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Preface








Increasing demand and fast-growing market of herbal medicines helps to emerge an Herbal drug technology as a new versatile field. Pharmacy council (PCI) of India has appropriately introduced this subject “Herbal Drug Technology” in Undergraduate B.Pharm sixth semester syllabus to inculcate herbal formulations and regulations skills in students.


Herbal cosmetics, nutraceuticals, traditional as well as modern preparations require quality raw materials to claim safety and efficacy by manufacturers. Intellectual property rights of herb derived products and process are increasing day by day. Herbal drug regulations are needed to be updated to make them globally accepted once introduced in specific market.


Experimental skills of qualitative as well as quantitative phytochemical screening, standardised extract preparations and herbal formulations as per Pharmacopeial standards will help student to serve better in herbal industry, academics and research institutes.


Present book is strictly designed as per PCI syllabus to cover theory as well as practical syllabus topics to able students to upgrade the desired theoretical plus practical skills.


Subjective as well as specific and related objective (MCQs) questions are added to analyse the topic understanding of students.


I would first and foremost like to acknowledge the authors and publishers of various books, research articles, journals, websites and other sources that have been referred to for putting together to make this book an fine source of reference.


Author is thankful to all her teachers, students, friends and family for motivation of keeping writing as per the need of time and changing scenario.


Author would like to acknowledge the excellent efforts of Publisher Anil Shah and Editor Naresh Daver for corrections and suggestions to bring out the theory as well as practical syllabus content in the form of semester book.


Sharada Deore-Baviskar
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1.1 Herbs as Raw Materials


1.1.1 Definition


• Herbs: are crude plant materials which may be entire, fragmented or powdered. Herbs include, Example- the entire aerial part, leaves, flowers, fruits, seeds, roots, bark (stems) of trees, tubers, rhizomes or other plant parts.


• Herbal medicines: Herbal medicines include herbs and/or herbal materials and/or herbal preparations and/or finished herbal products in a form suitable for administration to patients


• Medicinal herbal products: finished, labelled pharmaceutical products in dosage forms that contain one or more of the following: powdered plant materials, extracts, purified extracts, or partially purified active substances isolated from plant materials. Medicines containing plant material combined with chemically defined active substances, including chemically defined, isolated constituents of plants, are not considered to be herbal medicines.


• Herbal preparations: are produced from herbal materials by physical or biological processes.


These processes may be extraction (with water, alcohol, supercritical carbon dioxide (CO2)), fractionation, purification, concentration, fermentation and other processes. They also include processing herbal materials with a natural vehicle or steeping or heating them in alcoholic beverages and/or honey, or in other materials.


The resulting herbal preparations include, among others, simply comminuted (fragmented) or powdered herbal materials as well as extracts, tinctures, fatty (fixed) or essential oils, expressed plant juices, decoctions, cold and hot infusions.


1.1.2 Selection, Identification and Authentication of Herbal Materials


Authenticated raw material is the basic starting point in developing a botanical product. Conscious efforts must therefore be made to ensure that the botanical identity of test materials is rigorously confirmed and documented through preservation of vouchers, and that their geographic origin and handling are appropriate. Use of material with an associated herbarium voucher that can be botanically identified is always ideal. Indirect methods of authenticating bulk material in commerce, for example use of organoleptic, anatomical, chemical, or molecular characteristics, are not always acceptable for the chemist's purposes. Familiarity with botanical and pharmacognostic literature is necessary to determine what potential adulterants exist and how they may be distinguished.


1.1.3 Processing of Herbal Raw Materials


Introduction


Before using a crude drug for production of herbal formulations, it should be properly processed so that, the active constituents and the appearance of the drug do not deteriorate. The information on the raw material(s) and the solvents/reagents or vehicles used for the Herbal Stock(s) and final dilution preparation should be evaluated. For raw materials of botanical origin, the scientific name -genus, species, variety, chemo type, parts employed and other names should be provided. For raw materials of biological origin, the scientific name (Example-, animal), -genus, species- tissue(s), fluid(s), parts of organ(s) or organ(s) used and other names should be evaluated. For minerals or chemicals, the international non-proprietary name (I.N.N), chemical and other names should be evaluated. For raw materials of botanical origin, the state (Example- fresh, dried) of the material used and, where applicable, information on pharmacological active, toxic constituents or marker compound(s), if applicable, should be analyzed. Additionally a macroscopic and microscopic descri-ption of the raw material should be evaluated. For raw materials of biological origin, information on the physical and/or anatomical and histological state (where applicable) should be evaluated. For minerals or chemicals, physical form, structural formula, molecular formula and relative molecular mass, where applicable, should be evaluated. The preparation of a crude drug for the market depends on the following major processes.


Collection


Collection of drugs from cultivated plants always ensures a true natural source and reliable products. This may or may not be this case when drugs are cultivated from wild plants.






	Following are factors to be considered at the time of collection





	Labour

	Drugs may be collected from wild or cultivated plants and the task may be 
undertaken by casual, unskilled native labour. Example- Ipecacuanha





	Drug may be collected by skill worker in a highly scientific manner. 
Example- Digitalis, Cinchona, Belladona





	Season

	The season at which each drug is collected is also important, since the amount and 
sometimes the nature of the active constituents is not constructed through the year. 
Example-Podophyllum, Ephedra, Rhubarb, Aconite





	Rhubarb contains no anthraquinone derivatives in winter but contain anthranols which on 
the arrival of warmer weather are converted by oxidation into anthraquinone.





	Age

	The age of plant is also considerable important and governs not only the total quntity of 
active constitute produced but also the components of the active mixure. Clove (volatile oil): 
Cloves contain about 11-21% oil while mother blown cloves contain very little oil. 
Datura (alkaloids): The hyoscine/hyoscyamine ratio falls from about 80% in young 
seedlings to about 30% in mature frutings plants.





	Geographical location

	Geographical location also affects the cultivation in a certain extent. Location helps in 
development of the desired type and amount of constitutes. Example- Ammi vianaga 
growing wild in the mediteranean area contains variety of a coumarins and chromones 
in its seeds, however same plant cultivated in Arizona, found to produce plenty seeds 
practilly devoid of the desired constituents









Harvesting


Harvesting is the process of collection of the highest quality crude drug from its original source in the appropriate season and time of the day.


➢ Leaves are collected from plants during the flowering season when the plant is very active.


➢ Bark is collected in spring or early summer.


➢ Flowers are collected about the time of pollination in dry weather in the forenoon when the dew has disappeared and dried in shade.


➢ Roots and tubers are collected in autumn when the plant is inactive and the vegetative process has ceased and contain the maximum active constituents.


Drying


Drying is essential for maintaining the quality of crude drugs after collection to avoid decomposition, microbial growth, enzyme activation and other possible chemical changes. Herbal raw drugs are dried prior to extraction to avoid detoriation on storage and transport as well as to facilitate grinding. In the preparation of crude drugs, drying is usually designed to yield a stable, homogenous product which is easy to manupulate in subsequent operation of storage and packaging.


Drying is defined as the removal of a liquid or moisture contents from a material (herbal drugs) by the application of heat and is accomplished by the transfer of a liquid or moisture content from a surface into an unsaturated vapour phase.


Proper and successful drying depends on control of temperature and regulation of air flow. Drying process is to be done depending upon source of herbal crude drug and its chemical nature.


• If enzymatic action is to be encouraged, slow drying is necessary at moderate temperature. Example- Orris rhizome, Vanilla pods, Cocoa seed, Gentian root.


• If enzymatic action is not desired, drying should take place as soon as possible after collection. Drugs containing volatile oil are liable to lose their aroma if not dried or if the oil is not distilled from them immediately.


Two types of drying are classified as follows:


1. Natural drying (sun drying)


(a) Direct sun drying (outdoor drying): The crude drugs can be dried directly in sunshine if the contents of crude drugs are quite stable to the temperature and sunlight. Example: Gum acacia, seeds, fruit are dried by direct sun drying method.


(b) Shed drying: Shed drying is prepared when the natural colors of the drug (digitalis leaves, clove, senna leaves) and volatile principles of the drug (Example- Peppermint) are to be retained. Drying in the shed at the air temperature is frequently adopted especially for leaves containing oil.


2. Artificial drying


(a) Tray dryer: (truck dryer): This is most commonly used method in the pharmaceutical plant operatation. Tray dryers are used for drying heat stable plant material. Exampleroots, barks. In this process, hot air of desired temperature is circulated through the dryers and this facilitates the removal of water content of the drugs. This is simplest and inexpensive method. Disadvantage of tray dryers is deterioration of material due to high residence time at high temperature.


(b) Vaccum dryer: In this method, vaccum facilitates drying of plant material at low temperature. It can handle stiky, free flowing, hygroscopic, heat sensitive plant materials. Examples- Tannic acid, Digitalis leaves.


(c) Spray dryer: This is used for non-hygroscopic products. This is continous, thermally efficient dryer where filtered atmospheric hot air comes in contact with atomized fine mist of the feed and instantly evaporates the water in the feed droplets. The fluidized mixture of air and powder get separted in cyclone separator. This method of drying retains all the original properties of plant material such as color, aroma, efficacy, density etc.


Pulverisation


Pulverisation or comminution is a process of fragmenting a substance into small particles by mechanical forces. It is one of the important process operation and inevitable in very first step of herbal extraction. Comminution of different parts of the herbal drugs can be explained as followed.
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Garbling


The next step in preparation of crude drug for market after drying is garbling which is the final step of the preparation of crude drug. The process is desired when sand, dirt and foreign parts of the same plant, not constituents are required to be removed. If extraneous matter to be removed permitted in crude drugs, the quality of crude drugs suffers and at times it doesn’t pass pharmacopoeial limits. Example- 1.excessive stem in case of lobelia and stramonium need to be removed. 2. Stalks, in case of cloves are to be detected. 3. Drugs constituting rhizomes need to be separated carefully from roots and rootlets and also stem bases. 4. Pieces of iron must be removed with the magnet in case of caster seeds before crushing 5. Shifting in case of vinca and senna leaves. 6. Pieces of bark should be removed by peelings as in gum acacia.


Packing


The morphological and chemical nature of the drug, its ultimate use and effect of climatic conditions during transportation and storage should be taken into consideration while packing of drugs.


• Colophony and balsam packed in kerosene tins.


• Asafoetida is stored in well-closed container to prevent loss of volatile oil.


• Cod liver oil is sensitive to sunlight so it should be stored in such containers, which will not affect the sunlight.


• Leaf drug like senna, vinca are pressed and baled.


• Drug which very sensitive to moisture and costly at the same time need special attention.


Example- digitalis, ergot, squills


• Colophony needs to be packed in big masses to control auto oxidation.


• Crude drugs like roots, seeds and other part packed in gummy bags.


• Weight of certain drug in lots also kept constant Example- Indian opium.


Packing material and specific storage of Raw Herbs


1. Woody in nature like stem, heartwood, bark etc. : Gunny bags and woven sacks


2. Soft in nature like creepers, leaves etc. : High gauge HMHD bags, woven sacks with LD liner, High gauge polyethylene bags


3. Fleshy in nature like fruits, rhizomes etc.: High gauge HMHD bags, woven sacks with LD liner, wooden boxes.


4. Flowers, anthers, stigma, petals, seeds etc. : Corrugated box with polypropylene woven sacks, HDPE containers, Fiber board’s drums


5. Volatile contents: Air tight HDPE containers, Air tight HDPE carboys, Card board box with polyethylene liners


6. Herbal extracts and compounds: Air tight HDPE containers, corrugated box with polyethylene woven sacks and fiber board’s drums with polyethylene bags. HDHM (High molecular weight high density polyethylene), LD liner (Low density liner bags), HDPE (High density polyethylene)


Storage of Herbal Raw Drug


• Proper storage and preservative are important factors in maintaining a high degree of quality of the drug.


• Warehouse should preferably be of fire proof, steel, concrete or brick construction, and unheated and rodent proof.


• Hard packed bales usually reabsorb little moisture. This is also true of barks and resinous drug but leaf, herbs, and roots drugs that are not well packed tend to absorb moisture up to 10%, 15%, or 30% of weight of drug.


• Excessive moisture not only increases the weight of the drug. Thus reducing the % of active constituents but also favours enzymatic activity and facilitates fungal growth. Example-. Digitalis glycoside is deteriorate when moisture in the drug reaches 8% or higher.


• Liquid adversely affects drugs, which are higher colored, rendering them unattractive and possibly causing undesirable changes in constituents. It has been shown that polarized light changes more rapidly the ordinary light.


• The oxygen of the air increase oxidation of the constituent so of the drugs, especially when oxidases (oxidizing enzymes) are present.


• Insects also attack on crude herbal drugs so to prevention of their attacks a number of methods have been employed. The simple method of all being to expose the drug to a temperature of 65oC. They also prevent form determination.


• The fumigation of large lots of crude drugs such as stored in warehoused and manufacturing plants, the use of methyl bromide.


• Small lots of drugs may readily be stored in air-light, moisture proof and lightproof containers.


• If drugs in small quantities are stored in air-tight containers, insect attack can be controlled by the addition of a few drops of chloroform or CCl4.


• Certain drugs such as biologics must be stored at a temperature between 2o and 10oC


1.2 Biodynamic Agriculture


The term biodynamic, derived from two Greek words “bios” (life) and ‘dynamis” (energy), refers to ‘working with the energies’ which create and maintain life. The concept of biodynamic agriculture, very similar to organic farming, regards the soil as a self-sustained and biologically dynamic and biochemically active environment. Biodynamic agriculture is an alternative farm management mode, free from synthetic inputs. Biodynamic agriculture differs from organic agriculture in as much as it involves specific practices aimed at improving plant vitality by strengthening plant, ground and environmental interactions.


1.2.1 Good Agricultural Practices in Cultivation (GACP) of Medicinal Plants


Section 1: General Introduction and Glossary


Section 2: Good Agricultural Practices (GAP) for Medicinal Plants


• Identification/Authentication of Cultivated Medicinal Plants


• Seeds and Other Propagation Materials


• Site selection


• Personnel


• Ecological Environment and Social Impact


• Soil


• Climate


• Irrigation and Drainage


• Cultivation


• Plant Maintenance and Protection


• Harvest


Section 3: Good Collection Practices (GCP) for Medicinal Plants


• Permission to Collect


• Technical Planning


• Selection of Medicinal Plants for Collection


• Collection


• Personnel


Section 4: Common Technical Aspects of GACP


• Post-harvest Processing


• Inspection and Sorting


• Primary Processing


• Drying


• Specific Processing


• Bulk Packaging and Labelling


• Storage and Transportation


• Equipment


• Quality Assurance


• Documentation


• Personnel (growers, collectors, producers, handlers, processors)


Section 5: Other Relevant Issues


• Ethical and Legal Considerations


• Intellectual Property Rights and Benefits-Sharing


• Threatened and Endangered Species


• Research needs


Annexure


Annex 1. Good Agricultural Practice for Traditional Chinese Medicinal Materials, People's Republic of China


Annex 2. Points to Consider on Good Agricultural and Collection Practice for Starting Materials of Herbal Origin


Annex 3. Good Agricultural and Collection Practices for Medicinal Plants (GACP), Japan


Annex 4. A model structure for monographs on good agricultural practices for specific medicinal plants


Annex 5. Sample record for cultivated medicinal plants


Annex 6. Participants in the WHO Consultation on Good Agricultural and Field Collection Practices for Medicinal Plants


Section 1: General Introduction and Glossary


This section involves following important descriptions.


Need of GACP Guidelines


1. Interest in herbal medicines risen the issues related to safety and quality of herbal medicines


2. Inadvertent use of the wrong plant species


3. Adulteration with undeclared other medicines and/or potent substances


4. Contamination with undeclared toxic and/or hazardous substances


5. Over dosage, inappropriate use by health-care providers or consumers


6. Interaction with other medicines


7. Use of inferior quality raw medicinal plant materials results in poor quality finished products


8. Collection from wild populations leads to global, regional and/or local over-harvesting


9. Protection of endangered species


10. Impact on environment and ecological processes


11. Impact on the welfare of local communities should be considered


12. Respect of intellectual property rights


Objectives


1. Supply of good quality raw material applicable to national and/or regional quality standards thus improve the quality, safety and efficacy of finished herbal products;


2. guide the formulation of national and/or regional GACP guidelines and GACP monographs for medicinal plants and related standard operating procedures; and


3. encourage and support the conservation of medicinal plants and the environment


Structure


The guidelines are divided into five sections:


➢ Section 1: provides a general introduction and a glossary for relevant terms


➢ Section 2: good agricultural practices for medicinal plants


➢ Section 3: discuss good collection practices for medicinal plants.


➢ Section 4: outlines common technical aspects of good agricultural practices for medicinal plants and good collection practices for medicinal plants


➢ Section 5: considers other relevant issues


Following annexures are provided in this guideline:


➢ Annexure 1: national and regional documents on good agricultural practices for medicinal plants from the China


➢ Annexure 2: national and regional documents on good agricultural practices for medicinal plants from the European Agency


➢ Annexure 3: national and regional documents on good agricultural practices for medicinal plants from the Japan


➢ Annexure 4: model structure for monographs on good agricultural practices for specific medicinal plants


➢ Annexure 5: sample record for cultivated medicinal plants


➢ Annexure 6. Participants in the WHO Consultation on Good Agricultural and Field Collection Practices for Medicinal Plants


Section 2: Good Agricultural Practices (GAP) for Medicinal Plants


1. Identification/authentication of cultivated medicinal plants: The botanical identity – scientific name (genus, species, subspecies/variety, author, and family) – of each medicinal plant under cultivation should be verified and recorded. If available, the local and English common names should also be recorded. Documentation of the botanical identity should be included in the registration file as a specimen.


2. Seeds and other propagation materials: propagation materials should be from any disease or contamination and provide all necessary information relating to the identity, quality and performance of their products, as well as their breeding history, where possible. Materials used for organic production should be certified as being organically derived.


3. Site selection: Medicinal plant materials derived from the same species can show significant differences in quality when cultivated at different sites, owing to the influence of soil, climate and other factors. Risks of contamination as a result of pollution of the soil, air or water by hazardous chemicals should be avoided.


4. Personnel: Growers and producers should have formal or informal practical education and training of the medicinal plant concerned. This should include botanical identification, cultivation characteristics and environ-mental requirements (soil type, soil pH, fertility, plant spacing and light requirements), as well as the means of harvest, storage and personal hygiene, issues relevant to the protection of the environment, conservation of medicinal plant species, and proper agricultural stewardship. Smoking and eating should not be permitted in medicinal plant processing areas.


5. Ecological environment and social impact: The introduction of non-indigenous medicinal plant species into cultivation may have a detrimental impact on the biological and ecological balance of the region. In terms of local income – earning opportunities, smallscale cultivation is often preferable so that local communities benefit directly from, for example, fair wages, equal employment opportunities and capital reinvestment.


6. Soil: Optimal soil conditions, including soil type, drainage, moisture retention, fertility and pH, will be dictated by the selected medicinal plant species and/or target medicinal plant part. Green manure should be preferred.


7. Climate: The duration of sunlight, average rainfall, average temperature, including daytime and night-time temperature differences, also influence the physiological and biochemical activities of plants, and prior knowledge should be considered.


8. Irrigation and drainage: should be controlled and carried out in accordance with the needs of individual plant.


9. Cultivation: The conditions and duration of cultivation required vary depending on the medicinal plant materials required. Scientific and if no scientific data available then traditional methods should be used to cultivate medicinal plant.


10. Plant maintenance and protection: Timely application of measures such as topping, bud nipping, pruning and shading, Integrated pest management should be followed where appropriate


11. Harvest: The time of harvest depends on the plant part to be used. The best time for harvest (quality peak season/time of day) should be determined according to the quality and quantity of biologically active constituents rather than the total vegetative yield of the targeted medicinal plant parts. No foreign matter, weeds or toxic plants are mixed with the harvested medicinal plant materials. Avoid dew, rain or exceptionally high humidity. If harvesting occurs in wet conditions, the material should be transported immediately to an indoor drying. Use clean devices to harvest as well as to store. Material should be stored in dry and free from insects, rodents, birds and other pests, and inaccessible to livestock and domestic animals. If the underground parts (such as the roots) are used, any adhering soil should be removed from the medicinal plant materials as soon as they are harvested. Medicinal plants should not be collected in or near areas where high levels of pesticides or other possible contaminants are used or found, such as roadsides, drainage ditches, mine tailings, garbage dumps and industrial facilities which may produce toxic emissions.


Section 3: Good collection Practices (GCP) for Medicinal Plants


1. Permission to collect: In some countries, collection permits and other documents from government authorities and landowners must be obtained prior to collecting any plants from the wild. Sufficient time for the processing and issuance of these permits must be allocated at the planning stage. For medicinal plant materials intended for export from the country of collection, export permits, phytosanitary certificates, Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) permit(s) (for export and import), CITES certificates (for re-export), and other permits must be obtained, when required.


2. Technical planning: Essential information on the target species (the geographical distribution and population Density, taxonomy, distribution, phenology, genetic diversity, reproductive biology and ethnobotany) should be obtained. Data about environmental conditions, including topography, geology, soil, climate and vegetation at the prospective collecting site(s), should be collated and presented in a collection management plan. Transport, personnel, equipments and storage facilities should be ready.


3. Selection of medicinal plants for collection: select and authenticate plant species for collection.


4. Collection: same as above given in GAP


5. Personnel: same as above given in GAP


Section 4: Common Technical Aspects of GACP


1. Post-harvest processing:


(a) Inspection and sorting: Raw medicinal plant materials should be inspected and sorted for foreign matter, cross contamination and organoleptic characters prior to primary processing.


(b) Primary processing: Harvested or collected raw medicinal plant materials, prior to processing, should be protected from rain, moisture and any other conditions that might cause deterioration.


(c) Drying: Medicinal plants can be dried in a number of ways: in the open air (shaded from direct sunlight); placed in thin layers on drying frames, wire-screened rooms or buildings; by direct sunlight, if appropriate; in drying ovens/rooms and solar dryers; by indirect fire; baking; lyophilization; microwave; or infrared devices. When possible, temperature and humidity should be controlled to avoid damage to the active chemical constituents. The method and temperature used for drying may have a considerable impact on the quality of the resulting medicinal plant materials.


(d) Specific processing: Common specific processing practices include pre-selection, peeling the skins of roots and rhizomes, boiling in water, steaming, soaking, pickling, distillation, fumigation, roasting, natural fermentation, treatment with lime and chopping. Processing procedures involving the formation of certain shapes, bundling and special drying may also have an impact on the quality of the medicinal plant materials.


(e) Processing facilities: Facilities should preferably be located in areas that are free from objectionable odours, smoke, dust or other contaminants, and are not subject to flooding. Roadways should not be near vicinity, building ceilings, floors should be clean. Sufficient lighting, ventilation and water supply should be maintained.


2. Bulk packaging and labelling: immediate packing and labelling is necessary. Packaging material should be clean and stored in dry places. Appropriate labels should be affixed to each batch packing.


3. Storage and transportation: Conveyances used for transporting bulk medicinal plant materials from the place of production to storage for processing should be cleaned between loads. Bulk transport, such as ship or rail cars, should be cleaned and, where appropriate, well ventilated to remove moisture from medicinal plant materials and to prevent condensation.


4. Equipment: should be clean and well labelled


5. Quality assurance: regular auditing visits to cultivation or collection sites and processing facilities by expert representatives of producers and buyers and through inspection by national and/or local regulatory authorities.


6. Documentation: SOP should be prepared for each stage.


7. Personnel (growers, collectors, producers, handlers, processors): same as GAP
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Details and type of mills useful

Crude Drug
Leaf drugs Leaf drugs are predominant in herbal industry
o Shredding mills - medicinal leaves and herbs with high content of stem and stalk
o Hammer mills- for resinous and friable leaf drugs
o Pin mills - leaf drugs with high fat content or ethereal oil.
Roots and barks | Roots and barks are moderately hard or woody but sometimes brittle and friable also.

Example- Cinnamon, Quercus, Ipecacuanha
o Shreddern
o Hanuner mills- grindin

cutting and shredding

Seeds and fiuits

The comminution of seeds and fruits offer proves to be particularly difficult becaus
their content of fats and ethereal oils. Example- coffee and cocoa beans.
o Shredder mills - comminution

Other drug  plant
materials

‘These include flowers, part of flowers and products such as alginates, agar, and gelatins
o Shredder mills - comminution
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