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Tinospora cordifolia (Giloy) is an herbal supplement commonly used in the Indian alternative medicine system Ayurveda. This 
herb has been promoted to the public in India as an immune booster to prevent novel coronavirus disease 2019. However, 
small reports have recently shown an association between Giloy use and the development of herb-induced liver injury (HILI) 
with autoimmune features in some patients. This large retrospective Indian multicenter study spanning 13 centers at nine 
locations was designed to identify features and outcomes of HILI temporally associated with Giloy use. Chemical and toxi-
cological analyses of retrieved Giloy samples using state-of-the-art methods were also performed. We report 43 patients, of 
whom more than half were female, with a median time from initial Giloy consumption to symptom onset of 46 days. Patients 
presented with acute hepatitis, acute worsening of chronic liver disease (CLD, the most common clinical presentation), or 
acute liver failure. Causality assessment revealed probable liver injury in 67.4%. The most common autoantibody detected 
was anti-nuclear antibody. Liver biopsy in a subset revealed HILI associated with autoimmune features and hepatocyte and 
canalicular cholestasis and neutrophilic and eosinophilic infiltration. Conclusion: Giloy is associated with acute hepatitis with 
autoimmune features and can unmask autoimmune hepatitis (AIH) in people with silent AIH-related CLD. Further studies 
on the safety (and efficacy) of untested but heavily promoted herbals in alternative systems of medicine are an unmet need 
in the interests of public health and are especially important during this global health emergency. (Hepatology Communications 
2022;6:1289-1300).

The novel severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2)–related disease 
(COVID-19) was first identified in December 

2019 and declared a pandemic on March 11, 2020. 
A total of 205,015,715 cases and 4,331,401 deaths 
due to COVID-19 had been reported worldwide as 

of August 11, 2021.(1) During this pandemic, several 
paradigm shifts have occurred in relation to various 
preventive and therapeutic options, with vaccination 
against SARS-CoV-2 currently playing the central 
role in curbing infections and reducing mortality.(2) 
Nonetheless, in developing countries such as India, 
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there is still widespread “non-evidence-based” use 
of investigational drugs (such as ivermectin), dietary 
supplements (such as vitamin C, D, and zinc), and 
complementary and alternative medicines, including 
those promoted for “prevention” of COVID-19 by 
the Ayurveda (various single or multiherbal prepa-
rations), Siddha (herbo-mineral preparations), and 
Homeopathy (Arsenicum album 30C) systems. Many 
of these drugs and dietary supplements are easily 
available over the counter and promoted and distrib-
uted by public authorities without strong evidence.(3) 
Ayurvedic herbal medicines are well known to cause 
hepatoxicity that can range from asymptomatic liver 
test abnormalities to acute liver failure (ALF) and 
acute-on-chronic liver failure (ACLF) in people with 
underlying liver disease.(4,5)

Tinospora cordifolia, also known as the heart-
leaved moonseed (or Giloy in Hindi and Guduchi 
in Sanskrit), is popularly marketed in India as an 
“immune-booster herbal supplement” with the “poten-
tial” to prevent COVID-19, despite a lack of strong 
clinical evidence for its use. Indeed, Giloy has been 
shown to have immune-stimulating properties with 
the potential to increase immunoglobulin G (IgG) in 
the serum in a small animal model.(6) A recent paper 
describing 6 patients from a single center revealed that 
Giloy use could lead to acute hepatitis with autoim-
mune features or unmask an underlying autoimmune 
chronic liver disease (CLD).(7)

In this nationwide multicenter Giloy “immune-
booster” liver injury study, we aimed to retrospectively 

analyze the clinical presentation, outcomes, and his-
topathological features of patients presenting to 
multiple tertiary hospitals with a diagnosis of acute 
hepatitis associated with ingestion of pure Giloy or 
Giloy-based herbal preparations. Chemical and toxi-
cology analyses of retrieved Giloy samples were also 
performed to explore potential mechanisms of poten-
tial herb-induced liver injury (HILI).

Patients and Methods
PATIENTS

This was a multicenter retrospective observational 
cohort study examining the clinical outcomes of Giloy-
induced liver injury. The study was carried out by the 
Liver Research Club, India, a collaboration of hepa-
tologists and gastroenterologists from 13 tertiary care 
hospitals in nine locations across India (North Zone: 
New Delhi, Punjab, and Uttar Pradesh; South Zone: 
Telangana, Karnataka, Tamil Nadu, and Kerala; East 
Zone: West Bengal; and West Zone: Maharashtra). 
We included all outpatients and inpatients > 18 years 
of age presenting with acute hepatitis associated with 
consumption of Giloy or a Giloy-containing herbal 
formulation. All patients were followed up for a mini-
mum of 30 days and a maximum of 180 days, or until 
death or liver transplantation, whichever came first.

A thorough diagnostic workup was performed in 
all patients. Acute hepatitis was defined as aspartate 
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aminotransferase (AST) or alanine aminotransfer-
ase (ALT) levels > 3 times the upper limit of normal. 
Jaundice was defined as a bilirubin level > 3.5 mg/
dL. Other well-recognized causes for liver injury were 
excluded based on laboratory tests, viral serologies 
(including nucleic acid test for SARS-CoV-2), diag-
nostic imaging, and the workup for Wilson disease. 
Autoimmune markers, including anti-nuclear antibody 
(ANA), anti-smooth muscle antibody (ASMA), anti-
liver kidney microsome type 1 (LKM-1), and serum 
IgG levels, were measured in all patients. If patients con-
sented, a liver biopsy was performed for histopathologi-
cal evaluation. The Roussel Uclaf Causality Assessment 
Model (RUCAM) score and resulting causality grading 
was used to clinically diagnose HILI: 1-2, unlikely; 3-5, 
possible; 6-8, probable; and > 9, highly probable.(8)

Patients not completing the 1-month follow-up 
were excluded, and to allow accurate characterization 
of Giloy-induced liver injury, those with active alcohol 
consumption (patient-reported, confirmed with either 
immediate family member or a next of kin) in the pre-
ceding 3 months and those on concomitant, known hep-
atotoxic prescription drugs were also excluded, as were 
patients who were known to have autoimmune hepatitis 
(AIH)–related liver disease and who were in drug-free 
remission or on immunosuppression. The institutional 
review boards (IRBs) of the respective enrolled hospitals 
approved the study protocol and all centers complied 
with their local IRB requirements. The study was car-
ried out in accordance with the Helsinki Declaration of 
1975. Due to the retrospective analysis of existing clin-
ical data, the requirement to obtain informed patient 
consent was waived by the respective IRBs.

STATISTICAL ANALYSIS
Statistical analyses were performed using MedCalc 

Statistical Software (Ostend, Belgium). Continuous 
variables are expressed as medians with 95% confi-
dence intervals (CI) and interquartile ranges (IQRs), 
median with range, or mean and SDs, depending on 
the normality of the data. Categorical variables are 
summarized as counts and percentages.

ANALYSIS OF RETRIEVED 
SAMPLES

Heavy metal contamination, potential hepatotoxic 
volatile organic compounds, inorganic impurities, 

insecticides, and pesticides were analyzed in herbal 
supplement samples retrieved from the patients, 
according to standard methodology as follows. Heavy 
metal concentration was determined by an induc-
tively coupled plasma-atomic emission spectrometer 
(IRIS Intrepid II XSP Duo; Thermo Electron Corp., 
Munich, Germany) using chemical standards, reagents, 
and vials per the U.S. Environmental Protection 
Agency standards (methods 5021A, 8015, 8021, and 
8260). Full-scan qualitative analyses was performed 
using gas chromatography coupled with tandem mass 
spectrometry (GC/MS-MS; Thermo Fisher Scientific, 
Waltham, MA). Pesticide residue analysis was per-
formed using triple quadrupole GC/MS-MS (GC 
TRACE 1300 with TSQ EVO 8000 MS).

Results
PATIENTS

Overall Patients
From April 2020 to July 2021, 49 patients with 

Giloy-induced liver injury were enrolled in the study. 
Of these, 6 patients were excluded (3 due to incom-
plete data, 2 who had no evidence of acute hepatitis, 
and 1 with more than a year of unconfirmed intermit-
tent use of Giloy and suspicion of other hepatotoxic 
drug use); therefore, the final analysis included 43 
patients with acute hepatitis which had no identifi-
able cause other than Giloy consumption. There was 
a higher number of females (n = 23 of 43, 53.5%), 
and the mean age the patients was 50.4 ± 13.8 years. 
Of the 43 patients, 13 had diabetes mellitus (30.2%), 
10 had systemic hypertension (23.3%), 6 had hypo-
thyroidism (14%), 3 had coronary heart disease (7%), 
and 20 (46.5%) were either overweight or obese. One 
patient had underlying chronic kidney disease, 1 had 
interstitial lung disease, and 1 had Sjogren’s syndrome 
(2.3% for each). It was known that 7 patients (16.3%) 
had CLD (seronegative for AIH), and this disease was 
newly diagnosed during the evaluation of acute hepa-
titis among 17 (39.5%) patients. The HILI was man-
aged in an inpatient setting for 26 patients (60.5%), 
while the symptoms of 17 (39.5%) were managed on 
an outpatient basis. Of the patients requiring inpa-
tient management, 20 (46.5%) were hospitalized once, 
5 (11.6%) twice, and 1 (2.3%) was hospitalized three 
times. At initial presentation, 7 patients (25.9%) were 
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admitted to the intensive care unit. In the whole 
cohort, the median follow-up period was 88 days (45-
125) from the first consultation.

Biopsied Patients
There was a higher number of females (n = 15 of 

22, 68.2%), and the patients had a mean age of 48.9 ± 
9.95 years. Of the 22 patients, 7 had diabetes mellitus 
(31.8%), 2 each had systemic hypertension and coronary 
artery disease (9.1%), 5 had hypothyroidism (22.7%), 
and 14 (63.6%) were either overweight or obese. It was 
known that 4 patients (18.2%) had CLD (seronegative 
for AIH), while in 13 patients (59.1%) it was diag-
nosed during evaluation for acute hepatitis presentation. 
The HILI was managed in an inpatient setting for 17 
patients (77.3%). Of the patients requiring inpatient 
management during the course of illness, 14 (63.6%) 
were hospitalized once, 3 (13.6%) twice, and 1 (4.5%) 
was hospitalized three times. At initial presentation, 12 
patients (66.7%) were admitted to the intensive care 
unit. In the biopsy cohort, the median follow-up period 
was 97 days (30-166) from the first consultation.

CLINICAL PRESENTATION AND 
INVESTIGATIONAL DETAILS

Overall Patients
Patients with Giloy-induced liver injury presented 

with acute hepatitis (n = 19, 44.2%), acute worsen-
ing of CLD (n = 22, 51.1%), or ALF (n = 2, 4.7%). 
Giloy-induced liver injury was “possible” (score 3-5) 
in 14 patients (32.6%) and “probable” (score 6-8) in 
29 patients (67.4%) according to the RUCAM scores. 
Overall, at presentation, clinical jaundice was seen 
in 33 (76.7%), cholestatic symptoms in 20 (46.5%), 
ascites in 22 (51.2%), and overt hepatic encepha-
lopathy in 7 (16.3%) patients. During the follow-up 
period, new or worsening clinical events were seen in 
15 patients: ascites in 6 (14%), hepatic encephalopa-
thy in 5 (11.6%), infection or sepsis in 2 (4.7%), and 
sepsis with a portal hypertensive event in 2 (4.7%). 
The median total bilirubin at presentation was 11.7 
(range 0.5-46.6) mg/dL, AST = 305 (85-1,637) 
IU/L, ALT = 281 (56-1,269) IU/L, total protein = 
6.6 (4.3-8.0) g/dL, serum albumin = 3.5 (2.1-4.6) g/
dL, and international normalized ratio (INR) = 1.53 
(0.8-6.0). ANA was detected in 18 (41.9%), ASMA 
in 5 (11.6%), and anti-LKM-1 in 3 (7%) patients with 

Giloy-related acute hepatitis. The mean IgG level was 
1,850.9 ± 870.2 (range 888-5,583) g/L. All investi-
gative results including details of antibody titers are 
given in Table 1. On subgroup analysis, no significant 
differences were noted between possible and proba-
ble groups with respect to demographics, pertinent 
clinical, investigational and histopathological presen-
tations, as well as outcomes, except for hemoglobin 
level at baseline (Supporting Table S1). Four patients 
(9.3%, all with acute worsening of CLD) died (at 26, 
32, 45, and 60 days from clinical presentation), and 2 
patients (4.7%, 1 with ALF, and with 1 acute worsen-
ing of CLD) underwent liver transplantation (at 58 
and 62 days from clinical presentation). The rest (n = 
37, 86%) recovered fully or had stable liver functions 
on treatment at 6 months from clinical presentation.

Biopsied Patients
Patients with Giloy-induced liver injury presented 

with acute hepatitis (n = 7, 31.8%), acute worsen-
ing of CLD (n = 13, 59.1%), or ALF (n = 2, 9.1%). 
Giloy-induced liver injury was “possible” (score 3-5) 
in 9 patients (40.9%) and “probable” (score 6-8) in 13 
patients (59.1%) according to the RUCAM scores. 
Clinical jaundice was seen in 19 (86.4%), cholestatic 
symptoms in 9 (40.9%), ascites in 13 (59.1%), and 
overt hepatic encephalopathy in 7 (31.8%) patients. 
During the follow-up period, new or worsening clini-
cal events were seen in 15 patients: ascites in 2 (9.1%), 
hepatic encephalopathy in 3 (13.6%), and sepsis with 
a portal hypertensive event in 1 (4.5%). The median 
total bilirubin at presentation was 13.8 (range 0.6-
46.6) mg/dL, AST = 263 (85-1,637) IU/L, ALT = 
229 (87-1,269) IU/L, serum albumin = 3 (2.1-4.3) g/
dL, globulin = 3.4 (1.9-4.6) g/dL, and INR = 1.64 
(0.8-4.7). ANA was detected in 14 (63.6%), ASMA in 
2 (9.1%), and anti-LKM-1 in 1 (4.5%) patients with 
Giloy-related acute hepatitis. The ANA titer was 1:40 
in 3 (21.4%), 1:80 in 4 (28.6%), 1:100 in 5 (35.7%), 
and 1:320 and 1:3,200 in 1 each (7.1%). The mean 
IgG level was 2,040.3 ± 1,024.8 (range 989-5,583) 
g/L. All investigative results are found in Supporting 
Table S2. Two patients (9.1%, all with acute worsen-
ing of CLD) died, and 1 patient with ALF (4.5%) 
underwent liver transplantation. The rest (n = 19, 
86.4%) recovered fully or had stable liver functions 
on treatment at 6 months from clinical presentation. 
According to the International Autoimmune Hepatitis 
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Group’s revised original score (pretreatment) for AIH, 
18 patients (81.8%) had no or possible (score < 10), 
while 4 (18.2%) had probable (score 10-15) autoim-
mune hepatitis and none had definite AIH.

All patients with biopsy features of HILI and auto-
immune features and those with hepatitis associated 
with jaundice and autoantibody positivity were treated 
with corticosteroids; all others received symptomatic 
and supportive care in the form of weight-based oral 
ursodeoxycholic acid, N-acetyl cysteine, and control of 
the underlying metabolic syndrome. In patients with 
features of chronicity on imaging or biopsy, low-dose 
immunosuppressive maintenance with corticosteroids 

and azathioprine or mycophenolate mofetil in those not 
tolerating azathioprine were continued after remission. 
In the others, steroids were tapered and stopped after 
symptoms completely resolved and liver tests normalized.

GILOY USE AND ASSOCIATED 
DETAILS

Overall Patients
The patients ingested Giloy either in pure/

extracted form (n = 25, 58.1%) or as part of a mul-
tiherbal formulation (n = 18, 41.9%). Most (n = 36, 

TABLE 1. DETAILS OF PATIENTS ENROLLED INTO THE GILOY-INDUCED LIVER INJURY STUDY

Variable Minimum Maximum Mean Median 95% CI SD 25-75 P

Age (years) 18 80 50.4 54 47-57 13.8 43.0- 60.7

Hemoglobin (g/dL) 8.3 15.7 11.5 11.3 10.8-12.0 1.6 10.4-12.5

Total white blood cell counts (×103/µL) 3.1 27.5 8.3 6.8 6.2-8.5 4.8 5.3-9.7

Platelet counts (×106/µL) 0.56 3.4 1.8 1.7 1.6-2.0 0.6 1.4-2.3

Total bilirubin (mg/dL) 0.5 46.6 13.6 11.7 8.1-18.0 11.1 3.4-19.1

Direct bilirubin (mg/dL) 0.1 31.5 8.6 7.3 5.1-11.9 6.8 2.6- 13.8

AST (IU/L) 85 1,637 429.7 305 226.3-404.0 360.4 196.7-506.5

ALT (IU/L) 56 1,269 393.8 281 187.2-391.7 333.6 152.2-481.5

Alkaline phosphatase (IU/L) 61 1,605 215.4 140 125.2-186.5 247.2 108.3-225

Gamma glutamyltransferase (IU/L)* 29 2,816 184.3 98 81.0-106.7 419.9 68.5-174

Total protein (g/dL) 4.3 8 6.6 6.6 6.4-6.9 0.7 6.3-7.3

Albumin (g/dL) 2.1 4.6 3.3 3.5 2.9-3.7 0.7 2.8-3.8

Globulin (g/dL) 1.4 4.6 3.3 3.4 3.1-3.5 0.7 2.9-3.8

Blood urea (mg/dL) 12 151 34.5 23 20.6-31.4 29.6 18.0-34.7

Creatinine (mg/dL) 0.4 7.3 1.1 0.8 0.7-0.9 1.1 0.7-1.1

Sodium (mEq/L) 118 145 134.9 136 133.6-137.3 5.1 131.0-138.7

Potassium (mEq/L) 2.2 5.6 4.1 4.1 3.9-4.3 0.6 3.8-4.5

INR 0.8 6 1.9 1.5 1.2-1.9 1.1 1.1-2.3

Total IgG (g/L) 888 5,583 1,850.9 1,642 1,387.5-
1,906.2

870.2 1,296.7-2,161.3

Amount of Giloy consumed per day (mL) 15 90 40.7 40 30.0-50.1 19.7 25-60

Development of symptoms from start of 
Giloy-based formulation (days)

2 365 80.5 46 29.2-88.7 89.2 21-106

Total number of days Giloy consumed 5 362 81.2 42 27.6-84.7 93.1 21-92

Total follow-up days from first 
consultation

30 180 90.6 88 — 51.3 45.0-125.5

Details on auto-antibodies (n = 43) ANA positive: n = 18, 41.9% ASMA positive: n = 5 
(11.6%)

Anti-LKM-1 positive: n = 3 (7%)

Antibody titers: Antibody titers: Antibody titers:

1:100 (n = 5, 27.8%), 1:40 (n = 4, 80%) 1:40 (n = 3, 100%)

1:40 and 1:80 (n = 4 each, 22.2% each) 1:80 (n = 1, 20%)

1:160 and 1:320 (n = 2 each, 11.2% each)

1:3,200 (n = 1, 5.6%)

*n = 32; rest n = 43.
25-75 P means between 25th and 75th percentiles.
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83.7%) consumed it in the form of decoctions made 
from extracts of freshly sourced or powdered formu-
lations. It was consumed in the form of tablets alone 
by 5 patients (11.6%) and in the form of both tablets 
and decoctions by 2 patients (4.7%). The formulations 
were pure and sourced from nearby pharmacies (26 
patients, 60.5%), naturally sourced and homemade (12 
patients, 27.9%), or manufactured by multinational 
Ayurvedic pharmaceutical companies (5 patients, 
11.6%) (Fig. 1).

During the period of Giloy consumption, 5 
patients (11.6%) also intermittently consumed other 
herbal formulations. These included aloe vera and 
Indian gooseberry (Amla) decoction; the classical 
Ayurvedic formulation Arjunarishta (containing bark 
of Terminalia arjuna, flowers of Woodfordia fruticosa 
and Madhuca Indica, and fruit of Vitis vinifera); a 
proprietary drug (containing Achillea Millefolium, 
Berberis Aristata, Boerhaavia Diffusa, Capparis 
Sepiaria, Cassia Occidentalis, Emblica Off icinalis, 
Fumaria Off icinalis, Mandur Bhasma, Plumbago 
Zeylanica, Solanum Nigrum, Solanum Xanthocarpum, 
Tamarix Gallica, Terminalia Arjuna, Terminalia 
Chebula, and Giloy as active ingredients); turmeric 
(Curcuma longa) and tulsi (Ocimum sanctum or holy 
basil); and pepper, ginger, and clove extracts in 1 
patient (2.3%) each. The median total duration of 
Giloy consumption was 42 days (95% CI: 27.7-84.7; 
IQR: 21-92), and the median time from the start 
of Giloy ingestion to symptom development was 46 
(95% CI: 29.2-88.7; IQR: 21-106) days. The amount 
of Giloy consumed was variable with unavailable 

details in 11 patients (25.6%). In the remaining 32 
patients, the mean daily intake was quantified as 
40.8 ± 19.7 mL.

LIVER HISTOPATHOLOGY OF 
GILOY-INDUCED LIVER INJURY

Liver biopsies were performed in 22 patients 
(51.2%). Of these biopsies, 12 (54.5%) were trans-
jugular, 8 (36.4%) were percutaneous, and 2 (9.1%) 
were endoscopic ultrasound-guided. Hepatocellular 
necrosis was seen in 14 (63.6%) patients; of these, 6 
(42.9%) had spotty or focal necrosis, 5 (35.7%) had 
bridging or confluent necrosis, and 3 (21.4%) had 
submassive or massive necrosis. The most common 
inflammation type (11 patients, 50%) was mixed 
(neutrophilic and lymphoplasmacytic), and the most 
common inflammation pattern (12 patients, 54.5%) 
was portal-based. Interface hepatitis was notable in 17 
patients (77.3%) and graded as severe in 4 of the 17 
patients (23.5%). Rossetting of hepatocytes was seen 
in 9 patients (40.9%). Cholestatic changes on liver 
histology were seen in 17 (77.3%) patients, of whom 
6 (35.3%) had both intracanalicular and hepatocellu-
lar patterns of cholestasis. Eosinophils on liver biopsy 
were notable in 15 (68.2%) patients, and 6 of these 
(40%) had moderate grade infiltration. Hepatocyte 
steatosis was seen in 8 patients (36.4%) and balloon-
ing in 9 patients (40.9%). Fibrosis was notable in 17 
liver biopsy specimens (77.3%), classified as grade 
2 (8 patients, 47.1%), 3 (4 patients, 23.5%), or 4 (2 
patients, 11.8%) (Fig. 2).

FIG. 1. Some of the Giloy-based formulations as well as raw Giloy plant retrieved from patients with HILI.
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ANALYSIS OF RETRIEVED 
SAMPLES

A total of six different types of Giloy formulations 
retrieved from the patients underwent chemical and 
toxicology analysis (Table 2). These samples included 
fresh Giloy plant retrieved by the patient, private 
pharmaceutical manufactured Giloy decoction, locally 
available and publicly sponsored State pharmacy–
manufactured Giloy powder, and pure and multiherbal 
Giloy tablets manufactured by private Ayurvedic com-
panies. Heavy metal contamination with mercury, 
arsenic, and lead above prescribed limits were notable 
in two samples. Gas chromatography analysis revealed 
multiple phytochemicals with potential immunomod-
ulatory effects and hepatotoxic potential,(9) such as 
sesquiterpenes, diterpenoids, glycosides, and phytos-
terols. Some samples also showed industrial solvents, 
presumably introduced inadvertently during the man-
ufacturing process.

Discussion
Tinospora cordifolia or Giloy, advertised as an 

“immune-booster” during the COVID-19 pandemic, 
is considered to have various medicinal properties 
despite the absence of methodically performed clinical 
studies. It is believed to have hypoglycemic, diuretic, 
anti-inflammatory, anti-oxidant, analgesic, antimalar-
ial, hepatoprotective, immunomodulatory, and anti-
neoplastic attributes. Studies on Giloy are mostly 
preclinical with no strong evidence for use in humans 
to prevent or treat any disease.(10) Our study is the 
largest published series of cases of Giloy-induced 
acute hepatitis, describing pooled data analysis of 43 
patients from multiple tertiary centers across India.

Our findings support the previously described clin-
ical, investigational, and histological features asso-
ciated with Giloy-induced liver injury. In our series, 
close to one-third of patients were diabetic, nearly 
half were overweight or obese, three-fifths required 

FIG. 2. Liver histopathological features of patients with Giloy-induced liver injury. (A) Mixed inflammatory reaction in portal and lobular 
regions in patient with underlying chronic liver disease (hematoxylin and eosin [H&E] stain, ×10), (B) Confluent necrosis associated with 
neutrophilic and lymphoplasmacytic inflammation (H&E stain, ×40). (C) Ballooning of hepatocytes with perivenular necrosis (H&E 
stain, ×100). (D) Moderate interface hepatitis with mixed inflammatory infiltrate (H&E stain, ×100). (E) Canalicular bile plugs (H&E 
stain, ×200). (F) Eosinophilic infiltration amidst neutrophils and plasma cell rich inflammation (H&E stain, ×200).
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in-hospital management, and a quarter required 
intensive care. Most patients had self-medicated pure 
Giloy-based formulations in the form of decoctions 
purchased locally, and the median duration of Giloy 
consumption was 42 days. The median time from first 
Giloy ingestion to development of symptoms was 46 
days, and the patients had a mean intake of 40.8 mL 
per day. The most common clinical presentation was 
acute worsening of CLD followed by acute hepati-
tis, and the most common auto-antibody was ANA. 
Close to 10% of the patients in this series died within 
2 months of presentation, and nearly 5% required 
liver transplantation within 3 months. Liver histology 
was suggestive of HILI with autoimmune features, 
not classical AIH, with additional atypical features 
in most of the patients who underwent biopsy such 
as hepatocyte and canalicular cholestasis and neu-
trophilic and eosinophilic infiltration. Analysis of 
retrieved Giloy samples did not reveal any competing 
hepatotoxic agents.

Previous phytochemical analysis of Giloy has iden-
tified various plant-derived chemicals such as alka-
loids, steroids, diterpenoid lactones, and glycosides. 
Different extracts possess different pharmacological 
activities, including immunotherapeutic properties. 
The aqueous extract of the stem is reported to con-
tain immunologically active arabinogalactan polysac-
charides with significant polyclonal B-cell activation 
properties.(11) B cells play an active role in the patho-
genesis of AIH, and B-cell depletion is beneficial for 
AIH remission in preclinical studies,(12) suggesting a 
potential mechanism by which Giloy phytochemicals 
could unmask AIH in patients with quiescent chronic 
AIH. Another study demonstrated that the aqueous 
extract of Giloy stem ameliorated immunosuppressive 
properties of splenic macrophages isolated from car-
bon tetrachloride-induced immunosuppressive mice, 
demonstrating the immunostimulant and macrophage 
activation properties associated with Giloy phyto-
chemicals.(13) Macrophage activation markers were 
elevated in one study of AIH and normalized by suc-
cessful treatment in complete responders in the acute 
phase, demonstrating that macrophage activation in 
AIH parallels disease activity, severity, and treatment 
response, and suggesting a role for macrophage acti-
vation in AIH.(14) Thus, there is preclinical evidence 
that immunostimulant properties of Tinospora spe-
cies as well as Giloy-related bioactive compounds on 
macrophage function could lead to an herbal-induced 

immune modulatory phenomenon and cause flares 
of silent chronic AIH, as noted in our group of 
patients.(15)

Immune-associated liver injuries attributable to 
Ayurvedic herbal drugs were previously described in 
a large group of patients.(16) In this study, Giloy was 
a component in eight different herbal formulations 
retrieved for analysis. Autoantibodies were found 
in 29.6% of patients, with ANA in 25.9%, LKM-1 
antibodies in 7.4%, and anti-mitochondrial antibod-
ies in 3.7%. Chronic hepatitis was the most common 
finding, with interface hepatitis in 70.4%. In a similar 
vein, a series of 6 patients with Giloy-induced hep-
atitis demonstrated an autoimmune pattern of DILI 
on biopsy, and 4 of 6 had an underlying silent CLD 
of possible autoimmune etiology associated with other 
autoimmune-related diseases such as hypothyroidism 
and diabetes.(7) The authors suggested that Giloy 
use in predisposed patients could induce hepatitis 
with autoimmune features or unmask an underlying 
autoimmune CLD due to its aforementioned immu-
nostimulant mechanisms, which may also result in 
significant liver toxicity and lead to severe acute hep-
atitis and to ACLF or ALF, which was also apparent 
in our series of patients.(6,7)

There are multiple clinical scenarios involving 
both DILI/HILI and AIH. These include drug-
induced AIH, a second episode of DILI mimicking 
a course of relapsing AIH, chronic DILI mimick-
ing AIH, DILI or HILI with AIH characteristics, 
and immune-mediated DILI/HILI.(17) In our study 
and that by Nagral et al.,(7) Giloy-related hepatitis 
appears to be associated both with herb-induced 
AIH or HILI with AIH features and a flare of 
chronic AIH due to Giloy’s immune-potentiating 
properties. Chronic AIH triggered by the use of 
herbals has been documented for the Japanese 
multiherbal Kampo formulation Dai-Saiko-to(18); 
the traditional Chinese medicine, Ma huang, an 
ephedrine-type alkaloid often used for weight loss 
resulting in fulminant exacerbation of subclini-
cal AIH(19); and recently, ingestion of Xiang-tian-
Guo (Swietenia macrophylla seeds) ingestion for 
6 months resulting in HILI with AIH features on 
biopsy.(20) Another study showed that immunostim-
ulatory herbal supplements containing Echinacea 
and algae might exacerbate pre-existing autoim-
mune disease or precipitate autoimmune disease in 
persons genetically predisposed to such disorders.(21) 
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HILI with AIH features, herb-induced AIH, and 
flares of chronic AIH all lead to self-limiting acute 
hepatitis, a severe acute liver injury requiring treat-
ment. ALF and acute worsening of CLD were also 
notable.

Similar findings are striking with Ayurvedic herbal 
Giloy-induced liver injury. There was a wide range of 
time to disease onset (2-365 days) in our patients with 
Giloy-induced hepatitis and a plethora of clinical pre-
sentations that could be dependent on dose, frequency, 
duration, type of formulation (whole plant versus parts), 
final concentration of bioactive compounds, presence 
of other herbal components, and herb–herb interac-
tions that ultimately dysregulate immune homeostasis 
and promote liver injury in predisposed persons.

Our study is the largest multicenter series on 
Giloy-induced hepatitis with autoimmune features, 
but has several limitations. It was a retrospective 
study, which means that some clinical and inves-
tigational data are incomplete. Furthermore, the 

treatments were heterogeneous, which could have 
affected outcomes. However, our data-collection 
methods were designed to include the minimal diag-
nostic elements required to substantiate the diagno-
sis of the DILI/HILI.(22) All patients had negative 
hepatitis C virus antibodies, but a hepatitis C RNA–
polymerase chain reaction test was not performed 
in all. However, clinical suspicion for viral hepatitis 
was very low. We were not able to clarify liver tox-
icity due to mislabeled and undisclosed ingredients 
in multiherbal products containing Giloy. The exact 
component(s) that caused liver injury with multi-
herbal products containing Giloy use was unknown. 
However, we analyzed raw herb and drug samples 
retrieved from 6 patients, and were able to reveal the 
differential (qualitative) presence of potentially hep-
atotoxic phytochemicals such as terpenoids and plant 
alkaloids and to rule out other known hepatotoxic 
components such as impurities and contaminants. 
A direct dose measurement of Giloy or Giloy-based 

FIG. 3. Infographic summary.
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formulation taken by the patients in this study could 
not be recorded, as many samples were unlabeled and 
raw herbs were used to make extracts at home. The 
recorded dose for each patient was therefore an esti-
mate with the possibility of recall bias, and a realistic 
toxic dose calculation could not be performed.

Although the exact amount of consumed Giloy 
associated with liver injury could not be precisely elu-
cidated from this retrospective report, it is still import-
ant to bring attention to the potential for HILI from 
this herbal supplement—regardless of whether a pre-
cise causative amount was determined. It is pertinent 
to note that several of the supplements intermittently 
consumed during the time period of Giloy consump-
tion such as aloe vera, Indian gooseberry, and turmeric 
were also potentially (synergistically) hepatotoxic.

Only half of the patients consented to liver biopsy, 
so histological assessment for classical AIH was not 
possible in every patient. However, most of the avail-
able biopsy samples did not display histopathologi-
cal features of classical AIH, and the pretreatment 
revised AIH scores among biopsied patients were not 
suggestive of definite AIH in any. Atypical features 
such as the portal-based, mixed pattern of inflamma-
tion associated with cholestasis were predominant, 
demonstrating a high probability of herb-induced 
hepatitis with autoimmune features due to Giloy use. 
The RUCAM scores indicated that patients were in 
the possible–probable range for HILI. Rechallenge 
was not considered due to ethical considerations, 
especially because many patients developed features of 
severe injury on first exposure, which improved after 
herb withdrawal.(23) Serologies for rare viral infec-
tions such as cytomegalovirus and Epstein-Barr virus 
were not performed in some patients. However, none 
of these patients had risk factors or clinical features 
strongly associated with acute atypical viral infections.

One can argue that the samples might have been 
contaminated with Tinospora crispa, a related species 
with known hepatotoxic potential due to the presence 
of clerodane furano-diterpenoids. However, Tinospora 
cordifolia also contains clerodane furano-diterpenoids 
with the potential to harm.(24)

HILI mechanisms can vary, from direct herb hep-
atotoxicity to liver injury from secondary metabo-
lites or immune-mediated phenomenon. In the case 
of multiherbal formulations, pathomechanisms can 
play a role in promoting liver injury. Based on previ-
ously published findings, direct cellular and humoral 

immunomodulatory mechanisms of the herb-related 
metabolites in Giloy could cause HILI with autoim-
mune features and could also unmask AIH in those 
with quiescent disease. The HILI due to Giloy could 
be an acute idiosyncratic injury (Fig. 3).

HILI due to Giloy is an important cause of 
autoantibody-mediated acute hepatocellular jaundice 
in the absence of other competing causes. Positive 
autoimmune markers in acute (nonviral) hepatitis may 
indicate that AIH has been triggered or unmasked, 
for which active reasons must be sought, and this 
should include recent or long-term exposure to herb-
als containing Giloy. Rigorous studies on the safety 
and efficacy of commonly used herbal formulations in 
India remain an unmet need. The fact that “herbal” 
and “natural” do not mean “safe” is illustrated yet again 
in this series of patients, and public health authorities 
must take the necessary steps not to promote herbal 
formulations based on traditional beliefs but rather to 
educate the public regarding the potential liver toxic-
ity of untested herbal products.
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