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Editorial

A “new normal” present day living is a phrase frequently recognized on a daily basis. Those
who have practiced “new normal” may question whether or not it is really a new trend. However,
upon giving a thorough consideration, one cannot deny the phenomena affected by the CONVID-19
such as better environment, safer health behavior, and even the idea of creating a more harmonious

and balanced living.

This issue of the Journal of Chulabhorn Royal Academy (JCRA) contains articles of current in-
terests, for example, 1) How COVID-19 Affects Cancer and Cardiovascular Disease; 2) The Management
of Online Learning and Teaching: Towards the Professional Standards Framework for Teaching and
Supporting Learning in Higher Education; 3) A Survey of Posttransplant Direct Non-Medical and Indi-
rect Costs for Recipients and Caregivers from 5 Transplant Centers in Thailand 4) Update in Demodex
Blepharitis; and 5) a continued article on Occurrence of Racemic Natural Products and Their Biological
Activities (Part 2).

An appreciation is extended to those academicians who prepared the research and academic
articles for the JCRA. This enables the journal to publish regularly and continuously. Therefore we can

reach our aims of being a standard forum for disseminating ideas, knowledge, and innovations.

We invite all of the readers to give comments, critics, suggestions and submit academic and

research papers for publication in the JCRA.

Professor Nithi Mahanonda, M.D.

Chief Editor

J Chulabhorn Royal Acad. 2020; 2(3): July - September
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Abstract

In the climate of the Coronavirus pandemic throughout the world including Thailand, digital
and educational technologies have become an increasingly important part of students’ lives.
Online teaching and learning have been arranged to continue the mission of the institutes of all
educational institutions At the same time, various online programs have been developed to
support online teaching as virtual classroom teaching by communication technology business.
However, tools in particular online programs are considered applicable comparing to limitation in
classroom teaching. For this reason, teachers are required to improve instructional skills through
the usage of technology so as to maximize educational benefits while achieving learning outcomes
of the institutions. The Technological Pedagogical Content Knowledge (TPACK) framework is
therefore proposed in term of applying learning design, whereas using the Professional Standards
Framework for teaching and supporting learning in higher education in teaching towards the

professional online instructors to be recognized at the international level.

Keywords: Online teaching and learning, Professional Standards Framework, teaching and

supporting learning, Higher education
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Abstract

After Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) was introduced to the world in
December 2019, it rapidly continues its journey to more than 185 countries/regions throughout the
world in just only a few months1. Due to its powerful transmission capacity, WHO declared COVID-
19 a pandemic in March 2020. While the knowledge about risk and its impact is still limited, recent
data has shown an association between COVID-19 and the world’s two most common diseases;
cardiovascular disease and cancer. Data suggested that these patients are not only more
susceptible to SARS-CoV-2 infection, but also likely to develop severe form of disease with higher
mortality rate. It is significantly importance to understand the underlying mechanisms of SARS-CoV-
2 in order to treat these patients. The purpose of this article is to review current data on the
incidence, proposed mechanisms and impacts of COVID-19 among patients with cardiovascular

disease and cancer.

Keywords: COVID-19, Cancer, Cardiovascular disease, Mechanisms of COVID-19
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Abstract

Part 2 review is a continuing version of Part 1, providing more examples of racemic natural
products isolated from higher plants and microorganisms. The natural products reported here are
from the research articles mostly published over the past few years, 2018-2020. This part also
provides the information of marine racemic natural products, which had been isolated from

marine invertebrates.

Keywords: Natural Products, Racemic mixture, Racemate, Biological activity; Marine natural

products

Introduction

Part 1 of the review article covers many
examples of natural products isolated as a
racemic mixture; these racemates were obtained
from higher plants and microorganisms. Herein,
racemic natural products are presented in
Part 2, which provides more examples of racemic
natural compounds isolated from plants and
microorganisms. This review also gives examples
of racemic mixtures of marine natural products,
which were isolated from marine invertebrates.

Occurrence of Racemic Natural Products in
Plants

Two racemic mixtures of polyprenylated
acylcyclopentanones, evodialones A (1) and B
(2), were obtained from the aerial parts of
Evodia lepta (Figure 1).! Both evodialones A (1)
and B (2) have 3-ethyl-1,1-diisopentyl-4-
methylcyclopentane skeleton, however, their
specific rotation values are close to zero, sug-
gesting that they are racemates. Separation by
chiral HPLC led to the isolation of a racemic

mixture of evodialone A (1), giving pure
enantiomers, (-)-evodialone A (1a) and (+)-
evodialone A (1b) (Figure 1). Effort to separate
evodialone B (2) by chiral HPLC had been
made, but failed to isolate into pure enantiomers.
The absolute configurations of (-)-evodialone
A (1a) and (+)-evodialone A (1b) were spiro-
established by a combination of computational
techniques, i.e., gauge-independent atomic
orbital calculation of 1D NMR data and ex-
perimental and time dependent density func-
tionnal theory (TDDFT)-calculated electronic
circular dichroism (ECD) spectra.! Antimicrobial
activity of (-)-evodialone A (1a), (+)-evodialone A
(1b), and (%)-evodialone B (2) was evaluated.
They were inactive toward the bacterial strains
tested. However, both compounds 1a and 1b
exhibited antifungal activity against Candida
parapsilosis, C. glabrata, C. guilliermondii, and C.
lusitaniae with MIC values of 17.1-68.3 uM,
while (t)-evodialone B (2) did not show the
activity at 220 uM.*
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(-)-Evodialone A (1a)

(+)-Evodialone A (1b)

(%) Evodialone B (2)

Figure 1: Structures of (-)-evodialone A (1a), (+)-evodialone A (1b), and (z)-evodialone B (2)

isolated from Evodia lepta.

Armoracia rusticana or horseradish is an
edible plant, and its roots are used as
condiments and have intense pungency and
flavor that is from sulfur-containing compounds.
Investigation of a methanol extract of the
roots of A. rusticana led to the isolation of
two classes of compounds, thiohydantoins (3
and 5) and hydantoins (4 and 6) (Figure 2).2
Compounds 3-6 had specific rotation values
close to zero with the absence of Cotton
effects in the ECD spectrum, suggesting the
racemic property of these natural products.
They have different absolute configuration at
position 8 in the molecule (Figure 2).
Individual enantiomers of compounds 3-6

0]
\/\ OH
N
I
N
R
R
3a 8R S
3b 85 S
4a 8S O
4b 8R O

were obtained after separation by chiral-
phase semipreparative HPLC, giving enantiomers
3a, 3b, 4a, 4b, 53, 5b, 6a, and 6b (Figure 2).
The neuroprotective properties on nerve
growth factor (NGF) induction in C6 glioma
were evaluated for an individual enantiomer;
the enantiomers 3b and 4a displayed potent
NGF secretion stimulation activities, and they
were more potent than 6-shogaol, a standard
neuroactive compound of ginger.> These
biological results indicated that the N-2 allylic
functional group and the 8S absolute
configuration in compounds 3b and 4a are
important for the NGF induction property.

5a 8S S OH
5b 8R S OH
6a 8S O OH
6b 8R O OH

Figure 2: Structures of thiohydantoins (3a, 3b, 5a and 5b) and hydantoins (4a, 4b, 6a and 6b)

isolated from the roots of A. rusticana.
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Morus nigra is a Chinese herbal medicine
used for improving immunity and anti-aging
property. Two pairs of a flavonoid racemate,
namely nigranol C (7) and nigragenon E (8),
were isolated from the twigs of M. nigra
(Figure 3).% Nigranol C (7) is an isoprenylated
flavonol racemate uniquely featured with an
unprecedented 7/6/6 ring system. Both
nigranol C (7) and nigragenon E (8) did not
have the Cotton effects in CD spectra, and
their optical rotation values were close to
zero. Chiral HPLC separation of compounds 7
and 8 provided pure enantiomers of (+)-
nigranol C (7a), (-)-nigranol C (7b), (-)-
nigragenon E (8a), and (+)-nigragenon E (8b)
(Figure 3). The absolute configurations of 7a,
7b, 8a, and 8b were determined by experimental
and TDDFT-calculated ECD spectra. Individual
enantiomers were evaluated for their a-
glucosidase and tyrosinase inhibitory activities.
Note that the a-glucosidase inhibitory
activity is one of the mechanisms for the

design of antidiabetic drugs,>® while tyrosinase
inhibitory activity can be applied in cosmetics
as whitening agent and in food and agriculture
industries as antibrowning agents.” Compounds
7a, 7b, 8a, and 8b were found to be potent
a-glucosidase inhibitors with [Cso values
ranging from 9.79 to 30.21 uM, which were
better than a positive control, acarbose (ICso
value of 987.90 uM). (-)-Nigragenon E (8a)
and (+)-nigragenon E (8b) displayed tyrosinase
inhibitory activity with ICso values of 25.72
and 27.14 uM, respectively, which were
comparable to that of kojic acid (ICso value of
27.01 uM), a standard tyrosinase inhibitor.*
The two pairs of enantiomers of compounds
7 and 8 exhibited comparable a-glucosidase
and tyrosinase inhibitory activities, suggesting
that the absolute configuration of these
compounds did not have the influence on the
inhibitory activity toward a-glucosidase and
tyrosinase.

(-)-Nigragenon E (8a)

(+)-Nigragenon E (8b)

Figure 3: Structures of (+)-nigranol C (7a), (-)-nigranol C (7b), (-)-nigragenon E (8a), and (+)-
nigragenon E (8b) isolated from the twigs of M. nigra.
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Fruits of Xanthium sibiricum are used in
Chinese herbal medicine, which are known as
“Cang-Er-Zi” in Chinese Materia Medicinal
material.2 In the traditional Chinese medicine,
fruits of X. sibiricum are used for the treatment
of herpes, fever, leukoderma, sinusitis, head-
ache, and cancer.>!! Enantiomers of ()-
xanthiazinones A-C, sulfur-containing natural
products, were isolated from the fruits of X.
sibiricum. The isolated enantiomers were (+)-
xanthiazinone A (9a), (-)-xanthiazinone A (9b),
(+)-xanthiazinone B (10a), (-)-xanthiazinone B
(10b), (+)-xanthiazinone C (11a), and (-)-
xanthiazinone C (11b) (Figure 4).2 Comparison of
NMR data of compound 9 with those of
xanthiazone previously isolated from X.
sibiricum*? revealed a great deal of similarities
of NMR data between compound 9 and
xanthiazone. Detailed analysis of NMR data
suggested that compound 9 contained a
thiazinedione core structure attached to a
pyrrolidinone moiety. Previous work assigned
the thiazinedione core structure attached to
a pyrrolidinone moiety via the nitrogen atom
(Figure 4),2 however a single crystal X-ray
crystallographic analysis revealed that a
linkage was through an oxygen atom of a
hydroxyl group of a pyrrolidinone moiety.?
Therefore, the structure of xanthiazone was
revised accordingly as shown in Figure 4. A
single crystal X-ray crystallographic analysis
of compounds 10 and 11 was also performed,
and the X-ray analysis not only confirmed the
structures of compounds 10 and 11, but also
indicated the racemic nature of these
compounds. Compounds 9-11 were separated
by chiral HPLC, giving individual enantiomers
of (+)-xanthiazinone A (9a), (-)-xanthiazinone

A (9b), (+)-xanthiazinone B (10a), (-)-
xanthiazinone B (10b), (+)-xanthiazinone C
(11a), and (-)-xanthiazinone C (11b) (Figure
4). The absolute configurations of each
enantiomer were established by ECD
calculations.

The isolated compounds were tested for
anti-inflammatory activity by suppressing
lipopolysaccharide-induced nitric oxide pro-
duction in RAW 264.7 cells. (+)-Xanthiazinone
B (10a) and (-)-xanthiazinone C (11b) exhibited
anti-inflammatory activity with 1Cso values of
8.75 and 19.44 uM, respectively. The drug
dexamethasone was used as a standard drug,
exhibiting an ICsp value of 10.50 pM.
Therefore, (+)-xanthiazinone B (10a) s
considered as a potent anti-inflammatory
agent, while its corresponding enantiomer

10b did not have the activity. (-)-
Xanthiazinone C (11b) exhibited anti-
inflammatory activity, however, its cor-

responding enantiomer 1l1la was inactive.
Therefore, the absolute configuration of this
compound class is essential for anti-
inflammatory activity. Compounds 9b, 10a,
11a, and 11b displayed cytotoxic activity
against human cancer cell lines (HepG2, MCF-
7, and A549 cancer cells) with 1Csp values
ranging from 24.23 to 87.22 uM.2 Again, only
certain enantiomers of compounds 9 and 10,
i.e., 9b and 10a, showed anticancer activity,
indicating the importance of the absolute
configuration for the activity. However, both
enantiomers of compound 11, i.e., 11a and
11b, displayed the activity, suggesting that
the absolute configuration is not essential for
the activity.

J Chulabhorn Royal Acad. 2020; 2(3): 27-43

30



&Ai‘ﬁ[ L Revised

dﬁl

O

+)-Xanthiazinone A (9a)
O

+)-Xanthiazinone B (10a)
)

NH
‘ /1 S
/O/ . i\l\
N @)
(0]

(+)-Xanthiazinone C (11a)

0]

S -
LT °
N
0]
(-)-Xanthiazinone A (9b)

@)

0]

Lﬁjf“b

(-)- Xanth|a2|none B (10b)

e ﬁﬁ“

(=)-Xanthiazinone C (11b)

0]

Figure 4: Structure revision of xanthiazinone; and structures of (+)-xanthiazinone A (9a), (-)-
xanthiazinone A (9b), (+)-xanthiazinone B (10a), (-)-xanthiazinone B (10b), (+)-
xanthiazinone C (11a), and (-)-xanthiazinone C (11b) isolated from the fruits of X.

sibiricum.

Corydalis yanhusuo is a Chinese herbal
medicine, known as “Yan-Hu-Suo” in a traditional
Chinese medicine (TCM). Dried tuber of C.
yanhusuo is well documented in the Chinese
Pharmacopoeia, and it is used for the treatment
of abdominal pain, spasms and menstrual
pain. 3 Six pairs of isoquinoline alkaloid
enantiomers including ( + ) -yuanhusanine A
(12a), (-) -yuanhusanine A (12b), (+ ) -

yanhusanine B ( 13a), ( -) -yuanhusanine B
(13b), ( + ) -yanhusanine C ( 14a), ( -) -
yuanhusanine C ( 14b), ( + ) -yanhusanine D
( 15a), ( -) -yuanhusanine D ( 15b), (+ ) -
yanhusanine E (16a), (-)-yuanhusanine E (16b),
(+)-yanhusanine F (17a), and (-)-yuanhusanine
F (17b), were isolated from the aqueous tuber
extract of C. yanhusuo (Figure 5).13
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Figure 5: Structures of (+)-yuanhusanine A (12a), (-)-yuanhusanine A (12b), (+)-yanhusanine B
(13a), (-)-yuanhusanine B (13b), (+)-yanhusanine C (14a), (-)-yuanhusanine C (14b), (+)-
yanhusanine D (15a), (-)-yuanhusanine D (15b), (+)-yanhusanine E (16a), (-)-yuanhusanine

E (16b), (+)-yanhusanine F (17a), and (-)-yuanhusanine F (17b).
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The isolated compounds 12-17 had the
specific rotation close to zero, and lack of
Cotton effects in CD spectra indicating that
they were racemates. The enantiomer of
individual compounds was obtained after the
separation by Chiral HPLC, and the con-
figurations of an individual enantiomer were
determined by DP4+ NMR calculation methods
and by comparison of experimental and
calculated ECD spectra. The isolated compounds
were evaluated for the inhibition of human
carboxylesterases hCE1 and hCE2, the two
isoenzymes which are involved in xenobiotic
metabolism, and thus playing a role in drug
metabolism and insecticide detoxication. 14
Except for compounds (+)-12a, (-)-12b, (+)-14a,
and ( - ) -14b, the remaining enantiomers,
selectively exhibited hCE2-mediated fluorescein
diacetate hydrolysis. '* The activity of (+ ) -
yanhusanine B (13a) and (-)-yuanhusanine B
( 13b) was more active than that of the
reference drug, loperamide. It is worth
mentioning that each pair of this isoquinoline
alkaloid enantiomer did not have different
activity toward carboxylesterase enzyme,
implying that the absolute configuration of
this class of alkaloid is not important for
carboxylesterase inhibitory activity.

Melicope patulinervia is in the Rutaceae
family, which is comprised of many species,
but Melicope patulinervia is the major
species of this plant family.'> M. patulinervia
is found mainly in Hainan province, China,
not in other areas. Previous investigations on
this plant revealed the presence of
flavonoids. 1® Three pairs of enantiomers of
(*)-melipatulinones A-C (18-20) were isolated
from M. patulinervia, and they are lignin-
phloroglucinol hybrids decorated with a novel
spiro[ hydrobenzofuran-2,3' -furan] 5/ 5/ 6

tricyclic ring system, as well as spiro
[cyclopenta[ b] hydrofuran-2,3’-furan] 5/5/5
tricyclic framework (Figure 6).17 The structure
of melipatulinone A (18) was confirmed by X-
ray analysis with Cu Ka radiation, but showing
absence of a Flack parameter; this suggested
that melipatulinone A ( 18) was a racemic
mixture. Moreover, the value of optical rotation
of melipatulinone A (18) was close to zero,
and thus confirming the racemic nature of
this compound.?’ Chiral HPLC separation led
to the isolation of the two enantiomers, (+)-
melipatulinone A (18a) and (-)-melipatulinone A
(18b), whose absolute configurations were
determined by ECD calculation and TDDFT.
Optical rotation values of (+)-melipatulinones
B and C (19 and 20) were also close to zero,
implying that they are racemates. Individual
enantiomers of (x)-melipatulinones B and C
(19 and 20) were obtained after chiral HPLC
separation, yielding (+)-melipatulinone B (19a),
(-)-melipatulinone B (19b), (-)-melipatulinone
C (20a), and (+ ) -melipatulinone C (20b),
respectively ( Figure 6). The absolute con-
figurations of these enantiomers were
determined by ECD calculation and TDDFT.
The isolated compounds were evaluated for
the inhibition of pancreatic lipase, which is
one of the mechanisms for the drug design
for controlling of obesity.® The racemic (%)-
melipatulinones A-C (18-20) were found to
inhibit pancreatic lipase with ICso values of
6. 14, 10. 66, and 3.48 pM, respectively. 7
However, individual enantiomers of compounds
18-20 exhibited 2 to 5 folds less inhibitory
activity than its corresponding racemate; this
implied that the pair of enantiomer may have
synergistic effect toward the inhibition of
pancreatic lipase.
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Figure 6: Structures of (+)-melipatulinone A (18a), (-)-melipatulinone A (18b), (+)-melipatulinone B
(19a), (-)-melipatulinone B (19b), (-)-melipatulinone C (20a), and (+)-melipatulinone C

(20b).

Occurrence of Racemic Natural Products in
Microorganisms

Recent investigations of bioactive com-
pounds from microorganisms revealed the
presence of racemic mixtures of microbial
metabolites. Three pairs of enantiomers of
aromatic polyketide dimers, (+)-canescones
A-C (21-23), were isolated from the fungus

Penicillium canescens (Figure 7). (%)-
Canescones A-C (21-23) have an un-
precedented 5/6/6/6/5 heterocyclic chemical
structure, and they have a rare pentacyclic
dihydrobenzo[1,4]dioxine core in their
molecules. Canescone A (21) existed as a
racemic mixture as revealed by a single
crystal X-ray analysis with Cu Ka radiation,
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showing the crystallization space group
P21/c, which was centrosymmetric. X-ray
analysis also revealed that canescones B and
C (22 and 23) were racemic mixtures. Chiral
HPLC separation of (t)-canescones A-C (21-
23) gave pure enantiomers, (+)-canescone A
(21a), (-)-canescone A (21b), (+)-canescone B
(22a), (-)-canescone B (22b), (+)-canescone C
(23a), and (-)-canescone C (23b), respectively
(Figure 7). The absolute configurations of an
individual enantiomer were determined by
the experimental and simulated spectra
generated by TDDFT at the B3LYP/6-
311++G(d,p) level (Gaussian 09 W).° The

)-Canescone A (21a)

HOO

(+)-Canescone B (22a)

OMe

Om

HO ¢

HO (+)-Canescone C (23a)

isolated compounds were assessed for their
protein tyrosine phosphatase 1B inhibitory
activity, which is a drug target for the
treatment of type 2 diabetes and obesity.29?!
(+)-Canescone C (23a) and (-)-canescone C
(23b) exhibited potent protein tyrosine
phosphatase 1B inhibitory activity with
respective 1Cso values of 11.39 and 9.42 uM,
while the positive control, oleanolic acid, had
the ICso value of 7.85 uM.? Both enantiomers
23a and 23b displayed relatively the same
level of activity, implying that the absolute
configuration is not essential for the inhibition
of protein tyrosine phosphatase 1B enzyme.

MeO

OH o
0

)-Canescone A (21b)

MeO

o) OH
)-Canescone B (22b)

MeO

OOH

(-)-Canescone C (23b) OH

Figure 7: Structures of (+)-canescone A (21a), (-)-canescone A (21b), (+)-canescone B (22a),
(-)-canescone B (22b), (+)-canescone C (23a), and (-)-canescone C (23b).
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Three pairs of enantiomeric alkaloids, (+)-
(S)-pratensilin A (24a), (-)-(R)-pratensilin A
(24b), (+)-(S)-pratensilin B (25a), (-)-(R)-
pratensilin B (25b), (+)-(S)-pratensilin C (26a),
and (-)-(R)-pratensilin C (26b) (Figure 8), were
isolated from a marine bacterium Streptomyces
sp., which was isolated from a marine sediment
in China.?? These alkaloids have a novel algae
indolinone-naphthofuran skeleton. The structures
of pratensilin A (24) and pratensilin B (25)
were elucidated by analysis of spectroscopic
data, as well as by X-ray diffraction analysis.
The centrosym-metric space obtained from
X-ray analysis revealed that pratensilin A (24)
was racemate. Chiral HPLC separation of
compounds 24 and 25 successfully yielded
pure enantiomers, (+)-(S)-pratensilin A (24a),
(=)-(R)-pratensilin A (24b), (+)-(S)-pratensilin
B (25a), and (-)-(R)-pratensilin B (25b). Pratensilin
C (26) was a derivative of pratensilin B (25),
and it also existed as a racemic mixture.
Chiral HPLC separation led to the isolation of
the two enantiomers, (+)-(S)-pratensilin C (26a)
and (-)-(R)-pratensilin C (26b) (Figure 8).%?
The absolute configuration of each enantio-
mer was addressed by DFT and TDDFT cal-
culations. Interestingly, a racemization of (+)-
(S)-pratensilin A (24a) and (-)-(R)-pratensilin
A (24b) was observed either in aprotic or in
protic solvents, while that of (+ ) -( S) -
pratensilin B (25a) and (-)-(R)-pratensilin B (25b)
occurred in protic solvents. The racemization
of these alkaloids might be via a keto-enol-
type tautomerism. To prove the mechanism
of the racemization, the hydroxyl group of
( +) -pratensilin B ( 25) was protected by
methylation to give a methylated product
(27), which was then isolated by chiral HPLC
to give the enantiomers, Me-( + ) -( S) -
pratensilin B (27a) and Me-(-)-(R)-pratensilin
B (27b) (Figure 8). Indeed, the enantiomers
of the methylated products 27a and 27b

could not undergo racemization, confirming
that the racemization of the alkaloids 24a
and 24b or 25a and 25b occurs through a
keto-enol-type tautomerism. Racemic mixture
of pratensilin A ( 24) displayed moderate
cytotoxic activity toward cancer cell lines,
while that of pratensilin B (25) exhibited only
weak activity. The enantiomers (+ ) -( S) -
pratensilin C (26a) and (-)-(R)-pratensilin C
(26b) showed weak cytotoxic activity, and
both enantiomers displayed similar levels of
cytotoxicity. The enantiomer Me-(+ ) -( S) -
pratensilin B (27a) showed better cytotoxic
activity than Me-(-)-(R)-pratensilin B (27b).?
Two pairs of alkaloids, (+)-farinomalein F (28a),
(-)-farinomalein F (28b), (+)-farinomalein G
(29a), and (-)-farinomalein G (29b) were isolated
from the endophytic fungus Phomopsis sp.
(Figure 9), which was isolated from a mangrove
tree, Kandelia candel.?® Optical rotation and
CD spectra suggested that both farinomaleins
F and G (28 and 29) existed as racemic mixtures.
Individual enantiomers of farinomaleins F
and G (28 and 29) were obtained after chiral
HPLC separation, and the absolute con-
figuration of each isomer was established by
the calculated and experimental ECD data.
Accordingly, the absolute configurations of
(+)-farinomalein F (28a) and (-)-farinomalein
F ( 28b) were assigned to be 2R and 25,
respectively. Similarly, the absolute config-
urations of (+)-farinomalein G (29a) and (-)-
farinomalein G (29b) were also established by
ECD calculation technique. Each enantiomer
was evaluated for its anti-inflammatory
activity through the inhibition of nitric oxide
production in the lipopolysaccharide-induced
mouse macrophages RAW 264.7 cells. The
enantiomers of farinomaleins F and G ( 28
and 29) exhibited weak anti-inflammatory
activity with 1Cso values of 48.5-50.0 puM. 23
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Figure 8: Structures of (+)-(S)-pratensilin A (24a), (-)-(R)-pratensilin A (24b), (+)-(S)-pratensilin B
(25a), (-)-(R)-pratensilin B (25b), (+)-(S)-pratensilin C (26a), (-)-(R)-pratensilin C (26b), Me-
(+)-(S)-pratensilin B (27a), and Me-(-)-(R)-pratensilin B (27b).

A pair of an enantiomeric benzo-phenone-
hemiterpene hybrid, (+)-cytorhizophin A (30a)
and (-)-cytorhizophin A (30b), was isolated from
the endophytic fungus Cytospora rhizophorae
(Figure 9), which was isolated from a Chinese
herb, Morinda officinalis.?* Cytorhizophin A (30)
had an unprecedented 6/ 7/ 6/ 7 tetracyclic
fused ring system, and its structure was
confirmed by a single crystal X-ray analysis,
which also indicated that cytorhizophin A ( 30)

existed as a racemic mixture. The enantiomers,
(+)-cytorhizophin A (30a) and (-)-cytorhizophin A
(30b), were isolated by chiral HPLC separation,
and ECD calculations were used to address the
absolute configurations of the two enantiomers.
Both enantiomers were evaluated for anti-
microbial activity, but unfortunately they did
not show the activity at a concentration of
100 pg/mL.>* alga
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Occurrence of Racemic Natural Products in
Marine Invertebrates

Marine natural products are important
sources of bioactive compounds in drug
discovery because many drugs are inspired or
derived from marine natural products. 2>’
Marine organisms, i.e., marine sponges, algae,
and tunicates, are rich sources of natural
products with a variety of chemical skeletons
and biological activities. 283 A few racemic
mixtures of marine natural products have
been recently reported. Here are examples of
racemic natural products isolated from
marine bio-resources.

Screening of antifungal activity of crude
extracts of marine invertebrates revealed that
an extract of a marine sponge Hippospongia

lachne had antifungal property. A pair of
enantiomeric sesterterpenoid, hippolide J ( 31)
(Figure 10), was isolated from the sponge H.
lachne.3! The specific rotation value of + 20
for hippolide J (31) suggested that it might be
a racemic mixture, and chiral HPLC analysis
revealed the enantiomeric ratio of 47:53 for
the two enantiomers, (-)-hippolide J (31a) and
(+)-hippolide J (31b) (Figure 10). The absolute
configurations of the two enantiomers were
addressed by the calculated ECD spectra
through TDDFT method. Both ( -) -hippolide J
(31a) and (+)-hippolide J (31b) showed potent
antifungal activity against Trichophyton rubrum,
Candida albicans, and C. glabrata with the
MIC values of 0.125-0.25 pg/mL, which were
more potent than antifungal drugs, itraconazole
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(MIC values of 2-32 pg/ mL) and terbinafine
( MIC values of 0.5-64 pg/ mL). Moreover,
both enantiomers (31a and 31b) displayed
only weak cytotoxic activity, suggesting that
both compounds have potential in further
antifungal drug development.3! However, the
two enantiomers (31a and 31b) had the same
magnitude of activity, indicating that the
stereochemistry of this compound type does
not play a significant role for the antifungal
activity.

Two pairs of enantiomers of furan butanolides,
sponalisolides A (32) and B (33), were isolated
from a marine sponge Spongia officinalis
( Figure 10) .32 Sponalisolide A (32) had a
butanolide moiety, while sponalisolide B (33)
was decorated with an N-acyl homoserine
lactone moiety. Both sponalisolides A ( 32)
and B (33) were optically inactive, indicating

(-)-Hippolide J (31a)

O
(+)-Sponalisolide A (32a)

(+)-Sponalisolide B (33a)

the racemic nature of these sponge metabolites.
Enantiomers of the two compounds, (+ ) -
sponalisolide A ( 32a), ( -) -sponalisolide A
(32b), (+)-sponalisolide B (33a), and (-)-
sponalisolide B ( 33b) were obtained after
chiral HPLC separation. The total synthesis of
sponalisolides A (32) and B (33) was performed
in order to assign the absolute configuration
of an individual enantiomer. Individual
enantiomer of each compound was synthesized,
and finally the absolute configuration of each
natural enantiomer was assigned as shown in
Figure 10.32 The enantiomers, (32a), (32b),
(33a), and (33b), displayed inhibitory activity
against LasR and functioned as Pseudomonas
aeruginosa quorum sensing inhibitors. LasR is
a transcriptional activator of P. aeruginosa
virulence genes.33

(+)-Hippolide J (31b)

@)
(—)-Sponalisolide A (32b)

TN TR

(-)-Sponalisolide B (33b)

Figure 10: Structures of (-)-hippolide J (31a), (+)-hippolide J (31b), (+)-sponalisolide A (32a), (-)-
sponalisolide A (32b), (+)-sponalisolide B (33a), and (-)-sponalisolide B (33b).
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Figure 11: Structures of (+)-longamide D (34a), (-)-longamide D (34b), (+)-longamide E (35a), (-)-
longamide E (35b), (+)-longamide F (36a), (-)-longamide F (36b), (+)-hanishin (37a), (-)-
hanishin (37b), (+)-longamide B methyl ester (38a), and (-)-longamide B methyl ester

(38b).

Screening of extracts of marine organisms
showed that an extract of a marine sponge
Agelas sp. collected from the Xisha Islands,
South China Sea, exhibited antifungal activity.
Bromopyrrole alkaloids including (+)-longamide

D (34a), (-)-longamide D (34b), (+)-longamide
E (35a), (-)-longamide E (35b), (+)-longamide
F (36a), (-)-longamide F (36b), (+)-hanishin
(37a), (-)-hanishin (37b), (+)-longamide B
methyl ester ( 38a), and ( -) -longamide B
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methyl ester (38b) were isolated from the
sponge Agelas sp. (Figure 11).3* Among these
alkaloids, hanishin (37) and longamide B methyl
ester (38) were previously obtained from the
marine sponges, Acanthella carteri and Agelas
ceylonica, respectively. 3>3¢ QOptical rotation
values of these bromopyrrole alkaloids were
close to zero, suggesting that they were
racemates. Chiral HPLC separation led to the
isolation of an individual enantiomer with the
structure shown in Figure 11. The absolute
configurations of these enantiomers were
established by ECD calculations, as well as by
comparison of CD spectra. Among the
enantiomers isolated, (+)-longamide D (34a),
(-)-longamide E (35b), (+)-longamide F (36a),
(+ ) -hanishin (37a), and (+ ) -longamide B
methyl ester (38a) exhibited antifungal activity.
However, the opposite configuration of the
corresponding enantiomer did not show the
activity. These results indicate that the absolute
configuration significantly contributes to the
effects toward antifungal activity of bromopyrrole
alkaloids.3*

In summary, several natural products existing
as racemic mixtures have been isolated from
higher plants, microorganisms, and marine
invertebrates. Natural racemates have a variety
of chemical skeletons with diverse biological
activities.
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Abstract

Although Demodex mites are commonly found on normal human eyelids, these mites can
cause anterior and posterior blepharitis. Underdiagnosis and undertreatment often occur because
the symptoms of Demodex blepharitis considerably overlap with those of other anterior segment
disorders. The presence of cylindrical dandruff around the base of the eyelashes and microscopic
observation of the mites may support definitive diagnosis. Various treatments have been
attempted, but specific eyelid cleansers with long-term eyelid scrubs are generally necessary to
control Demodex infestation, improve clinical signs, and ameliorate patient symptoms. This article
summarizes the pathogenesis, risk factors, clinical manifestations, diagnostic criteria, and clinical
management of Demodex blepharitis.

Keywords: Demodex blepharitis, cylindrical dandruff, tea tree oil

Introduction

1. What is Demodex? at night; they inhabit regions such as the
Demodex mites are parasites from the sebaceous glands in facial skin (e.g., nose,
phylum Arthropoda, which are generally found nasolabial folds, eyelids, cheek, forehead,
in human skin (often in hair follicles and chin, and neck).? The pathologic nature of
pilosebaceous glands). Two species typically these mites is not yet clear because Demodex
affect the human body: Demodex folliculorum mites constitute normal residents of eyelid
and Demodex brevis. Both mites are cigar- flora and can be found in both symptomatic
shaped with four pairs of legs; D. folliculorum and asymptomatic individuals.> The current
is larger (0.3—-0.4 mm) than D. brevis (0.2—-0.3 consensus considers fewer than three mites
mm).} at the root of each eyelash and fewer than
The overall life cycle of Demodex mites is five mites per square centimeter of skin as
approximately 3 weeks in length: 2 weeks to physiologically appropriate.*> However, there is
develop from egg to larva, then 1 week in the considerable literature to suggest a relation-
adult stage. Notably, Demodex mites cannot ship between Demodex mites and anterior
live outside the host’s body.! Because of the ocular surface disorders including anterior
limited life span of Demodex mites, mating blepharitis, posterior blepharitis, meibomian
plays an important role in maintenance of a gland dysfunction, ocular rosacea, and
Demodex infestation.! Mites typically are active keratitis.>%8
J Chulabhorn Royal Acad. 2020; 2(3): 44-52 44

© Chulabhorn Royal Academy. Terms and conditions of Creative Commons Attribution 4.0 International (CC BY NC ND 4.0) apply



Figure 1: Demodex folliculorum under light
microscopy

Figure 2: Demodex brevis
(Source:https://en.wikipedia.org/wiki/Demo
dex_brevis)

2. Pathogenesis of Demodex blepharitis
Because of the distinct habitats of these
two mite species in the eyelash, the pathogenesis
of Demodex blepharitis has been divided into
two main regions of eyelashes. D. folliculorum
typically habitat the eyelash follicle or root,
causing anterior blepharitis. Misdirected eye-
lashes and follicular distention occur when
Demodex mites feed on follicular and glandular
epithelial cells,! as well as when they lay eggs
at the base of the eyelashes.’ Direct mecha-
nical damage caused by mite claws induces
reactive hyperkeratinization and epithelial
hyperplasia around the eyelash base, forming
cylindrical dandruff.l In contrast, D. brevis
burrows deep into sebaceous glands and
meibomian glands, causing posterior blepharitis.
D. brevis can cause mechanical blockage at
meibomian gland orifices, creating meibomian
gland dysfunction with lipid tear deficiency.’
Upon burrowing deep into the meibomian
glands, the chitinous exoskeletons of these

mites act as a foreign body, producing a
granulomatous reaction.'* Recurrent and
refractory chalazia may be associated with
Demodex infestation, because D. brevis has
been observed in the center of meibomian
granulomas, surrounded by epithelioid cells,
histiocytes, fibroblasts, lymphocytes, and plasma
cells.2 In addition to direct mechanical
damage, delayed hypersensitivity reactions
may be induced by proteins inside the mites,
as well as their debris or wastes, which contain
proteases and lipases that cause inflam-
matory responses around eyelids; these
responses lead to clinical symptoms of
irritation in affected patients.'!? Bacteria on
the surface of Demodex mites (i.e., streptococci
and staphylococci) can also cause anterior
and posterior blepharitis.!

3. Risk factors for Demodex blepharitis

Demodex mites are a normal member of
the eyelid flora; however, factors that cause
an unbalanced eyelid environment can
enhance proliferation of these mites. Skin
phototype, sunlight exposure, alcohol intake,
smoking, stress, hot beverages, spicy food,
and abrupt changes in temperature are all
factors that may change the eyelid
environment.!>** Immunocompromised patients
(e.g., those with leukemia or human immu-
nodeficiency virus, as well as those receiving
local or systemic immunosuppressive agents
such as steroids) may have a greater
likelihood of Demodex infestation.!> The
anatomical arrangement of the human face is
such that the eyelids are covered by the
cheek, nose, and brow; accordingly, this
region may be difficult to clean for some
individuals, thus providing a favorable
environment for Demodex to spread. There is
also a close relationship between the severity
of rosacea and the presence of Demodex
blepharitis.*® Patients with facial and ocular
rosacea have skin that exhibits heavy oil
production, which may facilitate Demodex
proliferation.®
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Figure 3: Cylindrical dandruff at the eyelash root

4. Clinical manifestations

Patients with demodicosis (a Demodex-
related skin condition) may exhibit symptoms
of itching, burning, irritation, foreign body
sensation, crusting at the eyelashes, blurry
vision, and ocular discomfort, similar to the
manifestation of other ocular surface disorders.®
These clinical findings are important for the
diagnosis of Demodex blepharitis. Notably,
the clinical manifestations can be divided on
the basis of anatomical location (i.e., anterior
blepharitis and posterior blepharitis) and
adjacent organs (i.e., conjunctivitis or keratitis).
Because the main affected areas are at the
eyelash roots and follicles, patients with
Demodex blepharitis commonly exhibit eyelash
disorders such as malalignment, trichiasis,
distichiasis, madarosis or erythema of the
eyelid margin.? Cylindrical dandruff or the
epithelial hyperplasia and reactive hyper-
keratinization around the base of the
eyelashes are pathognomonic signs of high-
density Demodex infestation.? Misdirection
of the eyelashes may induce trauma to the
corneal epithelium, causing punctate epithelial
erosions followed by corneal ulceration and
pannus formation in severe longstanding
cases.! Meibomian gland dysfunction and
eyelid margin inflammation have been linked

to D. brevis, which causes a primary mechanical
blockage of the orifice that leads to evaporative
dry eye.!® The localized granulomatous reaction
from chitinous exoskeletons of the mites
results in hordeolum or chalazion at the eyelid.'*
Patients with recurrent and refractory chalazion
should be examined for Demodex infestation
around the eyelashes. Uncontrolled inflammation
from the eyelid margin may spread over to
the conjunctiva and cornea, causing
blepharonconjunctivitis and a wide range of
corneal disorders (e.g., superficial punctate
keratopathy, stromal and marginal infiltration,
and cornea ulcer with perforation).® Improve-
ment of recalcitrant blepharoconjunctivitis
was reported in 12 pediatric patients who did
not respond to conventional therapy, following
treatment of Demodex blepharoconjunctivitis
with short course tea tree oil therapy.!’
Corneal involvement could range from mild
irritation of superficial punctate keratopathy
to sight-threatening corneal lesions, depending
on disease severity. Chronic irritation from
mechanical eyelash abrasion and inflammation
may lead to superficial corneal vascularization,
marginal infiltration, phlyctenule-like lesions,
limbitis, superficial opacity, and nodular
scarring.!®
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Figure 5: Posterior blepharitis or meibomian gland dysfunction

5. Diagnosis

Evidence of Demodex blepharitis can be
found in the patient’s clinical history, slit-lamp
and microscopy examinations.

1) Clinical history: Demodex blepharitis
should be suspected in adult patients with a
history of recurrent blepharitis, conjunctivitis, or
keratitis that is unresponsive to conventional
treatments, as well as in pediatric patients
with a history of blepharoconjunctivitis or
recurrent chalazion that is unresponsive to
conventional treatments.

2) Slit lamp examination: A fine, waxy, dry
debris concentrated at the base of the eye-
lashes lash or “cylindrical dandruff” at the root
of the eyelashes is considered pathognomonic
sign for diagnosis of Demodex blepharitis.®

3) Microscopic examination: A definitive
diagnosis of Demodex infestation is made by
examining eyelash samples with a confocal
microscope. The detection of Demodex eggs,
larvae, and adult mites in epilated eyelashes
confirms the diagnosis.® Sampling eyelashes
lash with cylindrical dandruff is more likely to
yield more result of Demodex count. Four
separate random epilated eyelashes are re-
commended; they should be covered with
coverslips before the addition of a 20-uL drop
of saline to the edge of the coverslip.?®
Twenty-microliter drops of 100% alcohol or
0.25% fluorescein may be added and
incubated for 20 min to allow deep-rooted
Demodex to migrate from the cylindrical
dandruff.?0
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Figure 6: Light microscopic view of groups of Demodex folliculorum in cylindrical dandruff

of eyelash root.

6. Management

To control Demodex infestation around
the eyelid, patients need both education and
medication.

7. In vitro studies

Demodex is known to be resistant to
antiseptic solutions consisting of 75% alcohol,
10% povidone-iodine, and erythromycin, as
well as to 100% mineral oil, 50% baby sham-
poo, and 4% pilocarpine.?! Norn reported that
only a few agents could kill Demodex within
several minutes including absolute alcohol,
ether, xylol, benzene, Danish (sulfur-containing)
ointment, dill weed oil, caraway oil, and
100% alcohol.?2 However, due to the intrinsic
toxicity of these agents, which results in eye
irritation, they were unsuitable for clinical
use. Notably, tea tree oil (TTO)—a natural
essential oil steam distilled from the leaf of
Melaleuca alternifolia, which has been used
for treatment of wounds and cutaneous
infections in Aboriginal traditional medicine
in Australia—has potential for controlling
Demodex infestation with well-tolerated degrees

of irritation. TTO exhibits a clear dose-dependent
ability to kill Demodex. One hundred percent
TTO has been shown to kill Demodex in 3.7 min,
whereas 50%, 25%, and 10% TTO require 14.8,
34.7, and 150 min to kill Demodex, respectively.?
The mechanism of killing action is presume-
bly induced by anti-cholinesterase activity??
and Terpinen-4-ol is the active ingredient in
tea tree oil.?*

Figure 7: Leaf of Melaleuca alternifolia

(tea tree)
(Source:http://tropical.theferns.info/image.p
hp?id=Melaleuca+alternifolia)
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8. In vivo studies and medication

Both in vivo and clinical studies showed
that usual lid hygiene with warm compression
and antibiotic ointment with or without
steroid eye application could not control the
Demodex infestation and may led to chronic
blepharitis.?> There were recent systemic
reviews and meta-analysis which evaluated
the efficacies of different treatments for
Demodex blepharitis by assessing mite counts,
improvement of symptoms, and mite era-
dication. Sulphuric ointment, yellow mercury
ointment, and local antibiotics did not reduce
the Demodex counts on eyelashes?®. However,
pilocarpine gel could reduce mite count and
alleviate itching in patients with Demodex
blepharitis.?’ Local therapy with TTO and
terpinen-4-ol has been shown to reduce
Demodex count, improve symptoms, and
enhance mite eradication.?® An eyelid scrub
treatment comprising 5% TTO twice daily and
50% TTO once weekly applied at areas of
cylindrical dandruff for 1 month is an effective
approach for reduction of Demodex infestation.”
The weekly application of 50% TTO has a
direct killing effect on the mites and arouses
mite migration out of the eyelash follicle,
while daily application of 5% TTO interrupts
mite proliferation by interfering with the
mating environment.” Furthermore, 38%
terpinen-4-ol is reportedly effective for
reduction of Demodex mites over a 1-month
period.?* High concentrations of TTO may
cause ocular irritation, allergy, and dermatitis
in patients with skin sensitivities.?® Once or
twice daily eyelid scrub with TTO, terpinen-4-
ol, or pilocarpine gel for 1-3 months has
been proposed as first-line treatment for
patients with Demodex blepharitis.?® Systemic
Ivermectin and metronidazole were proposed
to be used as second-line as well as for
severe disease (e.g., Demodex blepharitis
with keratitis, corneal ulcer, severe itching
with skins lesions, trichiasis, ectropion or
entropion with cornea lesions)?. The ivermectin
mechanism of action involves selective

activity against glutamate-gated chloride ion
channels, which are present in the invertebrate
peripheral nervous system. Nevertheless,
systemic usage may cause serious side effects
such as the Mazzotti reaction (hypotension,
arthralgias, tachycardia, edema, and abdominal
pain), Stevens-Johnson and Lyell disease,
fatal encephalopathy, elevated international
normalized ratio with hemorrhage, hepatitis,
and anemia. Notably, ivermectin should not
be used during pregnancy.>?°

9. Eyelid cleansers and other treatment
modalities

Figure 8: Commercial eyelid cleansers
available in Thailand. Cleanradex
(Left), OcuSOFT Plus (Right)

Commercial eyelid cleansing wipes that
help to control Demodex blepharitis include
Cliradex (USA), OUST Demodex Cleanser (USA),
OCuSoFT (USA), and Avenova (USA). These
eyelid cleansers should be applied twice
daily, with a focus on scrubbing at the roots
of upper and lower eyelashes.* Long-term
hygiene is necessary, as the primary purpose
of scrubbing with eyelid cleansers is reduction of
the number of Demodex mites; it is difficult to
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eradicate the entire mite population.3® Eyelid
cleansers make the eyelid environment un-
suitable for mites to mate, lay eggs, or hatch.3!
Cleanradex is an eyelid cleanser available in
Thailand; this cleanser is produced by a Thai
manufacturer and contains TTO, which shows
promise for treatment of Demodex blepharitis.
In addition to eyelid cleansers, BlephEx is a
cleansing device that uses microblepharoex-
foliation to remove eyelash collarettes.? The
high-speed rotary sponge is soaked in eyelid
cleanser for microblepharoexfoliation; this
approach aids in removal of biofilm on eyelid
and eyelash surfaces, while removing mite
eggs at the base of the eyelash follicle.3?

Figure 9: BlephEx device

Conclusion

Demodex mites could physiologically be
found at eyelash without causing any disease
symptoms. Overpopulation of these mites
commonly leads to eyelid disorders, which
may progress to ocular surface disorders if
ineffective treatment is performed. Cylindrical
dandruff is a pathognomonic sign of Demodex
blepharitis and microscopic examination is
necessary to confirm the diagnosis. Eyelid

scrubbing with eyelid cleansers containing
anti-Demodex substances can inhibit prolife-
ration of Demodex and reduce their overgrowth,
leading to improvements in clinical signs and
symptoms.
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Abstract

Background: A previous study in Thailand examined the cost-effectiveness model of an oral
form of anti-cytomegalovirus drug, valganciclovir, versus intravenous ganciclovir in post-transplant
care for national policy decision. Due to valganciclovir gave lower costs for hospital visits, but
higher drug costs than ganciclovir. This study therefore presented the direct non-medical and
indirect costs from the same study, to enable a fuller description how these cost parameters
simulated in the model came from. Methods: A total of 87 kidney and 67 bone marrow transplant
recipients in Thailand were followed-up 1 year after transplantation at three kidney and two bone
marrow transplant centers. They were surveyed to identify the direct non-medical costs arising
from their transplant. These included out-of-pocket payments for traveling to centers, food during
visits, and hotel stays. Patient and caregiver productivity losses were included as indirect costs
using the human capital approach and estimated from Thai Gross National Income per capita.
Mean and standard error (SE) were used to estimate all costs. Results: The mean daily traveling
costs were 400.4286 Thai baht (THB) (SE = 28.1833). The incidental daily costs for food were
162.7792 THB (SE = 13.6701). The annual accommodation cost was 402.2727 THB (SE = 200.2631),
and the individual daily productivity loss was estimated as 390.7139 THB for patients and
189.0142 THB for caregivers. Conclusions: This study identified the unit costs for patients visiting
hospitals during 1 year of post-transplant care. These costs can be used to supplement
information about the management patterns for valganciclovir or ganciclovir modelling, and may
also be useful in economic evaluation of other post-transplant care for future decision-making in
Thailand.

Keywords: Direct non-medical costs, Indirect costs, Transplantation, Kidney, Bone marrow
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Introduction

Transplantation is a medically sophisticated
therapy with a lifetime duration. In Thailand,
the direct medical costs of post-transplant
care are covered by national insurances of
social security benefits, and the civil servant
medical benefit scheme.’? Kidney transplantation
is one of the optional treatments for end-
stage renal failure patients.® The registered
service units or transplant centers provide
service activity codes to the national data
center to receive payment for their services,
in line with the protocol from the Thai
Transplantation Society.* The costs covered
for post-transplant care include treatment
and monitoring for clinical outcomes such as
drug prescriptions, laboratory and urine
testing, and therapeutic monitoring of immu-
nosuppressive drugs. They are reimbursed by
monthly lump sums, as a flat rate of 30,000
and 25,000 Thai baht (THB) for months 1-6
and 7-12 after transplantation. The reimbursement
system for drugs only covers those on the
National List of Essential Medicines (NLEMs).!
For bone marrow transplantation, a total of
750,000 THB is paid for all recipients before and
for up to 1 year after transplantation. The benefit
coverage is similar to kidney transplantation.
The direct medical costs of post-transplant
care are covered by the three schemes, but
depend on the criteria, terms and conditions,
and the guidelines.’

Direct non-medical and indirect costs are
out-of-pocket expenses incurred by patients.
Direct non-medical costs are defined as ex-
penditure arising as the result of an illness
but not from the direct purchase of medical
services. These may include costs such as
travel, lodging, and home services. Indirect
costs are losses in earnings and productivity
for the patient or caregiver related to morbidity
and mortality arising from the illness.® Trans-
plantation is a resource-intensive therapy.” Many
current drugs and novel technologies used
after transplantation are not included in the

protocol and economic evaluation evidence is
needed to support reimbursement decisions &4

Oral valganciclovir, a high-cost anti-
cytomegalovirus drug, has been proposed for
inclusion in the NLEMs, because it is more
convenient for recipients than intravenous
ganciclovir. The strategies of pre-emptive or
prophylactic treatment, or wait-and-treat, can
also affect both clinical outcomes and frequency
of hospital visits.’>” Drug and treatment
strategies that do not require frequent hospital
visits are both more convenient for patients,
and have lower direct non-medical and indirect
costs for them. This affects the decision about
the balance between minimizing the direct
non-medical and indirect costs, and the higher
purchasing costs of valganciclovir in considering
the cost-effectiveness for societal purposes.

This study was part of the economic evaluation
and budget impact analysis of the use of
valganciclovir in solid organ and bone marrow
post-transplantation care, with three indications
proposed by the Infectious Drug and Vaccine
Selection Expert Committee under the NLEMs
Development Subcommittee 2016-2018.
Researchers from Her Royal Highness (HRH)
Princess Chulabhorn College of Medical Science
were asked by the Health Economics Working
Committee under the NLEMs Development
Subcommittee 2016-2018 to carry out an
economic evaluation and budget impact analysis
for valganciclovir use, compared with intravenous
ganciclovir (the current drug included in the
NLEMs). Oral use of valganciclovir has a similar
efficacy at an equivalent dosage, and was proposed
as an alternative therapy option.'®™® The criteria
for inclusion of valganciclovir in the special
access medicines category of the NLEMs were that
valganciclovir offers lower direct non-medical
and indirect costs for patients, although the
drug costs are higher. It is therefore essential
to include the direct non-medical and
indirect costs in the economic evaluation of
the drug. This study aimed to explore the direct
non-medical and indirect costs occurring after
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transplantation in a real-life Thai context, to
provide a model input for the valganciclovir
evaluation study.

Method

Three of the five kidney transplant centers
with the highest number of transplants were
selected as representative kidney transplant
centers from statistics included in the annual
report of the Thai Transplantation Society.?
One was selected as a provincial site. These
were Ramathibodi Hospital, King Chulalongkorn
Memorial Hospital, and Srinagarind Hospital.
The two bone marrow transplant centers selected,
Ramathibodi Hospital and King Chulalongkorn
Memorial Hospital, were chosen because they
were the two main bone marrow transplant
centers in Thailand.?°

We estimated the sample size for each
site as a proportion of the number of cases of
kidney transplantation in each center in 2016.
There were 50 cases in Ramathibodi Hospital,
13 in King Chulalongkorn Memorial Hospital
and 25 in Srinagarind Hospital. The ethical
committee of Srinagarind Hospital required a
postal survey rather than face-to-face or phone
interviews, and one questionnaire sent by mail
was not returned. There were 36 bone marrow
transplant cases at each of Ramathibodi Hospital
and King Chulalongkorn Memorial Hospital.
The limited data collection time and lack of
appointments during that time meant that
only 31 of the 36 cases were surveyed at King
Chulalongkorn Memorial Hospital.

Recipients within 1 year of their transplant
were recruited. A total of 87 kidney and 67
bone marrow transplant recipients or their
caregivers were asked to recall their daily
expenses associated with the transplant. If this
was impossible, they were asked to estimate
an average over a longer period of time, for
example a year. The data record form (Figure 1)
included sex, age, rights or benefit coverage,
employment status, and income. It also asked
about the number of caregivers, and the

number of half or whole days lost from work
by both recipients and caregivers for both
outpatient and inpatient visits.

Direct non-medical costs on traveling to
and from the hospital were considered to be
the patients’ expenses for the trip. They included
expenses for Meals-on-Wheels or the additional
costs of food because of travelling. The cost
of accommodation was the expense of any
hotel stays required for patients or caregivers
during out-of-town treatment. The indirect
costs were the loss of productivity for patients and
caregivers. Caregivers were anyone accompanying
the patient, including relatives, neighbors, or
friends. Absence from work for recipients or
caregivers caused by hospital stays or outpatient
visits was analyzed using the human capital
approach.

Actual salary and employment status from
self-report or the data record form are shown as
characteristics of the survey population, but
not used in the analysis. The human capital
approach was used to estimate wage or
productivity losses by assuming that economic
productivity was the Thai Gross National Income
(GNI) per capita per day. The consumer price
index was used to adjust GNI base years from
2015 to 2018. To calculate the indirect costs,
the daily mean costs from the human capital
approach were multiplied by the mean missed
time in a day obtained from the survey. Both
outpatient visits and time in hospital were
analyzed. The caregivers’ figures were also
multiplied by the average number of caregivers
per patient.

Statistical analysis

Sample size was determined from the annual
transplantation statistics. The number of trans-
plantations was considered as a finite population
(636 and 200 for kidney and bone marrow
transplant cases) using Yamane’s formula (1973)
with the margin of error set at 10%.2* The
results of this study will be used further as a
parameter in the valganciclovir health economics
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decision model, so the mean was calculated
to identify the average daily costs of each unit
cost component. It could also be estimated
as the population mean unit costs. Standard
error (SE) was calculated to manage and specify
the uncertainty of the model input. The
statistical testing compared each sociodemo-
graphic factor to find associations between
kidney and bone marrow transplant recipients.

Frequencies of categorical variables and means
were calculated. The chi-squared test was used
to test the categorical variables, and the
Mann—-Whitney U test for the differences in
means for non-normally distributed variables.
Fisher’s exact test was used instead of the
chi-squared test for categorical variables where
the sample was small and the observed count
less than five.

Data record form

Direct non-medical and indirect costs occurred in 1 year after transplantation

[0 Kidney transplantation [0 Bone marrow transplantation

Gender male / female Age ............ years Date of transplantation DD/D D/DD

Please give an estimation of the average value in each topic

Informant: [ Recipient [ Caregiver(s)

Rights:
O Universal coverage O Social security benefit scheme
O Civil servant medical benefit scheme O Out-of-pocket expenses

Patient income:
Salary per month ... baht (THB) (from both main and part time jobs)

Direct non-medical costs:

1. Transportation expenses per round trip of recipient and caregiver(s), or transportation
expenses per round trip of caregiver(s) in case of patient admitted ..................... baht (THB)
2. The incidental food expenses from normal life per day of both recipient and
caregiver(s) during hospital visit ................... baht (THB)

3. Overnight accommodation expenses during hospital visit

[ No overnight stay, or no need to pay for any accommodation

[ Have overnight stay, averaged in a year after transplantation ............. bath (THB)

Indirect costs:

4. How many times did the caregiver(s)
spend during each patient admission?

1. Did the recipient have caregiver(s) taken
to the hospital? How many?

[J None [0 Half day, or less than half day
OYes, ......... person(s) come together [ Full day, or more than half day
L Yes, ... person(s) alternately come 5. Does the first-person caregiver have a

career? What are his/her average income?
O No

O Yes, ..coeereeneeen. baht (THB)

6. Does the second-person caregiver have a
career? What are his/her average income?
O No

[ YeES, vvvvrverenrennnn. baht (THB)

7. Does the third-person caregiver have a

2. How many times did the recipient spend
to travel and stay at the hospital during
each outpatient visit?

[0 Half day, or less than half day

[ Full day, or more than half day

3. How frequency did the caregiver(s) stay
at the hospital to take care the patient
during admission (inpatient service)?

O Everyday career? What are his/her average income?
[ Every other day O No
O Every week O Yes, ....ccvereremnnnn. baht (THB)

O Every ......... days

Medical services provided outside hospital

O No [0 Other hospital.....uevmnesrensnsnerereseese s L1 HOME SEMVICE vuvtvvvirivernisreeneeensevesesnnnes

Figure 1: Data record form
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Results and 1.0260. The work time loss for caregivers
The characteristics of the recipients are was 0.3831 days for each visit to a hospitalized
shown in Table 1. recipient. These numbers were used to create a

The average number of caregivers per day “discounting factor” for productivity loss estimation.

of outpatient and inpatient visits was 0.6461

Table 1: Characteristics of the study population

Characteristics Kidney Bone marrow p-value
(n=87) (n=67)
The annual number of transplantation of Thailand (Statistics)* 636 200 -
Informant, recipient n (%) 85 (97.70) 63 (94.03) -
Sex, male n (%) 47 (54.02) 35 (52.24) 0.826°
Age
18-30 years, n (%) 11 (12.64) 11 (16.42) 0.8352
31-40 years, n (%) 15 (17.24) 15 (22.39)
41-50 years, n (%) 27 (31.03) 18 (26.87)
51-60 years, n (%) 25 (28.74) 16 (23.88)
> 60 years, n (%) 9(10.34) 7 (10.45)
Rights
Universal coverage (UC), n (%) 27 (31.03) 25 (37.31) 0.637%
Social security benefit scheme (SSS), n (%) 25 (28.74) 21(31.34)
Civil servant medical benefit scheme (CSMBS), n (%) 33 (37.93) 19 (28.36)
None, n (%) 2 (2.30) 2 (2.99)
Employed, n (%) 57 (65.52) 35 (52.24) 0.0962
Average income per month (THB), mean
Recipient 15,251.80 20,182.59 0.176°
Caregiver 11,510.77 13,519.35
Average numbers of caregivers for each outpatient visit 0.5690 0.7463 0.6233
Average numbers of caregivers taking care for each admission 1.0460 1.0000 0.0553
Average time loss of recipient and accompanying caregivers for 0.9655 0.7910 0.0763
outpatient visit per day, day
Average time loss of recipient for hospitalization per day, day 1.0000 1.0000 <0.0013
Average time loss of caregivers for hospitalization per day, day 0.4310 0.3209 0.0683

1Annual report of Thai Transplantation Society 2016 for kidney and expert estimation for bone marrow
2Chi-square test

3Mann—Whitney U test

“Fisher’s exact test
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Table 2: The average direct non-medical and indirect costs for the study population

Type of costs per unit Value (THB)
mean (SE)
Direct non-medical costs
e Travel costs day 400.4286 (28.1833)
e Incidental food costs day 162.7792 (13.6701)
* Accommodation costs year 402.2727 (200.2631)
Thai Gross National Income (GNI) per capita® day 390.7139
Indirect costs
e Productivity/wage loss, a recipient from GNI? day 347.5831
e Productivity/wage loss, a caregiver from GNI3 day 189.0142

1adjusted by consumer price index (CPI)
%adjusted by the work time loss per outpatient visit

3adjusted by the work time loss and the number of caregivers

The participants were asked to estimate
their out-of-pocket expenses per day for the
previous year. If they had mostly stayed with
relatives, they were asked to estimate the
cost of accommodation for one year. The mean
and standard error for the kidney and bone
marrow transplant groups were calculated and
are shown in Table 2. The mean daily traveling
cost was 400.4286 THB (SE = 28.1833). The daily
incidental costs for food were 162.7792 THB
(SE = 13.6701) and the annual accommodation
costs were 402.2727 THB (SE = 200.2631).

Thai Gross National Income (GNI) per capita
in the base year (2015) was collected from
National income of Thailand 2015. Chain
volume was measured as 137,899 THB per
year or approximately 383.0528 THB per day
and was adjusted by consumer price index
(CPI) inflation rates for the year 2018. For all
commodities, the latest index in July 2018
equaled 102% of 2015, and this figure was
used to adjust by comparing to 100% in the
base year 2015. Thai Gross National Income
(GNI) per capita per day was therefore
approximately 390.7139 THB.

The productivity loss per day was calculated
as:

(1) For recipients, for both outpatient visits
and hospital admissions:

productivity loss = 390.7139 * time loss

. The productivity loss was estimated
in baht per day

. Time loss was estimated as the
average proportion of a day lost

(2) For caregivers, for both outpatient visits
and hospital admissions for the recipient:

productivity loss = 390.7139 * time loss *
number of caregivers

. The productivity loss was estimated
in baht per day

. Time loss was estimated as the
average proportion of a day lost

. Number of caregivers was the number
of caregivers who accompanied the
recipients on that outpatient visit
or admission.

The average monetary value of productivity
loss is shown in Table 2. It was estimated to be
347.5831 THB for a recipient and 189.0142 THB
for a caregiver. The time loss and the number
of caregivers were used as the discounting
factors as shown in Table 3.
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Table 3: The discounting factor for post-transplant productivity loss costs

Variant

Discounting value

The mean daily work time loss of a recipient for outpatient visit, kidney

The mean daily work time loss of a recipient for outpatient visit, bone marrow
The mean daily work time loss of a recipient for hospital admission

The mean daily work time loss of a caregiver for outpatient visit, kidney

The mean daily work time loss of a caregiver for outpatient visit, bone marrow
The mean daily work time loss of a caregiver for hospital admission

Number of caregivers for outpatient visit
Number of caregivers for hospital admission

0.9655
0.7910
1.0000
0.9655
0.7910
0.3831
0.6461
1.0260

Discussion

Post-transplant care is associated with
intensive resource use and a significant economic
burden. In Thailand, transplant centers are in
medical universities in each region. The national
policy on the inclusion of the high cost anti-
cytomegalovirus drug, valganciclovir, into the
NLEMs needed evidence for consideration.
This study therefore aimed to find the real
direct non-medical and indirect unit costs for
care after both kidney and bone marrow
transplants. A systematic review on evaluation
of ganciclovir and valganciclovir for prevention
and treatment strategies® showed one study
out of seven covered the costs of the use of
healthcare facilities, home administration, home
nursing, travel time, length of visit, and salary
of nurses for the Spanish National Health
System.?> However, no study has explored travel,
meal, and accommodation costs. Two of the
seven studies explored the opportunity costs
in term of wage loss. Both studies were by
Luen et al and provided figures for the monetary
value of the wages lost from inpatient care
for CMV disease.’®'” In Mexico, kidney transplant
patients experienced extreme economic hardship
because of the high cost of immunosuppressant
medicines, attending medical appointments
and loss of earnings.? Direct medical costs and
travel costs were obtained from healthcare
data from reimbursement and official records.?%
The use of new drugs, including anti-cytomegalovirus
drugs, aimed to reduce graft rejection and prolong
graft survival but had high costs.

Evidence of cost-effectiveness is needed for
decisions on national reimbursement requirements.
An economic evaluation of immunosuppressive
agents in the UK included the NHS costs, but
not societal costs or estimates of loss of
productivity, because the study relied on the
NICE technology appraisal?® methodology. The
evaluation of rabbit anti-thymocyte globulin versus
basiliximab in Germany focused only on the
treatment costs.?’

This study aimed to establish the real-
world costs for the Thai population to support
the economic evaluation of valganciclovir and
ganciclovir. It therefore followed seven previous
studies,™ but used a societal perspective. Recipients
and caregivers incur direct non-medical and
indirect costs from follow-up for laboratory
monitoring under a pre-emptive or treatment
strategy. The anti-cytomegalovirus drug chosen
therefore explains why there are relevant
differences. The frequency of patient visits to
the transplant center depends on the strategies
and the laboratory testing schedule. These treatment
plans were started after transplantation, but
estimated to start differences after hospital
discharge, following a hospital stay of 14 days
for kidney transplantation and 21 days for bone
marrow transplantation. For example, pre-
emptive valganciclovir is given orally as two
450mg tablets (900mg), twice daily until the
viral load test was negative. The prescription
needed to be refilled every 2 weeks, and
patients are tested every week for 3 months.
Pre-emptive ganciclovir requires a daily intravenous
dose of 5 mg/kg ganciclovir twice a day for
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the same period of time, with a similar testing
schedule to pre-emptive valganciclovir. Moreover,
treatment valganciclovir (no prevention strategy)
is given orally the same dosage, but shorter
period of time comparing to pre-emptive
therapy (prevention strategy).

This study had some limitations. The human
capital approach may be biased against
unemployed individuals, but this group is
approximately 50% of the survey population.
However, Thai health technology assessment
guidelines recommend the use of GNI to mitigate
any uncertainty in economic status of the
selected population, and avoid inequity, especially
if the assessment is to be used to support
national policy decisions. This minimizes the
selection bias, and does not emphasize the
wealth of participants.

The study did not consider the cost of
ilinesses occurring after transplantation, only
the daily costs for food, accommodation,
productivity loss, and annual costs of travel.
However, these could be multiplied by the
frequency of hospital admission or outpatient
visit, as required. We used these unit cost
parameters to consider the pre-emptive use
of anti-cytomegalovirus drugs, valganciclovir
and ganciclovir, with treatment patterns giving
different frequencies of hospital visit and
treatment duration, as well as cytomegalovirus
infection in the first year after transplantation.
The informal care costs, such as the opportunity
costs or time loss for personal care and
household tasks were not considered in the
indirect costs analysis. However, the purpose
of this study was to compare the differences
in time or productivity loss between two
alternatives, less frequent hospital visits for
oral valganciclovir versus daily hospital visits
for intravenous ganciclovir. The measurement
of the informal care costs may therefore not
be relevant.

No valid conclusions could be drawn about
the frequency of hospital visits and admissions.
The length of hospital stay and admission
rate were not investigated. The population in

this study had heterogeneous clinical status.
The duration of outpatient visits varied
significantly between the kidney and bone
marrow group, suggesting that there may be
differences in medical services provided that
were related to clinical status. We also did
not collect clinical characteristic and other
treatments which might act as confounders.
We recommend that future studies collect
more information about resource utilization
and clinical variables to provide a better
estimate of the cost of illness.

A figure of 18 outpatient visits per year
was acquired from an empirical review of medical
records, and the length of hospital stay following
transplant was based on expert opinion. Trying to
use 18 days of outpatient visit and 14 days of
hospital stay for the first year after kidney
transplant, we obtained estimates of the direct
non-medical and indirect costs of recipients
and caregivers of 41,596.9223 THB or 29.57%
of the 2018 GNI per capita per year (140,657
THB). Using 18 days of outpatient visits and 21
days in hospital for the first year after bone
marrow transplant gave direct non-medical and
indirect costs of recipients and caregivers of
50,608.2519 THB or 35.98% of the 2018 GNI per
capita per year. The simple survey data suggested
that the mean and SE of daily productivity loss
for a recipient and a caregiver were more than
the figures obtained from the human capital
approach estimation, 485.6645 (68.8287) and
238.4605 (28.8121) THB. This information implies
that there is a significant social and economic
burden.

The direct non-medical costs obtained in
this study were from primary data collection.
There are no social cost studies related to
post-transplant care in Thailand. We performed
a direct survey with respondents, so our data
can be considered reliable for further economic
evaluation in Thailand. We also showed the
discounting factor value separately for outpatient
and inpatient care, and for recipients and
caregivers. Other studies can use these values
adjusted by CPI for further analysis. These
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discounting factors provide a suitable Thai context
for the number of caregivers accompanying
patients and the time lost from work.

Conclusion

This study reflects real-life evidence of societal
constraints in Thailand. The direct non-medical
and indirect costs may be used as unit cost
model parameters for valganciclovir cost-utility
analysis. The results may also be useful for evaluating
the cost-effectiveness of other post-transplant
care in Thailand, provided information is available
about frequency of use and hospital stays.
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