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Abstract
Background: Increased frequency of using alcohol-based hand sanitizers (ABHS) by 
consumers during COVID times have resulted in increased incidences of skin issues 
on palms.
Objective: (1) To quantify skin damage with increased usage frequency of ABHS by 
consumers and (2) To evaluate Virgin Coconut Oil (VCO) as natural prophylactic agent 
to counter the adverse effects.
Methods: In-home usage study was carried out with 60 volunteers for a 15-day 
intervention—Control Group: 6 applications per day of ABHS and Test Group: 
Overnight VCO use (6–8 drops) followed by 6× usage per day of ABHS. This leg in-
cluded dermatological evaluation and WHO Self-Assessment Scale for skin health. 
Another leg of measurement included non-invasive instrumental study (Moisture & 
TEWL Probes, Tape Strip for protein content and IR spectroscopy for protein & lipid 
content) on forearm of 12 subjects (25–60 years age) with and without VCO applica-
tion and repeated alcohol exposure.
Results: In-home usage study established consumer experiencing skin protective 
effect of VCO in the context of ABHS onslaught. 25% increase in perceived mois-
ture content was recorded for VCO users, using WHO Self-Assessment Scale. 
Instrumental studies confirmed an increase in TEWL and decrease in lipids & protein 
content. Overnight VCO application resists the extraction which builds up with re-
peated application.
Conclusions: Current work provides evidence of compromised hand skin barrier with 
ABHS daily usage. Overnight VCO application helps prepare the skin for next day 
alcohol use. Based on the findings, a regimen of overnight VCO application on hands 
as a natural prophylactic is recommended.

K E Y W O R D S
alcohol-based hand sanitizers, skin damage, skin lipid extraction, skin moisturization, virgin 
coconut oil
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1  |  INTRODUC TION

Epidemic infections in the form of bacterial or viral pathogens have 
always posed serious challenges to global public health threat.1 
Recent among those is the emergence of the dangerous Severe 
Acute Respiratory Syndrome Novel Coronavirus 2 (SARS-nCoV-2) 
associated with causing Coronavirus Disease 2019 (COVID-19)—a 
global pandemic declared by the World Health Organization in 
early 2020. COVID-19—first reported in Wuhan district of China in 
December 2019—have infected more than 80 million people by the 
end of 2020 and resulted more than 2 million casualties.2 With only 
recent development of vaccines and planned immunization program 
across the world still in infancy, the most effective method still being 
prevention aimed at reducing the transmission. COVID-19 has been 
hailed as a “Black Swan” event with far-reaching implications in so-
cial, economic, and behavioral domains.3 Like any other black swan 
event, it has caused unexpected and rapid shifts in existing lifestyles 
& preferences.

One of the many changes triggered by COVID-19 has been the 
resurgence of interest in the personal hygiene segment. Earliest rec-
ommendation to prevent the spread of SARS-nCOV-2, as with previ-
ous contagious pathogens, was frequent and effective hand hygiene 
practices. World Health Organization (WHO) guidelines4 for main-
taining hand hygiene is frequent hand wash using soap and water for 
at least 20 s especially after going to the bathroom, before eating, 
and after coughing, sneezing, or blowing one's nose. When soap and 
water are not available, the Food and Drug Administration (FDA) 
recommends sanitizing non-visibly soiled hands with an alcohol-
based hand sanitizer (ABHS) containing 80% v/v ethanol or 75% v/v 
isopropanol. ABHS is widely considered to be effective to reduce or 
eliminate bacterial/viral load, but with variable compliance rates.5 
The alcohols—ethanol, isopropanol, and n-propanol—as used for dis-
infection are commonly applied in the form of hand rub rinses, gels, 
and foams.

1.1  |  Exponential increase in ABHS usage

Google Trends analysis helps quantify the magnitude of the emerg-
ing interest about ABHS in the general public. Google Trends is an 

online tool which help analyze the search volume of given keywords 
on Google platform.6 Figure 1 exhibits the search trend for the key-
word “hand sanitizer” worldwide. A nominal yet constant volume of 
Google searches on this topic was shown until February 2020, post 
which a sudden spike (100× increase) in the interest was recorded. 
This search trend also correlated with the increased search of the 
word “COVID-19,” thus linking the two terms. The search interest 
has also been substantiated with the product launch activity as well 
as the product sales volumes over the last one year. Figure 2 cap-
tures the global product launches under the Hand Sanitizer category 
from Mintel GNPD tool.7 Also, as confirmed by Nielsen report, the 
sale of ABHS increased by 300% and 470% in last week of February 
20 and 1st week of March 20, respectively.8 Although the volume of 
searches on “hand sanitizer” has tapered down toward the end of 
2020, one can expect the awareness generated of the importance of 
hand hygiene using ABHS will remain in the future usage behavior 
and will become a necessary part of the personal hygiene practices, 
even post-COVID era.

1.2  |  Emergent hand skin concerns in COVID times

The practice of using ABHS several times daily for hand disinfec-
tion has been a part of regime of healthcare workers for a long 
time. Upto 100 applications of ABHS per day may be necessary 
for full hand hygiene compliance.9 It has also been reported that 
skin irritation and negative skin tolerance remain a major reason 
for low compliance rates for ABHS usage among healthcare work-
ers.9 There are two major types of skin reactions associated with 
hand hygiene. The first and most common type—Irritant Contact 
Dermatitis—includes symptoms that include dryness, irritation, 
itching, and even cracking and bleeding. The second type of skin 
reaction—Allergic Contact Dermatitis—is rare and represents an al-
lergy to ingredients (like fragrance, preservatives, and emulsifiers) 
in a hand hygiene product.

In general public, the increased and sustained frequency of 
ABHS and other hand hygiene solutions, in the wake of COVID-19 
spread, have resulted in challenges related to skin health.10 As seen, 
again, from Google Trends analysis the increase in worldwide search 
volumes of “dry hand” and “hand cream” has coincided with the 

F I G U R E  1  Google Trends Worldwide 
Search Volumes for the Search words 
“hand sanitizer” and “COVID-19,” 
extracted on January 4, 2021
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emergence of COVID-19 (Figure 3) and more so toward the end of 
2020 when the after effects of repeated exposure have reached a 
certain degree of skin barrier threshold. Also, in an August 20 con-
sumer study, comprising 2534 Internet users by IPSOS/Mintel, about 
44% subjects stated that hand sanitizers make their hands dry.11 
Organizations like American Academy of Dermatology Association 
(AAD) and Centers for Disease Control (CDC) recommends that peo-
ple apply hand moisturizer and/or ointment immediately after wash-
ing or sanitizing hands to keep the hand skin hydrated. AAD further 
professes the use of hand moisturizer onto your fingertips & nails 
since dry, cracked skin makes it easier for bacteria and other germs 
to get inside the body.12

1.3  |  Alcohol-induced skin damage

The ability of alcohols to denature proteins, impact enzyme activi-
ties, kill epithelial cells, impair barrier integrity, etc., has been re-
ported, and their irritancy in this respect depends on alcohol chain 
length and hydrocarbon content together with their octanol-water 
partition coefficients.13 Various scientific studies have explored the 
impact of alcohols on skin ranging from microbial count methods to 
cell-based assays13–15 to physicochemical investigations16,17 to der-
matologist forward assessments.18,19 The skin-related parameters 
and impact of alcohol on the same are summarized in Table 1. Skin 
tolerability decreases with increase in alcohol concentration and in-
crease in alcohol chain length. Repeated usage of ABHS is expected 
to have impact on skin texture and palmar pain.20 This has been 
known to result from Barrier Integrity loss as well as imbalance in 
microbial population. Usage of hand sanitizers incorporated with 

glycerin, monolaurin, etc., is known to provide positive shift in the 
skin health markers.17,20

1.4  |  Coconut oil as skin therapeutic

Topical application of coconut oil is known to improve skin barrier 
as well as serve as anti-microbial shield with added benefits in terms 
of moisturization increase, collagen boost, and anti-aging. Various 
studies have been reported in literature regarding the topical coco-
nut oil application for management of skin conditions like Xerosis 
(Dry Skin) and Atopic Dermatitis (eczema).21–24 Table 2 summarizes 
scientific studies demonstrating therapeutic, skin barrier improve-
ment benefits of topical coconut oil application.

In the present study, we evaluated virgin coconut oil as a pro-
phylactic against the hand skin damage due to excessive exposure 
of alcohol in the form of increased ABHS usage. We employed both 
instrumental and in-home usage studies to evaluate various param-
eters of interest.

2  |  MATERIAL S AND METHODS

2.1  |  Materials

70% Ethanol in water solution was prepared using laboratory grade 
99% pure ethanol and HPLC analytical grade water. ABHS was pre-
pared in laboratory wherein the alcohol content was adjusted to 
70% v/v along with polymers for rheology modification (viscosity __ 
cP) and propylene glycol as emollient. Safety and efficacy tests were 

F I G U R E  2  Product launches under 
Hand Sanitizer Categories worldwide, data 
extracted from product launches in Mintel 
GNPD for the defined time period
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done with the ABHS and found to be as per the standards available. 
Commercially, available VCO under the brand name of Coco SoulTM 
was procured and used for the studies. Standard D-Squame® tape 
(2.2 cm in diameter, 3.8 cm2) was obtained from CuDerm Corporation 
(Dallas, TX, USA). Micro BCA™ Protein Assay Kit (Thermo Scientific™ 
make) and Tumour Necrosis Factor alpha ELISA Kit-RAB0476 (Sigma 
Aldrich make) were used for protein and cytokine markers quanti-
fication. Cytation™ 3 Cell Imaging Multi-Mode Reader (BioTek® 
Instruments, Inc.) was used to read the solution absorbance in quan-
tifying protein content. TEWL was measured using a Tewameter® TM 
300 (Courage & Khazaka GmbH, Cologne, Germany). Skin Moisture 
Content was measured using a Corneometer® CM 825 (Courage & 
Khazaka GmbH, Cologne, Germany). Infrared Spectroscopy meas-
urements were done using the Alpha Attenuated Total Reflectance 
Infrared (ATR-IR) Spectrophotometer with ZnSe crystal (Bruker, 
Germany).

2.2  |  Volunteer recruitment

Experimentation was conducted in three phases and the recruit-
ment was done accordingly:

1.	 Phase I: Tape Stripping for biomarkers analysis and Skin 
Parameteric Probes Testing was done on 12 healthy volunteers 
(5females,7males) selected in the age group of 18–60  years.

2.	 Phase II: In-home usage study (15-dayinterventionperiod) was 
done with 60 volunteers (43% males, 57% females; All Asian) 
aged 18–60 years. The protocol was approved by the expert der-
matologist and carried out under their supervision from October 
2020 to November 2020. All 30 subjects in control group com-
pleted the study; while only 28 subjects in VCO-treated group 
completed the study duration (2dropouts)

3.	 Phase III: A mechanistic study was done using ATR-IR probe on 5 
volunteers (3 males, 2 females; All Asian) aged 20–45 years with 
(10-dayinterventionperiod)

Informed consent was obtained, and a participant information 
leaflet was supplied to all the volunteers prior to the studies. None 
of the volunteers had any history of skin disease. All the volunteers 
were asked, apart from daily washing, not to apply any moisturizer 
or cosmetic product to the study treatment sites 15 days prior to and 
during the study.

2.3  |  Tape stripping and probe measurements

Mid-volar forearms were delineated to provide three well-separated 
circular sites (3.14  cm2 area each) on each arm (total 6 sites). The 
sites were cleaned with distilled water before equilibrating the sub-
jects under constant temperature (25°C) and humidity (60% RH) 
conditions for 30 min. Intra-subject differences were minimized by 
balancing and randomizing application across forearms. VCO as test TA

B
LE

 1
 

A
lc

oh
ol

 Im
pa

ct
 o

n 
Sk

in
 P

ar
am

et
er

s 
co

m
pi

le
d 

fr
om

 v
ar

io
us

 li
te

ra
tu

re
 s

tu
di

es
9,

13
,1

7,
20

,4
0  u

nd
er

 d
iff

er
en

t c
lu

st
er

s

SC
 M

ic
ro

bi
om

e
Ke

ra
tin

oc
yt

es
 e

xp
re

ss
io

n
Ph

ys
ic

oc
he

m
ic

al
 c

ha
ng

es
Q

ua
lit

at
iv

e 
in

-v
iv

o
Q

ua
nt

ita
tiv

e 
in

-v
iv

o

•	
En

zy
m

e 
A

ct
iv

iti
es

•	
M

ic
ro

flo
ra

 Im
ba

la
ce

•	
Cy

to
ki

ne
 R

el
ea

se
•	

D
iff

er
et

ia
tio

n
•	

N
M

F 
Lo

ss
•	

Ba
rr

ie
r F

un
ct

io
n

•	
Re

dn
es

s
•	

Sc
al

in
es

s
•	

Pa
lm

ar
 P

ai
n

•	
TE

W
L

•	
SC

 h
yd

ra
tio

n
•	

Se
bu

m

D
en

at
ur

at
io

n 
of

•	
Pr

of
ila

gg
rin

-p
ro

ce
ss

in
g 

en
zy

m
e 

(K
LK

5)
: n

-P
A>

IP
A

 =
 E

tO
H

 –
 2

5%
 

co
nc

•	
Li

pi
d-

pr
oc

es
si

ng
 e

nz
ym

e 
PL

A
2: 

n-
PA

>I
PA

>E
tO

H
 –

 2
5%

 c
on

c

•	
Ke

ra
tin

oc
yt

es
 IC

50
 v

al
ue

 E
tO

H
 =

 5
%

, 
IP

A
 =

 4
%

•	
Cy

to
ki

ne
 re

le
as

e 
in

cr
ea

se
s:

•	
TG

F-
α 

= 
15

0%
•	

IF
N

-γ
 =

 1
75

%
•	

IL
6 

= 
12

5%
•	

IL
2 

&
 IL

8 
– 

N
o 

ef
fe

ct

•	
95

%
 p

ur
e 

Et
O

H
•	

pr
om

oe
s 

lip
id

 tr
an

si
tin

 fr
om

 
or

th
or

ho
m

bi
c 

to
 h

ex
ag

on
al

•	
↓

 s
ki

n 
th

ic
kn

es
s 

fr
om

 1
5 

to
 

6 
µm

•	
50

%
 E

tO
H

 re
su

lts
 in

 p
or

e 
fo

rm
at

io
n

•	
10

 A
pp

lic
at

io
ns

 o
f 7

0%
 IP

A
 S

an
iti

ze
r 

- p
al

m
ar

 p
ai

n 
in

 6
0%

 s
ub

je
ct

s
•	

25
%

 o
f s

ub
je

ct
s 

re
po

rt
 s

lig
ht

 
re

dn
es

s 
on

 s
ki

n
•	

20
%

 o
f s

ub
je

ct
s 

re
po

rt
 s

lig
ht

 
sp

or
ad

ic
 s

ca
le

s

•	
TE

W
L 

in
cr

ea
se

 b
y 

15
 to

 3
0%

 a
s 

co
m

pa
re

d 
to

 U
T

•	
SC

 h
yd

ra
tio

n 
de

cr
ea

se
 

in
si

gn
ifi

ca
nt

ly
•	

Se
bu

m
 –

 n
o 

si
gn

ifi
ca

nt
 c

ha
ng

e 
is

 
ob

se
rv

ed

A
bb

re
vi

at
io

ns
: E

tO
H

, E
th

an
ol

; I
C

50
, H

al
f-

m
ax

im
al

 in
hi

bi
to

ry
 c

on
ce

nt
ra

tio
n;

 IF
N

-γ
, I

nt
er

fe
ro

n 
ga

m
m

a;
 IL

, I
nt

er
le

uk
in

; I
PA

, I
so

-p
ro

py
l a

lc
oh

ol
; N

M
F,

 N
at

ur
al

 M
oi

st
ur

iz
in

g 
Fa

ct
or

; n
-P

A
, n

-p
ro

py
l a

lc
oh

ol
; S

C
, 

St
ra

tu
m

 C
or

ne
um

; T
EW

L,
 T

ra
ns

-E
pi

de
rm

al
 W

at
er

 L
os

s;
 T

G
F-

α,
 T

ra
ns

fo
rm

in
g 

gr
ow

th
 fa

ct
or

-a
lp

ha
.



2400  |    SARAOGI et al.

TA
B

LE
 2

 
In

-v
iv

o 
st

ud
ie

s 
w

ith
 to

pi
ca

l c
oc

on
ut

 o
il 

ap
pl

ic
at

io
n 

fo
r i

m
pr

ov
em

en
t i

n 
sk

in
 b

ar
rie

r

St
ud

y
A

im
St

ud
y 

de
si

gn
Pa

tie
nt

s,
 n

D
os

e
Fi

nd
in

gs

Es
cu

ad
ro

-C
hi

n 
et

 a
l (

20
19

)21
D

et
er

m
in

e 
th

e 
ef

fic
ac

y 
an

d 
sa

fe
ty

 o
f v

irg
in

 c
oc

on
ut

 
oi

l c
om

pa
re

d 
to

 m
in

er
al

 
oi

l f
or

 th
e 

tr
ea

tm
en

t o
f 

se
ni

le
 x

er
os

is

A
ss

es
so

r-
bl

in
de

d,
 

ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l

14
8 

pa
rt

ic
ip

an
ts

 
(5

9m
al

es
,8

9f
em

al
es

)
Pa

rt
ic

ip
an

ts
 w

er
e 

in
st

ru
ct

ed
 

to
 a

pp
ly

 th
e 

te
st

 o
il 

tw
ic

e 
da

ily
 to

 th
e 

le
gs

 fo
r 

2 
w

ee
ks

43
%

 in
 th

e 
VC

O
 g

ro
up

 h
ad

 n
o 

vi
si

bl
e 

si
gn

s 
of

 le
g 

xe
ro

si
s 

ve
rs

us
 2

2.
4%

 in
 th

e 
m

in
er

al
 o

il 
gr

ou
p.

74
%

 in
 V

CO
 g

ro
up

 h
av

e 
>1

 p
oi

nt
 d

ec
re

as
e 

in
 

O
ve

ra
ll 

D
ry

 S
ki

n 
Sc

or
e 

(O
D

SS
) v

er
su

s 
34

%
 in

 
th

e 
m

in
er

al
 o

il 
gr

ou
p

VC
O

 s
ho

w
ed

 s
ig

ni
fic

an
tly

 g
re

at
er

 s
ki

n 
hy

dr
at

io
n,

 
sk

in
 li

pi
d 

co
nt

en
t a

nd
 q

ua
lit

y 
of

 li
fe

 s
co

re
VC

O
 g

ro
up

 s
ho

w
ed

 3
2.

1%
 (2

6/
81

) t
re

at
m

en
t 

su
cc

es
s 

co
m

pa
re

d 
to

 8
.9

%
 (6

/6
7)

 in
 th

e 
m

in
er

al
 

oi
l g

ro
up

N
an

gi
a 

et
 a

l (
20

08
)22

A
ss

es
s 

ef
fic

ac
y 

of
 to

pi
ca

l 
vi

rg
in

 c
oc

on
ut

 o
il 

in
 

re
du

ct
io

n 
of

 T
EW

L 
in

 
ve

ry
-lo

w
-b

irt
hw

ei
gh

t 
ne

on
at

es

Ra
nd

om
iz

ed
 tr

ia
l

74
 p

re
te

rm
 v

er
y-

lo
w

 b
irt

h 
w

ei
gh

t n
eo

na
te

s
7-

d 
tr

ea
tm

en
t: 

ap
pl

ic
at

io
n 

of
 4

 m
l o

f c
oc

on
ut

 o
il 

to
 

w
ho

le
 b

od
y 

tw
ic

e 
da

ily
; 

co
nt

ro
l, 

no
 tr

ea
tm

en
t

Si
gn

ifi
ca

nt
ly

 lo
w

er
 T

EW
L 

in
 c

oc
on

ut
 o

il 
gr

ou
p 

th
an

 
co

nt
ro

ls
To

pi
ca

l V
C

N
O

 u
se

 in
 in

cr
ea

se
s 

pl
as

m
a 

le
ve

ls
 o

f 
m

on
ol

au
rin

 a
nd

 d
ec

re
as

es
 in

ci
de

nc
e 

of
 la

te
-

on
se

t s
ep

si
s 

(b
lo

od
 in

fe
ct

io
n)

Ev
an

ge
lis

ta
 e

t a
l (

20
14

)23
C

om
pa

re
 e

ff
ec

t o
f t

op
ic

al
 

vi
rg

in
 c

oc
on

ut
 o

il 
w

ith
 

th
at

 o
f m

in
er

al
 o

il 
in

 
pa

tie
nt

s 
w

ith
 a

to
pi

c 
de

rm
at

iti
s

A
ss

es
so

r-
bl

in
de

d,
 

ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l

11
7 

ch
ild

re
n 

(a
ge

d 
1–

13
 y

ea
rs

)
8-

w
ee

k 
tr

ea
tm

en
t: 

ap
pl

ic
at

io
n 

of
 5

 m
l o

f 
co

co
nu

t o
r m

in
er

al
 o

il 
to

 
al

l b
od

y 
su

rf
ac

es
 tw

ic
e 

da
ily

Si
gn

ifi
ca

nt
ly

 lo
w

er
 S

CO
R

A
D

 in
de

x 
in

 c
oc

on
ut

 o
il 

th
an

 m
in

er
al

 o
il 

gr
ou

p.
G

re
at

er
 d

ec
re

as
e 

in
 T

EW
L 

an
d 

in
cr

ea
se

 in
 s

ki
n 

ca
pa

ci
ta

nc
e 

in
 c

oc
on

ut
 o

il 
th

an
 m

in
er

al
 o

il 
gr

ou
p

Ve
ra

llo
-R

ow
el

l 
et

 a
l (

20
08

)24
C

om
pa

re
 e

ff
ec

ts
 o

f t
op

ic
al

 
vi

rg
in

 c
oc

on
ut

 o
il 

w
ith

 th
os

e 
of

 to
pi

ca
l 

vi
rg

in
 o

liv
e 

oi
l o

n 
St

ap
hy

lo
co

cc
us

 a
ur

eu
s 

co
lo

ni
za

tio
n 

an
d 

at
op

ic
 

de
rm

at
iti

s 
pa

ra
m

et
er

s

Ra
nd

om
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l

52
 a

du
lts

4-
w

ee
k 

tr
ea

tm
en

t: 
ap

pl
ic

at
io

n 
of

 5
 m

l 
co

co
nu

t o
r o

liv
e 

oi
l t

o 
af

fe
ct

ed
 a

re
as

 tw
ic

e 
da

ily

Si
gn

ifi
ca

nt
ly

 lo
w

er
 S

ta
ph

yl
oc

oc
cu

s 
au

re
us

 
co

lo
ni

za
tio

n 
an

d 
SC

O
R

A
D

 in
de

x 
in

 V
CO

 th
an

 
ol

iv
e 

oi
l g

ro
up



    |  2401SARAOGI et al.

formulation and distilled water as placebo were applied at a dose 
of 0.1 ml/cm2 over the sites on either forearm (selected randomly) 
using a needleless syringe. Gentle massaging and enough residence 
time (~30 min) are provided to ensure the test and placebo formula-
tions are absorbed into the sites. The three marked sites were ad-
ministered with (1) Distilled Water (Placebo)—1× application, (2) 70% 
Ethanol Solution—1× application, and (3) 70% Ethanol Solution—6× 
applications each interspaced by 1 h (each application of 0.1 ml/cm2 
dose). Tewameter and Corneometer probes were used in accordance 
with the instrumental protocols as described elsewhere15 on each of 
the three sites to measure the TEWL and Moisture Content, respec-
tively. Standard D-Squame® tape was applied to the forearm sites at 
a constant pressure as described elsewhere.25 Six consecutive tape 
strippings were performed for all the selected areas at the center of 
application sites and stored in Eppendorf tubes for further process-
ing. The study design is captured in Figure 4 for visual reference.

2.4  |  Protein content and inflammation assay

The tape strips were solubilized in 1 ml of phosphate-buffered saline 
(PBS) solution and sonicated on an ice bath for 10 min to undergo cell 
lysis. The sonicated solution was centrifuged at 5600 g for 10 min at 
4°C, and samples from the cell supernatant were used for protein 
content analysis and detection of the pro-inflammatory cytokine.

The protein content was quantified using colorimetric method 
with Micro BCA™ Protein Assay Kit and compared with standard bo-
vine serum albumin (BSA). The reagents were prepared using manu-
facturer's protocol and microplate procedure was followed from the 
instruction manual. Briefly, in a 96 well plate, 150 µl of sample or 

BSA standard was reacted with 150 µl of working reagent containing 
bicinchoninic acid (BCA) and Cu+2 Ions and incubated for 2 h at 37°C. 
Absorbance of the solution post-incubation was taken at 562  nm 
using Cytation™ 3 Cell Imaging Multi-Mode Reader for samples and 
standard. The standard curve obtained from various dilutions of BSA 
was used to determine the concentration of protein in µg/ml.

Inflammation marker TNF-α was measured using Human Tumour 
Necrosis Factor alpha ELISA Kit-RAB0476 following manufacturer's 
instructions. The value of TNF-α present was reported in picograms/
ml of sample solution.

2.5  |  In-home usage study

The home-use study was a randomized, controlled trial wherein all 
the subjects were randomly assigned (as per computer-generated 
randomization list) to either one of the two treatment arms in 1:1 
ratio. Control group (Group I) was provided with the ABHS formu-
lated (70% v/v Ethanol) and recommended to apply 6 times per day 
on palms as a regular hand hygiene product. Test Group (Group II) 
used VCO (4-8drops) on their hands and palms before going to bed 
in addition to the ABHS usage 6 times per day. Study duration was 
15  days, and assessments were done on Day 0 and Day 15. Self-
assessment was done by volunteers using hand skin self-assessment 
tool (prescribed by World Health Organization26;) pre- and post-
intervention. Questionnaire-based assessment for moisturization, 
hand feel, and safety was done using a curated set of questions for 
VCO group, in consultation with the dermatologist expert. Phase II 
Study schematic (refer Figure  5) summarizes the design of the in-
home usage study.

F I G U R E  5  Phase II In-Home Usage 
Study Design Schematic

F I G U R E  4  Phase I Study Design 
Schematic
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2.6  |  Infrared spectroscopy measurements

The lower portion of the palm is identified as the region for non-
invasive investigation using the Fourier Transform IR spectropho-
tometer equipped with an ATR accessory. The delineated area was 
cleaned with distilled water and cotton swab before equilibrating 
the subjects under constant temperature (25°C) and humidity 
(60% RH) conditions for 30  min. At the end of calibration time, 
the IR reference scan was taken by placing the palm region adja-
cent to the ZnSe crystal for 2 min. The IR spectra recorded were 
the average of 50 scans, which required a data collection over 
the period of 2  min. Post that, ABHS was applied on the lower 
portion of the palm in generous amount (1 ml/cm2) and the region 
is wrapped with a cotton gauge & tape. At the end of 15 min of 
closed contact and 5 min of calibration time, the IR reference scan 
is taken again to record the post-exposure spectrum. After noise 
correction and normalization, the area under the curve for peaks 
identified for different components and compared for difference 

between reference & post-exposure spectra. The volunteers 
were provided with VCO samples and recommended to apply 4–8 
drops on their hands and palms before going to bed for 15 days. 
The IR scans of pre- and post-exposure were taken at Day 0, Day 
1, and Day 15.

2.7  |  Statistical analysis

Minitab® version 18 and Microsoft® Excel Office 2007 were used 
to analyze the data. Normality was assessed using the Kolmogorov-
Smirnov statistical test. Parametric statistical tests (one-way 
between-group ANOVA and paired t test to compare means) were 
used to investigate statistical differences between treated and un-
treated sites as well as control and test groups for in-home usage 
study. A probability of p < 0.05 was considered statistically signifi-
cant. All results are presented as mean and standard error of the 
mean.

F I G U R E  6  TEWL measurement of 
the mid volar forearm at three sites 
with different stimuli for the untreated 
control and VCO pre-treatment (n = 12, 
mean ± SE)
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F I G U R E  7  Percent change from initial 
readings in TEWL recorded at three sites 
with different stimuli for the untreated 
control and VCO pre-treatment (n = 12, 
mean ± SE)
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F I G U R E  8  Corneometer measurement 
of the mid volar forearm at three sites 
with different stimuli for the untreated 
control and VCO pre-treatment (n = 12, 
mean ± SE)
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F I G U R E  9  Percent change from initial 
readings in Corneometer values recorded 
at three sites with different stimuli for the 
untreated control and VCO pre-treatment 
(n = 12, mean ± SE)
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F I G U R E  1 0  SC Protein Content from 
the tape strip of the mid volar forearm at 
three sites with different stimuli for the 
untreated control and VCO pre-treatment 
(n = 12, mean ± SE)
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F I G U R E  11  TNF-α Content from the 
tape strip of the mid volar forearm at 
three sites with different stimuli for the 
untreated control and VCO pre-treatment 
(n = 12, mean ± SE)
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F I G U R E  1 2  WHO Skin Self-
Assessment Scale Ratings pre- and 
post-ABHS usage for t = 15 days for the 
untreated control group and VCO pre-
treatment (n = 30 for Control while n = 28 
for VCO Group, mean ± SE)

0
1
2
3
4
5
6
7

Day0 Day15 Day0 Day15

Untreated VCO Pretreated

WHO SKIN SELF-ASSESSMENT RATINGS
Apperance Intactness Moisture Content Sensa�on



2404  |    SARAOGI et al.

3  |  RESULTS

3.1  |  TEWL measurement

The epidermal water loss values for initial and post-intervention for the 
three sites (1× Distilled Water, 1× 70% Ethanol Solution, and 6× 70% 
Ethanol Solution) are shown in Figure 6. As expected, TEWL values 
increase significantly with ethanol treatment in control scenario (no 
pre-treatment). With VCO pre-treatment, the change in TEWL values 
is insignificant even with 6 applications of ethanol solution. Percent 
change in TEWL values from initial readings is shown in Figure 7.

3.2  |  Corneometer measurement

Moisture content for initial and post-intervention for the three sites 
(1× Distilled Water, 1× 70% Ethanol Solution, and 6× 70% Ethanol 
Solution) are shown in Figure  8. No significant changes in the 
Corneometer values are observed for either untreated control or 
VCO pre-treatment scenario. Percent change in Corneometer values 
from initial readings is shown in Figure 9.

3.3  |  Stratum corneum protein content

Average stratum corneum (SC) protein content from 6 tape strips 
from the subjects in two groups—control and VCO pretreted—is 
captured in Figure 10. As it can be seen, untreated group observes 
an increase in protein content stripped out with increase in ethanol 
exposure of the SC. More the ethanol exposure, easier it is to strip 
out the protein from the SC. The differences are significantly dif-
ferent with 1× Ethanol cycle and, for 6× cycles. However, for VCO 
pre-treatment scenario the protein content stays relatively stable 
(insignificant change). This suggests the SC resistance maintenance 
by VCO even under the ethanol onslaught.

3.4  |  Cytokine content

Inflammation marker—cytokine level—in the form of a cytokine 
(TNF-α) content was measured from the tape strips from different 
sites. Average TNF-α content (in Pg/ml) from 6 tape strips from the 
subjects in two groups—control and VCO pretreated—is captured in 
Figure 11. On untreated areas, the exposure to alcohol leads to an 
increase in the cytokine level and hence inflammation. Significant 
increase in inflammation marker in SC was observed for 6× cycles of 
ethanol solution exposure (p < 0.05). However, for VCO pretreated 
areas, exposure to alcohol did not result in any significant change in 
the cytokine content (p > 0.05).

3.5  |  In-home usage study

WHO Skin Assessment Scale comprises of 4 vectors—Appearance, 
Intactness, Moisture Content, and Sensation—rated on a 7-point 
scale (1beinglowerand7indicateshealthystate). Day 0 and Day 15 
ratings of the two groups—Control Group (Untreated) and VCO 
Overnight Treatment Group—are summarized in Figure 12. Except 
moisture content, the other three vectors have changed insignifi-
cantly over the duration of study (t = 15 days). For moisture con-
tent, the ratings indicate a significant negative shift toward dry 
hands for control group (p < 0.05) and a significant positive shift 
for the VCO-treated group (p < 0.05). The percent change in rat-
ings over the intervention period for the two groups is shown in 
Figure 13.

VCO group was also administered a hand feel perception ques-
tionnaire. The responses recorded are summarized in Figure  14. 
Various statements which were ratified by all 28 volunteers of the 
VCO group at the end of day 15 are compiled in Figure 15. In terms 
of protection perceived, the average hours of protection were esti-
mated at 11 ± 1.7 h. Figure 16 captures the histogram of the percep-
tible protection duration in hours by VCO.

F I G U R E  1 3  Percentage Change in 
WHO Skin Self-Assessment Scale Ratings 
pre- and post-ABHS usage for t = 15 days 
for the untreated control group and VCO 
pre-treatment (n = 30 for Control while 
n = 28 for VCO Group, mean ± SE) Pre-
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F I G U R E  14  Perception-based 
improvement for VCO group at the end of 
Day 15 for Sensorial Parameters as a part 
of Q’re Assessment (Improvement Rating 
for n = 28 subjects, mean ± SE)

F I G U R E  1 5  Statements agreed by 
VCO Group Subjects post the intervention 
period

F I G U R E  1 6  Histogram of the 
perceptible protection from ABHS damage 
in hours due to VCO pre-treatment post 
the intervention period
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F I G U R E  17  Average Integrated 
intensity for the peaks from the IR spectra 
(n = 5; mean ± SE)

0

2

4

6

8

10

12

Pre Post Pre Post Pre Post

Lipid  (CH2, CH3 stretch) Lipid (C=O stretch ester) Protein (1540)

In
te

gr
at

ed
 In

te
ns

ity

INFRARED SPECTRUM PEAK AREAS
Ini�al, Day0 VCO, Day1 VCO, Day15



2406  |    SARAOGI et al.

3.6  |  Infrared spectroscopy measurement

IR spectra for lower palm are analyzed for integrated intensity 
around (1) the lipid peaks characterized with CH2, CH3  stretch, 
and C=O ester stretch as well as (2) the protein peak at 1540 cm−1. 
Average integrated intensity of the identified peaks is mentioned in 
Figure 17. Percentage change in the integrated intensities between 
pre- and post-ABHS exposure spectra is captured in Figure 18. As it 
can be seen, the percent change is higher for the untreated state and 
the change reduces with progressive VCO application with a signifi-
cant (p < 0.05) change in all 3 peak intensities at the end of 15 days 
of VCO usage.

4  |  DISCUSSION

The main barrier component of skin (located in the stratum corneum, 
SC) comprises multiple layers of intercellular lipids (predominantly 
ceramides, cholesterol, and free fatty acids) in a gel phase.27 Ethanol 
is known to partition into the skin and enhance the permeation of 
both polar and nonpolar molecules.28 Multiple studies in the litera-
ture point to the lipid extraction, and thus, membrane damage, as the 
mechanistic action of ethanol.9,29–32 The same got validated in the 
present study with a substantial increase in transepidermal water 
loss with repeated application of 70% ethanol solution. The change 
in moisture content was not observed as the SC layer is known to 
act as “responding membrane”33 and the body supplies more water 
from deeper skin layers as the concentration in SC goes down. The 
biological markers from tape stripping suggest a significant increase 
in protein content which is a marker of loosened skin integrity and a 
significant increase in cytokine marker which suggests higher degree 
of inflammation. All these instrumental measurements on the skin 
of human subjects re-validates the deleterious effect of repeated 
alcohol exposure to the skin.

Coconut oil is known to act on the skin via predominantly three 
mechanisms: (1) Occlusive Layer formation34 as the reinforced first 
line of defense against external aggressors like water, surfactant, and 
alcohol; (2) Internal Occlusion of the penetrated oil—that is, coating 
of the skin from inside35 —help avoid the loss of moisture and adds 
to the resistance from external aggressors; and (3) Penetration in-
side the skin and strengthening the lipids bilayer which is proven as 

increased resistance to alter the lipid packing structure from orthor-
hombic to hexagonal.36 As it can be seen from the present study, the 
pre-application of virgin coconut oil on skin helps (1) maintain the 
transepidermal water loss, (2) maintain the moisture levels, (3) keeps 
in check the protein content from tape stripping, and (4) manages 
the cytokine content at the original levels. The data obtained con-
firm the protective benefits of coconut oil application on skin against 
repetitive exposure to 70% ethanol.

In-home usage study represents the most practical and closest to 
consumer assessment for any cosmetics product evaluation.37 Thus, 
the 15-day in-home usage study—with the introduction of overnight 
application of VCO on palms & hands amidst the regular usage of 
ABHS during the day—is the opportunity to test in the consumer 
relevant environmental settings. WHO Skin Self-Assessment Scale26 
was used as the objective metric for recording the changes at the 
end of 15 days intervention period. A significant reduction (−11.8%) 
in moisture content was observed in the group with only the ABHS 
application while a significant positive shift (+15.4%) was recorded 
for the group with overnight VCO application. For appearance, in-
tactness, and sensation, the shift was not significant. Further, the 
self-assessment ratings for subjective hand feel parameters—like 
soft, supple, moisturized, protection, and safety—also exhibited a 
positive shift for all the subjects using VCO as overnight treatment. 
VCO application, as seen from the instrumental studies, helped re-
inforce the skin barrier against the harmful effects of ethanol pen-
etration and thus, maintained skin barrier integrity both from inside 
and outside. The protective benefits of VCO regular application 
were confirmed in the statements ratified by the consumers which 
refers to VCO usage as remedy for dry hands, deep care, deep nour-
ishment, overnight repair, overnight pampering of hands, protection 
for next day sanitization, etc. Perceptive assessment of the duration 
of protection was also included in the questionnaire. The subjects 
rated the VCO protection duration ranging from 2 to 24 h with an 
average protection of around 11 h.

Coconut oil skin protection mechanism of penetrating the stra-
tum corneum and strengthening the skin lipids was also investigated 
in vivo using FTIR, inspired by similar studies in the past on the ef-
fect of ethanol on SC.38,39 An exaggerated protocol of applying etha-
nol on the lower portion of palm and keeping it wrapped with cotton 
gauge for 15 min was administered to cause exaggerated damage to 
SC in terms of leaching out of lipids by alcohol. The average percent 

F I G U R E  1 8  Percent change in 
the average Integrated intensities for 
the peak from the IR spectra (n = 5; 
mean ± SE)
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change in intensities of lipid peaks and protein peaks was substan-
tial at Day 0 signaling the damaging effect of alcohol on untreated 
skin. Day 1 of the VCO treatment regime shows benefits by a signif-
icant reduction in the percent change for lipid peak intensities but 
no significant reduction is observed for protein peak. On day 15 of 
the VCO application, the protective benefits were seen to the best 
extent and no change in the lipid and protein peaks was observed 
before and after alcohol exposure. Thus, it establishes the progres-
sive, reparative barrier strengthening of SC by the regular usage of 
coconut oil.

As 70% ethanol is known to take away the cellular lipids (partic-
ularly free fatty acids and ceramides) loosening the SC barrier, the 
regular usage of overnight coconut oil helps in barrier strengthening 
by penetration of VCO triglycerides in the SC layers and stabiliza-
tion of the lipid structure. The exact contribution of the mechanistic 
pathways—internal and exclusion effect as well as the lipid strength-
ening aspects of VCO—in the improved skin protection is still to be 
ascertained.

5  |  CONCLUSION

Alcohol exposure on the skin leading to weakened skin barrier is 
known in the state-of-art. The mechanism of alcohol extracting 
the skin lipids and hence, weakening the lipid bilayers structure is 
known in detail. Present work provides evidence of alcohol com-
promising skin barrier integrity in terms of instrumental in vivo 
studies as well as in-home usage studies to replicate the consumer 
assessment scenario. The current study also establishes the pro-
tective benefit of regular coconut oil application regime against 
the increased exposure of skin to ABHS during these COVID times. 
The work provides in vivo proof of the skin lipid strengthening as-
pects of regular VCO topical application. Based on the findings, 
a regimen of overnight VCO application on hands as a natural 
prophylactic against the increased frequency of ABHS usage is 
recommended.
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