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Abstract

Background and Aims: We aimed to study clinical out-
comes and liver biopsy features of alcoholic hepatitis (AH)
patients on complementary and alternative medicines (CAMs)
and to analyze the retrieved drugs for chemical and toxic
components linked to drug-induced liver injury. Methods:
We retrospectively assessed clinical, biochemical and liver bi-
opsy features of AH patients on CAM with drug-induced liver
injury (AH-CAM, n = 27) and compared them to a control
group (classical AH, n = 29) on standard of care. Patients
without liver biopsy evaluation and other causes for liver dis-
ease were excluded. Samples of the CAMs (n = 42) from pa-
tients were retrieved and assessed for chemical and toxins.
Results: All were males, and significantly worse clinical pre-
sentation, biochemical severity, and liver disease scores
were notable in patients with AH-CAM. Traditional Ayurve-
dic-polyherbal formulations were the most commonly used
CAM. On liver histology, varying grades of severe-necrosis,
severe hepatocellular, canalicular, cholangiolar cholestasis
with predominant lymphocytic-portal-inflammation and
varying grades of interface-hepatitis were noted in AH-
CAM. Analysis of CAMs revealed presence of heavy metals
up to 100,000 times above detectable range and adulter-
ants, such as antibiotics, chemotherapy agents, nonsteroi-
dal anti-inflammatory drugs, alcohols, antidepressants,
anxiolytics, and recreational drugs. On follow up, a signifi-
cantly higher number of patients with AH on CAM died at end
of 1, 3- and-6-months compared to controls (37% vs. 83%,
29% vs. 62%, 18% vs. 52% respectively; p < 0.001).
Conclusions: Patients with AH and CAM-related drug-
induced liver injury have extremely poor short-term survival
in the absence of liver transplantation compared to those
patients with AH on evidence-based management. Early
transplant referral and educating on and curbing of CAM
use in severe liver disease through strict monitoring of

unregulated traditional health practices can help ease the
burden of liver-related death.
Citation of this article: Philips CA, Rajesh S, George T,
Ahamed R, Kumbar S, Augustine P. Outcomes and toxicology
of herbal drugs in alcoholic hepatitis – A single center experi-
ence from India. J Clin Transl Hepatol 2019;7(4):329–340.
doi: 10.14218/JCTH.2019.00043.

Introduction

Alcoholic hepatitis (AH) is a catastrophic entity associated
with high mortality, occurring in the natural history of
alcoholic liver disease in persons with continued heavy or
binge alcohol use. In patients with underlying alcoholic
cirrhosis, it can present as acute-on-chronic liver failure
(ACLF), with very poor prognosis and high mortality in the
absence of best medical standard of care or liver trans-
plantation.1,2 Recommended treatment options for AH, even
though beneficial in select patients in the short term, are not
without risk – such as sepsis and multiorgan failure with cor-
ticosteroid use, rapidly progressive extrahepatic organ fail-
ures and high risk of alcohol relapse that foretell poor
outcomes with liver transplantation.3,4

In regions entrenched in complementary and alternative
medicine (CAM) medical practices, such as India, the use of
alternative systems of medicines, such as Ayurveda, Siddha,
Homeopathy, Unani and proprietary herbal drugs for manage-
ment of acute as well as chronic liver diseases, is on the rise.
Multiple studies encompassing single and as well as multiple
centers have shed light on hepatotoxicity associated with
CAM drugs. Drug-induced liver injury (DILI) and the toxicol-
ogy of implicated Ayurvedic drugs among the healthy general
population and patients with cirrhosis, leading to the syn-
drome of ACLF, have been demonstrated recently.5,6 The false
belief of a safer drug profile, cheaper treatment cost and easy
approachability and availability of CAM-related health serv-
ices, along with rampant advertisements regarding the
same on social media, has facilitated the growth of CAM-
related health seeking practices, especially among patient
populations with chronic diseases. However, this has only
added to the liver disease burden, leading to higher resource
utilization and exhaustive treatments with greater financial
implications.7–10

Clinical outcomes with CAM use among patients with acute
viral hepatitis and chronic liver disease, including alcoholic
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liver disease, have been reported before;11–16 outcomes
associated with CAM use among patients with AH have not.
In this novel study, we determined the clinical outcomes, liver
histopathological patterns and toxicology of CAM-related DILI
among patients with AH compared to a group of severe AH
patients on standard of care. Our findings are noteworthy in
improving education with regards to CAM-related health-
seeking behavior among patients with severe liver disease,
so as to curb unwarranted resource utilization, impart timely
and sensible therapeutic options, and reduce mortality
directly related to liver-related events.

Methods

Patients

We conducted a retrospective analysis of patients with
alcoholic liver disease in a dedicated liver disease unit of a
tertiary care center to identify those fulfilling the clinical
definition of AH.17 Those who developed jaundice (clinically
defined as yellowish discoloration of the eyes and urine) with
continuous heavy drinking or binge alcohol use in the preced-
ing 2 months were screened for inclusion. Patients were
grouped into those with and without liver tests at the onset
of symptoms. In the former, those with serum total bilirubin
>3.5 mg/dL and aspartate aminotransferase to alanine ami-
notransferase ratio of >2 were considered further for liver
biopsy. Those undergoing liver biopsy and fulfilling liver his-
tology criteria for AH were included as the control group. The
former as well as latter patients, with probable AH, consum-
ing CAMs for treatment of liver disease and presenting to the
liver unit after consumption of CAM were advised to undergo
liver biopsy evaluation. Those patients with probable AH and
CAM use who consented to liver biopsy were placed into the
AH-CAM group.

Prior to liver biopsy evaluation, all patients underwent
extensive evaluation for other causes of acute hepatitis and
were excluded from the study at specified time periods, in the
event of alternate diagnosis. Etiology workup included eval-
uation for acute viral hepatitis A, B, C and E, herpes zoster,
herpes simplex, Epstein-Barr virus, cytomegalovirus, Dengue
virus, malaria parasite, human immunodeficiency virus, anti-
bodies to Leptospira in those clinically indicated [acute febrile
illness and jaundice associated with severe headache,
myalgia (particularly calf muscle) and prostration associated
with conjunctival suffusion, bleeding diathesis, renal and pul-
monary involvement with or without central nervous system
symptoms and signs], autoantibodies for autoimmune hepa-
titis (including antinuclear, anti-smooth muscle, anti-liver-
kidney-microsomal antibodies) serum ceruloplasmin, 24 h
urine for copper, ophthalmology evaluation for Kayser-
Fleischer ring, use of other known hepatotoxic agents other
than CAMs, imaging for primary sclerosing cholangitis, gall
bladder and bile duct diseases, and pyogenic and amoebic
liver abscesses when clinically indicated. Patients with hepa-
tocellular carcinoma, portal vein thrombosis and those who
did not provide consent for liver biopsy were excluded. Ulti-
mately, only those patients with biopsy proven definite AH
and those with probable AH with additional features of CAM-
DILI on liver biopsy were included in the comparative study.
All procedures performed in the study were in accordance
with the ethical standards of the institutional research com-
mittee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

Methodology of drug chemical analysis and toxicology

Heavy metal contamination, presence of potential hepato-
toxic volatile organic compounds, adulterants, and insecti-
cides and pesticides were analyzed in the retrieved drug
samples as per previously published standard methodol-
ogy.6,18–22 Heavy metal concentration was determined by
inductively coupled plasma-atomic emission spectrometer
(IRIS Intrepid II XSP Duo; Thermo Electron Corp., Munich,
Germany). Methodology, chemical standards, reagents, and
vials were acquired as per standards set by the United States
Environmental Protection Agency, methods 5021A, 8015,
8021, and 8260. Hepatotoxic volatile organic compounds’
qualitative analyses were performed using gas chromatogra-
phy coupled to tandem mass spectrometry method (GC-MS/
MS; Thermo Fisher Scientific, Waltham, MA, USA). Pesticide
residue analysis was also performed using the triple quadru-
ple GC-MS/MS (GC TRACE 1300 with TSQ EVO 8000 MS).
Briefly, the required quantity of sample was extracted and
homogenized. Extract weighing 10 g was admixed (according
to the sample weight, analytical chemicals proportionally
used as per standardized guidelines) with 10 mL of acetoni-
trile. Thereafter, 10 g of magnesium sulphate sodium acetate
mixture was prepared and vortexed, followed by centrifuga-
tion at 2000 rpm for 5 m. A 5 mL aliquot was taken from the
supernatant and cleaned up using a PSA, C18 & GCB sorbent
removal kit to exclude all of the matrix interfering materials in
the sample, during the dispersive solid phase extraction. Vor-
texing and centrifugation at 10000 rpm was further done for
5 m. To detect and analyze organochlorine and organophos-
phorus pesticide residue, 1 mL of the supernatant was taken
and 1 mL was injected into the gas chromatograph. Identifi-
cation and quantification were carried out by mass spectrom-
eter using organochlorine and organophosphorus pesticide
standards available. For qualitative corticosteroid analysis, 1
mL of the extract was injected into the gas chromatograph and
qualitative identification of all possible peaks of steroids avail-
able in the GC-MS/MS temperature programming method
(3500C max) was made and noted. Further augmentation of
detection process was done using the Salkowski and Lieber-
man Burchardt tests. Further to these tests, 1 mL of the
sample extract was injected into the gas chromatograph
and qualitative identification of all possible peaks of organic
compounds available in the GC-MS/MS temperature pro-
gramming method was performed so as not to miss all iden-
tifiable substances in the drug sample. For alcohol analysis
and quantification, approximately 1 mL of sample was
added to a sample vial and mixed for at least 2 m by mechan-
ical shaking. The vial was then placed in the head space ana-
lyzer and the sample was heated to 100 8C for 25 m with
periodic mechanical shaking. A representative sample of 1
mL of this prepared mixture was then injected to the gas
chromatograph and identification and quantification of
detected alcohols were done by mass spectrophotometer
using procured and defined standards. Similarly, using the
GC-MS/MS standardized technique, volatile organic com-
pounds were detected and identified using the equilibrium-
based static head space method for solid samples and the
purge-and-trap method for liquid samples.

Statistical analysis

Statistical analysis was performed using MedCalc Statistical
Software (Ostend, Belgium). Data are presented as mean and

330 Journal of Clinical and Translational Hepatology 2019 vol. 7 | 329–340

Philips C.A. et al: CAM use in alcoholic hepatitis and outcomes



standard deviation (SD) or as median and range between
brackets as applicable. Shapiro-Wilk test was used to test
normality and Levene’s test was utilized to check for equality
of variances. Chi-square and Fisher’s exact tests were used to
compare nominal variables. Mann-Whitney’s U test was used
to evaluate continuous variables. One-way analysis of var-
iance (ANOVA) was used to test for differences at baseline
between the means of investigational variables of groups and
Kruskal-Wallis test with pairwise comparisons on post hoc
analysis between categorical, noncontinuous variables. A
p-value <0.05 was considered significant. The probability of
patients surviving up to the study end-point was calculated
using the Kaplan–Meier method and graphically represented
by the survival time curve. Comparison between the survival
curves was made using the log-rank test and a p-value <0.05
was considered significant.

Results

Patient screening and inclusion

From November 2017 to February 2019, 108 patients with
jaundice and continuous heavy alcohol use or binge alcohol
drinking 2months prior to onset of jaundice were screened for
inclusion. A total of 72 patients were found to have total
bilirubin >3.5 mg/dL with aspartate aminotransferase:
alanine aminotransferase ratio >2 on liver function test
evaluation after onset of jaundice. Nine of these patients
were excluded in view of alternative causes of acute icteric
hepatitis. Of the remaining 51 patients, 29 consented to liver
biopsy and were included in the control (AH) group and 12
patients consumed CAMs after clinical diagnosis of probable
AH, of which 8 consented to liver biopsy. A total of 36 patients
(n = 108) did not undergo liver function tests after onset of
jaundice and directly consumed CAMs as the treatment for
jaundice. Among these, 7 patients were excluded in view of
identification of alternate causes for acute icteric hepatitis. Of
the remaining 29 patients, 19 patients consented to liver
biopsy, giving a total of 27 patients in the AH-CAM group.
The complete patient screening, exclusion causes, and group-
ing are shown in Fig. 1.

Patient characteristics

In both groups, all patients were males with mean age (±SD)
49.4 ± 9.8 and 45.8 ± 9.7 years in AH and AH-CAM group
respectively. Seven patients (26%, n = 27) in the AH-CAM
group were obese alcoholics. In the AH-CAM group, 3
(11%), 1 (4%), 11 (41%) and 6 (22.2%) patients had
chronic disease, such as systemic hypertension, hypothyroid-
ism and diabetes mellitus respectively, which was comparable
to those in the AH group; there were none in the AH group,
while 6 (22%) in the AH-CAM group had dyslipidemia
(p = 0.007). Ascites at presentation was comparable at base-
line, in 79% (n = 23/29) and 70% (n = 19/27) of patients in
the AH and AH-CAM group respectively, while acute variceal
bleeding at presentation was significantly higher among
patients in the AH-CAM group (40.7% vs. 10.3%, p =
0.009). On follow up, at the end of 180 days, a trend
towards higher variceal bleeding events was notable among
patients in the AH-CAM group compared to the classical AH
patients (n = 13/27, 48% vs. n = 7/29, 24%; p = 0.06). A
trend towards higher severity of ascites (grade 3, tense) at
admission was noted in the AH-CAM group (n = 8/27, 29.6%

vs. n = 3/29, 10.3%, p = 0.07). The presence of hepatic
encephalopathy at admission was not significantly different
between the groups (51.7% AH vs. 59.3% AH-CAM).
However, a higher proportion of patients in the AH-CAM
group had more severe grades of hepatic encephalopathy
(grade 3/4) at presentation (22.2%, n = 6/27) when com-
pared to patients with classical AH (13.7%, n = 4/29) but
the difference did not reach statistical significance. Lower
(0 + 1) and higher (2 + 3) grades of ACLF were comparable
between groups at baseline, even though lower grades were
prominent in patients with classical AH compared to the AH-
CAM group (65.5% vs. 51.8%). The comparative patient
characteristics between groups are shown in Table 1.

Investigational characteristics and severity of liver
disease

In patients in the AH-CAM group, the mean hemoglobin was
lower (possibly due to the higher number of patients with
variceal bleeding) and leukocytosis was higher at presenta-
tion, even though this difference did not reach statistical
significance. Significant thrombocytopenia was notable
among patients in the AH-CAM group compared to classical
AH patients (median, 81.0 vs. 101.0 3 109/L respectively;
p = 0.02). Hyperbilirubinemia was significantly more severe
in patients with AH consuming CAM (18.8 ± 9.7 mg/dL vs.
12.6 ± 6.7 mg/dL; p = 0.007). Presence of coagulation
failure, hyponatremia, acute kidney injury and hypoalbumi-
nemia were comparable between groups. The severity of AH
(defined as the discriminant function) was significantly higher
in patients on CAM compared to classical AH patients
(median, 80.8 vs. 61.0 respectively, p = 0.01). The presence
of autoantibodies was notable in patients on CAM therapy
(23.6%) in comparison to classical AH patients (2.8%, p =
0.02). The severity of liver disease (Child Pugh score and the
Chronic Liver Failure score) were significantly higher in patients
with AH on CAM therapy. However, the model for end-stage
liver disease sodium score, ACLF grades and Chronic Liver
Failure-C-ACLF scores were comparable between groups. The
comparative investigational and liver disease severity charac-
teristics between groups are shown in Table 2.

Comparative liver histopathology of patients between
groups

Steatosis of predominantly mixed type, ballooning of hep-
atocytes, and pericellular fibrosis were present in the liver
histology of all patients in both groups. However, milder
grades of steatosis significantly predominated liver histology
of patients with AH on CAM (n = 13/27, 48.1%) compared to
patients with classical AH, in whom a moderate degree of
steatosis was noted (n = 19/29, 65.5%; p = 0.01). The pre-
dominant region of inflammation was lobular in 75.9% of
patients with classical AH, while it was portal-based in
77.8% of patients in the AH-CAM group (p < 0.001). In
63% of patients in the AH-CAM group, the predominant
type of inflammation was lymphocytic, while in 89.7% of
patients with classical AH, it was neutrophilic (p < 0.001). A
trend towards higher occurrence for neutrophilic satellitosis
was notable in the classical AH group (55.2%) compared to
patients in the AH-CAM group (29.6%, p = 0.05). Mallory-
Denk bodies were noted in patients in both groups, with sig-
nificantly higher predominance in classical AH patients
(100%), compared to patients with AH on CAMs (77.8%,
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p = 0.008). An increased presence of megamitochondria with
trend towards significance was noted among patients with
classical AH compared to AH patients consuming CAMs
(27.6% vs. 7.4%, p = 0.05). Interestingly, the presence of
foamy degeneration of hepatocytes were found to be higher in
patients of AH on CAMs (n = 11/27, 40.7%) compared to
those with classical AH (n = 5/29, 17.2%; p = 0.05). Under-
lying cirrhosis was seen in 81.5% and 89.7% of patients in
the AH-CAM and classical AH groups respectively (p = 0.38).

Apart from the classical features seen on liver histopathol-
ogy in AH patients, variable additional findings were notable
in patients with AH consuming CAMs. Eosinophilic infiltration
of the portal and lobular areas was striking in patients with AH
on CAMs only compared to those with classical AH (44.4% vs.
0%, p < 0.001). Plasma cell infiltrates were significantly more

common in patients with AH consuming CAMs compared to
classical AH (37% vs. 6.9%; p = 0.006). Interface hepatitis
was not seen in the liver biopsy of patients with classical AH
but was significantly higher in patients with AH consuming
CAMs (n = 19/27, 70.4%; p < 0.001), with almost one-
third of the patients demonstrating severe grades of interface
hepatitis. The presence of hepatocyte necrosis was more
commonly noted in patients with severe AH consuming
CAMs (19/27, 70.4% vs. 5/29, 17.2%; p < 0.001). Among
patterns of necrosis, periportal necrosis (p = 0.003), bridging
necrosis (p = 0.004), confluent necrosis (p = 0.003) and sub-
massive necrosis (p = 0.01) were significantly more conspic-
uous in patients who consumed CAMs, while spotty necrosis
and perivenular necrosis patterns of liver injury were compa-
rable between both groups. Significantly larger proportion of

Fig. 1. Enrolment and inclusion of patients in the study.
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patients in the CAM group had cholestasis on liver biopsy
(n = 20/27, 74.1% vs. n = 6/29, 20.7%; p < 0.001). Regard-
ing the type of cholestasis, cholangiolar cholestasis was seen
only in patients of AH on CAM therapy (44.4% vs. 0%, p <
0.001), while hepatocellular and canalicular cholestasis, even
though observed among both groups, was significantly higher
in AH patients consuming CAMs (74.1% vs. 20.7%; p< 0.001
and 40.7% vs. 15.4%; p = 0.003 respectively). Sinusoidal
fibrosis and sinusoidal dilatation were significantly more fre-
quent in patients with AH on CAM therapy. Liver histopathol-
ogy of none of the patients revealed classical features of
autoimmune hepatitis. Table 3 shows the detailed liver
biopsy comparisons between groups, and the pertinent and
specific liver histology features associated with AH consuming
CAMs patients is shown in Fig. 2.

Patient outcomes

At the end of 1-, 3- and 6-months follow-up, the proportion of
patients surviving in the AH consuming CAMs group in
comparison to the classical AH group were 37.04% vs.
82.76% (p < 0.001), 29.63% vs. 62.1% and 18.52%
(p = 0.002) vs. 51.72% (p = 0.001) respectively. A signifi-
cantly higher proportion of patients died early on, during the
course of AH when exposed to CAM treatments (Fig. 3).
Sepsis was the most common cause of death among both
groups (AH consuming CAMs 45.5% vs. classical AH 64.3%)
followed by progressive liver failure (Supplementary Table 1).

CAMs and chemical analysis of retrieved drugs

Only six (n = 27, 22.2%) patients with suspected AH-related
jaundice approached a registered Ayurveda practitioner for
treatments, while the majority took treatments from unregis-
tered, unregulated local traditional Ayurvedic healers or
underwent self-treatment with herbal medicines. A total of

87 CAMs were consumed by 27 patients, of which identifica-
tion of at least one component in the CAM was possible only in
40.7% of patients. Eight patients ingested four CAMs, seven-
teen ingested three CAMs, and two patients consumed two
CAM products each. The mean duration of CAM intake was
10.6 ± 5.7 days (min-max, 3–21 days). A detailed list of
identifiable CAMs confirmed retrospectively is shown in Sup-
plementary Table 2. We could retrieve 42 samples of CAM
from the patients in retrospect. Complete toxicology analysis
of the retrieved CAM products revealed unsettling data
regarding quality of manufacturing, adulteration practices
and presence of a multitude of liver and other organ
toxicity-promoting organic as well as inorganic components.
A comprehensive list of these CAMs, along with the complete
chemical analysis findings, are shown in Supplementary
Table 3. Representational images of some of the retrieved
CAMs are shown in Fig. 4. Disclosure of components as well
as potentially toxic ingredients were available in less than
40% of the retrieved samples. For example, the presence of
‘excreta of baby elephant’ as well as ‘semen of the Civet cat’
as a CAM constituent was disclosed in a drug (‘Dhanwantaram
Gulika’, see Fig. 4 for more detail). The pertinent findings on
chemical analysis and toxicology included adulteration with
topical antifungal agents, nonsteroidal anti-inflammatory
drugs (like aspirin and diclofenac), alcohols, antimicrobials
(such as amoxycillin, lincomycin and salinomycin), chemo-
therapeutic agents, hazardous industrial solvents, pesticides,
herbicides, insecticide components, neuropsychiatric drugs,
recreational drug components, anticoagulants, mood
enhancers, mutagens, diuretics (spironolactone), sedatives,
antidepressants and anticonvulsant drugs, as well as poison-
ous sesquiterpenes. With regards to heavy metal identifica-
tion, lead was the most commonly detected (36 samples,
85.7%, max 73.3 mg/kg) followed by nickel (33, 78.6%,
max 73.2 mg/kg), arsenic (29, 69.1%, max 119.4 mg/kg),
mercury (25, 59.5%, max 8 mg/kg) and manganese (20,

Table 1. Patient characteristics between groups

Descriptive, (n, %) AH–CAM group, n = 27 Classical AH group, n = 29 p value

Obesity 7 (25.9%) 0 (0%) 0.003

Systemic hypertension 3 (11.1%) 2 (6.9%) 0.58

Hypothyroidism 1 (3.7%) 0 (0%) 0.30

Diabetes mellitus 11 (40.7%) 9 (31%) 0.45

Dyslipidemia 6 (22.2%) 0 (0%) 0.007

Hepatic encephalopathy (any grade) 16 (59.3%) 15 (51.7%) 0.57

Hepatic encephalopathy Grade 1 + 2 9 (33.3%) 13 (44.8%) 0.38

Grade 3 + 4 6 (22.2%) 4 (13.7%) 0.41

Ascites (any grade) 19 (70.4%) 23 (79.3%) 0.44

Grade 1 3 (11.1%) 7 (24.1%) 0.20

Grade 2 11 (40.7%) 14 (48.3%) 0.57

Grade 3 8 (29.6%) 3 (10.3%) 0.07

Acute variceal bleeding 11 (40.7%) 3 (10.3%) 0.009

Acute variceal bleeding on follow up (at 180 days) 13 (48.1%) 7 (24.1%) 0.06

ACLF grades 0 + 1 14 (51.8%) 19 (65.5%) 0.30

2 + 3 13 (48.1%) 10 (34.4%) 0.31

Abbreviations: AH, alcoholic hepatitis; ACLF, acute-on-chronic liver failure; CAM, complementary and alternative medicine.
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Table 2. Patient investigational characteristics between groups

Group descriptive Group n Mean Median SD SE p value

Age (years) AH-CAM 27 45.85 44.0 9.77 1.88 0.18

AH 29 49.41 51.0 9.84 1.83

Hemoglobin (g/L) AH-CAM 27 9.74 9.8 1.87 0.36 0.78

AH 29 10.01 10.1 2.41 0.45

WBC count (x1000/mm3) AH-CAM 27 13.21 14.7 5.18 1.00 0.29

AH 29 12.63 10.9 7.68 1.43

Platelet count (x109/L) AH-CAM 27 99.85 81.0 64.36 12.39 0.02

AH 29 115.55 101.0 47.68 8.85

Total bilirubin (mg/dL) AH-CAM 27 18.80 18.6 9.73 1.87 0.007

AH 29 12.61 10.2 6.77 1.26

AST (IU/L) AH-CAM 27 129.04 120.0 87.95 16.93 0.44

AH 29 143.38 92.0 119.26 22.15

ALT (IU/L) AH-CAM 27 63.59 46.0 46.52 8.95 0.84

AH 29 81.34 48.0 93.73 17.41

ALP (IU/L) AH-CAM 27 146.33 142.0 58.73 11.30 0.90

AH 29 169.38 134.0 106.56 19.79

GGT (IU/L) AH-CAM 27 222.89 184.0 156.32 30.08 0.18

AH 29 168.83 141.0 116.12 21.56

Serum albumin (mg/dL) AH-CAM 27 2.67 2.8 0.41 0.08 0.43

AH 29 2.84 2.7 0.55 0.10

INR AH-CAM 27 2.53 2.2 0.83 0.16 0.71

AH 29 2.61 2.4 0.83 0.15

Sodium (mmol/L) AH-CAM 27 128.74 130.0 4.74 0.91 0.22

AH 29 130.00 131.0 5.87 1.09

Potassium (mmol/L) AH-CAM 27 4.11 4.1 0.78 0.15 0.95

AH 29 4.09 4.2 0.86 0.16

Blood urea (mg/dL) AH-CAM 27 39.78 29.0 30.03 5.78 0.87

AH 29 47.62 27.0 49.38 9.17

Creatinine (mg/dL) AH-CAM 27 1.31 1.0 0.71 0.14 0.93

AH 29 1.53 1.1 1.16 0.22

DF AH-CAM 27 88.74 80.8 31.14 5.99 0.01

AH 29 68.58 61.0 30.23 5.61

CTP AH-CAM 27 12.63 13.0 1.11 0.21 0.01

AH 29 11.62 12.0 1.54 0.29

MELD sodium AH-CAM 27 31.41 30.0 4.61 0.89 0.65

AH 29 30.31 31.1 5.87 1.09

ACLF grade AH-CAM 27 1.44 1.0 1.25 0.24 0.08

AH 29 0.90 0.0 1.11 0.21

CLIF C ACLF score AH-CAM 27 60.41 58.0 15.23 2.93 0.38

AH 29 57.38 57.0 9.86 1.83

CLIF score AH-CAM 27 11.30 11.0 2.64 0.51 0.001

AH 29 9.21 9.0 2.14 0.40

Abbreviations: ACLF, acute-on-chronic liver failure; AH, alcoholic hepatitis; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
CAM, complementary and alternative medicine; CLIF, chronic liver failure; CTP, Child Turcotte Pugh score; DF, discriminant function; GGT, gamma glutamyl transpeptidase;
INR, international normalized ratio; MELD, model for end-stage liver disease score; SD, standard deviation; SE, standard error.
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47.6%, max 824.2 mg/kg). The complete quantification
levels of heavy metals and the permissible limits of daily
oral exposure is shown in Table 4.

Discussion

In this novel study, we determined the clinical outcomes and
liver histopathology of AH patients undergoing complemen-
tary and alternative therapy with Ayurvedic drugs, both
proprietary and traditional. Our study brings forth many

important aspects in CAM-seeking health behavior and its
outcomes among patients with acute liver disease, such as
AH. Foremost in this regard is the lack of proper investiga-
tional acumen among CAM practitioners to understand and
stratify patients with severe AH. Only one-third of the patients
approaching a CAM practitioner underwent baseline liver
function tests, mostly driven by patient request. This is in
agreement with previous publications on CAM that impress on
the fact that adequate clinical evaluation, quality of treatment
options as well as services provided are in the absence of

Table 3. Liver biopsy characteristics between groups

Histology findings AH–CAM group, n = 27 Classical AH group, n= 29 p value

Steatosis 100% 100%

Grading of steatosis Mild 48.1% Mild 13.8% 0.02

Moderate 44.4% Moderate 65.5%

Severe 7.4% Severe 20.7%

Predominant inflammation Lymphocyte 63% Lymphocytes 10.3% <0.001

Neutrophils 37% Neutrophils 89.7%

Predominant site of inflammation Lobular 0% Lobular 75.9%

Portal 77.8% Portal 0% <0.001

Lobular + portal 22.2% Lobular + portal 24.1%

Ballooning 100% 100%

Interface hepatitis 70.4% 0% <0.001

Mallory Denk bodies 77.8% 100% 0.007

Neutrophilic satellitosis 29.6% 55.2% 0.05

Megamitochondria 7.4% 27.6% 0.05

Pericellular fibrosis 100% 100%

Cirrhosis 81.5% 89.7% 0.38

Plasma cells (portal, lobular or interface) 37% 6.9% 0.006

Eosinophilic infiltration (portal, lobular or
interface)

44.4% 0% <0.001

Cholestasis 74.1% 20.7% <0.001

Type of cholestasis Hepatocellular 74.1% Hepatocellular 20.7% <0.001

Canalicular 40.7% Canalicular 6.9% 0.003

Cholangiolar 44.4% Cholangiolar 0% <0.001

Foamy degeneration 40.7% 17.2% 0.05

Necrosis (any type) 70.4% 17.2% <0.001

Patterns of necrosis Periportal necrosis 25.9% Periportal necrosis 0% 0.004

Perivenular necrosis
22.2%

Perivenular necrosis
10.3%

0.23

Spotty necrosis 14.8% Spotty necrosis 6.9% 0.90

Bridging necrosis 25.9% Bridging necrosis 0% 0.003

Confluent necrosis 25.9% Confluent necrosis 0% 0.004

Submassive necrosis
18.5%

Submassive necrosis 0% 0.02

Hepatocyte rossetting 11.1% 0% 0.07

Sinusoidal dilatation 33.3% 0% <0.001

Sinusoidal fibrosis 44.4% 7% 0.001

Abbreviations: AH, alcoholic hepatitis; CAM, complementary and alternative medicine.
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Fig. 2. Liver histopathology features of alcoholic hepatitis patients on Ayurvedic and herbal medications. A. Extensive liver cell necrosis in a patient with severe
alcoholic hepatitis associated with ballooned hepatocytes, Mallory-Denk bodies and mixed inflammatory reaction predominated with lymphocytes and eosinophils (hema-
toxylin and eosin, x40). B. Confluent necrosis in a patient with multiple unknown polyherbal Ayurvedic medications (hematoxylin and eosin, x100). C. Clusters of ballooned
hepatocytes surrounded by submassive necrosis and pericellular fibrosis due to consumptions of multiple Ayurvedic products after diagnosis of alcoholic liver disease
(Masson-trichrome stain, x100). D. Extensive ballooned hepatocytes with Mallory-Denk bodies, with hepatocellular and cholangiolar cholestasis associated with herbal drug
intake (hematoxylin and eosin, x400). E. Mixed inflammatory cells of lymphocytes and eosinophils in the portal areas with surrounding ballooned hepatocytes in a patient
with severe alcoholic hepatitis with herbal drug-induced liver injury (hematoxylin and eosin, x400). F. Severe canalicular cholestasis associated with liver cell necrosis and
ballooning of hepatocytes seen in a patient consuming Ayurvedic supplements for alcoholic hepatitis (hematoxylin and eosin, x400). G. Extensive bridging necrosis asso-
ciated with mixed cellular inflammation and pericellular fibrosis in a patient with severe alcoholic liver disease after consuming traditional Ayurvedic medicines (Masson
trichrome stain, x100).

Fig. 3. Kaplan-Meier survival analysis’ graphical representation between groups at end of 1-, 3- and 6-months.
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identifiable benefits.23 Even though we looked at outcomes
only in patients with AH, it was already shown that alcoholic
liver disease and alcohol use were among the important
factors associated with CAM-seeking behavior among
patients with cirrhosis.15

In our study, the AH consuming CAMs group of patients
had more severe liver disease, higher grades of portal hyper-
tensive complications and poorer clinical outcomes. The
survival rates in the short and long term were appalling, due
to the fact that liver-related events were higher in the
absence of strong recommendations to treatment for severe
DILI in an already sick cohort of patients. Several authors
have already cautioned against and implored on the sensible
use of natural medicine for liver diseases.24 The liver disease
severity scores and AH severity were higher among patients
in the CAM group. In the current study, we found that several
specific findings predominated in AH patients on CAM therapy.
Notable among these was the presence of severe grades of
necrosis, interface hepatitis, eosinophilic infiltration, and
lesser degrees of steatosis and Mallory-Denk bodies. The
presence of necrosis in patients with CAM induced DILI,
among both the general population and cirrhosis patients,
has been previously documented to promote worse
outcomes.5,6

To the best of our abilities, we were able to retrieve a good
proportion of the CAMs ingested by the patients at the start of

their clinical symptoms. On analysis of these agents, we were
able to clearly identify a multitude of liver toxic ingredients
and undisclosed poisonous substances and multiple adulter-
ants (mostly modern medicine related). Antimicrobials,
including topical agents, pain killers, poisonous hazardous
chemicals, chemotherapeutic agents, mood enhances, anti-
depressants, sedatives and heavy metals were found in a
large proportion of CAMs analyzed as per state-of-the-art
methodology. This finding agrees with previous studies which
have showcased toxic levels of heavy metals, mislabeling of
herbal products and volatile organic compounds, and heavy
metal-related higher death rates among patients on uniden-
tified and complex CAMs.6,9,25,26 Our study also confirms the
fact that certain well known and currently heavily utilized pro-
prietary Ayurvedic agents (such as Himalaya® Liv.52) is asso-
ciated with high death rate among patients with advanced
liver disease. This particular product has undergone extensive
preclinical study, mostly from the Indian subcontinent, from
the year 1966 up until 2012, without any quality trials to
confirm its true efficacy in human related liver diseases. The
only high quality multicenter randomized controlled trial of
Liv.52® for cirrhosis in humans conducted by Fleig et al.,27

was abruptly stopped in view of higher mortality seen in
Child Pugh class C patients, leading to the drug’s withdrawal
in the United States.

Fig. 4. Example of retrieved Ayurvedic and herbalmedicines. A. Traditional Ayurvedic medications prepared andmarketed by various pharmaceutical companies, with
some lacking proper ingredient labelling, adverse effect notification and maximal dosing for use; labelled ingredients in an Ayurvedic formulation called ‘Dhanwantaram
Gulika’, which was given for nausea, anorexia and overall ‘liver health’. B. The components mentioned include fresh excreta of baby elephant (yellow lined) as well as semen
of the Civet cat (red lined). C. Some of the formulations came as powders contained in plain papers and unlabeled capsules, tablets and pills. D, E. Freshly plucked (D) and
dried herbs (E) were a major part of CAMs utilized by alcoholic hepatitis patients, prescribed by traditional unregistered healers. F, G. Traditional Ayurvedic healer-prepared
thick syrups (F) and unlabeled, unknown semi-solid material (G), made out of multiple herbs and powders.
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The toxicity of Ayurvedic preparations, even leading to
cluster-poisoning, with respect to poor manufacturing practi-
ces and unregulated quality checks has been published
immensely in literature.28,29 Previous studies have also shown
that heavy metal contamination and exposure could potentiate
a multitude of liver disease, both acute and chronic.30,31

Our study is important from two perspectives – one, the

patient and family needs to be educated with respect to sensible
health-seeking behavior for possible severe liver diseases, so as
to reduce morbidity and mortality, and two being the educating
and integrating of CAM practitioners to identify patients with
potential severe liver disease who require early referrals, so
as to initiate proper evidence-based treatment to improve clin-
ical outcomes. Our findings also substantiate the use of liver

Table 4. Heavy metal** analysis and quantification in retrieved Ayurvedic samples

Total samples, n = 42 Detected, n (%) Minimum1� Maximum2� Mean3� Median4� SD

Aluminum 7 (16.6%) 18.560 418.400 130.380 68.850 142.2248

Arsenic 29 (69.1%) 0.0100 119.430 13.963 0.400 33.3589

Gold 13 (30.9%) 0.0400 1.440 0.662 0.480 0.5816

Mercury 25 (59.5%) 0.0100 8.010 0.673 0.190 1.5854

Manganese 20 (47.6%) 0.640 824.170 74.031 19.720 182.0916

Nickel 33 (78.6%) 0.200 73.290 7.461 2.150 14.2936

Lead 36 (85.7%) 0.0800 73.370 7.129 1.465 13.7904

Thallium 18 (42.8%) 0.0100 2.400 0.432 0.250 0.5826
*values in mg/kg.
**the level below which there is low risk for human ill health for arsenic is 0.07 mg/kg; the permissible tolerable weekly intake (PTWI) for mercury is 1.6 mg/kg body weight;
PTWI of aluminum is 1 mg/kg of body weight; tolerable upper limit of manganese is 11 mg per day; tolerable daily intake for nickel is 5 mg/kg body weight; permissible daily
oral exposure (PDE) of gold is 134 mg/kg; PDE of lead is 5 mg per day and of thallium is 8 mg per day.

From U. S. Department of Health and Human Services Food and Drug Administration, Center for Drug Evaluation and Research (CDER) and Center for Biologics Evaluation
and Research (CBER), Guidance for Industry 2015 update. Retrieved from https://www.fda.gov/regulatory-information/search-fda-guidance-documents/q3d-elemental-
impurities on 3/10/2019.

Fig. 5. Visual abstract summary infographic of the study.
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biopsy in patients with severe AH to identify occult CAM use to
tailor specific medical treatments and to define specific patterns
of injury associated with high mortality to potentiate early liver
transplant referral. Nickel, lead, mercury, arsenic and manga-
nese have been shown to induce acute as well as chronic
hepatic injury in animal models and human subjects. The inju-
ries have been demonstrated to range from transaminase ele-
vations to hepatocyte necrosis and in the case of arsenic,
occurrence of portal hypertension.32–39 Food- and drug-grade
substances are recommended to be devoid such contaminants
since continued exposure associated with long-term consump-
tion could lead to potential liver injury. The recommended
maximal exposures to heavy metals are for environmental soil
and water sources and not for food or drug components and
must not be referenced synonymously.

Our study has strengths as well as weaknesses. This is the
first study to describe and analyze a large group of patients
with AH on CAM treatments from clinical, histopathological
and toxicology points of view, underlining important clinical
and liver histological aspects that can help differentiate dual
insults in AH patients as well as prognosticate regarding
transplant-free survival. All our patients, in both groups,
underwent liver biopsy, leaving no room for doubt on the
type and patterns of liver injury in this study. We also
identified significant adulteration and presence of undisclosed
components in a multitude of CAM agents analyzed that calls
for proper regulation from the government agencies con-
cerned, in close participation with the industry. Our study
limitations are that it was retrospective in nature and from a
single center. Even though we systematically compiled and
analyzed our patient groups, other rare or atypical causes
for liver disease apart from the suspected alcohol and
CAM-related DILI could have been overseen. The presence
of autoantibodies in patients with CAM use could possibly
mean an underlying autoimmune phenomenon related to
liver injury or autoimmune hepatitis. However, even in the
presence of autoantibodies, the evidence for autoimmune
hepatitis was negated in all patients on liver biopsy. The
presence of autoantibodies associated with herbal medicines
has been previously well described, which agrees with our
findings.6,25,40 We did not apply the Roussel Uclaf Causality
Assessment Method (commonly known as RUCAM) to assess
DILI causality, since this tool has not been validated in
patients with concurrent acute liver injury. However, our
biopsy findings inarguably confirmed a second insult, most
probably CAM-related DILI due to the heterogeneity in
biopsy findings, that skewed from the expected findings. We
did not quantify the organic, inorganic and volatile organic
compounds in the samples, due to the high costs associated
with such analysis as well as difficulties in procuring stand-
ards. However, the presence of some of these compounds has
been linked to liver injury the in literature, which agrees with
our study findings.6,41 Analysis of body fluids for toxins and
chemicals were not undertaken in view of differences in time
to presentation to the hospital, heterogeneity in duration of
consumption, and time to consumption and stopping CAMs in
the study population. Even though the analytical lab facility
was very close to our hospital premises, volatility of drug
components and associated changes on analysis could have
occurred. Since most of the patients who consumed CAMs did
not undergo liver tests at baseline, the presence of AH at
baseline in these are doubtful and the acute liver injury
could have been purely due to the ingested CAMs. However,

as per clinical criteria, the most possible diagnosis in these
patients, prior to CAM use, could have been AH itself.

Patients with severe AH and associated CAM intake have
severely augmented liver injury leading to higher morbidity
and mortality than seen with classical AH patients on con-
servative and evidence-based management. The presence of
adulterants such as antimicrobials, topical agents, poisons as
well as chemotherapeutic agents and psychiatry prescription
drugs in CAM from the Indian subcontinent is clarified (Info-
graphic Fig. 5). The use of CAMs in patients with acute as well
as chronic liver diseases must be regulated, and the general
and patient population educated with regards to sensible
health-seeking behavior. The need for close monitoring and
stringent Good Manufacturing Practices in CAM needs an
immense upheaval to prevent adulterant-related organ tox-
icity. Physicians prescribing CAMs need to be educated, with
regards to sensible evaluation, timely referrals and incorpo-
ration of evidence-based medicine into practice and taught
research methodology for improving identification of benefi-
cial CAMs that may become an important component in the
armamentarium of modern medicine.
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