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Effects of Two Curcuminoids on Candida albicans
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Abstract:  Objective To investigate and compare the action of curcuminoids on the causal pathogens of Candida albicans
growth. Methods The effects of curcumin (CUR) and demethoxycurcumin (DMC) on C. albicans growth were
first investigated and compared by microcalorimetry coupled with multiple analytical methods. The quantitative
thermo-kinetic parameters obtained from these curves were analyzed to show difference of the actions. Results By
analyzing the main parameters screened from principal component analysis together with 50% inhibiting
concentration values, it was demonstrated that both CUR and DMC showed good antifungal activities and CUR was
stronger. It was further concluded from structure-activity relationship that the existence of methoxy group might
enhance lipophilicity of the mother nucleus, which made it easier for the molecular to enter into the cell membrane
of fungi to inhibit its growth. Conclusion This study provides a new method for screening new antifungal agents
with high efficacy and low toxicity. Meanwhile, it contributes to the application of curcuminoids as food additive,
colorant, and drug. Microcalorimetry is real-time, online, and dynamic, and it could be used to characterize the

subtle difference among the effects of synthetic and natural products on the vital process of fungi.
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Introduction

In recent years, there has been an increasing threat
to life caused by fungous infection, and fungi have
emerged as the fourth most-common pathogens isolated
in nosocomial bloodstream infections, nearly 40% of
which prove fatal (Morrell, Fraser, and Kollef, 2005;
Eckmanns, Ruden, and Gastmeier, 2006). Candidiasis
is known as the most common invasive fungal infection
in critically ill non-neutropenic patients (Eggimann,
Garbino, and Pittet, 2003). Among the various species,
Candida albicans (Robin) Berkh. is the most causative
associated with serious infection,

agent fungal

accounting for more than 90% of cases (Douglas, 2003).

C. albicans could cause galactic damage to people’s

health because of its disoperation to skin, mucosa, and

internal organs (Zhao et al, 2010; Kong et al, 2011).
But the management of candidiasis faces a number of
problems including limited number of -effective
antifungal agents, toxicity of the available antifungal
agents, resistance of candidiasis to commonly used
antifungal agents, relapse of candidiasis infections, and
the high cost of antifungal drugs (Mustafa et al, 1999;
Klepser, 2001; Khan, Chandy, and Metwali, 2003;
Runyoro et al, 2006). Therefore, it is necessary to
screen for new antifungal agents with high efficacy and
low toxicity.

Curcuminoids are isolated from many species of
plants, which are widely favored by virtue of their
special taste (Eigner and Scholz, 1999). Meanwhile,

curcuminoids have been used for a long time as food
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additives and colorant in India, China, and Southeast
Asia by means of its brilliant yellow color, purely
natural, and pollution-free quality. Nowadays,
curcuminoids are widely concerned in pharmaceutical
science, and a series of drugs have been developed
possessing a broad spectrum of biological actions e.g.
antibacterial (Mahady et al, 2002; Han and Yang, 2005),
antifungal (Banerjee and Nigam, 1978), anti-oxidative
(Kunchandy and Rao, 1990; Cohly et al, 1998; Di et al,
2010), and anticarcinogenic activities (Aggarwal,
Kumar, and Bharti, 2003; Chattopadhyay et al, 2004).
More importantly, it has been proved that curcuminoids
are well tolerated at a very high dose without any toxic
effects (Chainani-Wu, 2003; Anand et al, 2007; Goe,
Kunnumakkara, and Aggarwal, 2008).

Despite the widely concerned antifungal effects of
curcuminoids, little attention has been paid to their
structure-activity relationship (Zhang et al, 2008) or
mechanisms (Salunke et al, 2004). In this study, we
curcumin (CUR)
(DMC), two main constituents in curcuminoids (Ruby
et al, 1995), to investigate their effects on C. albicans
growth. The results will not only give us the
information about the effects of CUR and DMC, but

also provide evidence for the study on structure-

chose and demethoxycurcumin

activity relationship. However, this work will be hard to
process unless an appropriate method is applied,
providing as much information as possible.

methods, such as disc-diffusion
(Huang et al, 2009), broth macrodilution (Hazra et al,
2004; Chen et al, 2006), agar dilution (Mohamed et al,
2005), and cup-plate methods (Zhou, Pan, and Li,

2009), are all invasive so that they require sampling of

Traditional

the microbiological sample at specific time points and
likelihood of

cross-resistance arises soon after the antibacterial drugs

bacterial resistance, even a high
are widely used in the community (Coates et al, 2002).
For this reason, it is of great significance to find a more
precise and suitable approach. Microcalorimetry, a
non-destructive technique, has long been used to study
antimicrobial activities of drugs and other materials
(Phipps and Mackin, 2000; Wads6, 2002; Wang et al,
2010). It permits the online test of bioactivity screening
and could offer a lot of important information about the
process of microbial cell growth, which could not be

obtained by other techniques.

Therefore, in this study, microcalorimetric
technique was applied to investigating the effects of
CUR and DMC on C. albicans growth. By analyzing
the heat-flow power (HFP)-time curves of C. albicans
growth in the presence of CUR and DMC and
processing the quantitative thermo-kinetic parameters
obtained from the growth curves with multiple
analytical methods, the antifungal effects of CUR and
DMC on C. albicans growth were characterized and
compared. Furthermore, the possible structure-activity
relationship of curcuminoids was discussed. This study
provided a simple, fast, and sensitive method for the
investigation of antifungal activity of curcuminoids and
other materials. The results of this study would be
valuable for the application of curcuminoids as a healthy

food additive, colorant, and drug in our daily lives.

Materials and methods

Fungal strains and culture conditions

Strain C. albicans (CCTCC AB64550) was
provided by China Center for Type Culture Collection,
Wuhan University (China). The broth culture medium
(pH 7.0—7.2, 1000 mL) contained peptone (10 g), beef
extract (6 g), and NaCl (5 g). The volume of the
container was 100 mL, and the volume of the culture
medium was 25 mL. The culture medium was sterilized
in high pressure steam at 121 C for 30 min. C.
albicans was inoculated in conical flask with 25 mL
broth culture medium by order, and then incubated in
the shaker for 8 h at 37 ‘C. The rotation speed of
incubator shaker was 120 r/min. The conical flask was
enveloped with a cotton plug, so that there was enough
oxygen.

C. albicans was grown in the Luria-Bertani (LB)
culture medium (pH 7.0—7.2, 1000 mL) prepared from
peptone (10 g), yeast extract (5 g), and NaCl (5 g). The
medium was sterilized by autoclaving at 121 ‘C for 30
min, and stored in a refrigerator at 4 C.

Chemicals

CUR and DMC were purchased from Beijing
Yasser Co., Ltd. (China). The purity of them was
determined to be over 95% by UPLC analysis. And
their structures were given in Fig. 1. Dimethyl sulfoxide
(DMSO) was chosen as a solvent for preparing the
original solution of the two compounds. All the other

chemicals were of analytical grade.
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Fig.1 Chemical structures of CUR and DMC

Microcalorimetric studies

The experiments were performed at 37 ‘C using
TAM 1II isothermal microcalorimeter (Thermometric
AB, Sweden) with ampoule method. C. albicans was
inoculated in 100 mL LB medium, initially with the
density of 1 x 10° colony forming units (CFU)/mL. C.
albicans suspension (2 mL) was added into each
sterilized 4 mL glass ampoule. CUR and DMC were
diluted in order in 2 mL DMSO, then the solution at
different concentration was introduced into this

suspension. Eventually, each ampoule containing
different concentration of CUR, DMC, and C. albicans
suspension was sealed up and put into the equilibrium
position of the calorimeter block. After about 15 min
(the ampoules reached equilibrium in the air), the
ampoules were lowered into the measuring position of
the calorimeter block. After another 45 min (the
temperature of the ampoules reached 37 °C), the
HFP-time curves were recorded until the recorder
returned to the baseline. All data were continuously
collected using the dedicated software package
(PicoLog TC-80, TA Corporation, USA).

Similarity analysis (SA)

The SA for HPLC fingerprints of traditional
Chinese medicine from different sources was carried
out (Chen et al, 2008). The thermogenic curves of C.
albicans growth affected by different concentration of
CUR and DMC were investigated by their similarities,
so as to intuitively and quickly find the influence of the
compounds on the fungal growth. In this study, the
correlation coefficients of similarity among the
thermogenic curves of C. albicans growth with and
without CUR and DMC were calculated using the

cosine method.

Results
Choosing the appropriate solvent concentration
In this study, CUR and DMC were firstly
dissolved in DMSO, and then diluted with the LB

culture. Different DMSO concentration in the solvent
was investigated, i.e., 0.1%, 0.2%, 0.3%, 0.4%, and
0.5%. When the concentration of DMSO exceeded
0.3%, DMSO could be well distributed in the final
solution. Meanwhile, we investigated the effect of
DMSO at different concentration on C. albicans growth
to eliminate the influence of the solvent. The results
showed that with the increase of the DMSO
concentration, 0.3%, from the
HFP-time curves, all the peak height and the

appearance time of second peak declined gradually.

especially above

While the concentration was less than 0.3%, the

influence could be neglected. By duplicated
experiments and comparison between CUR and DMC,
the DMSO concentration was defined within 0.3%
during the experiments.

HFP-time curves of C. albicans growth

The growth thermogenic curves of C. albicans at
37 C in the absence of any substance were shown in
Fig. 2. The HFP-time curves show the total metabolism
profile of C. albicans, and each could be divided into
two stages (stages 1 and 2) and the following five
phases, i.e., lag phase (A—B), the first exponential
growth phase (B—C), transition phase (C—D), the
second exponential growth phase (D—E), and decline

phase (E—F).
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Fig. 2 HFP-time curves of C. albicans without any

substance

Similarly, the HFP-time curves of C. albicans
growth in the presence of different concentration of
CUR and DMC were recorded and the corresponding
curves were shown in Fig. 3. The concentration of CUR
or DMC of a—f in this profile was increasing by orders,
and the concrete concentration for all the experiments
was shown in Table 1. We could easily conclude from

Fig. 3 that the shapes of the HFP-time curves changed
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regularly along with the increase of the concentration of
CUR or DMC. As for Fig. 3A, small changes of the
curves shapes could be delineated when added into low
concentration of CUR, while visible changes could be
observed with high concentration of CUR.
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Fig. 3 HFP-time curves of C. albicans growth at 37 °C in
presence of different concentration of CUR (A) and DMC (B)

Quantitative thermo-kinetic parameters for C.
albicans growth

The HFP-time curve of C. albicans growth could be
delineated with the following equation (Xie et al, 1988):
P.= Py exp(kt) or InP; = In P, + kt, where P, and P,
represented the HFP at time 0 and t (min), respectively.
Using this equation, the growth rate constants (k; and k)
of the first and second exponential phases for C. albicans
growth at 37 C in the absence of any substance were
calculated by analyzing the data of the first and second
highest peaks. In order to test the reliability of the
microcalorimetry, we repeated the experiments for eight
times for the bacteria in the absence of any substance and
Afterwards, the
quantitative thermo-kinetic parameters, such as the HFP
of the first and the second highest peaks (P; and P,), the
appearance time of the first and second highest peaks (t,
and t,), the heat output in stages 1 and 2 (Qg, and Qg2),
and the total heat output (Q,), were obtained from the
HFP-time curves of C. albicans growth affected by
different concentration of CUR and DMC (Table 1).

SA

The similarities among the HFP-time curves of C.

obtained good reproducibility.

albicans growth with and without different concen-
tration of CUR or DMC were calculated on the
correlative coefficient of original data in Table 1 with

cosine method using software of Microsoft Excel 2003.

Table 1 Quantitative thermo-kinetic parameters for C. albicans growth at 37 °C affected by CUR and DMC

Groups c/ Kk / R? t/ P,/ ky/ R? ty/ P,/ Qsta1/  Quaz/  Q/J
(ugmL™h min”! min mW min™' min mW J J

control 0 0.01401 0.9995 2684 02897 0.00471 0.9966 5953 04586 2.21 9.02 11.23

CUR 20 0.01394 0.9986 270.8 0.2879 0.00469 0.9956 580.0 0.4353 2.28 8.90 11.18

60 0.01389 0.9938 2564 03068 0.00401 0.9983 508.6 03724 2.18 8.79 10.97

70 0.01385 0.9922 2623 03062 0.00375 0.9940 521.6 03235 235 8.78 11.13

100 0.01397 0.9991 267.7 03098 0.00282 09930 473.7 02725 2.29 8.89 11.18

120 0.01388 0.9979 2758 0.2792 0.00243 0.9980 5109 0.2198 2.29 8.87 11.16

200 0.01399 0.9919 2741 0.3255 0.001 18 0.9959 5969 0.1419 2.30 8.92 11.22

DMC 40 0.01407 09974 2672 0.2838 0.00432 0.9981 597.1 04169 2.20 9.01 11.21

60 0.01424 09997 268.2 0.2896 0.004 14 0.9962 592.8 0.4037 2.22 8.92 11.14

80 0.01415 0.9998 2714 0.2933 0.00357 0.9956 593.8 0.3577 2.26 891 11.17

100 0.01398 0.9983 2727 0.2909 0.00344 0.9938 599.5 0.3473 2.29 8.85 11.14

300 0.01441 0.9994 266.0 0.3045 0.00201 0.9963 5923 0.2384 2.28 8.95 11.23

400 0.01450 0.9988 2723 0.2932  0.001 60 0.9939 595.6 0.2103 2.26 8.96 11.22
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The thermogenic curves which showed the growth of C.
albicans in the absence of any substance were regarded
as the reference, and the thermogenic curves in the
presence of different concentration of CUR and DMC
them. The

corresponding data set of similarity is shown in Fig. 4.

were compared accordingly  with
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Fig. 4 Delineation of similarities of thermogenic curves

It could be illustrated from Fig. 4 that CUR and

DMC of different concentration had varied effects on C.

albicans growth. The decrease of the correlation
coefficient also illustrated that the antifungal effects
were enhanced with increasing the concentration of
CUR and DMC, and we could roughly conclude from
Fig. 4 that the antifungal activity of CUR on C.
albicans was stronger than that of DMC. However, by
analyzing the multivariate variables in Table 1, we
might notice that the nine parameters have different
change trends (increasing and decreasing) with the
increase of concentration of CUR and DMC, making it
difficult to accurately compare the antifungal effects of
CUR and DMC. So, it was necessary to extract the
main parameter(s) that played the most important role
in evaluating the antifungal effect.

Evaluation of the antifungal activity

Returning to the two main parameters k, and P, in
Table 1, no significant or major differences were
observed between them. For this reason, the box plot in
Fig. 5 of k, and P, for CUR and DMC provided some
help. This plot markedly showed the distribution of the
k, and P, data for CUR and DMC. It could be
perspicuously seen that the minimum and maximum
values, the median, 25% and 75% quartile values of k,
and P, for DMC were larger than those of CUR,
indicating that the antifungal effect of CUR was
stronger than that of DMC.
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Fig. 5 Box plot of k, and P, for CUR and DMC
This plot was made using software of Origin 8.0, demonstrating the
minimum and maximum values, the median, 25% and 75% quartile

values and the range

The inhibitory ratios (1) of CUR and DMC on C.
albicans were obtained from k,, which could describe
the change tendency of the antifungal efficacy among
different concentration of CUR and DMC. Finally, the
50% inhibitory concentration (ICsy) of CUR and DMC
was calculated and valued as 134.2 and 274.5 pg/mL,
respectively. Good linear correlation between k,, P, |,

and the concentration was obtained (Fig. 6).

Discussion

The results of this study were consistent with the
research on the anti-oxidative effect of curcuminoids,
sharing the same active group (Unnikrishnan and Rao,
1995; Song et al, 2001). Although the types of
curcuminoids concerned in this study were limited or
complete information on structure-activity relationship
could not be obtained, this study provided a brand new
method for evaluating the antifungal effect of drugs. In
addition, this method was online and accurate, which
could characterize minor variations of the antifungal
activity among different drugs. Furthermore, it could
profit the development of antifungal agents which are
more effective and safer by means of structural
modification.

The shapes, chemical components, and physio-
logical nature of different individuals of bacteria in
exponential phases were all coincident. In exponential
phases, the metabolism of bacteria is productive, the
growth of bacteria is fast, and the reproductive cycle is
stationary, which makes the bacteria good materials in
these phases for the investigation of analytic

metabolism of microbes.
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Fig. 6 Relationship between k,, P,, 1,, and the concentration of CUR and DMC

Moreover, the shape, color, and bioactivity of
bacteria are typical and sensitive to the effect of
environmental factor, so that these stages of bacteria are
the best object for the research of bacterial characters.
Therefore, in this study, the atlas and data within the
exponential stages were mainly analyzed (Brunner et al,
2008).

The growth and metabolism of fungi were
observed by microcalorimetry, which was real-time,
online, and dynamic. This method could be used to
characterize the heat production during the vital process
of fungi, including stagnation, exponential growth, and
death (all the nutrient substances were consumed)
(Huang et al, 2009; Kong et al, 2009; Zhou, Pan, and
Li, 2009). By analyzing different growth stages of the
HFP-time curves and extracting and comparing the
characteristic parameters, the condition of the fungi
could be obtained (Bansal, Singh, and Garg, 2009).
When fungi were exposed to drugs, their HFP-time
curves would change, which could reflect the influence
of drugs on the growth of fungi.

Not only could HFP-time curves offer the
information of anti-bacterial/fungal activity, but also
provide the toxicity and safety information of drugs
(Kong et al, 2010). For instance, the category and
amount of microbes throughout the manufacture and
utilization of food and injection were rigorously
handled. Microcalorimetry, with the specificity of
fingerprint, was able to provide a specific HFP-time

curve for each category of microbes. In addition,

bio-thermal has a high sensitivity (the accuracy of the
temperature of TAMIII could reach 0.0001 °C, and the
accuracy of the heat power could reach 10 W) (Yao et
al, 2007), which is suitable to be applied in the control
of the microbes in food and drug. It was further
estimated that this method was superior in the sterility
test of injections.

food

colorant, and drug, will win approval if tested to be

Curcuminoids, as additives, industrial
with broad-spectrum antifungal effects. For example,
food additives that comprise curcuminoids could be
stored longer; Cloths that dyed with curcuminoids will
defend the infection caused by fungal; Patients who
have curcuminoids food during the curing process will
reduce the danger of fungous infection. Curcuminoids
have a wide safety margin, while no toxicity or adverse
reaction has ever been reported even when giving a
large dose of curcuminoids in the clinic (Anand et al,
2007; Goe, Kunnumakkara, and Aggarwal, 2008).
Given the broad-spectrum antifungal activity, we
reasoned that curcuminoids could be a great ingredient

for the development of new antifungal drugs.

Conclusion

The antifungal effects of curcuminoids were first
investigated in this study, and the antifungal effect of
CUR was stronger than that of DMC. We have inferred
from the structure-activity relationship that 3-methoxy

group,
curcuminoids, might increase the lipophilicity of

which enhanced the antifungal effect of
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curcuminoids and make it easier for drugs to enter into
cells of fungi. This study could provide an online and
sensitive method for screening new antifungal agents
with high efficacy and low toxicity. Meanwhile, this
work contribute to the application of curcuminoids as
food additive, colorant, and drug.

References

Aggarwal BB, Kumar A, Bharti AC, 2003. Anticancer potential of
curcumin: Preclinical and clinical studies. Anticancer Res 23:
363-398.

Anand P, Kunnumakkara AB, Newman RA, Aggarwal BB, 2007.
Bioavailability of curcumin: Problems and promises. Mol Pharm
4:807-818.

Banerjee A, Nigam SS, 1978. Antimicrobial efficacy of the essential
oil of Curcuma longa. Indian J Med Res 68: 864-866.

Bansal M, Singh D, Garg VK, 2009. A comparative study for the
removal of hexavalent chromium from aqueous solution by
agriculture wastes carbons. J Hazard Mater 171: 83-92.

Brunner B, Yu JY, Mielke RE, MacAskill JA, Madzunkov S,
McGenity TJ, Coleman M, 2008. Different isotope and chemical
patterns of pyrite oxidation related to lag and exponential growth
phases of Acidithiobacillus ferrooxidans reveal a microbial
growth strategy. Earth Planet Sci Lett 270: 63-72.

Chainani-Wu N, 2003. Safety and anti-inflammatory activity of
curcumin: A component of turmeric (Curcuma longa). J Altern
Complem Med 9(1): 161-168.

Chattopadhyay 1, Biswas K, Bandyopadhyay U, Banerjee RK, 2004.
Turmeric and curcumin: Biological actions and medicinal
applications. Curr Sci India 87: 44-50.

Chen WH, Shao XB, Robert M, Christine W, Regen SL, 2006. A
bioconjugate approach toward squalamine mimics: Insight into
the mechanism of biological action. Bioconjug Chem 17:
1582-1591.

Chen Y, Zhu SB, Xie MY, Nie SP, Liu W, Li C, Gong XF, Wang YX,
2008. Quality control and original discrimination of Ganoderma
lucidum based on high-performance liquid chromatographic
fingerprints and combined chemometrics methods. Anal Chim
Acta 623: 146-156.

Coates A, Hu Y, Bax R, Page C, 2002. The future challenges facing
the development of new antimicrobial drugs. Nat Rev Drug
Discov 1: 895-910.

Cohly HHP, Taylor A, Angel MF, Salahudeen AK, 1998. Effect of
turmeric, turmerin and curcumin on H,O»-induced renal epithelial
(LLC-PK1) cell injury. Free Radic Biol Med 24: 49-54.

Di LQ, Gu ZL, Zhao XD, Qian PG, Jiang XG, Jiang XG, Guo CY,
2010. Advances in studies on anti-oxidant and anti-inflammation
of curcumin. Chin Tradit Herb Drugs 41(5): al8-a21.

Douglas LJ, 2003. Candida biofilms and their role in infection.
Trends Microbiol 11: 30-36.

Eckmanns T, Ruden H, Gastmeier P, 2006. The influence of
high-efficiency particulate air filtration on mortality and fungal
infection among highly immunosuppressed patients: A systematic
review. J Infect Dis 193: 1408-1418.

Eggimann P, Garbino J, Pittet D, 2003. Management of Candida
species infections in critically ill patients. Lancet Infect Dis 3:

772-785.

Eigner D, Scholz D, 1999. Ferula asa-foetida and Curcuma longa in
traditional medicinal treatment and diet in Nepal. J
Ethnopharmacol 67: 1-6.

Goe A, Kunnumakkara AB, Aggarwal BB, 2008. Curcumin as
“Curecumin”: From kitchen to clinic. Biochem Pharmacol 75:
787-809.

Han S, Yang Y, 2005. Antimicrobial activity of wool fabric treated
with curcumin. Dyes Pigments 64: 157-161.

Hazra BG, Pore VS, Dey SK, Datta S, Darokar MP, Saikia D,
Khanuja SPS, Thakur AP, 2004. Bile acid amides derived from
chiral amino alcohols: Novel antimicrobials and antifungals.
Bioorg Med Chem Lett 14: 773-777.

Huang LL, Sun YH, Zhu H, Zhang YQ, Xu J, Shen YM, 2009.
Synthesis and antimicrobial evaluation of bile acid tridentate
conjugates. Steroids 74: 701-706.

Khan ZU, Chandy R, Metwali KE, 2003. Candida albicans strain
carriage in patients and nursing staff of an intensive care unit: A
study of morphotypes and resistotypes. Mycoses 46: 476-486.

Klepser ME, 2001. Antifungal resistance among Candida species.
Pharmacotherapy 21: 124S-132S.

Kong WJ, Jin C, Xiao XH, Zhao YL, Li ZL, Zhang P, Liu W, Li XF,
2010. Comparative study of effects of two bile acid derivatives on
Staphylococcus aureus by multiple analytical methods. J Hazard
Mater 179: 742-747.

Kong WJ, Wang JB, Jin C, Zhao YL, Dai CM, Xiao XH, Li ZL, 2009.
Effect of emodin on Candida albicans growth investigated by
microcalorimetry combined with chemometric analysis. Appl
Microbiol Biotechnol 83: 1183-1190.

Kong WJ, Wang JB, Xing XY, Xiao XH, Zhao YL, Zang QC, Zhang
P, Jin C, Li ZL, Liu W, 2011. Antifungal evaluation of cholic acid
and its derivatives on Candida albicans by microcalorimetry and
chemometrics. Anal Chim Acta 689: 250-256.

Kunchandy E, Rao MNA, 1990. Oxygen radical scavenging activity
of curcumin. Int J Pharm 58: 237-240.

Mahady GB, Pendland SL, Yun G, Lu ZZ, 2002. Turmeric (Curcuma
longa) and curcumin inhibit the growth of Helicobacter pylori, a
group 1 carcinogen. Anticancer Res 22: 4179-4181.

Mohamed NR, Elmegeed GA, Abd-ElMalek HA, Younis M, 2005.
Synthesis of biologically active steroid derivatives by the utility
of Lawesson’s reagent. Steroids 70: 131-136.

Morrell M, Fraser VJ, Kollef MH, 2005. Delaying the empiric
treatment of Candida bloodstream infection until positive blood
culture results are obtained: A potential risk factor for hospital
mortality. Antimicrob Agents Chemother 49: 3640-3645.

Mustafa NK, Tanira MOM, Dar FK, Nsanze H, 1999. Antimicrobial
activity of Acacia nilotica subspp. nilotica fruit extracts. Pharm
Pharmacol Comm 5: 583-586.

Phipps MA, Mackin LA, 2000. Application of isothermal
microcalorimetry in solid state drug development. Pharm Sci
Technol Today 3: 9-17.

Ruby AJ, Kuttan G, Dinesh Babu K, Rajasekharan KN, Kuttan R,
1995. Antitumor and anti-oxidant activity of natural curcuminoids.
Cancer Lett 94: 79-83.

Runyoro DKB, Matee MIN, Ngassapa OD, Joseph CC, Mbwambo
ZH, 2006. Screening of Tanzanian medicinal plants for
anti-Candida activity. BMC Complement Altern Med 30: 6-11.



212 Zhang D et al. Chinese Herbal Medicines, 2012, 4(3): 205-212

Salunke DB, Hazra BG, Pore VS, Bhat MK, Nahar PB, Deshpande
MV, 2004. New steroidal dimers with antifungal and
antiproliferative activity. J Med Chem 47: 1591-1594.

Song EK, Cho H, Kim JS, Kim NY, An NH, Kim JA, Lee SH, Kim
YC, 2001. Diarylheptanoids with free radical scavenging and
hepato protective activity in vitro from Curcuma longa. Planta
Med 67: 876-877.

Unnikrishnan MK, Rao MN, 1995. Inhibition of nitric-induced
oxidation of hemoglobin by curcuminoids. Pharmazie 50: 490-492.

Wadso 1, 2002. Isothermal microcalorimetry in applied biology.
Thermochim Acta 394: 305-311.

Wang F, Yao J, Chen H, Chen K, Trebse P, Zaray G, 2010.
Comparative toxicity of chlorpyrifos and its oxon derivatives to
soil microbial activity by combined methods. Chemosphere 78:
319-326.

Xie CL, Tang HK, Song ZH, Qu SS, Liao YT, Liu HS, 1988.

Microcalorimetric study of bacterial growth. Thermochim Acta
123: 33-41.

Yao J, Xu CQ, Wang F, Tian L, Wang YX, Chen HL, Yong Z, Choi
MM, Bramanti E, Maskow T, 2007. An in vitro microcalorimetric
method for studying the toxic effect of cadmium on microbial
activity of an agricultural soil. Ecotoxicology 16: 503-509.

Zhang Q, Fu Y, Wang HW, Gong T, Qin Y, Zhang ZR, 2008.
Synthesis and cytotoxic activity of novel curcumin analogues.
Chin Chem Lett 19: 281-285.

Zhao YL, Yan D, Wang JB, Zhang P, Xiao XH, 2010. Anti-fungal
effect of berberine on Candida albicans by microcalorimetry with
correspondence analysis. J Therm Anal Calorim 102: 49-55.

Zhou Y, Pan LL, Li XH, 2009. In vitro effect of sodium deoxycholate
on the activity of extracellular phospholipases of Candida
albicans from secretion of vagina in the spore forms. Chin J
Microbiol 21: 703-706.

Welcome to Subscribe Chinese Herbal Medicines (CHM)

Chinese Herbal Medicines (CHM) is an official international journal sponsored by Tianjin Institute of Pharmaceutical
Research and Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences.

The editorial committee is composed of 49 experts, and 10 of them are academician of Chinese Academy of Engineering and 19
are foreigners. The editor-in-chief is Academician XIAO Pei-gen, associate editors-in-chief are Academician LIU Chang-xiao, Prof.
TANG Li-da, and Prof. CHEN Shi-lin.

The journal will accept the following contributions: research articles, review papers, short communications, letters to the
editor, book reviews, conference announcements, and information, etc. The journal includes the studies on active ingredients and
complex formulations of herbal medicines in medicinal resource, phytochemistry, pharmacology, toxicology, pharmacokinetics,
and therapeutic function by experimental and clinical trials. It is the interest of this journal to introduce the latest development in

pharmaceutical sciences to readers.

Editorial Office of Chinese Herbal Medicines

Tianjin Branch Beijing Branch

Institute of Medicinal Plant Development
Malianwa North Road, Haidian District, Beijing, China
Post Code: 100193
E-mail: bjchm@tiprpress.com
Tel: +86-10-5783 3035
Fax: +86-10-5783 3035
Website: www.tiprpress.com

Tianjin Institute of Pharmaceutical Research
308" An-shan West Road, Nankai District, Tianjin, China
Post Code: 300193
E-mail: chm@tiprpress.com
Tel: +86-22-2300 6901
Fax: +86-22-2300 6821
Website: www.tiprpress.com

Welcome to subscribe and submit!



