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Abstract This paper reports the synthesis of a new bioac-
tive complex, 8-hydroxyquinolinato-bis-(salicylato) yttrium
(III) (HSAY), whose composition and structure were charac-
terized by elemental analysis, IR spectra, thermogravimetric
analysis, and X-ray diffraction. The power–time curves of the
compounds HSAY, C7H6O3, C9H7NO, and YCl3·6H2O on the
growth metabolism of Schizosaccharomyces pombe (S.
pombe) were determined at 32.00°C, respectively. The
corresponding thermokinetics parameters, which include the
microbial growth rate constant (κ), inhibition ratio (I), and half
inhibition concentration (IC50), were also derived. The results
showed that the generation time was 168.2 min, and all the
compounds HSAY, C7H6O3, C9H7NO, and YCl3·6H2O pos-
sessed good bioactivities on the growth metabolism of S.
pombe, with the values of IC50 being 0.055, 3.57, 0.057, and
1.35 mmol L−1, respectively. The inhibition ability of these
compounds above on the growth of the S. pombe has been
observed to decrease in the order HSAY>C9H7NO>
YCl3·6H2O>C7H6O3.

Keywords 8-Hydroxyquinolinato-bis-(salicylato) yttrium
(III) . Rare earth . S. pombe . Thermochemistry . Yttrium

Introduction

It is known that rare earth ions possess the properties of
antibacterial [1], antitumor [2], and antivirus [3–5] agents
when coordinated with organic small molecule ligands. Due
to their strong affinities for many biological molecules, rare
earth ions can effectively participate in many important life
processes and activate or inhibit a variety of enzymes or pro-
enzymes. For example, yttrium complexes exhibit some at-
tractive bioactivities that are cytotoxic [6, 7] and antiprolifer-
ative [8–11]. Interestingly, recent reports showed that salicylic
acid and its derivatives have potential anticancer [12, 13] and
antibacterial [14] activities. In addition, complexing ligands
such as 8-hydroxyquinoline and its derivatives were also
reported to have promising bioactivities, including anticancer
[15, 16], antibacterial [17, 18], antidyslipidemic and antiox-
idative properties [19], vasorelaxing properties [20], antivirus
[21, 22], and antiplatelet [23] activities. Accordingly, the
bioactivities of the product from the reaction of yttrium chlo-
ride hexahydrate with salicylic acid and 8-hydroxyquinoline
could be expected to be significantly stronger than those of the
yttrium ion, salicylic acid, and 8-hydroxyquinoline alone.

Biological microcalorimetry, providing a continuous mea-
surement of heat production, can be employed to directly
determine the biological activities of a living system. Heat flux
is an expression of overall metabolic flux, and the detection of
small changes in heat production to respond to toxic insult will
be a sensitive indicator of altered metabolism. Since micro-
calorimetry is a nondestructive method with high accuracy and
automaticity, it is now widely applied in biological research
[24] and pharmacological analysis [25].
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In this paper, we report the synthesis and characterization
of the new bioactive complex, 8-hydroxyquinolinato-bis-(sal-
icylato) yttrium (III) (HSAY). To further study the biological
effects of HSAY and to clarify its pharmacological mecha-
nisms, Schizosaccharomyces pombe (S. pombe) was used, as
it provides an ideal model for studies in cell morphogenesis
[26]. The interactions of HSAY with S. pombe were followed
bymeans of microcalorimetry. The heat output power curve of
metabolism of S. pombe was determined by a TAM Air
calorimeter [27]. In addition, we analyzed the relationship
between the concentration of HSAY and the growth of S.
pombe by the thermokinetics model.

Experimental

Materials and Instrument

The microcalorimetric study was performed on a 3116-2/
3239 TAM Air calorimeter (Thermometric AB, Sweden).
Cell incubation was carried out in a temperature oscillation
incubator (BS-1EA, China) and a carbon dioxide cell incu-
bator (WJ-160A-II, China). The FT-IR spectrum was mea-
sured on an Avatar 360 FT-IR spectrometer (Thermo Nicalet
Corporation, USA). Measurement of thermogravimetry
(TG) and differential scanning calorimetry (DSC) curves
was carried out on a NETZSCH STA449C thermal analysis
instrument (NETZSCH Corporation, Germany). An elemen-
tal analyzer (Perkin-Elmer 2400 CHN, USA) was used to
measure the C, H, and N contents of the complex. The
conductivity monitor (DDS-12A, Shanghai, China) was
used to measure the conductance of the complex. X-ray
diffraction patterns were recorded on a D8 Advance X-ray
diffractometer (Bruker Corporation, Germany).

S. pombe (ACCC 20047) was provided by Agricultural
Culture Collection of China. The Edinburgh minimal medium
(EMM) culture composition was K2HPO4 3 g, Na2HPO4

2.2 g, NH4Cl 5 g, and glucose 20 g; the yeast extract medium
composition was 20 mL and H2O 1,000 mL (natural pH).

The chemicals YCl3·6H2O(s) (>99%), C7H6O3(s)
(>99.5%), and C9H7NO(s) (>99.5%) were purchased from
Shanghai Reagent Company. YCl3·6H2O(s) was dried in a
desiccator containing sulfuric acid (60%) at room temperature.
C7H6O3(s) and C9H7NO(s) were dried in a vacuum desiccator
containing P4O10 until their mass remained constant.

Synthesis and Characterization of the Complex

Synthesis of the Complex

8-Hydroxyquinolinato-bis-(salicylato) yttrium (III) was pre-
pared according to the literature method [28]. A mass of
0.02 mol of powdered C7H6O3 (s) was dissolved in 40 cm3

of absolute ethyl alcohol (solution A). Sodium salicylate
solution (solution B) was formed when an aqueous solution
of 10% NaOH (0.02 mol NaOH) was added into the solution
A. A mass of 0.01 mol of powdered 8-hydroxyquinoline
was dissolved in 40 cm3 of absolute ethyl alcohol (solution
C). A mixture solution (solution D) was obtained when the
solution B was added into the solution C. A mass of
0.01 mol of powdered YCl3·6H2O was dissolved in
40 cm3 of anhydrous ethyl alcohol (solution E). Primrose
yellow crystals were separated out when the solution E was
added slowly into the solution D at 37.5°C after 3 h of
magnetic stirring. The reaction solution was left to settle
down at pH06.5 to 7.0 for 12 h. Finally, the primrose
yellow solid complex was obtained by vacuum filtration
and successively washed with distilled water, absolute ethyl
alcohol, and acetone several times. The product was put into
a vacuum desiccator at 85°C for 24 h and kept until the mass
of the crystals became constant.

Characterization of the Complex

The complex is obtained as a yellow solid. It is soluble in
dimethyl formamide (DMF) and dimethyl sulfoxide
(DMSO). A few of it can be dissolved in absolute ethyl
alcohol but it cannot be dissolved in water, acetone, aether,
and benzene. The molar conductance of the complex in
DMF is 4.1×10−4 S m2 mol−1, indicating that the complex
is a nonelectrolyte and exists as a neutral molecule in DMF.

The chemical composition of the synthetic complex was
determined by elemental analysis for C, H, and N, by the
EDTA titration for Y3+ [29], by mercury salt titration for
Cl−, and by TG-DSC curves for H2O. The elemental anal-
ysis data [observed/percent (calculated/percent)], C 54.59
(54.46), H 3.08 (3.18), N 2.77 (2.76), and Y 17.47(17.52),
showed that the composition of complex was (C7H5O3)2Y
(C9H6NO), and its purity was more than 99.8%.

Infrared spectra of the complex (C7H5O3)2Y(C9H6NO),
salicylic acid, and 8-hydroxyquinoline were obtained from
KBr pellets at room temperature using an IR spectropho-
tometer. There are five characteristic bands observed for the
salicylic acid: nCOOHOH (intramolecular hydrogen bond,

3,237 cm−1 s), nCOOHOH (intermolecular hydrogen bond,
2,857 cm−1 s), νO–H (COOH, 2,598 cm−1 s), νC–O (COOH,
1,663 cm−1 vs), and δO–H (phenol, 1,483 cm−1 s). All these
bands disappeared after the complex formation except the
band due to the angular deformation of the OH group. At the
same time, two new absorption bands due to the carboxylate
group nCOO

�
as (1,593 cm−1, s) and nCOO

�
s (1,389 cm−1, s),

appeared, indicating that the oxygen atoms of the carboxyl-
ate group were coordinated to the rare earth ion (Y3+). The
values of the splitting for the absorption bands of the
valency vibration nCOO

�
as and nCOO

�
s are all Δn nas � nsð Þ ¼
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204cm�1 . This Δν is equivalent to the Δν of sodium
salicylate. Accordingly, from these results, it can be con-
cluded that the carboxylate group was coordinated to the
rare earth ion through two oxygen atoms, as a symmetrical
bidentate ligand.

There are four characteristic absorption bands observed
for free 8-hydroxyquinoline: νO−H (3,102 cm−1), νC0O
(1,095 cm−1), νC0N (1,579 cm−1), and δO–H (1,224 cm−1).
Both of the two characteristic absorption bands νO−H

(3,102 cm−1) and δO–H (1,224 cm−1) disappeared after for-
mation of the coordinate complex; and meanwhile, νC0O
(1,095 cm−1) shifted towards higher frequency, increasing
by 9 to 11 cm−1, which may due to the rare earth ion (Y3+)
was coordination with ligands and form a Y–O bond in
which the electronegativity of rare earth ion is less than that
of hydrogen, while the electronegativity of oxygen is larger.
In addition, the original absorption band νC0N (1,579 cm−1)
shifted towards lower frequency, decreasing by 7 to
10 cm−1. From these results, we can conclude that the rare
earth ion (Y3+) was coordinated with the hydroxyl oxygen
atom and hetero-nitrogen atom in 8-hydroxyquinoline, as a
five-membered chelate ring. The chemical structure of the
complex is given in Fig. 1.

TG and DSC curves of (C7H5O3)2Y(C9H6NO) in the tem-
perature range of room temperature to 1,320°C at a heating rate
of 10°C min−1 in flowing N2 are shown in Fig. 2. The thermal
decomposition process of (C7H5O3)2Y(C9H6NO) can be divid-
ed into three stages. The first stage is from 389°C to 540°C. The
TG curve shows that the mass loss corresponding to this
temperature range is 25.89%, which roughly coincides with
the value of 26.84%, calculated for the loss of 1 mol of
(C9H6NO)

− from the complex. The second stage ranges from
621°C to 710°C with the mass loss of 33.36%, which corre-
sponds to the loss of 1 mol of (C7H5O3)

−. The theoretical mass
loss is 34.79%. The third stage degradation temperature is in the
range of 710°C to 992°C with the mass loss of 52.60%, which
corresponds to the loss of 1 mol of (C7H5O3)

−. The theoretical
mass loss is 53.35%. On the basis of experimental and

calculated results, the thermal decomposition of (C7H5O3)2Y
(C9H6NO) can be postulated as follows:

2 C7H5O3ð Þ2Y C9H6NOð Þ ����������!389 to 540ð Þ�C Y C8H5O3ð Þ½ �2O

����������!621 to 710ð Þ�C 2Y C7H5O3ð ÞO ����������!710 to 992ð Þ�C Y2O3:

X-ray diffraction measurement was performed on a D8
ADVANCE X-ray diffraction apparatus (Bruker Corpora-
tion, Germany) scanning from 5° to 80° using Cu Kα (l0
1.54187 Å) radiation. The tube voltage was 40 KV, tube
current was 40 mA, scanning speed was 0.5 s, and scanning
step was 0.02°. The details of the XRD analysis results are
shown in Fig. 3. According to the standard card (no. 33-
1954) in a spectral database, it was demonstrated that the
crystal type of (C7H5O3)2Y(C9H6NO) was similar to that
of C5H11NO2. The cell parameters were a05.426 nm,
b022.105 nm, and c05.277 nm.

O

O

O

O

OH HO
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Y

Fig. 1 Chemical structure of the complex

Fig. 2 TG-DSC curves of (C7H5O3)2Y(C9H6NO)
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Fig. 3 XRD curve of (C7H5O3)2Y(C9H6NO)
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Determination of Bioactivity of HSAY on S. pombe Cells
by Biocalorimetry

The microcalorimetric measurements were carried out on
a TAM air isothermal microcalorimeter at 32.00°C. Base-
lines were taken before each measurement and the calo-
rimeter was calibrated electrically. More details of the
performance and construction of the instrument are avail-
able in [27].

When the system had gained a stable baseline, 5 mL
EMM-sterilized culture medium was added into the steril-
ized sample ampoules. S. pombe was inoculated with an
initial density of 1×106 cells·mL−1. Samples of HSAY at
different concentrations were added to the cell suspension,
respectively. Power–time curves for all measurements were
performed at 32.00°C. All the microcalorimetric experi-
ments were repeated three times and the results were
identical.

Results and Discussion

Thermogenic Curves

The thermogenic curves for growth of S. pombe cells treated
by different concentrations of the compounds HSAY,
C7H6O3, C9H7NO, and YCl3·6H2O were determined by
using the ampoule method at 32.00°C, respectively. All
microcalorimetric experiments were repeated three times.
The results are illustrated in Fig. 4. From Fig. 4, we can
find that the thermogenic curves are similar to those of S.
pombe treated by different concentrations of HSAY. As
shown as in Fig. 4a, the metabolic process can be divided
into four phases: lag phase (AB), activity recovery phase
(BC), stationary phase (CD), and decline phase (DE).
Figure 4 obviously revealed that all the compounds HSAY,
C7H6O3, C9H7NO, and YCl3·6H2O possessed the bidirec-
tional biological effect and Hormesis effect. They stimulated
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Fig. 4 Metabolically thermo-
genic curves of S. pombe cells
affected by the complex and
ligands at 32.00°C. a Control; b
HSAY; c C7H6O3; d C9H7NO; e
YCl3·6H2O
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the growth of the S. pombe at low concentration, but
inhibited the growth of S. pombe at high concentration.

Thermokinetics

During the lag phase of Fig. 4, the power–time curves
obeyed the following equation:

lnPt ¼ lnP0 þ kt ð1Þ
where Pt was the heat output power of the S. pombe cell at
time t, and k was the growth rate constant of the S. pombe
cell at specified conditions, whose size represented growth
speed. Using this equation, the growth rate constant k could
be calculated and the results are shown in Table 1.

Plot of the growth rate constant (k) against concentration
(c) is shown in Fig. 5. It could be seen from Fig. 5 that the

growth rate constant (κ) of S. pombe slightly increased with
the increasing of the concentration of HSAY among the
range of 0.00 to 0.01 mmol L−1, while it decreased with
the increasing of the concentration of HSAY among the
range of 0.01 to 0.10 mmol L−1, which showed the HSAY
possessed the bidirectional biological effect and Hormesis
effect that was HSAY stimulated the growth of S. pombe at
low concentration, but inhibited the growth of S. pombe at
high concentration. The relationship between κ and cHSAY
could be described as:

k ¼ 0:00679� 1:16

� 10�4= 4 c� 0:09463ð Þ2 þ 0:141852
� �

� 0:01mmol L�1 � cHSAY � 0:10mmol L�1
� �

: ð2Þ

Table 1 Thermokinetics param-
eters of the growth of S. pombe
affected by HSAY, YCl3·6H2O,
C7H6O3, and C9H7NO at differ-
ent concentrations at 32.00°C

c concentration, k growth rate
constant of S. pombe, I inhibitive
ratio, IC50 half inhibition con-
centration, Qtotal total thermal
effect
aMean±SD; n03

Inhibitors C/mmol L−1 k/min−1 I/% IC50/mmol L−1 Qtotal/J

Control HSAY 0.00 4.12×10−3±5.0×10−5a 0.00 84.61

0.01 4.19×10−3±5.3×10−5 −1.70 85.92

0.02 4.15×10−3±4.5×10−5 −0.73 85.92

0.03 3.85×10−3±5.5×10−5 6.55 84.91

0.04 3.30×10−3±5.6×10−5 19.90 84.09

0.05 2.25×10−3±6.5×10−5 45.39 0.055 81.85

0.08 1.35×10−3±5.6×10−5 67.23 16.20

0.10 9.75×10−4±6.7×10−5 76.33 5.20

Control C7H6O3 0.00 4.12×10−3±1.5×10−5 0.00 85.67

0.64 4.30×10−3±1.6×10−5 −4.37 83.90

1.28 4.22×10−3±1.5×10−5 −2.43 85.90

1.92 4.15×10−3±1.5×10−5 −0.73 85.21

2.24 3.72×10−3±1.1×10−5 9.71 73.31

2.56 3.37×10−3±1.6×10−5 18.20 70.78

2.88 2.90×10−3±1.8×10−5 29.61 70.47

3.68 1.94×10−3±2.0×10−5 52.91 3.57 44.89

Control C9H7NO 0.00 4.13×10−3±5.8×10−5 0.00 83.73

0.02 4.14×10−3±5.5×10−5 −0.24 82.71

0.04 3.29×10−3±5.6×10−5 20.34 83.44

0.052 2.37×10−3±6.6×10−5 42.62 0.057 80.32

0.06 1.65×10−3±6.4×10−5 60.05 67.91

0.072 1.40×10−3±5.2×10−5 66.10 34.39

0.08 1.15×10−3±6.2×10−5 72.15 21.91

0.10 6.95×10−4±7.2×10−5 83.17 8.39

Control YCl3·6H2O 0.00 4.12×10−3±4.5×10−5 0.00 82.26

0.16 4.33×10−3±6.0×10−5 −4.85 83.31

0.32 4.41×10−3±6.0×10−5 −7.04 80.38

0.64 4.22×10−3±6.5×10−5 −2.43 60.03

0.96 3.90×10−3±5.6×10−5 5.34 55.09

1.28 2.34×10−3±7.2×10−5 43.20 1.35 31.75

1.60 8.50×10−4±7.6×10−5 79.37 5.41

1.84 0 100 0
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The correlation coefficient R was 0.9862. Thus, the
growth rate constant (k) in the range of the above applied
amount of HSAY on S. pombe could be clearly inferred
through the application of Eq. 2.

The generation time can be calculated as: tG ¼ ln 2=k ¼
168:2min .

The inhibition ratio of the growth metabolism of S.
pombe cells by drug was defined as following:

I ¼ k0 � kcð Þ
k0

� 100% ð3Þ

where k0 was the control rate constant (without any drug
inhibition) of S. pombe and kc was the growth rate constant
of S. pombe under an inhibitor with a concentration of c.
The values of (I) are shown in Table 1. When the inhibition
ratio was 50%, the drug concentration was the half inhibi-
tion concentration (IC50).

By plotting the inhibition ratio (I) against concentration
(c), Fig. 6 was obtained. It could be seen that the inhibition

ratio (I) was gradually increased with the increasing of
concentration (c) of HSAY, which indicated that the growth
of S. pombe was significantly inhibited. Using the Lorentz
curve fitting the data of the inhibition ratio (I) of S. pombe
with concentration (c) of HSAY, the curve equation was
obtained:

I ¼ �36:667

þ 1:4166= 4 c� 0:09322ð Þ2 þ 0:111762
� �

� 0:01mmol L�1 � cHSAY � 0:10mmol L�1
� �

: ð4Þ
The correlation coefficient R was 0.9813. Thus, the inhi-

bition ratio in the range of the above applied amount of
HSAY on S. pombe could be clearly inferred through the
application of Eq. 4. The half inhibition concentrations
(IC50) of HSAY, C7H6O3, C9H7NO, and YCl3·6H2O were
found to be 0.055, 3.57, 0.057, and 1.35 mmol L−1, respec-
tively. The inhibition ability of these compounds above on
the growth of the S. pombe has been observed to decrease in
the order TSAS>C9H7NO>YCl3·6H2O>C7H6O3. The inhib-
itory action of the complex HSAY was greatly stronger than
that of the two ligands (C7H6O3 and C9H7NO) and
YCl3·6H2O alone. From the above-mentioned results, a
conclusion can be reached that the compound HSAY could
be a good inhibitor on the bacteria and the tumor cells.

Thermodynamics

The total thermal effect (Qtotal) value can be calculated by
the area under the power–time curves and shown in Table 1.
Where the heat output has been observed to remain almost
the same and the mean value can be obtained.

The curve in Fig. 7 shows the plotting of the total thermal
effect (Qtotal) of S. pombe growth against concentration (c).
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Fig. 5 Rate constant of growth k of S. pombe with different concen-
trations of HSAY
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By using the Gauss curve fitting the data of the total thermal
effect (Qtotal) of S. pombe growth with concentration of
HSAY (c), the curve equation was obtained:

Qtotal ¼ 85:268� 89:91� exp �2� c� 0:09203ð Þ=0:03311ð Þ2

ð0:01mmol L�1 � cHSAY � 0:10mmol L�1Þ ð5Þ

The correlation coefficient R was 0.9999. Thus, the total
thermal effect in the range of the above applied amount of
HSAY on S.pombe could be clearly inferred through the
application of Eq. 5. From Fig. 7, it could be seen that under
low concentration of HSAY, the total thermal effect (Qtotal)
of S. pombe growth augmented with the increasing of the
concentration of HSAY, which indicated that HSAY rather-
ish stimulated the growth of S. pombe cell; while under high
concentration, the total thermal effect (Qtotal) of S. pombe
growth decreased with increasing of the concentration of
HSAY, which indicated that HSAY significantly inhibited
the growth of S. pombe cell.

Conclusions

In this work, a new bioactive complex, 8-hydroxyquinolinato-
bis-(salicylato) yttrium (III) (HSAY), was synthesized and
characterized. The experimental results indicated that HSAY
possessed the bidirectional biological effect and Hormesis
effect. HSAY stimulated the growth of the S. pombe at low
concentration, but inhibited the growth of the S. pombe at high
concentration. The half inhibition concentrations (IC50) of
HSAY, C7H6O3, C9H7NO, and YCl3·6H2O were found to be
0.055, 3.57, 0.057, and 1.35 mmol L−1, respectively. The
inhibition ability of these compounds on the growth of the S.
pombe has been observed to decrease in the order
HSAY>C9H7NO>YCl3·6H2O>C7H6O3.

The present study demonstrates that microcalorimetry is a
valuable tool for studies of S. pombe because it could provide
important thermokinetics and thermodynamic information
that cannot be obtained from conventional biological techni-
ques. In conclusion, the present work provides new insights
for the biothermochemical studies of HSAYon S. pombe and
has theoretical and practical significance for the life science.
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