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Abstract
Literature solubilities have been used to obtain properties or descriptors of melatonin. 
These indicate the chemical nature of melatonin: it is dipolar and has moderate hydrogen 
bond acidity and hydrogen bond basicity. The descriptors can be combined with equations 
that we have previously constructed to estimate water–solvent partition coefficients and 
solubilities in a huge number of organic solvents. In the same way, a range of biologi-
cal properties can be estimated. These include blood–tissue partitions, water–skin partition 
and permeability through skin.

Keywords  Melatonin · Hydrogen bonding · Solubilities · Linear free energy relationships · 
Biological properties

1  Introduction

Melatonin (CAS 73-31-4) is a natural hormone found in plants and animals, world-wide. 
In humans and animals it controls the sleep-wake circadian rhythm, and functions as an 
antioxidant and in plants it is involved in growth and in photosynthesis. The structure of 
melatonin is shown in Fig. 1. Melatonin supplements are widely used to combat sleep dis-
orders. Surprisingly, in spite of its wide occurrence and use, there is still a lack of basic 
physicochemical and biological properties of melatonin. It is the purpose of this work to 
use recently determined solubilities of melatonin [1–3] to obtain Abraham descriptors, and 
then to use these descriptors to deduce a large number of physicochemical and biological 
properties.
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2 � Methods

We have previously used water–solvent partition coefficients and solubilities of compounds 
in water and organic solvents to obtain properties or descriptors of compounds [4–9]. The 
method relies on two general linear free energy relationships, Eqs. 1 and 2, that are used 
to correlate the transfer of neutral solutes from water to organic solvents and from the gas 
phase to organic solvents. The dependent variable in Eq. 1 is log10 P, where P is the molar 
water to solvent partition coefficient for a series of solutes, and in Eq. 2 it is log10 K where 
K is the dimensionless gas phase to solvent partition coefficient for a series of solutes.

In Eqs.  1 and 2 the independent variables, or descriptors, are properties of the neu-
tral solutes as follows [4–9]. E is the solute excess molar refraction in cm3·mol− 1/10, S is 
the solute dipolarity/polarizability, A is the overall solute hydrogen bond acidity, B is the 
overall solute hydrogen bond basicity, V is McGowan’s characteristic molecular volume 
in cm3·mol− 1/100 and L is the logarithm of the gas to hexadecane partition coefficient at 
298 K. Coefficients in Eqs. 1 and 2 are shown in Table 1 for systems that we have used in 
the current study.

For pure liquid compounds, E is obtained from the refractive index of the compound at 
293 K [4, 5, 9] and for gases and solids the refractive index can be estimated or E itself can 
be calculated quite easily [10, 11]. For neutral molecules, the descriptors S, A and B can 
be obtained from water to solvent partition measurements, and from molar solubilities in 
nonaqueous sovents, CS [4–9] The latter can be transformed into water–solvent partition 
coefficients through Eq. 3, where CW is the corresponding molar solubility in water. If CW 
is not known, it can be allowed to ‘float’ and become another descriptor to calculate.

P can then be converted into the air–solvent partition coefficient K through Eq. 4.

(1)log10 P = c + eE + sS + aA + bB + vV

(2)log10 K = c + eE + sS + aA + bB + lL

(3)P = C
S
∕C

W
log10 P = log10 CS

− log10 CW

(4)log10 K − log10 KW
= log10 P

Fig. 1   The structure of melatonin CH3
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where KW is the dimensionless air to water partition coefficient defined through Eq.  5, 
where CW and the corresponding gaseous concentration, CG, are in units of mol·dm− 3. KW 
is the reciprocal of the Henry’s law constant in water, with due regard to units.

3 � Results and Discussion

We have solubilities of melatonin in fifteen different solvents [1–3], and these can then be con-
verted into fifteen partition coefficients through Eq. 3 provided that a numerical value of log10 
CW is known. In instances where log10 CW and log10 KW are not available, they can be calcu-
lated as part of the regression analysis from measured solubility data for melatonin dissolved 
in several organic solvents. That will be the case in the current study. The corresponding val-
ues of the gas–solvent partition coefficients can then be obtained through Eq. 5. Finally, all the 
log10 P values yield air–solvent partition coefficients through Eq. 4. We also have a directly 
determined water–(wet) octanol partition coefficient [12], and two equations in log10 KW, mak-
ing a total of 34 equations, see Table 1. E was obtained from a calculated refractive index [13], 
as 1.60 and V was calculated as 1.8251 [3, 10, 11]. We then have the descriptors S, A, B, L, 
log10 KW and log10 CW to obtain from a set of 34 simultaneous equations. The set was solved 
by trial-and-error to yield the descriptors in Table 2 with a standard deviation, SD between 
observed and back-calculated dependent variables of only 0.084 log10 units. The dependent 
variables (log10P or log10K) are listed in Table 1. The calculation procedure is identical to that 
used in determining the solute descriptors of telmisartan [14], xanthone [15], o-acetoacetani-
sidide [16], 1,3,5-trinitrobenzene [17], caprolactam [7], levetiracetam [18] and other crystal-
line nonelectrolyte organic compounds. In each of the afore-mentioned instances the numeri-
cal values of log10 CW and log10 KW were determined as part of the regression analysis.

The descriptors for melatonin are not exceptional. The compound is dipolar (S = 2.46) as 
expected from its structure, Fig. 1, and it has quite a large hydrogen-bond acidity (A = 0.95) 
due to the amide-NH and the indole-NH hydrogen atoms. Once the descriptors for melatonin 
have been determined, they can be used in a very large number of equations on the lines of 
Eq. 1 to calculate partition coefficients from water to some 100 wet solvents, 100 dry solvents 
and 90 ionic liquids [19]. Then with log10 CW = − 1.099, the corresponding solubilities can be 
obtained through Eq. 3. This seems to be the first time that any general method for calculation 
of partition coefficients and solubilities of melatonin has been developed.

Because of the use of melatonin supplements, it is of some importance to use our 
descriptors to calculate biological properties of melatonin. We give in Table  3, coef-
ficients in Eq. 1 for a number of blood–tissue distributions at 313 K [20, 21], and for 
water–skin partition coefficients and permeability coefficients, again at 313 K [20]. In 
addition to predicting molar solubilities and blood to tissue distribution coefficients we 
can calculate the vapor pressure [22], standard molar enthalpies of vaporization [23] 
and sublimation [24] at 298.15  K, enthalpies of solvation of solvation in 30 different 
organic solvents [25–29], limiting diffusion coefficients in water and in seven organic 

(5)K
W
= C

W
∕C

G

Table 2   Descriptors for 
melatonin obtained by solution 
of the set of 34 simultaneous 
equations

E S A B V L log10 KW log10 CW

1.60 2.46 0.95 1.41 1.8251 10.189 15.09 − 1.099
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solvents [30], and the “baseline” median lethal molar concentrations of melatonin 
towards several aquatic organisms, including six species of fish [31] and three species 
of water fleas [32] by substituting the numerical values of the solute descriptors given 
in Table  2 into our previously published Abraham model correlations. For example, 
we calculate numerical values of − 158 kJ·mol−1 and − 132.3 kJ·mol−1 for the standard 
molar enthalpies of solvation of melatonin dissolved in pyridine [27] and dichlorometh-
ane [32] at 298.15 K, respectively, and the estimated equilibrium vapor pressure, VP, 
above solid melatonin at 298.15 K [22] is VP = 1.8 × 10−18 atm. We were unable to find 
measured experimental values for melatonin for the fore-mentioned blood to tissue dis-
tribution coefficients, aquatic toxicities, and physical and thermodynamic properties in 
the published literature.

4 � Conclusions

We have shown that properties, or descriptors, of melatonin can be obtained from molar 
solubilities in organic solvents. These properties then describe the chemical nature of 
melatonin, such as dipolarity and hydrogen-bond acidity and basicity. They can be used, 
together with equations that we have constructed previously, to predict a huge number 
of physicochemical properties. In view of the use of melatonin supplements, the predic-
tion of biological properties of melatonin is of considerable importance, and this is what 
we have been able to do.

Declarations 

Conflict of interest  There are no conflicts of interest to declare.

Table 3   Equations for distribution from blood to tissues and from water to human skin, and skin permeabil-
ity all at 313 K; calculated values for melatonin

a Calculated values
b Water skin permeation, as log10 Kp with Kp in cm·s−1

System c e s a b v Calca

Blood–brain 0.547 0.221 − 0.604 − 0.641 − 0.681 0.635 − 0.995
Blood–muscle 0.082 − 0.059 0.010 − 0.248 0.028 0.110 0.017
Blood–liver 0.292 0.000 − 0.296 − 0.334 0.181 0.337 0.117
Blood–lung 0.269 0.000 − 0.523 − 0.723 0.000 0.720 − 0.390
Blood–kidney 0.494 − 0.067 − 0.426 − 0.367 0.232 0.410 0.066
Blood–heart 0.132 − 0.039 − 0.394 − 0.376 0.009 0.527 − 0.282
Blood–skin − 0.105 − 0.117 0.034 0.000 − 0.681 0.756 0.211
Blood–fat 0.077 0.249 − 0.215 − 0.902 − 1.523 1.234 − 0.806
Water–skin 0.523 0.101 − 0.076 − 0.022 − 1.951 1.652 0.741
log10 Kp b − 5.420 − 0.102 − 0.457 − 0.324 − 2.608 2.066 − 6.922
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