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ABSTRACT

Cytarabine is an effective drug for the treatmehteakemia. In this paper, the dissolution behawbCytarabine
in normal saline and citric acid solution was stediusing microcalorimetry in order to obtain intagjrand
differential heat of solution. This study not omstablished the relation between the solute and,Hm# also
determined the kinetic equations of Cytarabine @amnmal saline and citric acid solution as well asthalf-life,
AsoHm, 450Gm and 45, Sy, This work could provide experimental supporttfog clinical study of Cytarabine.
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INTRODUCTION

Cytarabine (commercial name: Sai Desa), chemicalend-D-arabinofuranosyl-4 - amino -2 (1H) - pyritimone
hydrochloride has the following chemical and phabisroperties: formula: §1,3NsOs « HCL, molecular weight:
279.68, appearance: white or almost white crysillpowder, and solubility: soluble in water, etHaaad

chloroform. [1,2] It is a glycoside compound fornteglcytosine arabinose, and it is a competitivehindr of DNA

polymerase which can inhibit the biosynthesis of DN vivo. Hence, it is an effective anti-tumor ageespecially
for the treatment of leukemia[3-5].

Clinical studies of recent years show that the &ranainly used for the treatment of acute leukeand acute
myeloid leukemia, meanwhile it lymphoma, lung canocgastrointestinal cancer, head and neck can@gr[6,
However, most of Ara's research focuses on thdsis eould be used for the treatment for malignagmitlesis
method, side effects, but few studies have beemumiad to investigate the thermohydrodynamic kasetf
dissolution. Lacking of such fundamental theorieaild be difficult to understand the full effecttbe drug[8].

The half-life is an important parameter for drugessment. The half-life is usually determined usingnal tests
based on the pharmaco plasma by high-performagoé lichromatography (HPLC). This traditional apmtoas
effective but complex, and it would be impactedimgividual differences of samples which may deceekisetic
principles to measure the concentration of druthéresults accuracy. Therefore, in order to effidy generate the
reliable data, a simple approach is needed. Instiidy, we developed a new approach, namely mitoooeetry
approach, to can be used to calculate the halblifeytrarabine. This approach is reliable and aasynplement,
and it can be used to learn about the distribubiba variety of systems and thermodynamic stabbigystudy the
thermodynamic functions and kinetic parametersybfacabine in saline and citric acid solution un8@r’C. The
results ofAS in the dissolution process could provide sol@btietical reference for clinical trial implementatiand
understanding[9,10].
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EXPERIMENTAL SECTION

1.1 Materials

Cytarabine (99%). Normal saline (medical purityledfronic scale (Mianyang CAEP Thermal Analysistiasent
Company, China). The microcalorimeter was calilatdte Joule effect and its sensitivity was 64.22409- mW-1

at 309.65 K. The enthalpy of dissolution of KCléstrum purity) in distilled water (about 20 mg/2.§0measured
at 298.15 K was 17.535 kJ-mol-1, which kJ- mol-lictvlwas consistent with the value 17.536 kJ- madgdorted in
literature, and this can demonstrate that the wasistent with the value 17.536 kJ- mol-1 measur¢mwieenthalpy
in this work was reliable.

1.2 Experimental Methods

15.04 mg, 17.49 mg, 19.97 mg, 22.57 mg and 24.96ptgrabine (grinded to fine powders and screened by
200-mesh sieve) were dissolved in the same volunteniL) saline solvent, respectively. The enthalpginge was
detected by RD496-2000 Calvet Microcalorimeter. Wele process is given as follow:

A G oinspect the thermodynamic

» stability of the solutiono

4>‘ AH, dissolution enthalpy. T 1 ingpect the efficacy of a medicines
>3

A8, mspect the distribution of the

solutione

RESULTSAND DISCUSSION

2.1 Thermochemical behaviors of dissolution of Cytarabine
The dissolution of cytarabine in saline and cia@d solution was endothermic process under 308.6bhe heat
flow curve is shown in Fig.1,2.
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Fig.1 Thermal rate of the entire dissolution process of Cytarabinein Citric acid solution
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Fig.2 Thermal rate of the entire dissolution process of Cytarabinein normal saline

The enthalpies of different mass of cytarabine.50Iml normal saline and citric acid are given able 1,2.
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Table 1. The dissolution enthalpy of Cytarabinein normal saline

Sample mass/mg  n/(xEthol) Q/mJ  AgH/(J-moth) r

15.04 0.0618 -1258.6 -20353 0.9993

17.49 0.0719 -1481.1 -20596 0.9994

19.97 0.0821 -1679.1 -20449 0.9994

22.57 0.0928 -1885.1 -20313 0.9995

24.96 0.1026 -2082.9 -20296 0.9998
Average -20401

Table 2. The dissolution enthalpy of Cytarabinein citric acid solution

Sample mass/mg  n/(xEtol)  Q/mJ A H/(J-mot?) r

9.99 0.0411 -220.9 -5378 0.9995
14.99 0.0616 -335.8 -5448 0.9997
20.04 0.0824 -452.3 -5489 0.9994
25.04 0.1030 -551.7 -5359 0.9995
29.98 0.1233 -668.3 -5421 0.9997

Average -5419

1.2, the heat adsorption increases as the cytarahiality increases, but the molar enthalpy remamsstant,
therefore the average of molar enthalpy calculateder different mass can be used as the infinltgioin molar
enthalpy of cytarabine in saline or citric acid.v@usly, the relationship between different massyfrabine and

thermal effect can be represented in Figure 3.d,tha molar enthalpy can be calculated as -5.406d3 and
-20.058 kJ- mat, respectively.

Q = -5406.7n — 1.0577 1)
Q = -20030n —29.766 @)

2.2 Kinetic of dissolution process of Cytarabine
Based on the experimental data (Tables 1, 2),itletik equation can be represented as (3)

da
— =kf 3
o (a) 3)

According to the cytarabine dissolution rate, aloameplaced bid/Hy and the new equation is given in Eq.(4)

H .
Hi(i—l;l)i] =Ink + nIn[1-(H—t)i] I =1,2,L @)

0 0

In[

The reaction rate constaknaind the reaction ordarcan be calculated by; andH, at timet.

Based on the figure of Eq. (4), the slope and a@&jgt can be calculated, and results generated different n are
given in table 3, where the slope is the reactim®on with intercept k

Table 3 dope and inter cept of different concentrationsin normal saline

Sample amount/ mg n k/s? r
19.97 1.1314 1.78x10 0.9997
17.49 0.9676 2.15x1D 0.9998
24.96 1.1414 1.69x10 0.9996
15.04 0.9452 1.76x10 0.9997
22.57 0.9283 1.89x1D 0.9997

Average 1.0228 1.85x10

Table 4 dope and intercept of different concentrationsin citric acid solution

Sample amount/ mg n k/s? r
9.99 0.9675 2.66x10 0.9999
14.99 0.8865 2.78x1D 0.9998
20.04 0.8406 2.35x1D 0.9999
25.04 0.8177 2.74x10 0.9999
29.98 1.0406 2.27x10 0.9998
Average 0.9146 2.56x10
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Based on the data, the kinetic equation of cytosirainoside in saline at 309.65K can be calculatedtq.(5)

—1.85
where the reaction orderis 1.02 and is 10 :

da 185 1.02
—=10 1-a 5
ot (1-a) (5)

Based on Eq.(5), the dissolution can be regardea pseudo first order reaction, and the half-lifefist-order
reaction is given in Eq.(6)

k

t (6)

N

The half-life of dissolution process of i5; = 62. 45min.With the same calculation, the hd#-bf dissolution in
2
citrate solution ist, =45.12min
2

2.3 Thedissolution process
Based on the experimental data and calculatedtsesiieAs,S;, in dissolution process can be calculated by Ey. (7
[11]:

k _AS’ kg, AH?

In—=( +In—=)-———2 (7)
T h ROT

Equation (7) can be converted as (8):

k Dh AsoISm AsoIH m

In = - 8
kg [T R RLT

AsoIGm = AsoIH m -T |lsolsm (9)

Substitutingkg = 1.38x10” J K*, h = 6.626x1G* J s, AqgHm =-20.40 kJ met . -5.419 kJ molinto Eq.(8) and
Eq.(9) , theAgSy =-250.79 J-mol-1-K. -299.09J-mol-1-K. Ay,Gn =57.26 kJ mot . 87.20 kJ mot can be
generated

2.4 Energy changesin dissolution process

The drug is generally divided into two physicatsta.e. solid and liquid. The problem of liquidadrmanufacturing
is the solvent selection, which requires fully urstiend about the activation energy variation isalistion process.
Based on the Arrhenius equation (10):

Ink=-—_+C
RT

(10)

Based on Eg. (10), the activation energy of diggmuprocess can be calculated, and such informatauld be
used to understand the dissolution process andndeg the suitable solvent. For this study, thénsadnd lemon
acid solution were used as the solvent, and theadicin energy of cytarabine in citric acid andisalsolution are
calculated as E=28.24 kJ- mand 23.21 kJ-md| respectively.

CONCLUSION
1. The melting heat of cytarabine in saline and cidi were -20.40 kJ- mtand -5.42 kJ-mdt the half-life were
62.45 min and 45.12 min that are consistent wighliterature.

2. Dissolving entropy cytarabine in saline and citriid solution were -250.792 J* knol* and -299.09 J-%mol*,
the completely dissolved cytarabine in saline sotutvould be more stable.
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3. The activation energy in DMSO, physiological salare citric acid solution are 45.16 kJ- tha28.45 kJ- mét
and 23.21 kJ-md] respectively. The dissolution behaviors of cyame in different solutions are different, e.g.
chemical reaction was occurred in DMSO, and disperisehavior was observed in saline and citric .acid
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