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1. Introduction

   Lipophilicity is the most important physicochemical 
properties frequently used parameter in quantitative 
structure-activity relationship (QSAR) analysis[1]. It is an 
important tool to describe pharmacodynamic, pharmacokinetic 
and toxic aspects of drug activity. The lipophilic nature of 

compounds has been defined in many ways. The most applied 
one is a partition coefficient, P, or its decimal logarithm, log 
P, which represents the tendency of a molecule to partition 
itself between organic and aqueous phase. The traditional 
shake-flask partition method between n-octanol and water is 
often substituted by chromatographic approaches [reversed-
phase high performance liquid chromatography and reversed-
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Objective: To correlate the chromatographic and computational method to calculate lipophilicity 
of selected ginger compounds and to observe the effects of log P on wound healing.  
Methods: Mixtures of acetonitrile and water with acetonitrile content between 95% and 50% v/
v in 5% increments were kept separately in 10 different chromatographic chambers, saturated 
with solvent for 2 h. Spots were observed under UV light at λ=254 nm p-anisaldehyde used as a 
spraying reagent. Theoretical calculation was done using the Alogps 2.1 online program at www.
vcclab.org/lab/alogps. For percentage wound contraction, five groups of animal (mice) (25-30 g) of 
either sex were selected. Wound were created on dorsal surface of animals using toothed forceps, 
scalpel and pointed scissors. The wound areas were calculated using vernier caliper. After 
making wound mice were orally administered 35 mg/kg 6-shogoal, 6-gingerol, 8-gingerol and 10-
gingerol respectively. Group E as the control group received tap water. 
Results: The lipophilicity values determined in thin layer chromatography were correlated with 
the theoretically calculated various log P by linear regression analysis. Significant correlations 
were found between log P values calculated by software program and the experimental reversed-
phase thin-layer chromatography data. Order of wound healing property of ginger compounds is 
directly dependent on lipophilicity i.e. more lipophilic compound has highest activity.
Conclusions: Experimentally determined lipophilicity (RMO) values were correlated with log P 
determined by software's and found satisfactory. Lipophilicity (RMO) is a useful parameter for the 
determination and prediction of biological activity of ginger compounds.
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phase thin-layer chromatography methods (RP-TLC)][2,3]. Log 
P in the n-octanol–water system is a common measure of 
lipophilicity because of the similarity of this environment to 
biological membranes. However, other alternative approaches 
for measuring lipophilicity have also been developed such as 
chromatographic, artificial membranes, electro kinetic and 
partitioning between lipid and water phase approaches[4]. 
Lipophilicity is the most important physicochemical properties 
of compounds which involved in pharmacokinetic processes 
such as absorption, distribution, metabolism and excretion, 
as well as toxicity, usually referred to as ADMET[5]. Some of 
pharmaceutical industry publications have confirmed that poor 
oral absorption and pharmacokinetic properties are the main 
problems upset the potential drug claimants[6,7]. The lipophilic 
ginger rhizome extracts have yielded the potentially active 
components, gingerols and shogaols[8] and the lipophilicity 
increases as their alkyl side chain increases in length from 
10 to 16 carbons[9]. Among them, chromatographic methods 
are still widely used for determination of the lipophilicity of 
drug-like compounds[10,11] and also has been found to offer a 
rapid method for the analysis of a large number compounds[11]. 
Ginger compounds have a variety of effects on the skin that 
may contribute to improved wound healing. Gingerol and 
shogaol in particular, is known to have anti-oxidant and anti-
inflammatory properties[12], and has been reported to promote 
new blood vessel formation[13]. One of the recent experimental 
data suggests that a combination of curcumin and ginger 
extract might provide a novel approach to improving structure 
and function in skin and, concomitantly, reducing formation 
of non-healing wounds in “at-risk” skin[14]. Lipophilic 
drugs creating an effective dermal drug delivery system that 
simultaneously repairs the skin barrier and facilitates wound 
healing[15]. The aim of this study is the determination of the 
lipophilicity of a ginger compounds, by chromatographic and 
computational methods and to see the influence of lipophilicity 
on wound healing.

2. Materials and methods

2.1. Materials

   Acetonitrile (HPLC-grade) was supplied by (Darmstadt, 
Germany), and water was obtained from our laboratory water 
still (DAFCO, Germany). TLC plates (5 cm伊10 cm) RP-18 F254S 
(Merck, Darmstadt, Germany). Standard 6-shogaol (CAS No. 
555-66-8), 6-gingerol (CAS No. 23513-14-6), 8-gingerol (CAS No. 
23513-08-8) and 10-gingerol (CAS No. 23513-15-7) were obtained 
from Natural Remedies Bangalore Pvt. Ltd., India.

2.2. Methods

   Mixtures of acetonitrile and water with acetonitrile content 
between 95% and 50% v/v in 5% increments were kept 
separately in 10 different chromatographic chambers, saturated 

with solvent for 2 h[16]. The tested compounds were dissolved 
in methanol (1 mg/ mL) and 10 μL samples of the solutions were 
separately spotted on the plates. After developing and drying 
the plates, the spots were observed under UV light at λ=254 
nm after spraying p-anisaldehyde as spraying reagent. The Rf 

values are means from three independent determinations. RM 

values of tested compounds were calculated using equation (1):
RM = log (1/ Rf − 1)     (1)
The correlations between the RM values and concentration of 
organic solvent were calculated separately for each compound 
according to equation:
RM=RM0+bC               (2)
   Where C is the concentration of acetonitrile in the mobile 
phase (% v/v).
   Calculation of Log P: All the theoretical calculation was done 
using the Alogps 2.1 online program at Virtual Computational 
Chemistry Laboratory[17].

2.3. Excisions wound healing

2.3.1. Animals
   The mice (25-30 g) of either sex were obtained from the 
experimental animal care centre, College of Pharmacy, Salman 
Bin Abdulaziz University, Al-Kharj. The animals were kept 
in animal house in standard condition of temperature [(22±2) 
°C] and relative humidity (55%) with 12 h light/dark condition. 
They were provided with Purina chow diet and drinking 
water ad libitum during the whole period of experiment. The 
experiments and procedures used were approved by the 
Ethical Committee of the College of Pharmacy, Salman Bin 
Abdulaziz University, Al-Kharj, KSA. 

2.3.2. Wound
   The excision wound model was used to monitor wound 
contraction and wound closure time. Five groups (n=5) of 
mice were used in the experiment. At the beginning of the 
experiment, the dorsal fur of each mouse was shaved with an 
electric clipper. After 24 h, all animals were anesthetized by 
1 mL of intravenous ketamine hydrochloride (10 mg/kg body 
weight) and the shaved areas were sterilized with 70% alcoholic 
solution. A predetermined dorsal area (approximately 20 
mm2) was excised using toothed forceps, scalpel and pointed 
scissors. A fresh surgical blade was used for the perpendicular 
cut in each animal and tension of skin was kept constant 
during the procedure. 

2.3.3. Treatments
   After the making wounds, all mice were randomly divided 
into five groups and colored with a non-toxic color. Group A, 
Group B, Group C, Group D were orally administered 35 mg/
kg 6-shogoal, 6-gingerol, 8-gingerol, 10-gingerol respectively. 
Group E as the control group received tap water. All mice were 
monitored daily for 10 d. The wound areas were calculated 
using vernier caliper immediately after the wound excision and 
10 d post wounding.
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3. Results  

   The chemical structures of the ginger compounds are shown 
in Table 1. The lipophilicity (RMO) were obtained from Rf values 
(Table 2) by the following equations 1 and 2 and the RM value 
was calculated from the Rf value by the equation 1[18,19]. 

Table 1 
Name and structure of ginger compounds investigated.
General      
name

IUPAC name Structure

6-Shogol
(4E)-1-(4-hydroxy-3-
methoxyphenyl)dec-4-en-3-one

 
OH

O
O

6-Gingerol
5-hydroxy-1-(4-hydroxy-3-
methoxyphenyl)decan-3-one 

 
O

OH

O OH

8-Gingerol

5-hydroxy-1-(4-hydroxy-3- 
ethoxyphenyl)dodecan-3-one

 
O

OH

O OH

10-Gingerol

5-hydroxy-1-(4-hydroxy-3-
methoxyphenyl)tetradecan-3- one

 
O

OH

O OH

Table 2   
Rf  value of ginger compounds.
Acetonitrile in 
mobile phase (%)

Rf

6-Shogaol 6-Gingerol 8-Gingerol 10-Gingerol
95 0.74 0.94 0.79 0.49
90 0.66 0.86 0.71 0.44
85 0.59 0.79 0.64 0.39
80 0.51 0.71 0.56 0.34
75 0.44 0.64 0.49 0.29
70 0.36 0.56 0.41 0.24
65 0.29 0.49 0.34 0.19
60 0.21 0.41 0.26 0.14
55 0.14 0.34 0.19 0.09
50 0.06 0.26 0.11 0.04

   Lipophilicity value is obtained by the extrapolation to zero 
concentration of polar component in the Figure 1 drawn 
between RM and concentration of polar component in mobile 
phase. 
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Figure 1. Relationship between the extrapolated percentage organic solvent 
and RM.

   The RMO and b in the above equation 2 were represents 
intercepts and slope of the figure drawn between C and RM. The 
C in the equation 2 was the concentration of polar component 
in the mobile phase. The lipophilicity determined in the 
RP-TLC was being correlated with the theoretical partition 
coefficients (log P) of the compounds using ALOGPs, AC logp, 
miLogp, MLOGP, Kow-Win and XLOGP2 under the ALOGPS 2.1 
program. The calculated log P values from above described 
computer programs are listed in Table 3. In general, the lowest 
log P values were obtained from the calculations made with 
MLOGP program. The difference between theoretical values 
derived from these programs was a consequence of a method of 
calculation of log P values.   

Table 3 
Various types of calculated log P for ginger compounds.
Compounds ALOGPs AC logp miLogp MLOGP KowWin XLOGP2
6-Shogaol 4.95 4.51 4.35 3.05 4.33 4.34
6-Gingerol 3.45 3.85 3.22 2.32 2.72 3.04
8-Gingerol 4.33 4.78 4.23 3.70 3.70 4.18
10-Gingerol 5.59 5.71 5.24 4.16 4.68 5.31

   The lipophilicity values determined in TLC were correlated 
with the above theoretically calculated various log P by linear 
regression analysis and as a result equation 3 to 8 are generated 
shown below:
RMO=0.154伊ALOGPs+1.688                        (3)
RMO=0.093伊AC logp+1.952                        (4)
RMO=0.138伊miLogp+1.850                         (5)
RMO=0.083伊MLOGP+2.117                         (6)
RMO=0.180伊Kow-Win+1.695                      (7)
RMO=0.125伊XLOGP2+1.864                        (8)
   RM values of the ginger compounds decreased linearly with 
increasing concentration of organic modifier (Acetonitrile) in 
the mobile phase. The dependence of RM on the concentration 
of acetonitrile in the mobile phase for ginger compounds is 
presented in Table 4 and Figure 1. The relative lipophilicity, 
expressed as RMO values, and statistical parameters for four 
ginger compounds under investigation are listed in Table 
5. The lipophilicity parameters determined by RP-TLC and 
expressed as RMO values were in the range 2.170-2.640 (Table 5). 
The effects of lipophilicity (RMO) are compared with the wound 
healing activity of gingerol and shogaol presented in Table 6.  
Table 4 
RM value of ginger compounds. 
Acetonitrile in 
mobile phase (%)

RM

6-Shogaol 6-Gingerol 8-Gingerol 10-Gingerol
95 -0.45 -1.19 -0.58 0.02
90 -0.29 -0.79 -0.39 0.10
85 -0.16 -0.58 -0.25 0.19
80 -0.02 -0.39 -0.10 0.29
75   0.10 -0.25   0.02 0.39
70   0.25 -0.10   0.16 0.50
65   0.39   0.02   0.29 0.63
60   0.57   0.16   0.45 0.79
55   0.79   0.29   0.63 1.00
50   1.19   0.45   0.91 1.38
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Table 5  
The relative lipophilicity and statistical parameters for four ginger 
compounds.
Compounds RMO b r r2 s F
6-Shogaol 2.640 0.033 0.984 0.991 0.096 12
6-Gingerol 2.170 0.030 0.984  0.990 0.095 12
8-Gingerol 2.342 0.031 0.995 0.997 0.049 12
10-Gingerol 2.520 0.027 0.969 0.933 0.113 12

RMO: Relative lipophilicity, values of slopes: b, correlation  coefficients: 
r, coefficient of determination: r2, Standard error of estimation: s, 
F-test of significance: F, n=10.

Table 6   
Excision wound studies showing average reduction in wound size, 
when treated with compounds and control (n=5).

Treatment Average wound contraction  (mm) Reduction  wound size 
(%)0-day 10-day

Control 20.04 15.62 19
6-Shogoal 20.02 8.204 59
6-Gingerol 20.18 11.45 43
8-Gingerol 20.22 10.46 48
10 Gingerol 20.08 9.44 53

   The correlation coefficient and standard deviation of 
the equations 3-8 are in the Table 7. The comparison of 
correlation coefficient of equation 3-8 is shown in Figure 
2 and it revealed that Kow-Win had higher correlation 
coefficient than the other theoretical calculated log P, hence 
theoretically calculated Kow-Win can be used instead of 
lipophilicity wherever applicable in quantitative structure-
pharmacokinetics relationship (QSPR) and in turn QSAR study 
for the above ginger compounds under investigation. 

Table 7  
Correlation coefficient and standard deviation.
Equation Correlation coefficient Standard deviation
Equation 3 0.72 0.165
Equation 4 0.36 0.221
Equation 5 0.58 0.193
Equation 6 0.34 0.224
Equation 7 0.79 0.144
Equation 8 0.59 0.191

   Kow Win      ALOGPs      XLOGP2      miLogp      AC logp      MLOGP
Figure 2. Comparison of the correlation coefficient of the equation 3-8.
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   The order of wound healing activity of ginger compounds 
6-shogaol>10-gingerol>8-gingerol>6-gingerol. The 
lipophilicity of compound has been compared with reduction 
in wound size (%). It is quite interesting to see that order of 
wound healing property of ginger compounds was directly 
dependent on lipophilicity i.e. more lipophilic compound 

has the highest activity (Table 5 and 6). 

4. Discussion 

   A quantitative structure retention relationships could 
be obtained with the help of retention parameter (RMO). 
A higher RMO value indicates greater lipophilicity and 
depends on the different arrangements of substituents in 
a structure. Presence of aliphatic chain length and double 
bond greatly influences the difference of RMO amongst 
four ginger compounds in this experiment. Replacing OH 
group of 6-gingerol and inserting double bond the RMO 
was increased. Presence of additional –CH2– group in 10-
gingerol makes their RMO (2.521) higher in comparison to 
6-gingerol (RMO=2.170) and 8-gingerol (RMO=2.342) having less 
branching and no double bonds. Order of wound healing 
property is also directly proportional to their log P (RMO).
On close examination of structure of ginger compounds it is 
also observed that double bond in aliphatic chain is more 
essential for the biological activity.
   Experimentally determined RMO values depend on the 
concentration of organic modifier (acetonitrile) in the mobile 
phase and it is linearly dependent. Satisfactory correlation 
was obtained between retention constants and ALOGPs, AC 
logp, miLogp, MLOGP, Kow-Win and XLOGP2. RMO could be 
a useful parameter for the determination and prediction of 
QSPR and QSAR study of ginger compounds. Lipophilicity 
is most important determinant factor for any biological 
activity. In this particular experiment, more lipophilic ginger 
compound exhibiting higher wound healing activity.
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Comments 

Background
   Main objective of present study is to correlate the 
chromatographic and computational method to calculate 
lipophilicity of selected ginger compounds and to observe 
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the effects of log P on wound healing. With the help of log 
P values we will generate QSAR data and their analysis, 
pharmacokinetics and pharmacodyanamics of a ginger 
compounds.
  
Research frontiers
   The present study mainly described how lipophilicity 
influence the biological activity of a ginger compounds. 
Log P was generated by chromatographic (RP-TLC) and 
computational (Software) methods so as to access the effect 
of lipophilicity on wound healing.

Related reports
   Comparison of predicted and experimental lipophilicity 
calculation and afterwards observation of their influence 
on biological activity were also reported for many organic 
synthesized compounds but not for the herbal originated 
compounds.

Innovations and breakthroughs
   With known structure of herbal origin like ginger 
compounds of their lipophilicity to observe the impact 
of biological activity is quite interesting in the present 
research article.
  
Applications
   Literature reveals that lipophilicity is an important 
physicochemical property of drugs. This research will 
be helpful for the scientists working on different plant 
constituents to identify lead molecules.    

Peer review
   The lipophilicity and wound healing activity of selected 
ginger compounds (6-shogaol 6-gingerol, 8-gingerol and 
10-gingerol) has been investigated using chromatographic 
and computational methods, and percentage of wound 
contraction in experimental method was correlated to 
confirm the influence of log P on wound healing. Research 
reveals that lipophilicity could be a useful parameter for 
the determination and prediction of QSPR and QSAR study of 
ginger compounds. 
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