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ABSTRACT 
Carbon monoxide releasing molecules (CORMs) have 
been recently developed for research and pharma- 
cological purposes. A considerable amount of studies 
demonstrated a wide spectrum of biological activities 
for lipophilic CORM-2 (tricarbonyldichlororuthenium 
(II) dimer). It is generally accepted that the liberated 
gas provides the specific activities to CORMs, with a 
little attention paid to any possible effect of comple- 
mentary core molecules. However, the versatile re- 
pertoire of actions attributed to CORM-2 is surpris- 
ingly wide for CO, a molecule with the sole chemical 
activity of binding to ferrous iron in protein pros- 
thetic groups. The study was designed to analyze 
CORM-2 and its core molecule (“i”CORM) activities 
at a molecular level. With respect to the hydrophobic 
nature of the compounds, we followed their interac- 
tions with several amphipathic entities: the heme sites 
of hemoproteins, heme binding proteins and cell 
membranes. CORM-2/“i”CORM decreased the Soret 
optical density of hemoglobin and myoglobin, indicat- 
ing that both compounds interact with the protein 
amphipathic site in the heme pocket. Pre-addition of 
CORM-2/“i”CORM to the apo-forms of the plasma 
heme binding proteins, hemopexin and albumin, par- 
tially abolished their heme binding capacity. In con- 
trast, the compounds had no effect on the preformed 
heme-protein complexes. Addition of CORM-2/“i”- 
CORM to blood or isolated erythrocytes revealed 
aggregation of the cells or lysis, depending on the rea- 
gent-to-cells ratio. It was concluded that the ruthe- 
nium containing core molecule of CORM-2 may be 
physiologically active due to non-specific hydrophobic 
interactions. As each type of CORMs is expected to 
have a different mode of action beyond CO activity, 
their potential therapeutic uses will require clarifica- 
tion.  
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1. INTRODUCTION 

Many of the physiological effects attributed to heme- 
catabolizing enzyme Heme Oxygenase-1 (HO-1) are ac- 
tually mediated by its gaseous product carbon monoxide 
(CO), the molecule responsible for the high affinity 
binding to ferrous iron (FeII) in protein prosthetic groups. 
HO/CO participates in the regulation of key physiolo- 
gical and pathological processes such as the resolution of 
inflammation, alleviation of cardiovascular disorders, as 
well as other conditions which have been thoroughly 
described in the scientific literature [1,2]. As a gas mole- 
cule, CO is membrane permeable, an advantage for in- 
haled gas administration for therapeutic aims. However, 
direct targeting to the desired location is limited due to 
CO high affinity binding to cytochrome oxidase and 
hemoglobin. To provide a bypass for the latter difficulty, 
a chemically diverse group of compounds with a com- 
mon ability to liberate CO, termed CO-releasing mole- 
cules (CORMs), were developed. The first to be chara- 
cterized as a CO donor for therapeutic purposes was the 
transition metal carbonyl, CORM-2 (tricarbonyldichlo- 
roruthenium (II) dimer, [Ru(CO)3Cl2]2) [3]. Over the past 
several years a numerous studies on the molecular, 
cellular, whole organ and in vivo levels demonstrated a 
wide spectrum of biological activities for this lipophilic 
molecule. Used at a broad concentration range of 10 - 
2000 µM, it was shown to participate in a variety of 
essential physiological processes: ion channel regulation 
[4,5], coagulation [6], angiogenesis [7], etc. Studies in 
the literature relied on a consensus considering CORM-2 
activity to be the outcome of the released CO either 
employing DMSO alone (vehicle) as well as the inactive 
control RuCl3 or the water soluble RuII complex, 
RuCl2(DMSO)4 [8] or the CORM-2 residual following 
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CO release, termed inactive CORM, iCORM [5].  
Although it is generally accepted that the released CO 

provides the specific activity to CORMs, the versatile 
repertoire of actions attributed so far to CORM-2 is sur- 
prisingly wide for a single molecule with narrow che- 
mical activity like CO. Indeed, at least two studies re- 
ported that CORM-2 exerts different activities independ- 
ent of its ability to release CO [4,5]. Despite numerous 
reports supporting the potential of CORMs, in particular 
CORM-2, in development of therapeutic strategies, mo- 
lecular-level elucidation is scarce. The current study 
focused on analyzing a molecular activity of CORM-2 
which, a priori, can be an outcome of the released CO or 
the core molecule, to be referred to as “i”CORM. With 
respect to the hydrophobic nature of CORM-2, we chose 
to analyze its interactions with well-known amphipathic 
entities, like heme sites of hemoproteins, heme binding 
proteins as well as cell membranes. 

2. MATERIALS AND METHODS 

2.1. Materials 

Tricarbonyldichlororuthenium (II) dimer (CORM-2), albu- 
min (from human serum, HSA), Hemin (from bovine red 
cells, H), myoglobin (equine, Mb), cytochrome C (from 
bovine heart, cytC), phenylmethylsulfonyl fluoride 
(PMSF) and dithionite were all from Sigma-Aldrich. 
Dimethylsulfoxide (DMSO) was purchased from Merck, 
Darmstadt, Germany. PD-10 desalting columns were 
purchased from GE Healthcare UK Ltd. S-Sepharose 
column was obtained from Pharmacia, Uppsala, Sweden. 
CM-52 and DE-52 celluloses were obtained from What- 
man International, Maidstone, England. Ferricyanide was 
purchased from Agan Chemical Manufacturers Ltd., 
Israel. Human plasma was supplied by the Israeli central 
blood bank. Nitrogen gas (N2, 99.9%) was supplied by 
Israel Oxygen Centre. 

2.2. Preparation of Proteins 

Hemoglobin: human hemoglobin was purified from hu- 
man red blood cell lysate by ion-exchange chromatogra- 
phy using CM-52 cellulose followed by extensive dialy- 
sis against PBS, pH 7.4 in oxygen free atmosphere [9]. It 
was spectrophotometrically verified as oxyHb and stored 
at −70˚C in oxygen free atmosphere. Ferric hemoglobin 
(metHb) was prepared from the oxy form by oxidation 
with potassium ferricyanide [9] followed by reagent re-
moval on a PD-10 desalting column and used on the 
same day of preparation [10].  

Myoglobin: commercially available metmyoglobin 
(metMb) was dissolved in PBS (pH 7.4) and free heme 
removed by mixing the stock solution with an equal 
volume of PBS-equilibrated DE-52 ion exchange resin 

followed by centrifugation [9]. Oxymyoglobin (oxyMb) 
was prepared from the met form by reduction with ex- 
cess of dithionite followed by reagent removal using 
PD-10 desalting column. Columns were routinely equili- 
brated with N2 saturated buffer and the developing buffer 
was N2 saturated as well.  

Hemoproteins (expressed as heme equivalents) were 
quantified spectrophotometrically using the following 
extinction coefficients: ε414 nm = 125 mM−1·cm−1 in pH 
7.4 for oxyHb; ε405 nm = 179 mM−1·cm−1 in pH 6.3 for 
metHb; ε418 nm = 120 mM−1·cm−1 in pH 7.4 for oxyMb 
and ε408 nm = 188 mM−1·cm−1 in pH 6.3 for metMb [9]. 

Human hemopexin (Hx): Hx was isolated from fresh 
frozen plasma of healthy donors according to published 
method [11,12] modified by using only SP-Sepharose 
fast flow column, which yielded sufficiently purified 
protein as verified by SDS-PAGE, lyophilized and stored 
at −20˚C. The concentration of apoHx was determined 
by spectrophotometric titration with free hemin based on 
heme-hemopexin specific absorption [12]. 

2.3. CORM-2/“i”CORM Interactions with  
Proteins 

A stock solution of CORM-2 was prepared in DMSO. 
Upon solubilization the dimer dissociates to monomers 
with at least one CO molecule liberated immediately and 
DMSO attaching to form intermediates (Ru(CO)3Cl2 
(DMSO) & Ru(CO)2Cl2(DMSO)2) [3]. The stock solu-
tion was further diluted to the desired concentration in 
PBS pH 7.4, reaching 0.5% - 1.25% DMSO which was 
identical in both control and experimental mixtures. To 
avoid time dependent spectral contribution from water 
phase-dissolved CORM-2 at each experimental time 
point, absorbance from a CORM-2 control mixture was 
subtracted (see Figure 1(a)) and hence throughout the 
study difference spectra only are presented.  

“i”CORM (iCORM-2) was prepared by allowing 
CORM-2 stock solution to equilibrate with air for at least 
72 hours at RT. Since CORM-2 is a dimer while 
“i”CORM is a monomer in solution [3], for consistency 
concentrations were expressed throughout this study in 
dimer units. Mixing time was up to 1 min. The proteins 
were incubated with desired reagents in PBS pH 7.4 at 
RT.  

Heme-protein complexes, H-Hx and H-HSA, were 
prepared by mixing a small molar excess of apo-protein 
with free heme stock in DMSO. 

2.4. CORM-2/“i”CORM Interactions with Red  
Blood Cells 

Blood was collected from healthy human donors into 
EDTA containing vacuum tubes by venipuncture and 
used for experiments on the same day of collection. 

Interaction with whole blood: To avoid direct red  
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Figure 1. Effect of CORM-2/“i”CORM on Soret 
spectra of metRH. (a) Time dependent spectral 
changes of solubilized CORM-2; Line 1: CORM-2 
(1000 µM) at mixing time (CORM-2 dissolved in 
DMSO and following 10 min diluted into PBS); 
line 2: As 1 following 2 hours of incubation in RT; 
line 3: “i”CORM (1000 µM per dimer) prepared by 
allowing CORM-2 stock solution (200 mM in 
DMSO) to incubate at RT for at least 72 hours and 
then diluted into PBS. (b)-(d) Effect of CORM-2/ 
“i”CORM on Soret spectrum of metMb; (b) High 
CORM-2 concentration (1000 µM); (c) Low 
CORM-2 (100 µM); (d) “i”CORM-2 (1000 µM per 
dimer) Lines 1 (thin): metMb alone; Lines 2 (gray) 
as 1+CORM-2/“i”CORM at mixing time; Lines 3 
(heavy): 2, following 2 hours of incubation in RT. 
MetMb concentration −10 µM. (e)-(f) Effect of 
CORM-2/“i”CORM on Soret spectrum of metHb; 
(e) CORM-2 (1000 µM); (f) iCORM-2 (1000 µM 
per dimer). Lines 1 (thin): metHb alone; Lines 2 
(gray): metHb + CORM-2/“i”CORM at mixing time; 
Lines 3 (heavy): 2, following 2 hours of incubation 
in RT. MetHb concentration −10 µM. 

 
blood cells (RBC) interactions with concentrated DMSO, 
stock solutions of CORM-2/“i”CORM or pure DMSO 
control were initially diluted 1:10 with PBS and these 
solutions were added to the fresh blood to yield 1000 µM 
CORM concentration.  

Interaction with isolated RBC suspension: RBC were 

isolated and washed in PBS. Concentrated cells were 
first diluted 1:500 into PBS pH 7.4. This stock was fur- 
ther diluted 1:4 in CORM-2/DMSO containing PBS for 
experimental mixtures or in DMSO containing DDW for 
the maximal hemolysis measurement. Experimental 
mixtures were incubated at RT with gentle shaking. Light 
absorption spectra of the supernatants followed 10 min- 
utes centrifugation at 1000 × g were measured. Optical 
density (OD) at Soret maxima served for the estimation 
of hemolysis level. 

2.5. Spectrophotometry 

Spectral characteristics of stock solutions and reaction 
mixtures were determined by scanning the light absorp- 
tion spectra at visible wavelength range (350 - 700 nm) 
using a Contron—UVIKONXL or GBC UV/VIS 920 
spectrophotometers. 

3. RESULTS AND DISCUSSION  

3.1. Effect of CORM-2 on Ferric Forms of  
Hemoproteins  

Respiratory hemoproteins (RH), myoglobin (Mb) and 
hemoglobin (Hb) contains well established amphipathic 
heme sites. The heme is attached to the globin non-co- 
valently, yet with extremely high affinity and its typical 
Soret light absorption allows monitoring site alterations 
[9]. The effect of CORM-2 was initially followed on 
ferric (FeIII, met) forms of RH which do not bind CO. 
Addition of CORM-2 at a relatively high concentration 
of 1000 µM resulted in a considerable decrease of 
metMb Soret absorption at mixing time and the changes 
were practically terminated following two hours (Figure 
1(b)). Increased optical density (OD) at 470 nm, the 
wavelength lacking specific Mb absorption, indicated 
time dependent contributions from protein conformation 
and/or light scattering aggregates. Incubation of metMb 
with 1000 µM of “i”CORM resulted in decreased Soret 
absorption, although with slower rate than CORM-2, as 
indicated by lack of spectral changes within mixing time 
(Figure 1(c)), and lesser light scatter. Lower CORM-2 
concentration (100 µM) resulted in Soret decrease as 
well, but at a slower rate (Figure 1(d)). The CORM2/ 
“i”CORM effects on RH light absorption are unex- 
plained by any known CO activity. As solubilized 
CORM-2 has a small, time-dependent absorption in the 
Soret region shown in Figure 1(a), throughout the study 
all results were corrected for this contribution. In pre- 
sence of RuCl3 (250 µM, the limit of its solubility) the 
Soret peak of metMb was unchanged (data not shown). 

To clarify if the above effects are Mb specific, similar 
experiments were carried out using metHb. Addition of 
1000 µM CORM-2 to metHb resulted in the following 
spectral changes: a fast (within mixing time) Soret re- 
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duction, red shift and light scatter elevation, all reaching 
a steady state within 2 hours (Figure 1(e), spectra 2 & 3). 
“i”CORM caused Soret reduction as well, but with 
slower kinetics (Figure 1(f)). Moreover, unlike the case 
of CORM-2, neither red shift nor any light scatter eleva- 
tion were observed following “i”CORM addition. 

The RH Soret decrease by addition of CORM-2/ 
“i”CORM can be explained by expulsion of heme from 
the globin and/or its disintegration. These changes are 
the outcome of hydrophobic nature of CORM-2 and in- 
termediates in the process of CO release reaching finally 
“i”CORM, all potentially competing with heme for the 
protein site. Higher activity of CORM-2 indicated that 
the intermediates formed upon CO release (see methods), 
may kinetically attach to the heme site via hydrophobic 
interactions prior to DMSO binding [3]. The slight red 
shift of Hb Soret, observed in the case of CORM-2 only, 
may result from partial reduction of the heme iron 
(FeIIIFeII) and carboxyHb (COHb) formation, which 
can occur by electron transfer from a neighboring residue 
like cysteine, in presence of CO [13]. 

To assess if CORM-2 has similar effects on other he- 
moproteins, 1000 µM CORM-2/“i”CORM were added to 
cytochrome C in which the heme is covalently bound and 
surface unexposed [14]. No effect on the typical Soret 
spectrum of this hemoprotein was observed following 
incubation of several hours (data not shown). These 
findings supported the involvement of hydrophobic in- 
teractions in the effects of CORM-2 on RH.  

3.2. Effect of CORM-2 on Ferrous Forms of  
Respiratory Hemoproteins  

In ferrous (FeII, oxy) Hb the heme-to-globin bond is 
much stronger as compared to the ferric forms [15], and 
is even stronger in COHb as compared to oxy form [9]. 
Thus it was important to find out if CORM-2 can com- 
pete with ferrous heme. Addition of 1000 µM CORM-2 
to oxyHb, the concentration at which a fast reaction with 
met form observed, resulted in an increased absorption 
and a significant red shift of the Soret peak within mix- 
ing time (Figure 2). The latter alterations point at trans- 
formation of oxyHb (414 nm peak) to COHb (419 nm 
peak). However, while the theoretically, the complete 
transformation should yield a 1.52-fold increase in OD 
[9], only a 1.16-fold increase was observed (Figure 2). 
Moreover, following 2 hours, the absorption of the mix- 
ture further decreased while the Soret features remained 
typical for COHb. These data indicate that despite the 
carboxy-complex formation, a state which strengthens 
the heme-globin interaction, CORM-2 could still com- 
pete with the heme on the site [9]. 

Identical experiments were performed using oxyMb. 
Addition of 1000 µM CORM-2 caused a slight red shift  

 

Figure 2. Effect of CORM-2 on Soret spectra 
of oxyRH. Lines 1 (thin): oxyhb/Mb alone; 
Lines 2 (gray): Hb/Mb+ CORM-2 (1000 µM) 
at mixing time; Lines 3 (heavy): 2, following 
2 hours of incubation in RT. RH concentra-
tion −10 µM. 

 
within the mixing time, indicating only negligible trans- 
formation of oxyMb into its carboxy form, although over 
time the Soret absorption decreased (Figure 2). The dif- 
ference between Hb and Mb appears to be related to the 
fact that affinity of CO for Mb (FeII) is not as high and 
thus conversion of oxy to carboxy form is less efficient 
than in the case of Hb [9].  

To evaluate whether the interaction of CORM-2/ 
“i”CORM with hydrophobic sites in proteins is a more 
general phenomenon, similar studies were performed 
with plasma proteins known to contain amphipathic sites 
for heme and/or other small molecules. 

3.3. Effect of CORM-2 and “i”CORM on Plasma  
Heme Binding Proteins 

Hemopexin (Hx) has a uniquely high affinity (>1013) for 
the ferric heme. Its single specific heme binding site is 
composed of eight hydrophobic residues in addition to 
coordination bonds [16]. Formation of the heme-hemo- 
pexin complex (H-Hx) results in an immediate appearance 
of the typical 414 nm Soret peak (Figure 3 (upper), spec- 
trum 2), which known not to be affected by CO gas [12]. 
Addition of 1000 µM CORM-2/“i”CORM to H-Hx did 
not affect the Soret absorption band. Nonetheless, pre- 
incubation of CORM-2/“i”CORM with apoHx followed 
by heme addition resulted in formation of a much smaller 
Soret absorption (Figure 3 (upper), spectrum 3).  

That H-Hx was not affected by CORM-2/“i”CORM 
can be explained by the fact that heme binding to apoHx 
is followed by global conformational changes, shielding 
the heme from the water phase [17]. In the case of heme 
interaction with the CORM-2/“i”CORM preincubated 
apoHx, the residual Soret peak at 414 nm is interpreted 
as competitive binding of the above compounds to the 
Hx heme binding site. An additional and/or alternative 
explanation is the possibility that CORM-2/“i”CORM 
binding, like heme, is followed by protein conforma- 
tional changes resulting in inaccessibility of the site to 
any ligand. 
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Figure 3. Effect of “i”CORM-2 on hemin bind-
ing to plasma proteins. Upper: Hx (12.5 µM, by 
activity—see methods); Lower: HSA (12 µM). 
Lines 1: “i”CORM alone (1000 µM per dimer); 
Lines 2: Typical H-Hx/H-HSA complex formed 
by 10 µM of heme in PBS containing no 
“i”CORM; Lines 3: A mixture of hemin with 
apoHx/HSA pre-incubated for 5 minutes in 
presence of “i”CORM (1000 µM per dimmer). 

 
It was of interest to determine if CORM-2/“i”CORM 

can interact with human serum albumin (HSA), known to 
have a single high affinity heme binding site as well as 
several non-specific amphipathic sites [18,19]. Experi- 
ments similar to those carried out with Hx were repeated 
employing HSA, using hemin concentration allowing 
only its high affinity site to be potentially occupied. In 
this case as well, addition of CORM-2/“i”CORM did not 
affect the spectrum of the preformed heme-albumin 
complex (H-HSA). Addition of heme following pre-in- 
cubation of HSA with CORM-2/“i”CORM resulted in 
similar Soret spectrum but with decreased OD (Figure 3 
(lower), spectrum 3).  

Thus, heme binding capacity of both Hx and HSA was 
lost by CORM-2/“i”CORM treatment but the leftover 
heme binding sites were unchanged as identified by 
Soret. To estimate the fraction of remaining heme sites, 
ΔOD of the Soret peak (414 nm for Hx and 404 nm for 
HSA) and isosbestic wavelength at the red part of the 
spectrum (where no contributions from the Soret band 
are available) was calculated. These calculations indi- 
cated that 62% of Hx and 37% of HSA still bound heme 

in presence of CORMs.  
That in comparison to Hx, albumin lost less of its 

heme binding capacity, despite weaker heme affinity, can 
be explained by CORMs hydrophobicity. CORMs ap- 
pears to be less available for the high affinity heme bind- 
ing site as it is mostly bound to the broad range of non 
specific sites of HSA, while in Hx it only competes for 
the single heme-site. 

Since CORMs are designed to be applicable for clini- 
cal use it should be noted that binding of CORM/ 
“i”CORM to Hx may prevent its vital physiological ac-
tiveties such as clearance of differentiating erythroid pro- 
genitors membrane from accumulated hemin [20]. In the 
case of albumin, the major blood protein which binds 
non specifically low molecular weight amphipathic drugs 
[21], administration of CORM might alter their pharma-
cokinetics. 

3.4. CORM-2 Effects on Cell Membranes  

The hydrophobic nature of CORM-2/“i”CORM binding 
implies possible general nonspecific association with 
hydrophobic surfaces of proteins as well as cell mem- 
branes. Thus we further analyzed CORM-2/“i”CORM 
effect on whole blood.  

CORM-2/“i”CORM (1000 µM) or DMSO alone as 
control were added to fresh whole blood samples (see 
methods). Representative results are demonstrated in 
Figure 4(a) micrographs. As can be seen, aggregates 
composed of few red cells were formed by addition of 
CORM-2/“i”CORM but were not observed in presence 
of DMSO alone. Previous literature reported red blood 
cells (RBC) aggregation in blood smears from patients 
that have received hydrophobic drugs [22]. Thus the ag- 
gregates formation in the presence of CORM-2/“i” 
CORM is consistent with their hydrophobic nature.  

To shed further light on the RBC membrane changes 
which might have caused aggregation, diluted isolated 
RBCs which yield the same CORM/Hb ratio as in the 
first section of the study were incubated with 1000 µM 
CORM-2. Large brown non-resuspendable clumps of 
precipitate immediately formed leaving no soluble free 
Hb in the buffer. Therefore we lowered the concentration 
of CORM-2 to 100 µM which resulted in time dependent 
hemolysis. Quantitation of the hemolysis was estimated 
by cell-free oxyHb concentration following 6 hours of 
incubation (as oxidation/denaturation developed later). 
The results are shown in Figure 4(b). As can be seen, 
DMSO alone produced 13% hemolysis while 100 µM of 
CORM-2 produced a significant increased hemolysis. 
These results could not be attributed to stabilizing the 
ferrous heme-iron by the CO liberated from the donor 
molecule [15]. The hemolysis can be explained by the 
hydrophobic nature of CORM-2 and all of its intermedi- 
ates during CO release, allowing their intercalation within 
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Figure 4. Effect of CORM-2/“i”CORM on red 
cell membranes. (a) CORM-2/“i”CORM induced 
red cells aggregation in whole blood. Upper: 
fresh blood + DMSO 0.5%; Middle: As upper 
plus CORM-2 (1000 µM); Lower: As upper 
plus “i”CORM (1000 µM per dimer). (2 µl of 
blood exposed to the reagent was mixed with 
1.5 ml PBS and placed in hemacytometer for 
microscopic observation.) (b) CORM-2 induced 
hemolysis in RBC suspension. Acellular oxyHb 
relative concentrations in buffer following RBC 
suspension incubation (t = 6 h) in presence of 
CORM-2 (100 µM) or DMSO alone (control) 
presented as a percent of maximal value reached 
by hypotonic hemolysis. Data from 2 donors 
and 3 repetitions in each. 

 
cell membrane and its deterioration, a general phenome- 
non of hydrophobic detergents.  

Finally, we have shown in the above study that 
CORM-2 provides non-specific, hydrophobic interac- 
tions with a variety of amphipathic surfaces. Such effects 
appear to be unrelated to CO activity. This observation 
indicates that during the gas release the intermediate 
states of hydrophobic complementary core molecules 
afford this activity, even though the final “i”CORM is 
less active.  

This phenomenon appears to cause a misconception in 
many studies that relate CORM activity solely to the 
released CO. For example, it was suggested that the mo- 
lecular basis of CORM-2 activity as procoagulant is 
based on CO binding to a fibrin associated heme [23], 
while the coagulant activity of fibrin depends on trans- 
formation of hydrophilic fibrinogen to the hydrophobic 
fibrin [24]. The above observations combined with those 
presented here, suggest that ruthenium-containing core 
molecules confer to CORM-2 its procoagulant proper- 
ties.  

It should be emphasized that the current study findings 
are not antagonistic to the pharmacological use of 
CORMs. In contrast, the outcome of the study suggests 
that both CO and the complementary part of CORM-2 
may be physiologically active. These two parts demon- 
strate completely different activities: CO interacts spe- 

cifically with divalent transition metals, while the core 
molecule acts via non-specific hydrophobic interactions. 
While the same CO gas is liberated from all types of 
CORMs and only the kinetics of its release is evaluated, 
the chemical nature of the complementary core mole- 
cules may by hydrophobic, amphipathic or charged and 
therefore, each should be studied for positive/negative 
side effects independently. 
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