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Abstract

Introduction and Objective: This study addresses the National Clinical Practice Guideline (CPG) that
did not recommend using a combination of favipiravir (FV) and Andrographis paniculata (Burm. f.) Nees (AP, or
Fa Thalai Chon in Thai) crude drug (144 mg of andrographolide per day) in the treatment for COVID-19 due to
potential serious side effects. The objective is to assess the safety profile of this combination compared to individual
drug use, specifically focusing on liver biochemistry. Additionally, the study aims to identify factors influencing
liver function in patients after FV and/or AP usage.

Methods: The retrospective design involved retrieving medical records of COVID-19 patients who were
admitted to Chao Phya Abhaibhubejhr Hospital between January 1 and December 31, 2021, and who received
either FV, according to the recommended dose by the CPG for 5-10 days thereafter, or AP, with a dose 0f 4.8 g of
standardized powder (equivalent to 144 mg of andrographolide) per day for 5 days, or a combination of both. The
monitoring was undertaken to identify abnormalities in patients’ liver enzymes, namely aspartate transaminase
(AST), alanine transaminase (ALT), alkaline phosphatase (ALP), and total bilirubin (TB), by identifying deviations
of 2-3 times beyond the upper limit of normal (ULN).

Results: Following the inclusion and exclusion criteria, the records of 564 cases were analyzed. In the as-
sessment of post-treatment liver enzyme elevation at least 2 times ULN, AP groups (prescribed to younger, healthy
patients) showed no elevations in all four enzymes, and no group displayed increased ALP or TB levels. However,
0.87% in the FV+AP group had AST levels exceeding 3 times ULN, while 1.06% and 2.17% in the FV and FV+AP
groups showed ALT levels over 3 times ULN. One case of drug-induced liver injury (DILI) was observed in both
FV and FV+AP groups. No significant factors increasing abnormal liver enzyme likelihood were identified.

Discussion: Some of the findings could support safety concern regarding the use of combined FV and AP.
However, it should be noted that patients receiving FV and FV+AP may exhibit greater disease severity, so may
those with higher doses of FV medication, underlying diseases, advanced age, and other concurrent medications.
Therefore, it is difficult to conclusively determine whether liver abnormalities are solely attributable to the FV or
FV+AP medication.
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Conclusions and Recommendations: The study indicates that AP at a dose of 144 mg/day showed a
promising safety profile for liver function, suggesting its suitability for young and healthy patients. AP should
also be considered safe for common cold and influenza, with a dosage 3 times lower than that for COVID-19.
However, 1.06% and 2.17% of patients in the FV and FV+AP groups had ALT levels exceeding 3 times, and
0.87% in the FV+AP group had AST levels exceeding 3 times ULN, indicating susceptibility to drug-induced liver
injury (DILI). Therefore, careful monitoring of liver function is warranted following the administration of FV and
FV+AP, especially in older patients, those with underlying diseases, and those taking concomitant medications

metabolized in the liver.

Key words: Andrographis paniculata, favipiravir, COVID-19, liver biochemistry

=X v = FAl v aAa N dv U= =
msan¥wavesvhnzaelaseshafenazlyaunuevh I dusaema undl
vosa Tumssngihalsadiarelasalalsun 2019 (COVID-19): MsAnm
g

o ® & o Y% ¢ a %
UNABY DB ° , ANINTOI VIYVII , 1AW 1B 1IULDITY

“gueang o azaniammsunmeus lneuazasmine Bowenunawmszenafugues
NIININAITUGY SIVIAL/313%15 25000

7L5:75“1/576)2/»’:1.‘1/1/?'1(-7?’h%l: karn.napatchaya@gmail. com
Q L}
UnAaaa
9 o ¢ Aawa o & Ay o o
uniwaziagiszasa: uuamanmlgiianmsinulsadarelsalalsu 2019 (COVID-19) sz
Uszmalinuni i lFonhinsides Ev) swdufhmzaeles (AP) iiipanineniinadiufoaiiienss ms
= Amo ¢ A a v y A g o Ao o ¥
Anynniagiszasnmeaamunnulasansveinslsenadessianlds v dienlseumesniums oty
' 4 '
1R vonnnidlimsmilaseninademsiiauvesdunasnnlde FV uaz/mie AP
Amsfinm: msAnmdounds Taslddeyaninnysziiisuvesdile covip-19 idhsumssnuly
' v
Tsawennawszerefoguas s21Naium 1 unsiaw -31 Sunnu 2564 nazld5ue1 FV assaz 1,800 adnsy
4 4 9
Juaz 2 a59 lwduusn vazldensaaz 800 Haansy Juaz 2 a5e Tududaunauda 5-10 S, AP VAN
o 1 o 2 A A o 1o g o o A
1NATTIU 4.8 nFude Tu FalimsueulasniWlad 144 TadnsudeTuilunar s fu wSensaesrila Taviins
ﬁﬂmm:umﬁﬂﬂﬂﬁmmfimu'lmﬁﬁu I aspartate transaminase (AST), alanine transaminase (ALT), alkaline
phosphatase (ALP) Lia% total bilirubin (TB) ﬁq FRUNURINM upper limit of normal (ULN) 2-3 W
wamsanu: iledansesdihennunasinsdadiazdaoen fiveyavedile s64 sreiinnimsigd
N I Yo \ < \ ! . o v A2y 1Ay A
wundhenldsu Ap edruden Hudiheniiengios uaz/mielillialszid Faliidiheselalunguiid
' v & A A4 : , R ' \ <
Anoulmiduia 4 silaminduediaios 2 i uazludihonandulinud ALP uaz TB g9 ag1lsAmumny
v 4
A6 2 510 (0.87%) Tungu FV+AP §iA1 AST iima@iuiiv 3 131 09 ULN tazwudi)ae 3 510 (1.06%) Tunqu
: o P ] ' o v a <
FV 1@z 5519 (2.17%) Tungu FV+AP AliA1 ALT MnAURINN 3 91 499 ULN dm5umsinamsuiainy
1 ' 4 £ '
duieInet wulungu FV uag FV+AP nauaz 1 510 Weilhinuilaiohiinademsianuvesduedisiie
MAYNana
a = | Y ] A o )
aalsema: wamsAnIRdINEII lFaiuayuderlusennuilasadevesnslde Fv uas
AP $wiu uaiidedunandiheildsy Fv uaz FV+AP eniianuguussveslsaninndn saudeiimslasy



JThai Trad Alt Med

Vol.22 No.2 May-Aug 2024 | 299

v ]
%

FV Tuvinage Tlsatsz$idn o1gun vazldsunsus e duiu Jsenivzagilhenuidalnavesduma

91MS 145U FV 1159 FV+AP 1#l8908131087

voagiluazderauenuy: msAny MU M3lier AP Tuvuafilians andrographolide 144 fiadansuy/
o v Y Y o o o o qu 9 = 0 1=
Tu waadddmunuiudanulasassvesmsiauvesiu Tumsdddeludihenergitos uazhifilsa

Usz$dn wazdimivayuanulasasemsldendmzarlasdmsumssnelsnlinia useldualna) Fad

~Aq Yo ' = = ' ' < 91 ' A
ynaglgainnlumsnui 3 o ednlsnamdile 1.06% taz 2.17% Tungu FV uaz FV+AP fif1 ALT
' 4
1A 3 1911 o3 ULN tazffilae 0.87% iis1 AST 1y 3 111 ves ULN uaziinamdesde DILI domiq msls
FV u1az FV+AP 3ap7s@anumsianuesdueseseiase 3 Taamwizedsoludilegeeng ghiilsnlszd

o a Y A = Ao 1y
2001 uamlmﬂ%mgmﬂaﬂuuﬂmmmmmﬂ

2
maag: Thnzaieles, vidnades, lsaaadehialalsu 2019, Fualivesdy

Introduction

Herbal medicine (HM) plays a crucial
role in Thailand’s healthcare system. During
the initial wave of the COVID-19 pandemic,
the use of HM in Thailand gained significant
attention due to the lack of readily available
standard treatments. The concept of repurpos-
ing existing drugs was embraced to provide
treatment options. When favipiravir (FV) was
initially added to the national guidelines for
COVID-19 treatment, it was recommended
as an additional therapy for adult patients
experiencing progression of lung inﬁltrationm,
whereas Andrographis paniculata (Burm.f.)
Wall. Ex Nees (AP) was added to the national
guidelines for managing mild COVID-19 cases
in June 2021" after its inclusion in the National
List of Essential Herbal Medicines (NLEHM).
Later, as evidence emerged demonstrating a

reduction in disease severity when FV was

administered early, it became a standard
treatment for symptomatic COVID-19 cases,
although it was recommended that doctors
refrain from recommending the concurrent use
of AP and FV, citing concerns about possible
severe side effects™.

Chao Phya Abhaibhubejhr Hospital
(CAH) first utilized AP for adult COVID-19
cases with the admission of the first patient in
March 2020. This decision was based on AP’s
recognized antiviral” and immune-boosting
properties[s]. The medical staff had become
accustomed to its use and its widespread
availability in Thai hospitals over the previous

decade"

. Despite national guidelines recom-
mending the early use of FV, AP continued
to be administered within our hospital to
asymptomatic and mild cases. Additionally,

to potentially leverage synergistic effects, the

combination of AP and FV was employed for
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treating moderate cases. However, as men-
tioned above, by mid-2021, the guidelines no
longer endorsed the use of AP and FV in com-
bination. Consequently, there was a significant
decline in the usage of AP within the hospital
from that point onwards.

Based on previous research and the un-
predictability of disease severity, the usage
of AP raised concerns regarding its potential
liver-related side effects. In a study conducted
on HIV-infected patients, AP high dose usage
resulted in a significant 109.3% increase in
Alanine transaminase (ALT) levels during the
third week after initiation'”. However, enzyme
levels returned to baseline after treatment
cessation. In the first instance of AP use in
COVID-19 patients, one out of five patients
exhibited a 1.7-fold increase in ALT levels from
their normal baselines on the fifth day of AP
administration, at a dose of andrographolide
180 mg/day for five days”.

A systematic meta-analysis conducted
in 2020 identified the most prevalent adverse
events associated with FV use included
nausea, vomiting, diarrhea, chest pain, and
elevated uric acid and serum liver transami-
nase levels'”. Additionally, a case report high-
lighted that high doses of FV induced liver
injury during the treatment of COVID-19"""",
However, the specific liver effects resulting

from the combination of AP and FV remain

unknown, and this situation appears to be
unique to Thailand. The aim of this study is to
investigate, using real world data, the safety
of the combination of FV and AP as compared
to either F'V or AP alone with respect to the
liver functions of COVID-19 patients. Addi-
tionally, the study aims to identify the factors
that influenced liver function in these patients
after medication use. The ultimate goal is to
improve quality of herbal medicine care by

making use of real-world evidence.

Methodology

Material

This retrospective study involves the
use of data extracted from medical records
of CAH in Prachinburi province. The study
specifically focuses on patients diagnosed with
COVID-19 (ICD-10 code U07.1 - COVID-19,
Virus identified) who received either AP,
FV, or a combination of both, and who were
admitted to the hospital between January 1%
and December 31%, 2021. The research was
approved by the ethical committee of CAH
(IRB-BHUBEJHR-179).

We included patients in the analysis who
had normal liver enzyme levels before taking
the medication (as per CAH’s reference values
shown in Table 1) and who had undergone at

least one liver enzyme test after starting the
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medication. Patients who received AP or FV
for less than five days were not included in the

analysis (as depicted in Figure 1).

Treatment

In the hospital’s clinical practice, AP
was prescribed for asymptomatic and mild
cases, while FV+AP was prescribed for
moderate cases or mild cases with high risk
factors. However, the use of AP, either alone
or in combination, was discontinued when
the guidelines were updated in June 2021"
to recommend using FV as early as possible,
and not using the combination of these two
medications at all.

For FV, the loading dose on Day 1 was
1,800 mg twice daily, followed by a mainte-
nance dose of 800 mg twice daily, admin-
istered for 5 to 10 days thereafter. The AP,
manufactured by Chao Phya Abhaibhubejhr
Hospital Foundation, had a daily dosage of
4.8 gram (400 mg per capsule) of standardized

powder. Patients were instructed to take 4

Table 1 Normal values of liver biochemistry used at CAH

Liver biochemistry

AST (U/L)
ALT (U/L)
ALP (U/L)
TB (mg/dL)

capsules three times daily which is equivalent
to 144 mg of andrographolide per day for 5
days. The AP products used in patients did
not originate from the same production batch.
In cases where both FV and AP were used
in combination, the original doses remained
consistent with monotherapy. However, the
dosage and duration of the medications could
be adjusted based on the signs and symptoms

exhibited by each patient.

Outcome

Abnormality of liver biochemistry, namely
aspartate transaminase (AST), alanine trans-
aminase (ALT), alkaline phosphatase (ALP)
and total bilirubin (TB) was observed. In order
to understand the effects of the medications
on liver function, elevations of liver values of
2 or 3 times above the upper limit of normal
(ULN) were identified.

The upper limits of normal for AST, ALT,
ALP and TB identified by CAH were used as

references, as indicated in Table 1.

Normal Values

Male Female
10-50 10=385
10-50 10=55

40-129 35-104
0.0-1.2 0.0-1.2
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Data Analysis

For data analysis, both descriptive and
inferential statistics were utilized. Descrip-
tive statistics encompass measures such as
frequency, percentage, mean and median for
continuous variables. In terms of inferential
statistics, we employed methods including
the chi-square test to assess relationships

between categorical variables, One-Way

‘ Eligibility Criteria

Analysis of Variance (ANOVA), and the Krus-
kal-Wallis Test for comparing means among
multiple independent groups. Furthermore,
Binary Logistic Regression Analysis was used
to identify the factors that predict an increase
in liver biochemistry among the three groups
(FV, AP, and FV+AP). All statistical analyses
were conducted using STATA version 16.1

software.

- patients diagnosed with COVID-19 (ICD-10 code U07.1 - COVID-19,

Virus identified) who received either AP, FV, or a combination of both,
and who were admitted to the hospital between January 1* and
December 31%,2021

- patients had normal liver enzyme levels before taking the medication
(as per CAH's reference values) and who had undergone at least one

‘ Assessed for eligibility (n=6.879) ‘

liver enzyme test after starting the medication.

Excluded (n =6,315) due to:

-lacking AST ALT, ALP or TB values either before or after
treatment (n = 5.198).

- abnormal AST or ALT. ALP or TB values prior to treatment
(n=1082).

-Take AP or FV less than 5 days (n = 35).

Final included for the analysis (n =564)

Favipiravir Andrographis paniculata Favipiravir and
(FV) group (AP) group Andrographis paniculata
(n=284) (@=50) (FV+AP) group
(n=230)

Figure 1 Study flow: Safety assessment of FV, AP AND FV+AP on liver function in COVID-19 patients

Results

Of the total eligible patients with
COVID-19, only a subset of cases was con-
sidered for the analysis. Among these, 284
patients (50.35%), 50 patients (8.87%), and 230

patients (40.78%) received FV, AP, and FV+AP
treatments, respectively. The basic character-
istics of the patients, such as gender, age, body
mass index, underlying diseases, smoking

history, alcohol consumption history, history of
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COVID-19 vaccination, co-medication and pre-
treatment liver enzyme levels, are presented
in Table 2.

Among the patients comprising the three
groups, significant differences were identified
with respect to three specific characteristics,
namely mean age, comorbidities, and history
of COVID-19 vaccination before treatment.
Notably, the group of patients treated with
AP had a relatively lower mean age of 33.36 +
9.29 years, which was younger than the groups
receiving F'V and the combined FV+AP treat-
ment, with mean ages of 44.81 + 16.22 and
44.39 + 15.65 years, respectively. Moreover,
the percentage of patients with underlying
diseases and a history of COVID-19 vaccina-
tion was highest in the FV group, followed by
the FV+AP group, and then the AP group.

Differences in the administration of vari-
ous medications for addressing the underlying
diseases, symptoms of COVID-19, and its
associated complications were also observed
across the three distinct patient groups. The
data demonstrates that the AP group exhib-
ited the lowest utilization of medications for
COVID-19 treatment, whereas the FV and
FV+AP groups showed similar proportions in
medication usage. Specifically, every patient

within the FV group received medication for

symptomatic relief, followed by 93.91% of
patients in the FV+AP group, and 57.32% in
the FV group. Regarding the management of
COVID-19 complications, 60.92% of patients in
the FV group, and 68.70% in the FV+AP group
received medications, while merely 24.0% of
patients in the AP group were administered
such treatments.

For liver biochemistry, significant differ-
ences among the three groups were found only
for ALP. The average ALP level in patients re-
ceiving AP was notably lower at 67.44 +12.80,
followed by 70.93 +18.14 and 71.73+16.12 in
the FV+AP and FV groups, respectively

In terms of treatment, FV dosage was
63.37 + 24.38 tablets (equivalent to 12.68 +4.88
grams), AP dosage was 60.80 + 5.66 capsules
(equivalent to 24.32 + 2.26 grams), and for
FV+AP, the dosage was 66.09 + 20.45 tablets
(equivalent to 13.22 + 4.09 grams) and 60.80
+ 10.47 capsules (equivalent to 24.32 + 4.19
grams), respectively.

The average follow-up duration after the
last treatment for the three groups was found
to be 6.41 +£ 2.70, 5.36 £ 0.83, and 6.47 + 3.26
days, respectively. There were no statistically
significant differences among these durations

(as depicted in Table 2).
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Table 2 Patient characteristics

Characteristics

Gender, n (%)
Male
Female
Age, Mean = S.D. (years)
Body Mass Index (BMI),
Mean + S.D. (kg/m?)
Underlying diseases, n (%)
No
Yes
Hypertension
Dyslipidemia
Diabetes
Chronic Kidney diseases
Hepatitis
Cerebrovascular diseases
Tuberculosis
Cancer
Obesity
Immunosuppression
HIV-positive
Gallstone
Smoking history, n (%)
No
Yes
Alcohol drinking history, n (%)
No
Yes
COVID-19 vaccination, n (%)
No
Yes
Comedication, n (%)

For treatment of underlying diseases
For treatment of COVID-19 symptoms
For treatment of COVID-19 complications

Liver enzyme (Before treatment)
AST, Mean + S.D. (U/L)
ALT, Mean + S.D. (U/L)
ALP, Mean £ S.D. (U/L)
Bilirubin, Mean + S.D. (mg/dL)
Dose of medicine
FV, (No. of tablets)

AP, (No. of capsules)

Duration of Laboratory Test Follow-up,

Mean + S.D. (Days)

FV group
(n=284)

159 (55.99)
125 (44.01)
44.81 £ 16.22

24.51 +4.82

132 (46.48)

152 (53.52)
65 (22.89)
24 (8.45)

15 (5.28)
7 (2.46)
6(2.11)
4 (1.41)

4 (1.41)
1(0.35)
88 (30.99)
4 (1.41)

5 (1.76)
2 (0.70)

201 (96.63)
7 (3.37)

200 (94.34)
12 (5.66)

138 (48.59)
146 (51.41)

75 (26.41)
248 (57.32)
173 (60.92)

29.62 £ 7.01
21.63+9.53
71.73+16.12
0.42 £0.19

63.37 + 24.38
(12.68 + 4.88)

541+2.70

AP group
(n=50)

33 (66.00)
17 (34.00)
33.36 + 9.29

24.12 £5.40

42 (84.00)
8 (16.00)
0 (0.00)
1 (2.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
0 (0.00)
5 (10.00)
0 (0.00)
0 (0.00)
0 (0.00)

26 (89.66)
3(10.34)

26 (89.66)
3(10.34)

39 (78.00)
11 (22.00)

3 (6.00)
50 (100.00)
12 (24.00)

27.98 £7.04
22.70 £ 10.75

67.44 £12.80
0.39+0.18

60.80 + 5.66
(24.32 + 2.26)

5.36 + 0.83

FV+AP group
(n=230)

136 (59.13)
94 (40.87)
44.39 +15.65

25.22 £+ 5.36

124 (53.91)
106 (46.09)
42 (18.26)
24 (10.43)
13 (5.65)
4(1.74)
1(0.43)
1(0.43)
2 (0.87)
2 (0.87)
72 (31.30)
1(0.43)
0 (0.00)
2 (0.87)

152 (97.44)
4 (2.56)

161 (96.99)
5 (3.01)

153 (66.52)
77 (33.48)

54 (23.48)
216 (93.91)
158 (68.70)

30.77+£7.18
22.62 £10.03
70.93+18.14
0.41+£0.19

66.09 + 20.45
(13.22 £ 4.09)
60.80  10.47
(24.32 £ 4.19)

6.47 £ 3.26

p-value

0.393

<0.001*

0.359

<0.001*

0.124

0.148

<0.001*

0.003*
0.001*
<0.001*

0.928
0.465
0.007*
0.766

<0.001*

Note: *Statistical significance (p-value < 0.05)
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AST Monitoring

In terms of the follow-up on AST levels
after treatment, it was noted that patients in all
three groups exhibited median (interquartile
range (IQR)) post-treatment levels of 28 (23-33),
24 (22-31), and 26 (22-35) U/L, respectively.
Significant differences among the three groups
were noted in the average AST changes before
and after treatment, measuring 1.69 + 15.51,
-0.80+£7.96,and 0.01 +£15.82U/L in the FV, AP,
and FV+AP groups, respectively. The number
of individuals with elevated AST levels that
exceeded the ULN as indicated in Table 3,
was 33 (11.62%), 3 (6.00%), and 25 (10.87%) in
the FV, AP, and FV+AP groups, respectively.
No patients in the AP group had AST levels
elevated by more than two times the ULN.
However, there were 6 cases (2.11%) and 4
cases (1.74%) in the FV and FV+AP groups,
respectively, where the AST value was ap-
proximately 2-3 times higher than the ULN.
Additionally, 2 cases (0.87%) in the FV+AP
group exhibited AST levels exceeding three
times the ULN.

ALT Monitoring

Upon monitoring the post-treatment
ALT values, it was observed that the median
ALT (IQR) levels for the three groups were 24
(17-39), 22 (16-30), and 24 (16-39) U/L, respec-
tively. The average ALT differences (before

and after treatment) were notably significant

at 10.87 + 26.04, 3.08 + 11.54, and 11.07 +
26.90 U/L in the FV, AP, and FV+AP groups,
respectively. No significant differences were
noted among the groups in terms of patients
with elevated ALT levels beyond the ULN at
57 (20.07%), 6 (12.00%), and 40 individuals
(17.39%). Remarkably, no patients in the AP
group exhibited ALT levels exceeding two
times the ULN. Meanwhile, within the patient
cohort, 10 cases (3.562%) and 13 cases (5.65%)
in the FV and FV+AP groups, respectively,
demonstrated ALT values that were approxi-
mately 2-3 times the ULN. Additionally, the
occurrence of individuals with ALT values
exceeding three times the ULN was observed
in 3 cases (1.06%) in the FV group, and b cases

(2.17%) in the FV+AP group.

ALP Monitoring

During the monitoring of post-treatment
ALP values, it was observed that the average
ALP levels for the three groups were 73.46 +
18.77, 66.94 + 13.34, and 72.73 +£ 21.10 U/L,
respectively, revealing statistically significant
differences among the groups. The average
ALP differences (before and after treatment)
were 10.72 £ 12.95, -0.60 £ 6.67, and 1.80 +
13.76 U/L, respectively, demonstrating notable
variations among the three groups. Notably, no
patients in the AP group exhibited an increase
in ALP after treatment. On the other hand, in

both the FV and FV+AP groups, the number
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of individuals with values exceeding the ULN
was 8 cases (2.82%) and 8 cases (3.48%). Fur-
thermore, none of the patients in any of the
groups demonstrated an increase in ALP levels

exceeding two times the baseline value.

TB Monitoring

Upon monitoring the post-treatment TB
values, it was observed that the average TB
levels for the three groups were 0.46 + 0.23,
0.54 +£ 0.22, and 0.47 + 0.22 U/L, respectively,
revealing no significant differences among the
groups. The average TB differences (before
and after treatment) were 0.04 &+ 0.22, 0.14 +
0.21, and 0.05 + 0.20 U/L, respectively, show-
casing prominent variations across the three
groups. Notably, no patients in the AP group
exhibited elevated TB levels after treatment,
while, in the remaining groups, elevated TB
levels were observed in 4 individuals (1.41%)
in the FV group, and 1 individual (0.43 in the
FV+AP group. However, no one had elevated
TB exceeding 2 times ULN. The after-treat-
ment data on liver enzymes in each group are
presented in Table 3.

Regarding drug-induced liver injury
(DILD™ there were two cases found; one each
in the F'V and FV+AP groups. For the first case
in the FV group, the patient received 90 tab-
lets of F'V over 10 days. Prior to treatment, the

ALT value was 22 U/L, and after treatment, it

increased to 296 U/L, which was an increase
of 5.92 times from ULN within a 25-day period
from the pre-treatment blood test. The other
case occurred in the FV+AP group, where the
patient received 60 capsules of AP in 5 days,
and 90 tablets of F'V in a period of 10 days. Prior
to treatment, the ALT value was 18 U/L, and
after treatment it rose to 216 U/L, which was
6.17 times the ULN within a 7-day period from
the pre-treatment blood test. Further details
of the patients’ treatment are provided in

Table 4.

Factors Affecting elevated Liver Enzyme

Levels

Using binary logistic regression analy-
sis, factors associated with heightened liver
enzymes in COVID-19 patients receiving FV
and AP were examined; nine potential factors
that might influence liver enzyme elevation
were considered. These factors encompassed
gender, age, body mass index, underlying
diseases, hepatitis, concomitant medications
metabolized in the liver, history of alcohol con-
sumption, history of smoking, and COVID-19
vaccination status.

The study revealed that across all three
groups, no discernible factors were found to
increase the probability of abnormal liver en-
zymes. However, the AP group did not meet

the requirements for statistical significance
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Table 3 Follow-up of liver enzyme values among groups

Follow-up of Liver Enzyme

AST value after treatment

AST, median (IQR) U/L

AST difference (before & after treatment),

Mean + S.D. (U/L)

Patients with elevated AST (n,%)

Patients with elevated AST ~ 2-3 times from
upper limit (n,%)

Patients with elevated AST more than 3 times from
upper limit (n, %)

ALT value after treatment

ALT, median (IQR) U/L

ALT difference (before & after treatment),

Mean + S.D. (U/L)

Patients with elevated ALT (n, %)

Patients with elevated ALT ~ 2-3 times from
upper limit (n, %)

Patients with elevated ALT more than 3 times from
upper limit (n, %)

ALP value after treatment

ALP, Mean + S.D. (U/L)

ALP difference (before & after treatment),

Mean + S.D. (U/L)

Patients with elevated ALP (n, %)

Patients with elevated ALP ~ 2-3 times from
upper limit (n, %)

Patients with elevated ALP more than 3 times from
upper limit (n, %)

Total Bilirubin value after treatment

Bilirubin, Mean + S.D. (mg/dL)

Bilirubin difference (before & after treatment),
Mean + S.D. (mg/dL)

Patients with elevated bilirubin (n, %)

Patients with elevated bilirubin ~ 2-3 times from
upper limit (n, %)

Patients with elevated bilirubin more than 3 times
from upper limit (n, %)

FV group
(n=284)

28 (23-33)
1.69 * 15.51

33 (11.62)
6 (2.11)

0 (.00)

24 (17-39)

AP group
(n=50)

24 (22-31)
-0.80 + 7.96

3 (6.00)
0 (0.00)

0 (0.00)

22 (16-30)

10.87 £ 26.04 3.08 + 11.54

57 (20.07)
10 (8.52)

3(1.06)

73.46 £ 18.77 66.94 £ 13.34

1.72 £ 12.95

8 (2.82)
0 (0.00)

0 (0.00)

0.46 £0.23
0.04 £ 0.22

4 (1.41)
0 (0.00)

0 (0.00)

6 (12.00)
0 (0.00)

0 (0.00)

-0.50 £ 6.67

0 (0.00)
0 (0.00)

0 (0.00)

0.54 +0.22

0.14 £ 0.21

0 (0.00)
0 (0.00)

0 (0.00)

FV+AP group |
—valiue
(n=230) P
26 (22-35)  0.082

0.01 £15.82 <0.001*

25 (10.87) 0.572
4 (1.74)
2(0.87)

24 (16-39)  0.419

11.07 £26.90 < 0.001*

40 (17.39)
13 (5.65)

0.376

5(2.17)

72.73+£21.10 0.001*
1.80+13.76 <0.001*

8 (3.48)
0 (0.00) -

0 (0.00) -

0.47 £0.22
0.05 £0.20

0.431
0.461

1(0.43)
0 (0.00) -

0 (0.00) -

Note: * Statistical significance (p-value < 0.05)
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Table 4 Follow-up of patients after treatment eligible for drug-induced liver injury

Hospital length Underlying Laboratory
Patients of stay ( days) diseases Medicine check AST ALT ALP  Bilirubin
Male aged 27 Hypertension, FV 90 Tab for 27 Oct 21 36 22 86 0.6
36 y/0 Obesity 10 days 300ct21 33 22 103 0.4

4 Nov 21 59 90 77 0.7
20 Nov21 107 296 82 1.6

— Other medications received during treatment include;

calpolystyrene powder 5 gm, insulin mixed 30/70 iu/ml (winsulin-30/70), humulin n (nph) 100 iu/ml, humulin r (ri
insulin) 100 iu/ml, dexamethasone inj 5 mg/ml, glucose 50 ml, hyoscine (buscopan) 20 mg/ml, methylprednisolone
1gm, metoclopramide hcl inj 10 mg/2 ml 10 mg/2 ml, omeprazole (Iosec) 20- 40 mg, potassium chloride 10%, so-
dium chloride (nss/2) 0.45%, budesonide mdi 200 mcg/dose, metformin (glucophage) 500 mg, ceftriaxone (cef-3)
1 g, albendazole 200 mg, d-5-s/2 (5%d/n/2) inj, glyceryl guiacolate (gg) 100 mg, nss 50 ml inj in bag 100 ml ,
paracetamol 500 mg, prednisolone 5 mg, simeticone (air-x) 80 mg, sodium chloride iv (nss) inj , sterile water for inj,
phyllanthus cough syrup

- Diagnosis: hyponatremia, hypokalemia, acidosis, toxic liver disease with acute hepatitis, antiviral drugs adverse effect,

asphyxia
Female aged 25 No i) AP 60 cap for 5 days 18 Aug 21 28 18 79 0.4
66 y/0 2) FV 90 tab for 10 days 25 Aug 21 120 216 125 0.7

— Other medications received during treatment include;
dexamethasone inj 5 mg/ml, hydrocortisone (solu cortef) 100 mg/2 ml, levofloxacin (cravit) 750 mg/ 150 ml, amlodipine
5 mg, budesonide mdi 200 mcg/dose, ceftriaxone (cef-3) 1 g, cetirizine (zyrtec) 10 mg, ephedrine nasal drop 1%,
glyceryl guiacolate (gg) 100 mg, ipratropium+fenoterol (aerobidol mdi), lorazepam (ativan) 1 mg, paracetamol 500 mg,
prednisolone 5 mg, sodium chloride iv (nss) inj 0.9%, sterile water for inj, urea cream 10%

- Diagnosis: Septicaemia due to other specified staphylococcus, insomnia, asphyxia, xerosis cutis (dry skin)

due to the limited number of patients in this CPG for the cases of coronavirus disease 2019,

cohort, and a similar frequency of cases with version 4 August 2021 to version 1 March 2022.

abnormal liver enzymes was observed post- This is based on the findings that the patients

treatment (data not presented). in the FV groups exhibited the highest rates

of elevated AST, ALT, and TB, at 11.62%,

Discussion 20.07%, and 1.41%, respectively, while those

The results of this study regarding liver
toxicity do not support the statement “It is not
recommended to concomitantly use AP (in
asymptomatic COVID-19) with antiviral due

to potential serious side effect” in the National

in the FV+AP group demonstrated slightly
lower abnormal levels, at 10.87%, 17.39%, and
043%, respectively. Conversely, FV+AP group
presented the highest proportion of patients

with elevated ALP levels, at 3.48%, surpassing
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those in the FV group (2.82%); however, such
elevated ALP levels were not observed in the
AP group.

However, the utilization of FV alone or
in combination with AP led to a substantial
increase in ALT levels and was associated with
DILI in 2 cases. It cannot be definitively con-
cluded that FV alone or in combination with AP
was the direct cause of the observed ALT eleva-
tion and DILI. The first patient with the elevated
levels had underlying conditions like diabetes
and obesity, and had uncontrolled blood sugar
at the time of admission. The patient was
administered various medications, such as le-
vofloxacin, budesonide, lorazepam, amlodipine,
paracetamol and omeprazole, which have been
associated with increase chances of liver

%14 The second patient, at 66 years

abnormality
old, faced age-related complications despite
having no underlying diseases. Furthermore,
both patients received FV for a duration of 10
days, aligning with existing research indicating
that FV administration is linked to incidences
of liver function abnormalities in COVID-19
patients, ranging from 6.8% to 44%. High doses
of FV are associated with higher likelihood of
liver function abnormality. Therefore, our
findings imply that the observed alterations in
liver enzymes may have been influenced by
the presence of comorbidities and concurrent
medication, particularly those metabolized in

the liver, rather than being solely attributable

to the administration of antiviral medications
like FV and AP.

The cases of hepatitis identified in our
study align with those reported in a recent
clinical trial (APFaVi trial) involving adminis-
tration of AP extract (AP) plus favipiravir (F'V)
or placebo plus favipiravir in two groups of
non-severe COVID-19 patients."® However, in
the APFaVi trial, AP was administered at the
dose of 180 mg andrographolide per day for 5
days. In that trial, one case (1.75%) in AP+FV
group exhibited elevated ALT levels exceeding
three times the upper limit of normal (ULN)
on day 5 of treatment, classified as present-
ing mild hepatitis. Moreover, mild hepatitis
was reported in 14 patients (24.56%) in both
group. But in the combined therapy of AP and
FV with in those receiving FV and a placebo
had hepatitis increased on day 14 of the study.
All individuals with hepatitis were able to
recover by day 28. In the FV with a placebo
group, three cases displayed an increase in
ALT levels ranging from 3 to 5 times the ULN
(moderate hepatitis) on day 14. However, the
baseline of liver enzymes, follow-up, comedi-
cation was not presented and other factors
that might cause additional hepatitis after 14
days of treatment. If sufficient data were avail-
able, further studies could potentially identify
the causes in the future. Our study analyzed
factors influencing abnormal liver enzyme

elevation, but found no significant factors that
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would cause an increase in abnormal liver
enzymes.

Interestingly, our study found that the
utilization of AP with andrographolide 144
mg/day alone in young patients without un-
derlying diseases did not lead to significant
elevation in liver enzymes. This finding is con-

sistent with previous reports by Wanaratna'”

18 Furthermore, the data

and Benjaponpitak
may suggest a pattern of physicians lacking
confidence in prescribing AP, as it appears
that, when AP was administered, patients
simultaneously received other medications for
symptomatic relief despite the potential ben-
efits of AP in alleviating symptoms associated
with COVID-19"". Evidence synthesis should
be conducted to support the use of AP.

One limitation of our study is its retro-
spective design, which made it difficult to
exclude confounding factors influencing liver
function. The observed liver enzyme abnormal-
ity may be attributed to other factors beyond
FV or AP alone. Moreover, the relatively small
number of patients, especially in the AP group,
constrained our ability to establish definitive
associations between these factors and the

elevation of liver enzymes.

Conclusion

The study findings indicate that 0.35%

of patients in the FV group and 0.434% in the

FV+AP group exhibited AST and ALT levels
exceeding three times ULN, making them
prone to DILI. Consequently, careful monitor-
ing of liver function is essential for the use of
both FV and FV+AP, especially in patients of
advanced age, those with underlying diseases,
and those taking medications metabolized in
the liver. Additionally, the administration of
AP at a dosage of andrographolide 144 mg/
day demonstrated a favorable safety profile
for liver enzymes, suggesting its potential
suitability for prescribing for young patients
without underlying diseases. This data also
supports the use of andrographolide in com-
mon cold or influenza, as the dose used in
these two indications is one-third of that used
in COVID-19. Future research efforts should
prioritize the synthesis of comprehensive
evidence to strengthen physician confidence

in prescribing andrographolide.
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