
Dark Classics in Chemical Neuroscience: An Evidence-Based Review of Belladonna
Vimal K Maurya1#, Swatantra Kumar1#, Russell Kabir2, Gaurav Shrivastava3, Karuna Shanker4, Debadatta Nayak5, Anil Khurana5, Raj K Manchanda5, Srinivasulu Gadugu6, Sujita K Kar7, Anoop K Verma8, Shailendra K Saxena1,9#*
1Centre for Advance Research, Faculty of Medicine, King George’s Medical University, Lucknow 226003, India. 
2School of Allied Health, Faculty of Health, Education, Medicine, and Social Care, Anglia Ruskin University, Chelmsford CM1 1SQ, United Kingdom.
3National Institute of Allergy and Infectious Diseases, National Institutes of Health, Rockville, Maryland 20852, USA.
4CSIR-Central Institute of Medicinal and Aromatic Plants, Lucknow 226015, India. 
5CCRH, Ministry of Ayush, Government of India, New Delhi 110058, India. 
6Department of Medicine, JSPS Government Medical College, Hyderabad 500013, India.
7Department of Psychiatry, King George’s Medical University, Lucknow 226003, India. 
8Department of Forensic Medicine and Toxicology, King George’s Medical University, Lucknow 226003, India.
9CSIR-Centre for Cellular and Molecular Biology, Hyderabad 500007, India. 
#Contributed equally as first author



KEYWORDS:  Atropine, Belladonna, Tropane Alkaloids, Toxicity, Safety, efficacy, Pharmacotherapeutic. 

PAGE  2


[image: G:\Dark classics\send\final -2\figures DPI\Graphical abstract.jpg]ABSTRACT: Belladonna has diverse pharmacotherapeutic properties with shadowy history of beauty, life, and death. Alkaloids present in belladonna have anti-inflammatory, anticholinergic, antispasmodic, mydriatic, analgesic, anticonvulsant, antimicrobial, which makes it widely applicable for the treatment of various diseases. However, due to its associated toxicity, the medicinal use of belladonna is debatable.  Therefore, an evidence-based systematic review was planned to elucidate the pharmacotherapeutic potential of belladonna. A comprehensive literature search was performed in PubMed, MEDLINE, Cochrane database, Embase, and ClinicalTrial.gov using keywords ‘belladonna’ or ‘belladonna and clinical trials’ or ‘safety and efficacy of belladonna’. Articles published from 1965 to 2020, showing the efficacy of belladonna in diverse clinical conditions were included. The quality of evidence was generated using GRADE approach and twenty studies involving 2302 patients were included for the systematic review. Our analyses suggest that belladonna treatment appears to be safe and effective in various disease conditions including acute encephalitis syndrome, urethral stent pain, myocardial ischemia injury, airway obstructions during sleep in infants, climacteric complaints, irritable bowel syndrome, and throbbing headache. However, the better understanding of the dosage, toxicity of tropane alkaloids of belladonna could make it efficient remedy for treating diverse medical conditions.



1.	INTRODUCTION
 Belladonna is a perennial herbaceous plant with a shadowy history of beauty, life, and death. The plant is commonly known as deadly nightshade or belladonna, devils herb, naughty man’s cherries, poison black cherry, dwayberry, devil’s cherries, dwale, divale, Cro.velebilje, bun, bunika and gray morel.1,2 Belladonna taxonomically classified in the family Solanaceae which includes potatoes, tomatoes, eggplants and more. The scientific name of belladonna is Atropa belladonna. The genus Atropa comprises of four species with typical five-lobed flowers and alternate leaves. The plant species are cultivated worldwide but mainly inhabitant to Europe, North Africa, and Western Asia. The plant is favorably grown as a subshrub in northern hemisphere.3,4 The morphology of belladonna is described as, 1.5 to 2 meters of height with 18 cm long leaves, flowers is purple in color and has a bell like structure and the berries of belladonna can be likened to blueberries in size and shape that contains many seeds, sweet pleasant taste and dark purple juice.5 This attractive color and sweet pleasant taste may responsible for risk of poisoning in children because misunderstanding of black/dark blue belladonna berries with other edible berries.6,7 However, various studies are available in literature are reported accidental intoxication of belladonna berries but no study is available on traditional intentional use to achieve hallucinogenic effects.8 The root, leaves and fruits of belladonna contains various tropane alkaloids (mainly atropine, hyoscyamine and scopolamine) which are known for their diverse pharmacotherapeutic properties including anti-inflammatory, anticholinergic antispasmodic, mydriatic, analgesic, anticonvulsant, antimicrobial which makes it widely applicable for the management of various diseases including encephalitis, chronic inflammation, gastro-intestinal spasms, biliary and hepatic colic and tremor and rigidity in Parkinson's disease when used at therapeutic doses.9,10 At the same time, higher consumption of these alkaloids can cause severe problem that ranges from simple mouth dryness to dilation of eye pupils and paralysis to unpredictable hallucinations.11

1.1	History of use and abuse of belladonna 
Belladonna has a long and clear history of use and abuse. In 1753, Linnaeus formally gave this plant a scientific name with acknowledging toxic nature and its social importance. Throughout the history of humanity, belladonna has been reputed to be a beautifying agent, natural killer, and medicinal plant. 

1.1.1	Belladonna as beautifying agent
The name 'Atropa' comes from the Greek goddess Atropos (which means "inexorable" or the "inflexible,"), one of the three sisters of Fate and known as the cutter of the life thread according to Greek mythology.12 The name "belladonna" comes from the Italian language, meaning "beautiful lady".13 The name is given for the use of belladonna as a face cosmetic or possibly to increase the size of pupil in females. During the middle ages, tinctures of belladonna eye-drops were also used by Venetian ladies for the dilation of pupils and beauty tonic made from the leaves and berries was used to redden the pigment of their skin for a blush-like appearance to enhance their beauty. However, the things that started as a beautiful agent quickly became much more malicious and didn't take long for the plant to be used as a poison in spite of its use as a beautifying agent. There's a saying in French, “Il faut souffrir pour etre belle,” which basically means “one must suffer to be beautiful.” Unfortunately, excessive use of belladonna as cosmetic results in blurred vision, increased heart rate and eventually blindness.14 Death and deceit’s horror stories soon entered the public consciousness and were making their way into the legends and mythology of the time. The plant has a reputation of being the poison of choice for murderers and criminals, and folk stories suggest that it was chosen by witches and sorcerers for occult potions.15 

1.1.2	Belladonna as natural killer
Historically; belladonna is labeled as killer of kings, emperors, and warriors.17 Belladonna in Roman times was commonly used by military people as a biological agent to contaminate the enemy's food supply. Similarly, a poisonous paste of belladonna was used to make the poison-tipped arrows by the archers. An evidence of belladonna poisoning was also available in a play called Macbeth written by William Shakespeare where he described how the Scottish army defeats the Danes by contaminating their liquor supply with belladonna; causing deep comatose sleep and killing them in their hapless state.18 tropane alkaloids present in belladonna have a dark side due to its associated toxicity. British pharmacopeia has kept belladonna in omitted monographs due to the its severe adverse effects in humans.16 Currently, more than ~15,000 toxic instances have been reported which are associated with higher exposure of belladonna alkaloids predominantly by atropine and scopolamine.19 However, these adverse effects in the patients might be associated with the intake of other class of drugs such as tricyclic antidepressants, antihistamines and sleeping tablets containing doxylamine with belladonna alkaloids. Currently, atropine has been kept in the list of schedule V drugs in USA.20,21

1.1.3	Belladonna as medicinal agent
After centuries of being used as a poison and cosmetic, belladonna's medical benefits were eventually understood and it was said that "Beautiful Lady" saves more lives than she does past days. Belladonna is well known for its use in complementary and alternative medicines (CAM) in various medicinal systems such as Ayurveda, Yoga and Naturopathy, Unani, Siddha and Homoeopathy (Figure 1).22 Tropane alkaloids present in belladonna have a history of medicine that ranges from antique homicidal poisons to starting material for the synthesis of modern pharmaceuticals that have various physiological effects whereas some of these compounds have been presented as examples in the textbook of natural medicines in the form of well-known drugs for the treatment of pain, hay fever, muscle spasm, inflammation, and whooping cough.23,24 Now days, newer synthetic and semisynthetic drugs like propantheline, glycopyrrolate, benztropine, ipratropium, tiotropium, and methscopolamine have been developed to minimize the toxicity and adverse effects caused by naturally occurring alkaloids of belladonna.25-27 Atropine is a chief constituent of belladonna and used as preanesthetic agent to treat bradycardia, minimize salivation and respiratory secretions during surgery.28 In ophthalmology, atropine is used as mydriatic to reduce painful ciliary muscle spasm that allows examination of retina and other deep structures of the eye.29 in medical science; atropine is extensively used as an antidote for the management of  organophosphate piosioning.30-32 Atropine was also used as antidote for the management of paralysis caused by deadly, odorless nerve gas during World War II.33,34 More specifically, atropine and scopolamine were extensively used for the management of bradycardia, seasickness and anesthetics for postoperative sickness in the 20th century. Afterward, the management of sea sickness attracted the medicinal features of belladonna alkaloids.35 The anticholinergic effect of the plant is mostly attributed to ‘atropine’ which is a diastereomeric mixture of hyoscyamine. Scopolamine present in belladonna has potent antidepressant action in bipolar and unipolar depression patients.36  

Considering the diverse pharmacological activities of belladonna and its associated toxicity, there is a need to systematically review the safety and efficacy of belladonna in various medical conditions. Most of the trials assess the effectiveness of belladonna in combination with other drugs, such as barbiturates, opium and ergot alkaloids whereas few belladonna monotherapy trials are also available. Preliminary evidence indicates that belladonna found to be effective in various disease conditions. However, the use of belladonna for the management of various diseases is presently having ambiguous scientific evidence and due to clinical and methodological heterogeneity, the meta-analysis could not be performed. Therefore in the present study, we planned a systematic review to evaluate the safety and efficacy of belladonna/alkaloids monotherapy or in combination with other drugs in various disease conditions. This article also presents insights into the pharmacotherapeutic advancements of belladonna and provides evidence-based data, which helps the clinicians, researchers, and health policymakers to understand the chemical constituents, mechanism of action, toxicology, pharmacodynamics, and pharmacokinetics of tropane alkaloids in the biological systems.
2.	METHODS
A systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines given by the PRISMA group, which mainly consists of Cochrane authors.37  
2.1	Literature search and selection of studies
A search for relevant studies was performed in the PubMed, MEDLINE, Cochrane database, Embase, and ClinicalTrial.gov using keywords Belladonna or Belladonna and clinical trials or safety and efficacy of belladonna (Table 1). The articles published from 1965 to 2020 were included for this systematic review. At first stage of screening, articles were selected if the title, abstract or full texts contained the word “Belladonna” or name of any alkaloids that present in belladonna. Studies published in English language, clinical trials in humans of any age, gender or nationality, Case-control studies, cohort studies, randomized, double-blind, placebo-controlled and parallel-group trials were considered for the systematic review.
2.2	Eligibility criteria
2.2.1	Types of studies
Case-control, cohort studies, randomized, double-blind, placebo-controlled and parallel-group trials published from 1965 to 2020 that described the effectiveness and safety of belladonna/alkaloids were included for the systematic review. 
2.2.2	Types of participants 
Patients having any disease, age or gender, taking the belladonna/alkaloids as monotherapy or in combination with other drugs were included.
2.2.3	Types of interventions
Any doses, duration, route of administration of belladonna/alkaloids as a monotherapy or in combination with other drugs irrespective of disease conditions were included.
2.2.4	Types of outcomes
Safety and efficacy of belladonna/alkaloids monotherapy or in combination with other drugs are the primary outcomes measures (Table 2).
2.3	Exclusion criteria
Studies demonstrating the safety and efficacy of belladonna in cell culture, insilico and animal models were excluded for this systematic review. Conference abstracts without full data or experimental information, letters to editors and opinion papers; reviews, systematic reviews and meta-analyses were also excluded. 
2.4	Data collection 
We collected the following information from each selected study: (1) Disease condition; (2) Type of studies (randomized clinical trials, cohort studies, or case-control studies); (3) Authors name and year of the publication; (4) Age of the patients; (5) Number of patients in the study; (6) Number of patients taking belladonna/alkaloids; (7) Number of patients in the placebo group; (8) Outcome of the study (Table 3).38-57
2.5	Risk of bias assessment
The data from these studies was further checked by at least three authors in order to prevent the risk of biasness and conflicts were discussed with the corresponding author and after the post-discussion consensus were resolved. 
2.6	Quality of evidence 
Grading of recommendations assessment, development and evaluation (GRADE) approach has been used to assess the quality of evidence in the included studies as per the Jadad scale and American college of gastroenterology’s clinical practice guidelines briefly described in (Table 4). Grades reflect the level of available scientific evidence in support of the efficacy of a given therapy for a specific indication. All the selected studies have been graded as A to F based on the available scientific evidence in support of the safety and efficacy of belladonna treatment in various diseased conditions. Grade A is given to those studies that have strong scientific evidence, B: Studies have good scientific evidence, C: Studies have unclear or conflicting scientific evidence and D: Studies have fair negative scientific evidence.58-60
2.7	Statistical analysis
The following parameters were calculated from the respective studies for statistical analysis and given in Table 5.61,62 although, initially 20 studies have been selected but only 13 studies were found with sufficient data to perform statistical analysis.

Absolute risk reduction or Risk difference: The difference in the risk between treatment (belladonna/alkaloid) and control group. 
 Risk ratio: Risk in the treatment group/Risk in the control group.
Relative risk reduction: Reduction of risk due to the treatment makes in relative terms and calculated as 100 - Risk ratio.
Number needed to treat: Calculated as 1/Absolute risk reduction.
Odds ratio: Odds of any adverse event in the treatment group/odds of an adverse event in the placebo group.
Odds reduction: Calculated as 100 - Odds ratio.

3. RESULTS AND DISCUSSION

3.1	Selection and characteristics of studies
The initial database search identified 7800 articles: 1602 from PubMed, 5969 from MEDLINE, 157 from Cochrane database, 61 from Embase and 11 from ClinicalTrials.gov. In the first step of analysis, 4895 articles were excluded because they were indexed in two or more databases and considered as duplicates. The remaining 2905 were screened and 1040 removed by selecting English language only (n=1865). Additional screening was done by selecting species: human (n=437), article types: clinical trials (n=61) and text availability: full text (n=47). The second stage of screening was carried out by evaluating the papers’ titles, abstracts, and full-length papers according to the inclusion criteria (Figure 2). After the second stage of screening, only 20 studies were found to be appropriate according to the inclusion criteria.   

3.2	Description of evidence
B: Studies have good scientific evidence
Acute encephalitis syndrome: 
Acute encephalitis syndrome (AES) has been a major health problem with associated high morbidity and mortality globally. Belladonna has been used for the management of AES including the Japanese encephalitis virus which is a primary causative agent of AES. Recently Oberai et al., 2018, have conducted an open-label randomized placebo-controlled trial in order to assess the effectiveness of homeopathic preparations of belladonna and other drugs against acute encephalitis syndrome in children’s during 2013 to 2015. The study included 612 children’s where 304 have given homeopathic medicines and 308 were considered as control. Patients of any gender with age between 0.6 to 18 years, diagnosed with AES were included. Similarly, patients diagnosed with cancer, HIV, and febrile convulsions were excluded from the study. Glasgow Outcome Scale (GOS) was used to analyze the effectiveness of homeopathic medicines. In the same way, Liverpool Outcome Score was also applied to calculate the morbidity in patients. In this study, belladonna was prescribed to 91 patients with AES and 78 had found with good recovery, 2 with moderate disability, 3 with severe disability and 8 patients have died. Therefore, the statistical analysis reveals that belladonna treatment led to approximately 16% absolute risk reduction and 52% relative risk reduction compared to control in the occurrence of AES. The study concluded that homeopathic preparation of belladonna may have improved clinical outcomes in children with AES.  
Urethral pain:
In a randomized, double-blinded, placebo-controlled study, Lee et al., 2017 have investigated Belladonna and opium (B and O) suppositories for reduction of stent-related discomfort during ureteroscopy (URS) and stent placement. The trial includes 69 patients with an average age of 18 years where 34 have administered B and O (15 mg/30 mg) and 35 were also given placebo suppositories. The effectiveness of the treatment regimen was measured in terms of quality of life (QOL) score. The B and O group reported a higher mean global quality of life score with better mean quality of work score, and less pain during urination. Reduction in ureteral stone burden was measured for the statistical analysis and it is reported that the administration of B and O suppositories significantly reduces the ureteral stone burden with 7% of absolute risk reduction and 20.5% relative risk reduction compared to control group. Therefore, the study concluded that the B and O suppository administered preoperatively reduced urinary related pain after URS with stent and provides better QOL measures.

C: Studies have unclear or conflicting scientific evidence
Acute viral tonsillitis:
Acute viral tonsillitis is an upper respiratory tract infection mainly widespread to the children’s between 6 to 12 years. A randomized, double-blind, placebo-controlled, 6-day pilot study was conducted by Malapane E et al., 2014 in South Africa to investigate the efficacy of Tonzolyt® against acute viral tonsillitis. Tonzolyt® is a marketed formulation comprises of various homeopathic medicines including belladonna. Thirty school-going children were diagnosed with acute viral tonsillitis were included and divided into treatment (15) and placebo (15) group. The various parameters such as pain on swallowing, tonsil size, and pain associated with tonsillitis, erythema and inflammation of the pharynx were measured both in treatment and placebo groups. The outcomes of the study reported that Tonzolyt® exhibited significant analgesic and anti-inflammatory activity in children’s for the management of acute viral tonsillitis without any adverse effects.
Myocardial ischemia injury: 
The role of belladonna/ alkaloids was evaluated in myocardial ischemia injury and vagal response in order to confirm the cardioprotective effect. A randomized clinical trial conducted by Xing K et al., 2015 to investigate the efficacy of Anisodamine (alkaloid belladonna) for the treatment of acute myocardial infarction. The study comprises of 118 patients who were divided into control (60) and treatment (58) groups. The clinical presentation of the disease, diagnosis results, age and risk factors are some baseline inclusion criteria of the study. It is reported that higher creatine kinase-MB (CK-MB) has a direct impact on myocardial cells. The study has reported that anisodamine treatment improves myocardial perfusion and heart function by significantly decreasing the AUC of CK-MB (24.18 %) in patients with acute myocardial infarction. Major adverse cardiac events (MACE) have been investigated for statistical analysis and it is found that anisodamine treatment reduces the risk of major adverse cardiac events up to 5% with 59% of relative risk reduction compared to the control group. 
Vagal response:
A prospective single-blind placebo-controlled study published by Bettermann et al. in 2001, to investigate the dose-dependent vagolytic and vagotonic effects after a single oral administration of Atropa belladonna  tincture (0.1 mg/ml alkaloid concentration, atropine/scopolamine 20:1). A total of 8 healthy individuals were included in the trial and administered various doses of belladonna tincture. The vagal activity markers such as mean RR interval (RR), non-invasive baroreflex sensitivity (BRS) and high-frequency spectral power of heart rate variability (HF) were studied during the trial. The results have been shown that 6 of 8 individuals at higher doses (5ml) are found decreased RR and HF values which is an indication of reduced vagal activity whereas low dose of the same drug has opposite effect on the vagal activity. The study concluded that the mode of vagal activation changes between 2 and 5 ml single-dose from vagotonic to vagolytic without any or very little effect on blood pressure control.
Irritable bowel syndrome: 
Patients with irritable bowel syndrome are suspected of being colonically abnormal and symptoms can be replicated with the use of cholinergic agonists during the diseases. So far, the therapy of irritable bowel syndrome has been based on anticholinergic medicines. In the past years, belladonna is an extensively used remedy for inflammatory diseases like otitis media and irritable bowel syndrome. Some studies showed that the combination of belladonna alkaloids and barbiturates (phenobarbital) have demonstrated good clinical efficacy in patients with irritable bowel syndrome. A controlled, double-blind crossover study has been conducted by Rhodes et al., in 1978 to evaluate the effectiveness of sedative-anticholinergic medications with placebo in 16 patients of irritable bowel syndrome. A combined dose of belladonna alkaloids (8 mg) and phenobarbital (30 mg) was administered to the patients. The statistical analysis revealed that a combined dose of belladonna alkaloids and phenobarbital significantly decreases the risk of irritable bowel syndrome in patients (17% of absolute risk reduction and 33% relative risk reduction) compared to the control group.
Anxiety associated gastrointestinal disorders:
A randomized clinical trial carried out by Samet et al., in 1976 to compare the efficacy of Bellergal and chlordiazepoxide hydrochloride or placebo therapy in anxiety associated gastrointestinal disorders. Bellergal comprises of belladonna alkaloids (0.1 mg), phenobarbital (20 mg) and ergotamine tartrate (0.3 mg). A total of 75 patients were included and divided into 3 groups. The results revealed that both Bellergal and chlordiazepoxide therapy was beneficial in patients with anxiety and gastrointestinal disorders. Both the medications are shown to be effective but the clinical data suggested that Bellergal therapy has greater impacts compared to chlordiazepoxide hydrochloride in patients with anxiety and gastrointestinal disorders.

Ulcer and gastric acid secretion:
The anticholinergics have historically used for the management for ulcer and gastric acid secretion related diseases due to their potential to inhibit gastrointestinal secretions. During 1968-70 Kaye et al., have been conducted two randomized trials to evaluate the anti-ulcer property of L-hyoscyamine, short and long-acting preparations of L-hyoscyamine compared with glycopyrronium and placebo in duodenal ulcer and gastric acid secretions respectively. A controlled single-blind trial was performed to investigate the efficacy of two anticholinergics, L-hyoscyamine, and glycopyrronium in patients with duodenal ulcer. The study comprises 91 patients of age 20 to 65 were divided into three groups L-hyoscyamine (31), glycopyrronium (32) and placebo (28). The drugs were given for the period of one year and improvement was measured on the basis of occurrence and severity of symptoms, antacid consumption, and radiology. The statistical analysis reported that study l-hyoscyamine (relative risk reduction -26%) has failed to reduce symptoms of ulcer and gastric acid secretion compared to glycopyrronium (relative risk reduction 24%) and results demonstrated that glycopyrronium and L-hyoscyamine were not significantly superior to placebo.

Asthma and airway obstruction:
During asthma, bronchoconstriction is caused by excessive release of acetylcholine (ACh) due to the binding of ACh to M3 mAChRs in parasympathetic nerves. Belladonna alkaloids primarily atropine can block the binding of ACh to mAChRs on bronchial smooth muscles, nerves and glands to prevent bronchoconstriction. Belladonna comprises of several tropane alkaloids which have anticholinergic properties and used as a relaxant for smooth muscle for the management of chronic obstructive pulmonary diseases (COPD). A study published by Kahn et al., reported that the administration of belladonna tinctures to treat airway obstruction in children during sleep was found to be significantly alleviating the breathing capacity in 50% of children. The statistical analysis revealed that belladonna treatment significantly reduces (absolute risk reduction 47% and relative risk reduction 64%) the attacks of asthma in children during sleep compared to control. Nevertheless, toxicity and cellular mechanism of belladonna need to be investigated and mechanistic research is required to develop belladonna alkaloids as a potent anti-asthmatic agent for the prevention of airway obstruction.
D: Studies have fair negative scientific evidence
Vaginal surgery: 
Belladonna and opium (B and O) suppositories were tested in both the clinical conditions.  Recently, a randomized, double-blind, placebo-controlled trial was conducted by Butler K et al. (2017) to evaluate the use of B and O suppositories for pain reduction after vaginal surgery. The study includes 90 patients having average age 55 years where 41 patients were administered with B and O and 49 patients were administered with placebo suppositories rectally immediately after surgery every 8 hours for a total of 3 doses. The study reported that there is no significant difference between the treatment and placebo group. Although, B and O suppositories were shown to be safe for use after vaginal surgery while their efficacy to reduce the pain has not been confirmed. Reduction in Preoperative pain and urinary retention were considered for statistical analysis and it is found that B and O suppositories failed to lessen preoperative pain and urinary retention after the vaginal surgery. Therefore, researchers suggested that further trials are required to identify a population that may optimally benefit from the use of belladonna and opium.

4. PHARMACOTHERAPEUTIC CHARACTERIZATION OF BELLADONNA
4.1	Pharmacognosy of belladonna
Belladonna is a perennial plant with the commercial source of several bioactive tropane alkaloids. These alkaloids have been identified by several chromatographic techniques such as thin-layer chromatography (TLC), high-performance liquid chromatography (HPLC), high-performance liquid chromatography-mass spectrometry (HPLC-MS), and gas chromatography-mass spectrometry (GC-MS).63 Belladonna includes up to 20 distinct compounds of tropane alkaloid. These alkaloids are present in all parts of the plant including leaves, roots, and berries. GLC and GLC-MS analysis suggested that 13 alkaloids are present in the root and 7 alkaloids are present in other parts of the plant.64 Along with the other chemical constituents belladonna primarily comprises of tropane alkaloids such as atropine, scopolamine, 6-β-hyoscyamine, hyoscyamine, belladonnine, apoatropine, norhyoscyamine, tropine, and cuscohygrine, etc. (Table 6). The alkaloids found in the largest quantities in leaves are Hyoscyamine (68.7%), apoatropine (17.9%), 3 ἀ-phenylacetoxytropane (2.8%), and cuscohygrine (2.5%), scopolamine (0.8%). Similarly, hyoscyamine (36.7%), cuscohygrine (31.5%), 6-hydroxyhyoscyamine (8.9%), hygrine (6%), 6-hydroxyapoatropoine (3.6%), scopolamine (2.9%), and apoatropine (1.7%) also present in roots.65  
4.2	Biosynthesis of tropane alkaloids 
The biosynthesis of tropane alkaloids takes place mostly in the roots after which they are transported to other parts of the plant. Putrescine N-Methyltransferase (PMT) is an enzyme essential for the biosynthesis of these alkaloids and catalyses methylation of putrescine, diamine molecule. The product N-methyl putrescine is the primary metabolite for the formation of tropane alkaloids. This catalytic process is dependent on S-adenosylmethionine.66 it was found that PMT has evolutionary origin from spermidine synthase.67 the biosynthetic pathway of these tropane alkaloids follows the formation of tropinone from N-methyl putrescine which involves the intermediates such as 4-methylaminobutanal, N-methyl-pyrrolium cation and hygrine. This tropinone is converted to tropine through the action of tropinone reductase I.68 Tropine is finally converted to hyoscyamine by condensing with phenyl-lactate to form littorine which is further oxidized and rearranged enzymatically to form hyoscyamine. Scopolamine on the other hand is formed from hyoscyamine by the enzymatic activity of hyoscyamine-6-hydroxylase (Figure 3).69-71  Calystegines, a group of alkaloids with nortropane skeleton have also been reported in belladonna which is derived from the tropane alkaloid biosynthetic pathway like that of  the tropane alkaloids but with pseudotropine to be the first metabolite in the biosynthesis of these compounds.72 Calystegines have been reported to have inhibitory role on glycosidase enzymes.73

4.3	Mechanism of action of belladonna alkaloids
Tropane alkaloids present in belladonna act as competitive antagonists against all subtypes (M1-M5) of muscarinic acetylcholine receptors (mAChRs). These receptors are located in various parts of the body. M1 receptor is excitatory in nature and primarily present in both central nervous system and peripheral regions (gastric parietal cells) and regulates various pharmacological functions like homeostatic regulation, CNS excitation, and regulation of gastric acid secretion. M2 receptor is found in heart cells and inhibitory in nature. M3 receptor is present on smooth muscle (gastro-intestinal tract, urinary tract, and bronchial muscles), vascular endothelium, and exocrine gland to perform various key functions including smooth muscle contraction, secretions of glands and vasodilatation. M4 and M5 are mainly located in CNS and regulate memory, arousal, attention and analgesia. Muscarinic receptors are G-protein coupled receptors (GPCRs) that have seven helical amino acid structures. Muscarinic acetylcholine receptors mediate various important cellular functions such as modulation of potassium channels, inhibition of phosphoinositides and adenylate cyclase through the action of G proteins (Figure 4). Atropine, scopolamine and hyoscyamine are the principal constituents of belladonna have greater affinity towards the muscarinic receptors than agonist acetylcholine.74,75 we have perform molecular docking study to confirm the binding affinity pattern of atropine, scopolamine and hyoscyamine with M3 and M4 receptors. The results demonstrated that scopolamine has highest binding affinity toward M3 and M4 receptors followed by atropine and hyoscyamine (Figure 5).
4.4	Pharmacodynamics of belladonna alkaloids
The tropane alkaloids present in belladonna mediate an anticholinergic action via blocking the activity of acetylcholine in central as well as the peripheral nervous system. Also, these alkaloids increase the activity of acetylcholinesterase, an enzyme responsible for the metabolism of acetylcholine.76 the various pharmacological actions of tropane alkaloids such as CNS stimulation, inhibition of all body of secretions including gastric acid, tachycardia, pupillary dilation, and smooth muscle relaxation have shown to be beneficial in various diseased conditions.77
4.5	Pharmacokinetics of belladonna alkaloids
Atropine, scopolamine, and hyoscyamine are frequently administered in a different dosage form such as transdermal patches, suppository, and aerosols via intravenous, oral, intramuscular route.78,79 The lipophilic nature and low molecular mass of atropine (289 g/mol) and scopolamine (303 g/mol) help in the fast absorption and actions of drugs in gastric mucosa.80 The pharmacokinetic data of atropine suggest that upon exposure, approximately 95% of the atropine is bioavailable and the highest plasma levels of atropine are reached in 1.5-4 hrs, 1 hour and 13 minutes when given via aerosol, oral, and intramuscular injection respectively.81 The elimination half-life of atropine is 2-4 hrs and 20-50% excreted unchanged in the urine. Atropine can cross the BBB and placenta barrier.82 Scopolamine has low bioavailability and short half-life after oral administration. Physiological effects of the drug were seen within an hour after ingestion and excreted (65%) as glucuronide and sulfate conjugates within 24 hours.83,84 similarly, hyoscyamine also has low bioavailability (approximately 43 %) and half-life varies in serum (3.5 hours) and plasma (7 hours).85 The pharmacological effects and duration of action of hyoscyamine depend on the type of formulations such as solutions, elixirs, capsules, and tablets. The drug is widely distributed to all parts of the body, crosses all the organ barriers and even traces of the drug were reported in breast milk. All the alkaloids of belladonna get metabolized in the liver and excreted through urine.86
4.6	Toxicology of belladonna alkaloids
The adverse effects and toxicity of belladonna, mainly linked to their recognized anticholinergic activities, can be found in comprehensive literature. The tropane alkaloids of belladonna are well known for their medicinal uses primarily due to their anticholinergic activities.87 However, anticholinergic activity may be dangerous with higher than the recommended doses.88,89 The anticholinergic syndrome includes both the clinical manifestations of central and peripheral effects. The neurological sign and symptoms like disorientation, ataxia, hallucinations, short-term amnesia, seizures, psychosis, confusion, respiratory failure, coma, agitated delirium and cardiovascular collapse are generally dependent upon the pharmacological dose and type of anticholinergic agent.90-92 Similarly, peripheral adverse effects of belladonna which include, tachycardia with severe hypertension urinary retention, cycloplegia with accompanying mydriasis, flushed skin, hyperreflexia, dry mucous membranes, and diminished bowel sounds. Apart from this, belladonna is also contraindicated in several conditions like narrow-angle glaucoma, severe ulcerative colitis, low blood pressure, and chronic constipation. Atropine and scopolamine at a concentration of 0.3 mg/L and 0.005 mg/L in the peripheral blood were considered as lethal concentration.93
4.7	Pharmacotherapeutic applications of belladonna
Belladonna is traditionally used for the treatment of several conditions including cold and hay fever, headache, inflammation, motion sickness, peptic ulcer; to prevent bronchial spasms in whooping cough and asthma. Belladonna is also effective in rheumatism, sciatica, neuralgia and psychiatric disorders.94,95 The plant is also shown to possess significant antioxidant, antimicrobial, analgesic and anti-inflammatory activities especially by those fractions which are extracted using methanol.96 Atropine extensively used as an antispasmodic agent, analgesic for gastro-intestinal spasms, biliary and hepatic colic. It is also used for the treatment of bradycardia, cardiac arrest, mydriasis and cycloplegia, tremor and rigidity in Parkinson’s disease. Atropine can be used as a pre-anesthetic agent and antidote to nerve agent poisoning. It has been observed that atropine at the cellular level increases intracellular calcium sequestration at higher doses.97,98 In addition to atropine; other tropane alkaloids also exhibit imperative medicinal properties. Scopolamine can be used as a potent antidepressant, anxiolytic and treatment of motion sickness.99 Belladonna extract has been used in variable dilutions in the management of childhood behavioral problems like – attention deficit hyperkinetic disorder (ADHD), conduct disorder, violent aggressive behaviors and autism spectrum disorders.100Moreover; hyoscyamine is used for symptomatic relief in various gastrointestinal disorders such as peptic ulcers, spasms, and irritable bowel syndrome. Other tropane alkaloids in belladonna such as apoatropine, belladonnine, norhyoscyamine does not have reported medicinal uses.
4.7.1	Belladonna as complementary and alternative medicines
Belladonna is well known for its use in complementary and alternative medicines (CAM). According to the homeopathic pharmacopeia of India, the whole plant has been used in medicinal preparations.100 these preparations are ultra-diluted combined with the process of succession (potentization) thereby the toxic effects of the whole plant use are extremely minimized. Studies have shown many beneficial effects of belladonna medicines prepared in accord with potencies. Belladonna preparations modulate peritoneal inflammation reactions in mice with increased phagocytosis in groups treated with high potencies.101 Though these ultra dilutions have not been completely characterized owing to the sensitivity range of analytical instruments, studies have shown that ultra diluted solutions retain the starting materials due to a couple of factors such as the formation of nano-sized bubbles during the process of succussion that levitates the particles during the dilution processes. All these uses of belladonna suggest the vast potential of the plant which may be further exploited for its medicinal values.102
4.7.2	Belladonna for the management of depression
The hyperactivity of the cholinergic system in the central nervous may be one of the causes of depression. Therefore; the development of anticholinergic compounds may be shown to be a promising therapeutic approach for treating depressive disorders.103 Scopolamine is a bioactive alkaloid of belladonna and used for the treatment of depression which is often resistant to conventional antidepressants like selective serotonin reuptake inhibitors (SSRIs) or serotonin-nor-adrenaline reuptake inhibitors (SNRIs). Initial evidence suggested that scopolamine for unipolar and bipolar depressed patients provide comparatively fast and long-lasting symptom relief via acting as non-selective muscarinic acetylcholine receptors (mAChRs) antagonist.104 Therefore; additional research is required to decipher the antidepressant action of scopolamine and the role of other anticholinergics for the management of panic attacks, depression, nervousness, and anxiety.
4.7.3	Belladonna for the management of Parkinsonism 
Parkinsonism is a result of the imbalance between neurotransmitters (dopamine and acetylcholine) in the basal ganglia that leads to the various motor symptoms like rigidity, tremor, bradykinesia, and later postural instability.105,106 Belladonna is beneficial for the management of Parkinsonism or Parkinson’s disease-like disorders. Despite treatment with levodopa or other dopamine receptors agonist, belladonna might be effective in these advance patients reported with persistent tremor.107 the psychoactive tropane alkaloids present in belladonna (scopolamine) act as an acetylcholine receptor antagonist and may be used to treat excessive salivation in Parkinson patients and may have anti-neurodegenerative effects.108  Considering the central anticholinergic properties, it may have potential scope in the management of extra pyramidal side effects produced by the antipsychotic medications.  
4.7.4	Belladonna for the management of motion sickness
Motion sickness is commonly associated with travelling that induces disorientation, nausea, and fatigue due to head motion.109 the currently available treatment has low efficacy with various side effects. Scopolamine is shown to be effective for the management of motion sickness due to their anticholinergic property. The transdermal patches of scopolamine are shown to reduce the gastrointestinal secretions, motility, saliva, and sweat secretions and have less adverse effects than conventional treatment.110

5. CONCLUSIONS
Several medicinal plants in the 20th century have been disregarded as the dark classics due to insufficient information. However, the medicinal properties of these plants need to be explored which can be used for safeguarding the human race. The active components of belladonna act as competitive antagonists against all subtypes (M1-M5) of muscarinic acetylcholine receptors (mAChRs). This article discussed the historical perspective; current literature and various randomized trials to evaluate the effectiveness of belladonna/alkaloids. Preliminary evidence indicates that belladonna found to be effective in various disease conditions. We have found that belladonna is effective in acute encephalitis syndrome, urethral stent pain, and myocardial ischemia injury, airway obstructions during sleep in infants, climacteric complaints, irritable bowel syndrome, and throbbing headache. This comprehensive systematic review provides robust information that the safety and efficacy of belladonna are dose-dependent i.e. at lower concentrations drug was found to be effective and safe while at higher concentrations drug may produce mild to severe complications. Nevertheless, these studies have various limitations such as methodological insufficiencies and lack of relevant scientific evidence. Therefore, understanding of medicinal features of belladonna could make it a potential choice of therapy for various diseases.
6. FUTURE PERSPECTIVES 
Belladonna has been used therapeutically for the management of various diseases. The available literature suggested that belladonna/ alkaloids as monotherapy or in combination with other drugs have been successfully used but newer studies are required that establishes the safety and efficacy of belladonna in various disease conditions. The better understanding of the dosage and toxicity of belladonna and its active tropane alkaloids could make it efficient in treating human diseases. However, the extensive use of alkaloids remains to be restricted due to their very high toxicity. To minimize the toxicities associated with belladonna, the understanding of pharmacodynamics and toxicokinetics properties of tropane alkaloids in conjugation with other classes of drugs may be crucial. To support specific clinical recommendations, various multicenter trials with advanced methodological quality, high sample size, and standardization of active components of belladonna are needed. Therefore, the development of newer and safer molecules is crucial to limit adverse effects and to enhance the therapeutic efficacy of belladonna.    
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Figure legends: 
Figure 1: Traditional preparations of belladonna. (A) Carter's smart weed and belladonna back ache plasters smart weed (polygonum hydropiper) (b) old homeopathic belladonna remedy. Both the images are in the public domain.
Figure 2: Flow diagram of study selection process.
Figure 3: Biosynthesis of atropine, hyoscyamine and scopolamine.
Figure 4: Mechanism of action of belladonna alkaloids. The tropane alkaloids antagonize the action of acetylcholine on muscarinic acid receptors (mAChRs) in central nervous system. The binding of the tropane alkaloids with mAChRs results in the activation of phospholipase C, inactivation of adenylyl cyclase enzyme and opening of K+ channels.  
Figure 5: Structural views of ligand-binding site interactions of scopolamine, atropine and hyoscyamine with M3 and M4 receptor. The 3D (a-c) and 2D (d-f) interaction view are given for M3 receptor. 3D and 2D structures display H-bond interactions (green dashed lines) among; scopolamine (a, d), atropine (b, e) and hyoscyamine (c, f) with M3 receptor. Similarly, 3D (g-i) and 2D (j-l) interaction view are given for M4 receptor. 3D and 2D structures display H-bond interactions (green dashed lines) among; scopolamine (g, j), atropine (h, k) and hyoscyamine (i, l) with M4 receptor. Simplified visualization is illustrated in 2D (d-f, j-l) respectively, which displayed the H-bonding (dark green circles associated with the green dashed lines); van der Waals forces (medium light green circles); carbon-oxygen dipole-dipole interaction (light green circles with dashed lines); alkyl-pi interactions (light pink circles with dashed lines); T-shaped pi-pi stacking and (parallel) pi-pi stacking (both indicated with dark violet circles); cation-pi interaction (orange circle). The blue halo surrounding the interacting residues represents the solvent accessible surface that is proportional to its diameter. Images were generated using Discovery Studio Visualizer 4.5.    
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Figure 1: Traditional preparations of belladonna. (A) Carter's smart weed and belladonna back ache plasters smart weed (Polygonum hydropiper) (B) Old homeopathic belladonna remedy. Both the images are in the public domain.
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Figure 2: Flow diagram of study selection process.
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Figure 3: Biosynthesis of atropine, hyoscyamine and scopolamine. 
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Figure 4: Mechanism of action of belladonna alkaloids. The tropane alkaloids antagonize the action of acetylcholine on muscarinic acid receptors (mAChRs) in central nervous system. The binding of the tropane alkaloids with mAChRs results in the activation of phospholipase C, inactivation of adenylyl cyclase enzyme and opening of K+ channels.   
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Figure 5: Structural views of ligand-binding site interactions of scopolamine, atropine and hyoscyamine with M3 and M4 receptor. The 3D (a-c) and 2D (d-f) interaction view are given for M3 receptor. 3D and 2D structures display H-bond interactions (green dashed lines) among; scopolamine (a, d), atropine (b, e) and hyoscyamine (c, f) with M3 receptor. Similarly, 3D (g-i) and 2D (j-l) interaction view are given for M4 receptor. 3D and 2D structures display H-bond interactions (green dashed lines) among; scopolamine (g, j), atropine (h, k) and hyoscyamine (i, l) with M4 receptor. Simplified visualization is illustrated in 2D (d-f, j-l) respectively, which displayed the H-bonding (dark green circles associated with the green dashed lines); van der Waals forces (medium light green circles); carbon-oxygen dipole-dipole interaction (light green circles with dashed lines); alkyl-pi interactions (light pink circles with dashed lines); T-shaped pi-pi stacking and (parallel) pi-pi stacking (both indicated with dark violet circles); cation-pi interaction (orange circle). The blue halo surrounding the interacting residues represents the solvent accessible surface that is proportional to its diameter. Images were generated using Discovery Studio Visualizer 4.5.   
 
Table 1: Keywords for databases and the number of search results
	Keywords
	Database 
	No of studies found

	Belladonna
	PubMed
	1527

	Belladonna and clinical trials
	PubMed
	70

	Safety and efficacy of belladonna
	PubMed
	5

	Belladonna
	MEDLINE
	2,932

	Belladonna and clinical trials
	MEDLINE
	1,534

	Safety and efficacy of belladonna
	MEDLINE
	1,503

	Belladonna
	Cochrane database
	100

	Belladonna and clinical trials
	Cochrane database
	51

	Safety and efficacy of belladonna
	Cochrane database
	6

	Belladonna
	Embase
	34

	Belladonna and clinical trials
	Embase
	26

	Safety and efficacy of belladonna
	Embase
	1

	Belladonna
	ClinicalTrials.gov
	7

	Belladonna and clinical trials
	ClinicalTrials.gov
	2

	Safety and efficacy of belladonna
	ClinicalTrials.gov
	2






Table 2: Key eligibility criteria for the systematic literature review.
	Population
	Age: 4 months to 80 years
Gender: any 
Race: any
Disease: any

	Intervention
	Belladonna/ alkaloids monotherapy
Belladonna/ alkaloids in combination with other drugs

	All clinical trials
	Nonrandomized controlled trials
Observational studies (retrospective analysis, prospective studies, cohort studies, case–control studies, case series and case reports)

	Subgroup analysis
	No subgroup analysis











Table 3: List of clinical trials evaluating the effectiveness of belladonna/ alkaloids in various disease conditions.
	Condition 
	Study Design
	Author, Year
	Age in
Years
	No. of patients 
	Belladonna/
alkaloids Intervention 
	Placebo
	Outcome of the study






	Acute Encephalitis Syndrome
	Randomized Placebo-Controlled Trial
	Oberai et al., 2018
	0.5 -18
	612
	91
	90
	The study concluded that homeopathic medicines may have improved clinical outcomes of children with AES.38

	Vaginal surgery
	Randomized clinical trial
	Butler et al., 2017
	55
	90
	41
	49
	This study demonstrated that the use of B and O suppositories did not significantly impact pain after vaginal surgery and that there were no significant adverse effects on perioperative outcomes.39

	Urethral Stent Pain
	Randomized, Double-blinded, Placebo-controlled Study
	Lee et al., 2017
	≥18
	69
	35
	34
	B and O suppository administered preoperatively improved quality of life measures and reduced urinary related pain after URS with stent.40

	Myocardial
Ischemia Injury
	Radomized trials
	Xing et al., 2015
	34-69
	118
	58
	60
	Anisodamine can significantly improve cardiac function and reduce apoptosis in myocardial infarction conditions.41

	Acute Viral Tonsillitis
	Randomized, double-blind, placebo-controlled
	Malapane et al., 2014
	6-12
	30
	15
	15
	The homeopathic complex used in this study exhibited significant anti-inflammatory and pain relieving qualities in children with acute viral tonsillitis.42

	Vagolytic and vagotonic effects
	Single-blind placebo-controlled study
	Bettermann et al., 2001
	29
	8
	6
	2
	The comparison between oral administered atropine and Atropa belladonna tincture (ABT) was not carried out in this study. Thus, the very interesting question of whether the herbal composition ABT is more effective than atropine alone, as assumed in literature, still remains unanswered.43

	Safety of belladonna on Healthy volunteers
	Randomized, double-blind experiment
	Walach et al., 2001
	31-35
	87
	58
	29
	There is no indication that belladonna 30CH produces symptoms different from placebo or from no intervention.44

	homoeopathic 'proving'
	Double-blind randomized controlled trial
	Goodyear et al., 1998
	18-40
	47
	20
	27
	This pilot study does not demonstrate a clear proving reaction for Belladonna C30 versus placebo.45

	Migraine
	Double-blind randomized placebo-controlled study
	Whitmarsh et al., 1997
	-
	60
	1
	2
	There was no significant benefit over placebo of homeopathic treatment.46    

	Airway obstructions during
sleep in Infants
	Double-blind crossover evaluation
	Kahn et al., 1991
	0.4
	19
	19
	19
	The drug was administered orally in a dosage equivalent to 0.01 mg per kg per day of atropine, a dosage close to that recommended for the treatment of infants with laryngospasm.47

	climacteric complaints
	Double-blind, placebo controlled study
	Bergmans et al., 1987
	45-55
	38
	21
	17
	Combination formula including belladonna studied. Trend towards improvement at 2-4 weeks, but no effect at 8 weeks.48

	Irritable Bowel Syndrome
	Controlled clinical trial
	Rhodes et al., 1978
	42-70
	16
	15
	15
	The patients preferred 30 mg phenobarbital plus 8 mg belladonna) to placebo.49

	Throbbing Headache
	Double-blind study
	Stieg et al., 1977
	20-30
	55
	55
	38
	The crossover design indicates that BEP offers benefits in the prophylaxis of recurrent throbbing headache, without serious or frequent side effects compared to parallel design.50

	Anxiety and Gastrointestinal Disorders
	Radomized trials
	Samet et al., 1976
	22-65
	75
	25
	25
	Bellergal therapy is superior to chlordiazepoxide HC1 in the relief of the anxiety tension states and the accompanying gastrointestinal symptoms.51

	Hyperuricemia
	

	Postlethwaite et al., 1974
	-
	34
	3
	3
	The uricosuric effect of anticholinergic agents like glycopyrrolate, tridihexethyl chloride and L-hyoscyamine was studied and glycopyrrolate was found to be most effective agent.52

	Anxiety
	Double-blind study
	Lalli et al., 1974
	47-51
	728
	154
	134
	It is demonstrated that intravenous diazepam, subcutaneous atropine, and oral tincture of belladonna failed to reduce reactions to the contrast medium whereas hypnotics was found to be useful for reducing these reactions.53

	Learning and memory
	Radomized trials
	Levine et al., 1973
	70-80
	60
	30
	30
	There was no difference between Belladonna and placebo groups in number of patients who were able to learn the task. This indicates that Belladonna was not effective in helping these patients learn the task.54

	Duodenal ulcer
	Controlled single-blind trial
	Kaye et al., 1970
	20-65
	91
	31
	32
	Glycopyrronium and 1-hyoscyamine were not significantly superior to placebo.55

	Investigation of anticholinergic compounds efficacy.
	Radomized trials
	Kaye et al., 1968
	-
	56
	23
	33
	Treatment with optimal effective doses of an anticholinergic agent (1- hyoscyamine in sustained release form) gave a marked prolongation of antacid action.56

	Gastric Secretion
	Radomized trials
	Dotevall et al., 1965
	-
	9
	9
	9
	The study reported that the long-acting Preparation of 1-hyoscyamine is significantly reduced the gastric acid secretion as compared to conventional hyoscyamine and placebo.57





Table 4 : Scientific evidences for efficacy of belladonna in various diseases
	Study name
	Was the study described as randomized (this includes words such as randomly,
Random and randomization
	Was the method used to generate the sequence of randomization described and
Appropriate (table of random numbers, computer-generated
	Was the study described as double blind?
	Was the method of double binding described and appropriate (identical placebo, active placebo, dummy, etc.)?
	Was there a description of withdrawals and dropouts?
	Deduct one point if the method used to generate the sequence of randomization
was described and it was inappropriate (patients were allocated alternately, or
According to date of birth, hospital number,
	Deduct one point if the study was described as double blind but the method of
Blinding was inappropriate (e.g., comparison of tablet vs. injection with no double dummy
	

GRADE*

	Acute Encephalitis Syndrome
	1
	1
	1
	1
	1
	0
	0
	B

	Vaginal surgery
	1
	1
	1
	1
	1
	0
	1
	D

	Urethral Stent Pain
	1
	1
	1
	0
	1
	0
	1
	B

	Myocardial
Ischemia Injury
	1
	1
	0
	0
	0
	0
	0
	C

	Acute Viral Tonsillitis
	1
	0
	1
	0
	0
	0
	0
	C

	Vagolytic and vagotonic effects
	0
	0
	0
	1
	0
	0
	0
	C

	Safety of belladonna on Healthy volunteers
	1
	0
	1
	1
	1
	1
	0
	C

	homoeopathic 'proving'
	1
	1
	1
	1
	1
	0
	0
	C

	Migraine
	1
	0
	1
	1
	1
	0
	0
	C

	Airway obstructions during
sleep in Infants
	1
	0
	1
	1
	1
	0
	0
	C

	climacteric complaints
	1
	0
	1
	1
	1
	0
	0
	C

	Irritable Bowel Syndrome
	0
	1
	1
	1
	1
	1
	0
	C

	Throbbing Headache
	1
	0
	1
	1
	1
	1
	0
	C

	Anxiety and Gastrointestinal Disorders
	1
	0
	1
	1
	1
	0
	0
	C

	Hyperuricemia
	0
	0
	0
	0
	0
	0
	0
	C

	Anxiety
	0
	0
	1
	0
	0
	0
	1
	C

	Learning and memory
	1
	0
	0
	0
	0
	0
	0
	C

	Duodenal ulcer
	1
	1
	0
	0
	1
	0
	0
	C

	Investigation of anticholinergic compounds efficacy.
	1
	0
	0
	0
	0
	0
	0
	C

	Gastric Secretion
	1
	0
	0
	0
	0
	0
	1
	C


 *Evidence-based validated grading rationale. Grades reflect the level of available scientific evidence in support of the efficacy of a given therapy for a specific indication as per following criteria.
	Grade
	Level of evidence
	Criteria

	A
	Strong scientific evidence
	Statistically significant evidence of benefit from > 2 properly randomized trials (RCTs), OR evidence from one properly conducted RCT AND one properly conducted meta-analysis, OR evidence from multiple RCTs with a clear majority of the properly conducted trials showing statistically significant evidence of benefit AND with supporting evidence in basic science, animal studies, or theory.

	B
	Good scientific evidence
	Statistically significant evidence of benefit from 1-2 properly randomized trials, OR evidence of benefit from ≥1 properly conducted meta-analysis OR evidence of benefit from > 1 cohort/case-control/ non-randomized trials AND with supporting evidence in basic science, animal studies, or theory.

	C
	Unclear or conflicting scientific evidence
	Evidence of benefit from ≥1 small RCT(s) without adequate size, power, statistical significance, or quality of design by objective criteria,* OR conflicting evidence from multiple RCTs without a clear majority of the properly conducted trials showing evidence of benefit or ineffectiveness, OR evidence of benefit from ≥1 cohort/case-control/non-randomized trials AND without supporting evidence in basic science, animal studies, or theory, OR evidence of efficacy only from basic science, animal studies, or theory.

	D
	Fair negative scientific
evidence
	Statistically significant negative evidence (lack of evidence of benefit) from cohort/case-control/nonrandomized trials, AND evidence in basic science, animal studies, or theory suggesting a lack of benefit.

	E
	Strong negative scientific
evidence
	Statistically significant negative evidence (lack of evidence of benefit) from ≥1 properly randomized adequately powered trial(s) of high-quality design by objective criteria.

	F
	Lack of evidence
	Unable to evaluate efficacy due to lack of adequate available human data.





Table 5: Summary of effects of belladonna/ alkaloids in various disease conditions 
	Condition
	Author, Year
	intervention
	ARR (%)


	   RD
	RR (%)
	RRR (%)
	NNT (%)
	Odds ratio 
(%)
	Odds reduction

	Acute encephalitis syndrome
	Oberai P et al., 2018
	Belladonna
control
	14.28
30
	-15.71
	47.61
	52.38
	7
	38.88
	61.11

	Vaginal surgery

	Butler K et al., 2017
	Preoperative pain
Belladonna + opium
control
	
15.38
8.88
	6.49
	173.07
	-73.07
	6.5
	196.36
	-96.36

	
	Butler K et al., 2017
	Urinary retention
B and O 
control
	
51.21
46.93
	4.28
	109.11
	-9.11
	1.95
	118.69
	-18.69

	Urethral stent pain
	Lee FC et al., 2017
	Ureteral stone burden
B and O 
control
	
25.71
32.35
	-6.63
	79.48
	20.51
	3.88
	72.37
	27.62

	Myocardial
Ischemia Injury
	Xing K et al., 2015
	Anisodamine
control
	3.44
8.33
	-4.88
	41.37
	58.62
	29
	39.28
	60.71

	Safety of Belladonna on healthy volunteers
	Walach H et al., 2001
	Belladonna
control
	46.55
82.75

	-36.20
	56.25
	43.75
	2.14
	18.14
	81.85

	Airway obstructions during sleep in Infants
	Kahn A et al., 1991
	Belladonna
control
	26.31
73.68
	-47.36
	35.71
	64.28
	3.8
	12.75
	87.24

	Climacteric complaints 
	Bergmans MG et al., 1987
	Belladonna
control
	47.61
82.35
	-34.73
	57.82
	42.17
	2.1
	19.48
	80.51

	Irritable bowel syndrome
	Rhodes JB et al., 1978
	Belladonna
control
	33.33
50
	-16.66
	66.66
	33.33
	3
	50
	50

	Throbbing headache
	Stieg RL et al., 1977
	Belladonna
control
	61.81
78.94
	-17.12
	78.30
	21.69
	1.61
	43.17
	56.82

	Hyperuricemia
	Postlethwaite AE et al., 1974
	L- hyoscyamine
control
	66.66
33.33
	33.33
	200
	-100
	1.5
	400
	-300

	Anxiety
	Lalli AF et al., 1974
	Belladonna
Placebo
	16.88
10.44
	6.43
	161.59
	-61.59
	5.92
	174.10
	-74.10

	Learning and memory
	Levine FM et al., 1973
	Belladonna
control
	66.66
53.33
	13.33
	125
	-25
	1.5
	175
	-75

	Duodenal ulcer
	Kaye MD et al., 1970
	Glycopyrronium
1-hyoscyamine
placebo
	21.42
35.48
28.12

	-6.69
7.35


	76.19126.16

	23.80
-26.16

	4.66
2.81
	69.69
140.55
	30.30
-40.55


ARR: Absolute risk reduction, RD: Risk difference, RR: Risk ratio, RRR: Relative risk reduction, NNT: Number needed to treat


Table 6. List of chemical constituents present in belladonna
	Name                                         Structure                                                  Pharmacological  use

	Alkaloids 

	Atropine
	[image: C:\Users\hp\Desktop\atropine.png]
	Mydriatic, antispasmodic, preoperative medication, antidote for organ phosphorus poising

	Hyoscyamine
	[image: ]
	Anti-spasmodic agent to treat abdominal cramps and pain. In parkinsonism used to reduce the rigidity and tremors. Antiarrhythmic agent to control acute arrhythmias

	Apoatropine
	[image: C:\Users\hp\Desktop\apoatropine.png]
	Anti-spasmodic agent

	Scopolamine
	[image: C:\Users\hp\Desktop\scopolamine.png]
	Used for the management of motion sickness, nausea and vomiting. It also has antiemetic and amnesic effect.

	Belladonnine
	[image: C:\Users\hp\Desktop\belladonnine.png]
	Anti-spasmodic agent

	Cuscohygrine
	[image: C:\Users\hp\Desktop\Cuscohygrine.png]
	Anti-spasmodic agent

	Flavnoids

	Kaempferol
	[image: C:\Users\hp\Desktop\kaempferol.png]
	Kaempferol have a wide range of pharmacological activities, including antioxidant, anti-inflammatory, antimicrobial, neuroprotective

	Quercetin
	[image: C:\Users\hp\Desktop\Quercetin.png]
	Quercetin has been used to treat hay fever, peptic ulcer, inflammation, asthma, gout, viral infections, chronic fatigue syndrome (CFS)

	Benzopyranoids

	6,7-Dihydroxy- 2H-1- benzopyran- 2-one
	[image: C:\Users\hp\Desktop\Dihydroxy- 2H-1- benzopyran- 2-one.gif]
	Antifungal, anti inflammatory properties

	7-Hydroxy-6- methoxy-2H-1- benzopyran-
2-one
	[image: C:\Users\hp\Desktop\7-Hydroxy-6- methoxy-2H-.png]
	Antispasmodic agent, anti-inflammatory, eicosanoid release inhibitor
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