen bond-
ing is relatively sharp. The absorption band broadens 
when the molecules form hydrogen bonds, and the inten-
sity of the absorption band increases or decreases (Fig-
ure 1(d)). 

2.4. UV-Vis Spectroscopy 

Aromatic compounds are characterized with a planar 
structure and a ring containing many electrons. If there is 
an aromatic compound, the absorption band appears above 
200 nm in the spectrum (Figure 2). Electron-rich aro- 
matic rings attract electron-poor aromatic rings thereby 
forming a molecular interaction that consequently brings 
a new stable state by complex [27,28]. For this study, 
UV-Vis spectroscopy was therefore utilized, since this is 
considered to be the most suitable method for detecting 
such interaction. 

The steady-state measurements were performed using 
UV-Vis spectroscopy and recorded on a V-630 spectro- 
photometer (Jasco Corporation, Tokyo, Japan). Meas- 
urements of the anticancer drugs and IPM in pure water 
were carried out at room temperature using a deuterium 
lamp for ultraviolet and a halogen lamp for visible light. 
In the UV-Vis spectra, changes in the peak position 
and/or shape (linear spectrum) of the spectra appear if 
molecular interaction is present. Conversely, such changes 
are not manifest when there is no interaction between the 
aromatic rings (Figure 2). 

3. RESULTS 

3.1. Spectra by FT-IR Spectroscopy 

3.1.1. MMC and IPM 
The theoretical spectrum of MMC and IPM showed 
peaks at 3441 cm–1 and 1723 cm–1 corresponding to the 
stretching vibrations of N-H and C=O, respectively. The 
observed spectrum of MMC-IPM mixture revealed no 
significant changes in the stretching vibrations of other 
chemical functional groups except for NH and C=O, 
wherein the peak of N-H stretching vibrations at 3441 
cm–1 had now disappeared and C=O changed to lower 
wavenumbers at 1709 cm–1 (Figure 3). 

The sharp peak of 3441 cm–1 indicates that the MMC 
molecules are free of hydrogen bonds; however, this 
peaks disappears when IPM is added. It was observed 
that this phenomenon is the result of the added IPM 
forming hydrogen bonds with the NH of the MMC. The 
1700 cm–1 level also had a change of position of the peak 
towards lower wavenumbers as a result of hydrogen 
bonds formed between the C=O. With the mixture of  

 
 

 

Figure 3. The FT-IR spectra of the theoretical spec- 
trum and the observed spectrum of IPM interacting 
with MMC. (a) N-H stretching vibrations reflecting 
the theoretical spectrum of MMC and IPM. The 
sharp peak at 3441 cm–1 (red arrow) disappeared in 
the observed spectrum (blue arrow). (b) C=O 
stretching vibrations reflecting the spectra of MMC- 
IPM. The peak position of C=O has changed by 14 
cm–1 (black arrow) to lower wavenumbers after 
mixing with IPM. 

 
MMC and IPM, molecular interaction was observed at 
the NH and C=O, forming a complex between the mole- 
cules. 

3.1.2. EPI and IPM 
For wavenumbers above 3000 cm–1, the spectra have a 
broad absorption band corresponding to the functional 
groups OH and NH. The theoretical spectrum have a 
peak of 3358 cm–1 while the observed spectrum showed 
a peak of 3324 cm–1, with deviation in the peak position 
of 34 cm–1. In addition, the intensity of the absorption 
band increases in the observed spectrum (Figure 4). This 
indicates that the same molecules are grouped together. 
After mixing the EPI and IPM result in an interaction 
between the EPI and IPM molecules through the forma-  
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Figure 4. The FT-IR spectra of the theoretical 
spectrum and observed spectrum of IPM inter- 
acting with EPI. The N-H and O-H stretching vi- 
brations have changed by 34 cm–1 (black arrow) 
to the lower wavenumbers after mixing EPI with 
IPM. 

 
tion of hydrogen bonds. This molecular interaction is 
reflected in the spectrum as the position of the peak changes 
towards lower wavenumbers. 

3.1.3. CDDP and IPM 
Both theoretical and observed spectra show a broad ab- 
sorption band of over 3000 cm–1, which correspond to 
the functional groups NH and OH. No major changes 
have been observed in these peaks, which are both around 
3278 cm–1; however, the peak of the observed spectrum 
broadened towards higher wavenumbers (Figure 5). This 
means that while the same molecules are grouped to- 
gether initially, mixing CDDP and IPM results not only 
in the interaction of the same molecules but also in the 
interaction of CDDP and IPM molecules. 

These hydrogen bonds in NH and OH groups are in- 
volved in a weaker type of interaction. 

3.1.4. dFdC and IPM 
Both theoretical and observed spectra display broad an 
absorption band of over 3000 cm–1. The peak of the 
theoretical spectrum is located at 3280 cm–1 correspond- 
ing to the stretching vibrations of N-H and O-H interact- 
ing with the same molecules by the formation of hydro- 
gen bonds, whereas that of the observed spectrum is ob- 
served at 3333 cm–1, which gives a higher deviation of 
53 cm–1. Moreover, this absorption band broadened in 
the observed spectrum (Figure 6). Comparison with the 
theoretical spectrum reveals a difference in the position 
of the peak. This means that the dFdC and IPM mixture 
broke some hydrogen bonds between the same molecules 
and formed new interactions between different molecules. 
This molecular interaction produced changes in the 
stretching vibrations of N-H and O-H reflected as the  

 

Figure 5. The FT-IR spectra of the theoretical spectrum 
and observed spectrum of IPM interacting with CDDP. 
The peak position corresponding to the N-H and O-H 
stretching vibrations has not changed, but it appears as a 
broad peak to higher wavenumbers after mixing CDDP 
with IPM (blue arrow). 

 

 

Figure 6. The FT-IR spectra of the theoretical spectrum 
and the observed spectrum of IPM interacting with 
dFdC. The N-H and O-H stretching vibrations have 
changed by 53 cm–1 to higher wavenumbers (black ar- 
row) and broadened (blue line) after mixing dFdC with 
IPM. 

 
corresponding peak changes to high wavenumbers in the 
theoretical spectrum. 

3.1.5. CBDCA and IPM 
The most interesting region is the sharp peak found at 
3106 cm–1 from the theoretical spectrum corresponding 
to the N-H stretching vibrations which is the stretching 
vibrations of NH free from hydrogen bonds present in 
the molecule of CBDCA; however, this peak disappears 
in the observed spectrum. This disappearance of the peak 
when CBDCA is mixed with IPM means that the func- 
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tional group NH in CBDCA formed hydrogen bonds 
with the IPM. This interaction between the molecules 
produced changes in the stretching vibrations of N-H 
resulting in the disappearance of the peak (Figure 7). 

3.1.6. 1OHP and IPM 
The spectra of 1OHP and IPM displays almost the same 
phenomenon as that of the mixture of CBDCA and IPM 
since the theoretical spectrum shows a peak of 3091 cm–1 
which is the stretching vibrations of N-H with no hydro- 
gen bonds while the peak of the mixture disappeared. 
This change is due to the formation of hydrogen bonds 
between molecules. At around 1700 cm–1, there are also 
changes in the peak position towards lower wave num- 
bers, which indicate new hydrogen bonds are also cre- 
ated through the mixture of different molecules (Figure 
8). 

3.1.7. TAX and IPM 
The peaks of the TAX and IPM were observed at 3426 
cm–1 in the theoretical spectrum and 3368 cm–1 in the 
observed spectrum, although there are changes in the 
peak position of the TAX-IPM mixture to lower wave- 
numbers. In addition, the broadened absorption band can 
be attributed to the NH and OH. This means that the 
TAX and IPM mutually interact via the NH and OH, 
creating a complex through hydrogen bonds (Figure 9). 

3.1.8. TXT and IPM 
Spectral change for N-H and O-H stretching vibrations 
similar to that of the TAX-IPM mixture was observed. 
The broadened absorption band in the TXT-IPM mixture 
attributed to N-H and O-H stretching vibrations also dis-  
 

 

Figure 7. The FT-IR spectra of the theoretical spectrum 
and the observed spectrum of IPM interacting with 
CBDCA. The sharp peak at 3106 cm–1 (red arrow) cor- 
responding to the N-H stretching vibrations has disap- 
peared after mixing CBDCA with IPM (blue arrow). 

 
 

 

Figure 8. The FT-IR spectra of the theoretical spec- 
trum and the observed spectrum of IPM interacting 
with 1OHP. (a) The sharp peak at 3106 cm–1 (red 
arrow) attributed to N-H stretching vibration has 
disappeared in the observed spectrum (blue arrow). 
(b) The C=O stretching vibration has changed to 
lower wavenumbers by 5 cm–1 (black arrow) after 
mixing 1OHP with IPM. 

 
played a change of 60 cm–1 to lower wavenumbers. This 
is the result of the formation of hydrogen bonds between 
molecules (Figure 10). 

3.1.9. Others Anticancer Drugs and IPM 
With regard to 5FU and CPT11 when mixed with IPM 
with a molecular ratio of 1:1, no significant changes in 
the IR spectra were found. This indicates that there is no 
molecular interaction by hydrogen bonds at the level of 
NH, OH and C=O. 

3.1.10. MMC, EPI and IPM 
The mixtures of MMC, EPI and IPM produced interest-
ing results. There are changes in the stretching vibrations 
of C=O with a change in position by 2 cm–1, 5 cm–1, 7 
cm–1, and 9 cm–1 to lower wavenumbers corresponding to 
the sums of spectra of MMC-EPI mixture and IPM;  
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Figure 9. The FT-IR spectra of the theoretical 
spectrum and the observed spectrum of IPM in- 
teracting with TAX. The NH and OH peak has 
changed by 58 cm–1 toward lower wavenumbers 
(black arrow) and it becomes broad (blue line) 
after mixing TAX with IPM. 

 

 

Figure 10. The FT-IR spectra of the theoretical 
spectrum and the observed spectrum of IPM in- 
teracting with TXT. The NH and OH peak has 
changed by 60 cm–1 toward lower wavenumbers 
(black arrow) and it becomes broad (blue line) in 
the observed spectrum. 

 
MMC-IPM mixture and EPI; MMC, IPM and EPI and 
EPI-IPM mixture and MMC, respectively (Table 3). The 
change observed between the theoretical sum of the 
spectrum of MMC-EPI and IPM and the observed spec-
trum is very small, but a comparison with the other theo-
retical spectra showed significant changes to lower 
wavenumbers. 

This analysis confirms that these three compounds dis- 
play molecular interaction through hydrogen bonding. 
While both the theoretical sum of the spectra of MMC, 
EPI and IPM and the theoretical sum of the spectrum of 
the EPI-IPM mixture and MMC showed a sharp peak at 
3440 cm–1 corresponding to the stretching vibrations of 
N-H, the other theoretical spectra and the observed spec-  

Table 3. Molecular interaction between MMC, EPI and IPM by 
FT-IR spectroscopy. 

Observed spectrum 
NH 

(cm–1) 
NH and OH 

(cm–1) 
C=O 

(cm–1) 

MMC-EPI-IPM - 3329 1714 

Theoretical spectrum    

MMC, EPI, IPM 3440 - 1721 

MMC-IPM and EPI - 3322 1719 

EPI-IPM and MMC 3440 - 1723 

MMC-EPI and IPM - 3350 1716 

Note: IPM = iopamidol; MMC = mitomycin C; EPI = epirubicin hydrochlo-
ride; NH = amino group; OH = hydroxyl group; C=O = carboxyl group. 

 
trum could not be determined accurately to analyze the 
peaks. In addition, the broadened absorption band corre- 
sponding to the N-H and O-H stretching vibrations 
changed as well when compared to the observed spec- 
trum: the sum of the spectra of the MMC-IPM mixture 
and EPI changed by 7 cm–1 to high wavenumbers, while 
that of the MMC-EPI mixture and IPM changed by 21 
cm–1 to lower wavenumbers. However, the peaks of the 
other theoretical spectra could not be clearly identified. 

The NH and OH functional groups were not discussed, 
because in this region absorption bands were broad and it 
was difficult to determine the changes of peaks to sup 
port the analysis. In addition, by analyzing the spectra 
that were prepared by changing the order of the mixture 
of MMC, EPI and IPM, it turned out that all spectra were 
the same (Table 3). 

3.2. Spectra by UV-Vis Spectroscopy 

The UV-Vis spectra of the mixtures of the all anticancer 
drugs (MMC, EPI, CDDP, 5FU, CPT11, CBDCA, dFdC, 
1OHP, TAX and TXT) and combination of MMC and 
EPI with IPM were observed, while changes in the equi- 
librated displacement of the spectra were not. Conse- 
quently, this confirms that there is no existence of mo- 
lecular interaction between each anticancer drug and the 
contrast medium in an aqueous solution. 

4. DISCUSSION 

Hydrogen bonds are formed by interactions (N-H...O, 
O-H...N) among electronegative atoms (N, O), bonds 
between hydrogen atoms (N-H, O-H) and another elec- 
tronegative atom (N, O). Therefore, the formation of 
hydrogen bonds between samples containing OH, NH 
and C=O groups changes C=O, O-H, N-H stretching 
vibrations, as observed in infrared spectral changes 
characterized in Figure 1 [23-26]. In our FT-IR spec- 
troscopy study, changes observed between the theoretical 
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spectrum and spectrum of the mixture means that there is 
an interaction between the molecules, which is the con- 
sequence of a change in the stretching vibration between 
N-H, O-H and C=O. 

With the method used for the analysis of UV-Vis spec- 
tra, no considerable changes between anticancer drugs 
and IPM were observed. One possibility for this is that it 
is difficult for the substances to interact and form a stable 
complex through the stacking of aromatic rings in an 
aqueous solution with a diluted concentration. Another 
possibility could be that the formation of hydrogen bonds 
induces a conformational change of the molecules and 
consequently hinders the charge-transfer interaction be- 
tween the aromatic rings. However, this does not mean 
that there was absolute no interaction between the aro- 
matic rings. 

As described above, molecular interactions between 
the anticancer drugs and IPM have been investigated in 
vitro, which is summarized in Table 4. These results re- 
vealed that IPM has an affinity with certain kinds of 
anticancer drugs wherein the hydrogen bonds are mainly 
acting forces, thus indicating that IPM can bind to the 
anticancer drugs to form a molecular complex in the 
mixture of these materials (Figure 11). The nature of 
affinity is probably due to the fact that IPM is rich in 
chemical functional groups such as NH, OH and C=O in 
its molecular structure. Given these results from our 
study, the early distribution or retention of the contrast 
medium on CT or fluoroscopy can approximately reflect 
the concentration of the anticancer drug after SIAI. To 
the best our knowledge, there is no report that deter- 
mines the molecular interaction of anticancer drugs and 
iodinated contrast media using FT-IR and UV-Vis spec- 
troscopy. These results can provide an important insight 
into the interactions within the mixture of iodinated con- 
trast media and anticancer drugs. 

There are several limitations in this study. The com- 
bination of the anticancer drugs and contrast medium 
was confined to IPM and ten anticancer drugs. Other 
contrast media and anticancer drugs might show different 
results which have yet to be studied The FT-IR meas- 
urement analyzes powder samples since the study of 
FT-IR cannot be analyzed in aqueous media; therefore, 
the result was obtained on solid state with the best possi- 
ble way, although the situation is different with the hu- 
man body. Moreover, several factors of both spectro- 
scopies, including temperature, pH, molar rate and sol- 
vent materials, are considerably different between in vitro 
and in vivo. In addition, the actual effect of these inter- 
acttions on pharmacokinetics or pharmaceutical activities 
after distribution of the drugs still remains unclear. As 
the next step, analyses involving variation of the tem- 
perature, pH and molar rate may be necessary. An animal 
model would also contribute to the evaluation of the 

Table 4. The molecular interaction between anticancer drugs 
and IPM by using FT-IR spectroscopy. 

Anticancer drugs Contrast medium Molecular interactions 

MMC IPM NH and C=O 

EPI IPM NH and OH 

CDDP IPM NH and OH 

dFdC IPM NH and OH 

CBDCA IPM NH 

1OHP IPM NH and C=O 

TAX IPM NH and OH 

TXT IPM NH and OH 

CPT11 IPM Not confirmed 

5FU IPM Not confirmed 

MMC and EPI IPM C=O 

Note: IPM = iopamidol; MMC = mitomycin C; EPI = epirubicin hydrochlo- 
ride; CDDP = cisplatin; dFdC = gemcitabine hydrochloride; CBDCA = 
carboplatin; 1OHP = oxaliplatin; TAX = paclitaxel hydrochloride; TXT = 
docetaxel trihydrate; CPT11 = irinotecan hydrochloride; 5FU = 5-fluorouracil; 
NH = amino group; OH = hydroxyl group; C=O = carboxyl group. 

 

 

Figure 11. Ball and stick model (a) and space filling model (b). 
It shows the hydrogen-bonding based molecular interaction 
between MMC and IPM. 
 
actual therapeutic effect of the IPM-anticancer drug 
complex. 

5. CONCLUSION 

In conclusion, the molecular interactions of IPM were 
observed in FT-IR spectra with MMC, EPI, CDDP, 
dFdC, CBDCA, 1OHP, TAX and TXT, as well as with 
the combination of the two anticancer drugs MMC and 
EPI. On the basis of these results, it is reasonable to as- 
sume that the mixture of IPM and anticancer drugs form 
a complex, and that the contrast medium distribution 
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scanned by fluoroscopy or CT reflects the anticancer 
drug distribution when STAI chemotherapy is employed. 
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