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ABSTRACT
Aim: Less than half of all patients with Crohn's disease remain in remission with long- term use of azathioprine. Our aim was 
to assess the efficacy of Artesunate and Curcumin in maintaining remission in patients with Crohn's disease, who had ongoing 
evidence of disease activity despite taking azathioprine.
Methods: Patients with Crohn's disease being treated with azathioprine for at least 3 months but still had mild to moderate 
Crohn's disease (CDAI 150–450) were included. Patients were randomized into four blocks of 10 patients each in a 2 × 2 factorial 
design to receive artesunate 200 mg PO daily for 2 weeks and/or curcumin 200 mg PO daily for 3 months or placebo. Harvey–
Bradshaw Index, CDAI, and fecal calprotectin were measured at baseline, 1 week, 1 month, 3 months, and 6 months.
Results: Forty patients were recruited and randomized into the study. Both Artesunate and Curcumin were well tolerated with 
no adverse effects. The Harvey–Bradshaw Index statistically differed across the treatment groups at 6 months (p = 0.047), there 
were no significant group differences in the post hoc pairwise analysis. The differences in CDAI from baseline to 6 months 
were statistically significant in Artesunate + Curcumin (p = 0.0098) and Curcumin + Placebo (p = 0.0431) groups. Similarly, 
statistically significant differences were observed between Baseline and 6 months for the Harvey–Bradshaw Index in the 
Artesunate + Curcumin (p = 0.0070) and Curcumin + Placebo (p = 0.0138) groups.
Conclusion: A combination of artesunate and curcumin in patients with ongoing inflammatory activity appears to be effective 
as measured by CDAI and Harvey–Bradshaw Index.

1   |   Introduction

Crohn's disease (CD) is a complex chronic inflammatory dis-
ease of the gastrointestinal tract, the most accepted mech-
anisms involved in the pathogenesis are immunological 

mediation in genetically susceptible individuals and environ-
mental factors that trigger the onset of disease by affecting 
the mucosal barrier. The healthy balance of gut microbiota is 
also altered which stimulates complex immune responses [1]. 
Several melanocortins seem to have a role in inflammatory 
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bowel disease pathogenesis. Melanocytes modulate inflam-
matory processes [2]. This may lead to the development of new 
therapeutic avenues for the treatment of inflammatory bowel 
diseases.

CD is treated with lifelong immunosuppressive medica-
tion. Purine analogues such as azathioprine (AZT) and 
6- mercaptopurine (6- MP) have been used to maintain remis-
sion in CD, but the effectiveness, tolerability, and safety of these 
agents remains controversial. The maintenance of remission is 
accomplished with long- term AZT treatment after an initial 
round of steroids to induce disease control [3]. Around 45% of 
patients who take AZT over the long- term remain in remission. 
For disease that does not respond to AZT, anti- TNF therapy 
such as infliximab and adalimumab is increasingly employed. 
Such treatment options are not only expensive but can also re-
activate latent tuberculosis in approximately 10% patients [4].

The potent anti- inflammatory capabilities of naturally oc-
curring compounds like artemisinins and curcumin have 
recently attracted renewed interest. Both these agents have 
demonstrated encouraging anti- inflammatory activity 
in a small number of patients as well as in animal models. 
Artemisinin was isolated from the Artemisia (genus) plant in 
1971 and is a medicinal natural product commonly used in 
the treatment of malaria [5]. Recent studies have shown that 
artemisinin derivatives also exert antitumor effects [6–10], 
which have attracted attention for use as anticancer drugs. 
Due to its anti- inflammatory properties, artesunate (ART), a 
semisynthetic derivative of artemisinin, has been used in the 
treatment of several inflammatory diseases. It has also been 
reported that ART can inhibit the activation of the Toll- like 
receptor 4 (TLR4)- nuclear factor (NF)- κB pathway [11]. In a 
mouse model of Dextran sodium sulfate (DSS)- induced colitis, 
curcumin has been demonstrated to have protective effects 
through regulation of TNF- alpha release [12]. When com-
pared to placebo, it has been demonstrated to be effective in 
studies involving patients with active and dormant ulcerative 
colitis [13]. Curcumin, as a natural agent with a low price, has 
less adverse reactions and high safety drug use. Curcumin 
significantly reduces the activity of myeloperoxidase. This 
results in reduction of oxidative stress and cytokine cascade 
[14]. Curcumin has also been shown to inhibit melanogen-
esis in human melanocytes [15]. On the other hand, ART 
has been shown to suppress Tumor Necrosis Factor alpha 
(TNF- α) expression and T- helper (Th)1/Th17 responses in a 
Trinitrobenzene Sulfonic acid (TNBS) colitis model [16, 17].

We aimed to study the safety, tolerability, and efficacy of ART and 
Curcumin in patients with CD, who have ongoing clinical and bio-
chemical evidence of disease activity despite treatment with AZT.

2   |   Methods

2.1   |   Study Site

This pilot study was conducted at the Department of 
Gastroenterology, Sanjay Gandhi Postgraduate Institute of 
Medical Sciences, which is a university teaching tertiary referral 
center in northern India.

2.2   |   Trial Design

This is a single- center phase IIa, randomized, double- blind, 
placebo- controlled factorial design, proof of concept trial. 
Following recruitment, block randomization was done 
using concealed allocation. Block randomization in a 1:1:1:1 
ratio was carried out in blocks of 10 patients in each group. 
Concealed allocation of the patients to different groups was 
undertaken by closed envelop technique. The trial details have 
previously been published (https:// clini caltr ials. gov/ study/  
NCT04 713631).

2.3   |   Inclusion Criteria

Patients, aged 18–65 years, with a diagnosis of CD who still had 
mild to moderate inflammatory activity (CDAI 150–450) despite 
being treated with an adequate, constant dose of AZT for at least 3 
months were included after obtaining informed consent. The pa-
tients were treated with glucocorticoids initially to induce remis-
sion and then switched to AZT to maintain remission. None of the 
patients was on steroids at the time of recruitment into the study.

2.4   |   Exclusion Criteria

Children with a diagnosis of CD, pregnant/lactating women, 
patients who had bowel surgery within the past 3 months, intra- 
abdominal abscess, ileostomy, or colostomy, change in dose of 
5- Aminosalicylic acid (ASA) in the past 4 weeks, or use of corti-
costeroids within the past 4 weeks were excluded. Patients with 
abnormalities on their ECG were also excluded.

2.5   |   Recruitment

Patients with a diagnosis of CD attending the gastroenterol-
ogy outpatient clinic at Sanjay Gandhi Postgraduate Institute 
of Medical Sciences, Lucknow, India from November 2021 to 
November 2022 were recruited.

2.6   |   Intervention

Patients who were receiving an adequate and constant dose of 
AZT for 3 months and still continued to have mild to moder-
ate active disease (Crohn's Disease Activity Index [CDAI] > 150) 
were enrolled. Eighty one patients with CD were screened for 
recruitment to the study. Forty patients were randomized in a 
1:1:1:1 ratio into four groups in a 2 × 2 factorial design to receive 
ART 200 mg orally daily (4 mg/kg with a maximum of 200 mg) 
for 2 weeks and/or Curcumin (Cadila Pharmaceuticals, India) 
200 mg orally daily for 3 months or placebo. Patients weighing 
less than 50 kg, received a reduced dose of 150 or 100 mg of ART, 
ensuring that it did not exceed 4 mg/kg/.

2.7   |   Follow- Up

The patients continued with a regular dose of AZT regardless 
of which group they were randomized into, with no change 
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during the study period. Patients were asked to maintain a 
daily diary of symptoms and adverse events. Scheduled hos-
pital visits with blood and stool tests were undertaken at base-
line, Week 1, Month 1, Month 3, and Month 6. Pill count was 
done during each patient's visit to the hospital to assess drug 
compliance.

2.8   |   Daily Diary

Data that were recorded daily in the patient diary at home 
included

1. General well- being (very well/slightly below par/poor/very 
poor/terrible)

2. Number of loose (liquid or soft) stools a day

3. Abdominal pain (none/mild/moderate/severe)

4. Abdominal mass

5. Extraintestinal manifestations (arthralgia/uveitis/ery-
thema nodosum/aphthous ulcers/pyoderma gangreno-
sum/active anal fissure/new fistula/abscess)

6. Adverse events
a. Allergic drug reaction
b. Worsening of the disease more than that expected in the 

natural course of the disease
 i. Rise in CDAI score of > 100 from baseline or HBS of 3 

from baseline after 4 weeks from study commencement
 ii. New onset or aggravation of extraintestinal manifes-

tations, after 4 weeks from enrollment.

The diary was checked at each visit. If the patient had entered 
anything suggestive of a mass or extraintestinal manifestation, 
it was checked by the physician.

2.9   |   Sample Collection

Blood and stool samples were taken at baseline, after 1 week of 
medication, after 1 month, after 3 months and after 6 months. Each 
blood sample was analyzed for hemoglobin, hematocrit, plate-
let count, white blood cells, aspartate aminotransferase, alanine 
aminotransferase, alkaline phosphatase, bilirubin, creatinine, C- 
reactive protein, erythrocyte sedimentation rate. Fecal samples 
were taken at the same time points to measure calprotectin.

2.10   |   Statistical Analysis

Categorical and continuous data were presented as percentages, 
medians, and ranges. Chi- squared or Fischer's exact tests were 
used to compare the categorical variables. Kruskal–Wallis H test 
was conducted to assess differences in scores of CDAI, Harvey–
Bradshaw Index, Fecal Calprotectin, and blood test results across 
all four treatment groups. Post hoc pairwise comparisons were 
made using the Dwass- Steel- Critchlow- Fligner (DSCF) test. The 
change from baseline at various time points was calculated for 
CDAI, Harvey–Bradshaw Index, and Fecal Calprotectin. The 
Kruskal–Wallis test was used to check differences in change be-
tween all four treatment groups. Within each treatment group, the 

Freidman test was used to check for differences in CDAI, Harvey–
Bradshaw Index, and Fecal Calprotectin scores at all time points 
from Baseline to 6 months. Post hoc pairwise comparisons were 
conducted using the DSCF test. All analyses were performed using 
SAS 9.4 with a significance level of p < 0.05. More robust statisti-
cal analyses, such as linear mixed- effects models, are not feasible. 
While such models might technically fit the data, the small sample 
size of 40 individuals across the four treatment groups would un-
dermine the precision and interpretability of the results, making it 
difficult to draw meaningful conclusions. Additionally, overfitting 
is a concern in small datasets, as the models may capture noise 
rather than true effects, leading to results that are specific to this 
dataset but not generalizable. For these reasons, we opted for the 
Friedman test and DSCF pairwise comparisons, which are well- 
suited for small, repeated- measures datasets and provide valid and 
interpretable insights.

3   |   Results

3.1   |   Patient Flow

Figure  1 summarizes patient flow. Eighty- one patients were 
screened. 40/81 patients who fulfilled the inclusion criteria were 
randomized (10 patients in each group). As there was no guid-
ance from previous studies, an exact sample size could not be 
calculated. An arbitrary number of 40 patients was, therefore, 
chosen. Eight patients could not continue the study, five patients 
dropped out because of unwillingness to continue with the study, 
one needed steroids, one patient was diagnosed with tuberculo-
sis and another patient developed a rash on his body (Figure 1). 
Recruitment ended after the planned numbers were randomized.

Out of the 40 patients in the sample, 30 were male (75.0%) and 
21 were from the upper middle socioeconomic class (52.5%). 
Twenty- five out of 40 (62.5%) patients followed a vegetarian 
diet, and 34 patients (85.0%, p = 0.03) did not smoke or con-
sume alcohol or chew tobacco. Nineteen patients (47.5%) had a 
previous history of a blood transfusion and 21 patients had re-
ceived antitubercular therapy (ATT) (52.5%). Twenty- one pa-
tients reported weight loss (52.5%), 24 loss of appetite (60.0%), 
and 27(67.5%) patients reported suffering from fatigue. There 
were no significant differences in the distribution of these 
characteristics across all four treatment groups, except for ad-
diction to tobacco (p = 0.0376). The ART + Curcumin (20.0%) 
and Placebo + Placebo (40.0%) groups had patients with a his-
tory of smoking, chewing tobacco, and alcohol consumption 
(Table 1).

Hematological and biochemical parameters did not show any 
evidence of adverse drug effects to either ART or curcumin. 
However, the creatinine value did differ from baseline and fol-
lowing treatment (p = 0.0187, Kruskal–Wallis H test) (Table 2). 
Post hoc DSCF test revealed a group difference in the creatinine 
level at baseline among curcumin + placebo and placebo + pla-
cebo (p = 0.0498). However, all the values remained within the 
upper limits of normal.

The overall mean score at baseline for CDAI was 217.7 (SD: 
79.2), Harvey–Bradshaw index was 3.8 (SD: 1.8) and Fecal 
Calprotectin was 368.9 (SD: 589.5). At 6 months, the overall 
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mean score for CDAI was 125.5 (SD: 105.1), Harvey–Bradshaw 
index was 1.9 (SD: 3.1) and Fecal Calprotectin was 336.8 (SD: 
589.3). Kruskal–Wallis test showed that the Harvey–Bradshaw 
Index statistically differed across the treatment groups at 
6 months (p = 0.047), however, there was no significant group 
differences in the post hoc pairwise analysis. The change from 
baseline scores was not statistically different across all groups 
for all time points.

Friedman test for repeated measures showed group differ-
ences in scores for CDAI, Harvey–Bradshaw Index, and Fecal 
Calprotectin at different time points among ART + Curcumin, 
ART + Placebo, and Curcumin + Placebo groups. Post hoc pair-
wise comparisons using DSCF test showed that differences in 
CDAI from baseline to 6 months were statistically significant 
in ART + Curcumin (p = 0.0098) and Curcumin + Placebo 
(p = 0.0431) groups. Similarly, statistically significant differ-
ences were observed between Baseline and 6 months for the 
Harvey–Bradshaw Index in the ART + Curcumin (p = 0.0070) 
and Curcumin + Placebo (p = 0.0138) groups. There were no 
significant differences in the post hoc analysis for CDAI in the 
ART + Placebo group, and the Harvey–Bradshaw Index in the 
Curcumin + Placebo group (Table 3). There was no significant 
difference either within groups at various time points or across 
the four groups.

4   |   Discussion

This is the first randomized, double blind controlled pilot trial 
of ART and curcumin treatment in patients with ongoing in-
flammatory activity despite treatment with adequate dosage of 
AZT. Once the acute episode is controlled, patients with CD are 
maintained in remission using a number of agents including 
AZT, 6 MP, 5- ASA compounds, or budesonide. In the western 
world, there is increasing use of biologics to maintain remission. 
Despite these strategies, a number of patients continue to suffer 
from active disease and raised inflammatory markers. Also, the 
use of biologics as remission maintaining agents may not always 
be affordable in the developing world.

This study has shown that a combination of ART and curcumin 
treatment given orally significantly improved the Harvey–
Bradshaw index among the four randomized groups and also 
showed significant improvement in inflammatory markers at dif-
ferent time points from 1 week to 6 months posttreatment. ART 
and placebo also showed a significant improvement in Harvey–
Bradshaw Index at 6 months compared to baseline. Artemisinin, 
a chemical from a traditional Chinese herbal medicine Artemisia 
annua L., and its derivatives exhibit anti- inflammatory and im-
munomodulatory effects in the treatment of systemic lupus ery-
thematosus [18] and rheumatoid arthritis [19] with minimal side 

FIGURE 1    |    Flow chart showing the randomization and progress of patients in the four groups.
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effects. ART has excellent water solubility, high stability, and oral 
bioavailability. ART exerts its pharmacological effects mainly by 
inhibiting the production of inflammatory factors, reactive oxy-
gen species, autoantibodies, and the migration of cells to reduce 
damage to tissues or organs [20]. TNF alpha and interleukins 
(ILs), proinflammatory cytokines, play a significant role in the 
pathogenesis of inflammatory bowel diseases [21, 22]. In experi-
mental animal models, it has been shown that ART reduces the re-
lease of proinflammatory cytokines, TNF alpha, and IL- 6, which 
helps in controlling the inflammation [23]. It is likely that the 

anti- inflammatory effect seen in our study is mediated through 
its action on proinflammatory cytokines. However, as we did not 
measure the level of cytokines, it remains to be studied and es-
tablished in future studies. It is noteworthy that the effect of ART 
alone was still noticeable at 6 months posttreatment (p = 0.0138) 
after an initial response, suggesting that ART continues to exert its 
anti- inflammatory effect long after its initial response in terms of 
reducing inflammation. Although there was no across- the- group 
effect on CDAI, ART in combination with curcumin showed a 
significant within- group effect on CDAI (Figure  2). To prolong 

TABLE 1    |    Distribution of patients by treatment group.

Treatment group
Fisher's 

exact 
Test p 
value

Artesunate + Curcumin Artesunate + Placebo Curcumin + Placebo Placebo + Placebo Total

N Col percent N
Col 

percent N Col percent N
Col 

percent N Percent

Gender

Female 3 30.0 1 10.0 5 50.0 1 10.0 10 25.0 0.1972

Male 7 70.0 9 90.0 5 50.0 9 90.0 30 75.0

Socioeconomic status

Lower 1 10.0 1 2.5 0.9923

Lower middle 2 20.0 2 20.0 2 20.0 3 30.0 9 22.5

Upper 1 10.0 1 10.0 1 10.0 3 7.5

Upper lower 2 20.0 1 10.0 2 20.0 1 10.0 6 15.0

Upper middle 4 40.0 6 60.0 6 60.0 5 50.0 21 52.5

Diet

Nonvegetarian 2 20.0 4 40.0 4 40.0 5 50.0 15 37.5 0.6622

Vegetarian 8 80.0 6 60.0 6 60.0 5 50.0 25 62.5

Addiction to smoking/alcohol/tobacco

No 8 80.0 10 100.0 10 100.0 6 60.0 34 85.0 0.0376*

Yes 2 20.0 4 40.0 6 15.0

Blood transfusion in past

No 6 60.0 6 60.0 6 60.0 3 30.0 21 52.5 0.5380

Yes 4 40.0 4 40.0 4 40.0 7 70.0 19 47.5

ATT in the past

No 6 60.0 3 30.0 5 50.0 5 50.0 19 47.5 0.6843

Yes 4 40.0 7 70.0 5 50.0 5 50.0 21 52.5

Weight loss

No 4 40.0 3 30.0 5 50.0 7 70.0 19 47.5 0.4026

Yes 6 60.0 7 70.0 5 50.0 3 30.0 21 52.5

Loss of appetite

No 4 40.0 1 10.0 6 60.0 5 50.0 16 40.0 0.1273

Yes 6 60.0 9 90.0 4 40.0 5 50.0 24 60.0

Fatigue

No 5 50.0 1 10.0 4 40.0 3 30.0 13 32.5 0.3414

Yes 5 50.0 9 90.0 6 60.0 7 70.0 27 67.5

*p ≤ 0.05.
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the anti- inflammatory effect and maintain remission, we added 
curcumin to the initial ART administration. Curcumin has been 
shown to have anti- inflammatory, antioxidant, and antitumor ef-
fects [24]. Curcumin acts by decreasing the level of proinflamma-
tory mediators [25, 26].

Curcumin is a safe and effective adjuvant agent in the treatment 
of IBD [27–29]. In patients with IBD, curcumin has a beneficial 
effect on clinical symptoms, endoscopic relief, and reduction 
of oxidative stress or inflammatory markers. However, due 
to the lack of unified standards for curcumin administration 

TABLE 3    |    Post hoc DSCF p values for pairwise comparisons between different time points.

Outcome Group vs. time point Baseline 1 week 1 month 3 months

CDAI Artesunate + Curcumin 1 week 0.9040 — — —

1 month 0.3467 0.8555 — —

3 months 0.0099* 0.0519 0.3964 —

6 months 0.0098* 0.0343* 0.5993 0.9891

Curcumin + Placebo 1 week 0.7251 — — —

1 month 0.0544 0.5668 — —

3 months 0.0836 0.8028 0.9643 —

6 months 0.0431* 0.9093 0.6474 1.0000

Harvey–Bradshaw Index Artesunate + Curcumin 1 week 1.0000 — — —

1 month 0.5761 0.5652 — —

3 months 0.0316* 0.0438* 0.4837 —

6 months 0.0070* 0.0154* 0.2815 0.9999

Artesunate + Placebo 1 week 0.8349 — — —

1 month 0.1785 0.6904 — —

3 months 0.0627 0.4131 0.9871 —

6 months 0.0138* 0.0654 0.2502 0.3502

*p ≤ 0.05.

FIGURE 2    |    Bar chart showing the effect of four groups of treatment on CDAI.
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form, administration method, dosage, and model selection in-
dices, as well as the limited bioavailability of curcumin, there 
is still insufficient clinical evidence to prove that curcumin 
is a therapeutic agent for IBD. Some studies have suggested 
that oral curcumin was no better than placebo in alleviating 
clinical symptoms of ulcerative colitis [30]. Curcumin is used 

in combination with natural ingredients such as emu oil, te-
tramethylpyrazine, resveratrol, and vitamin D to enhance 
its anti- inflammatory effects [31] Researchers now generally 
agree that curcumin should be used as adjuvant therapy, and 
when mesalazine is used in the treatment of ulcerative colitis, 
adding an appropriate amount of curcumin can improve the 

FIGURE 3    |    Bar chart showing the effect, within and across groups, of the four different treatment groups on Harvey–Bradshaw Index.

FIGURE 4    |    Bar chart showing the effect of the four different treatment groups on Fecal Calprotectin.
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therapeutic effect of other drugs [32, 33]. Combination therapy 
is an effective method to improve pharmacokinetics and the 
anti- inflammatory effect of curcumin. Combined with piper-
ine, curcumin can synergistically improve anti- inflammatory 
and antioxidant activity [34]. It is conceivable that when used 
in combination with ART, it produces a similarly enhanced ef-
fect, although the overlap of curcumin and ART in our study 
was only for 2 weeks and produced a significant effect in terms 
of the Harvey–Bradshaw Index, which provides a useful pa-
rameter to measure the clinical severity of CD. Curcumin 
alone, although not as effective as when combined with ART 
in this study (Figure  3), also produced within- group signifi-
cant difference in CDAI at 6 months when compared to base-
line (Figure 2). Similarly, fecal calprotectin did not show any 
significant differences between groups (Figure  4) at all time 
points. This is likely due to the small sample size. It is hoped 
that a larger study with bigger numbers will show a significant 
difference.

We also measured CRP and fecal calprotectin levels at differ-
ent time points in the four treatment groups. There was no sig-
nificant difference in CRP levels at different time points either 
between groups or within groups. Similarly, there was a trend 
toward improvement in fecal calprotectin but it did not reach 
statistical significance. This may simply be due to a small sam-
ple size. A larger study is now planned to see whether these 
parameters become significant not only within the group but 
between groups as well.

Our study has a number of limitations. First, the sample size 
is small, which makes it difficult to draw firm conclusions. As 
there is no guidance from previous studies, we were unable to 
adequately power the study. Second, the follow- up period of 6 
months for a chronic condition such as CD is short. Third, we 
did not use endoscopy as one of the endpoints. This would be 
an important consideration in an adequately powered larger 
study. Also, it is a single- center study, and it could be argued 
that the patient population is different and the response is not 
generalizable.

In conclusion, this pilot study has shown that a combination 
of ART and curcumin is safe and when used in patients who 
continue to show inflammatory activity despite treatment with 
adequate doses of AZT exerts a significant effect as measured 
by the Harvey–Bradshaw Index. It has also shown that the com-
bination of ART and curcumin has within the group effects at 
different time points on CDAI and Harvey–Bradshaw Index. A 
larger study is warranted to establish the clinical efficacy of this 
combination for the treatment of patients with CD.
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