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(Design and Formulation of Liquids)

Oral Solutions, Syrups and Elixirs 

Introduction:

The use of oral liquids has been justified on the basis of ease of administration to those individuals who have difficulty swallowing solid dosage forms. A more positive argument is that, except for rare exceptions, a drug must be in solution in order to be absorbed. Thus these solution dosage forms allow drug to be immediately available for absorption.

Definition of Oral Solution:
In pharmaceutical dosage forms, oral solutions are as "liquid preparations that contain one or more soluble chemical substances usually dissolved in water and that do not, by reasons of their ingredients, method of preparation or use, fall into another group of products." We are already aware of ophthalmic solutions as a dosage form considered separately and that parenteral solutions, too, are a separate category considered with the injectables. Why?

Aqueous pharmaceutical solutions containing a sugar are classified as syrups. Sweetened hydroalcoholic solutions are called elixirs. Hydroalcoholic obviously means that the solvent system consists of water and an alcohol, most likely ethanol.

Intended Use:
These liquid preparations are intended to deliver a drug for systemic effects. The solution dosage form allows more rapid absorption from the GI tract in comparison to emulsion, suspension or solid dosage forms of the same drug.

Oral

Only some advantages and disadvantages of oral administration will be presented in this Chapter. Oral administration will be covered in more detail in subsequent Chapters. 

Advantages: 

Convenient - portable, no pain, easy to take. 

Cheap - no need to sterilize (but must be hygienic of course), compact, multi-dose bottles, automated machines produce tablets in large quantities. 

Variety - fast release tablets, capsules, enteric coated, layered tablets, slow release, suspensions, mixtures 

Disadvantages: 

Sometimes inefficient - high dose or low solubility drugs may suffer poor availability, only part of the dose may be absorbed. Griseofulvin was reformulated about 1970 to include the drug as a micronized powder. The recommended dose at that time was decreased by a factor of two because of the improved bioavailability. 


First-pass effect - drugs absorbed orally are transported to the general circulation via the liver. Thus drugs which are extensively metabolized will be metabolized in the liver during absorption. 

e.g. the propranolol oral dose is somewhat higher than the IV, the same is true for morphine. Both these drugs and many others are extensively metabolized in the liver. 

Food - Food and G-I motility can effect drug absorption. Often patient instructions include a direction to take with food or take on an empty stomach. Absorption is slower with food for tetracyclines and penicillins, etc. However, for propranolol bioavailability is higher after food, and for griseofulvin absorption is higher after a fatty meal. 

Local effect - Antibiotics may kill normal gut flora and allow overgrowth of fungal varieties. Thus, antifungal agent may be included with an antibiotic. 

Unconscious patient - Patient must be able to swallow solid dosage forms. Liquids may be given by tube. 

Preparation of Oral Solutions: 

Additional agents are usually included in these liquid dosage forms, including colors, flavors, sweeteners, antimicrobial preservatives and chemical stabilizers such as antioxidants. The final concentration of drug must be sufficient to once again allow the usual dose to be 5 or 15 ml. Obviously formulations intended for administration to infants may involve smaller volumes administered using a calibrated dropper which is usually furnished by the manufacturer.

The personnel involved in development of these dosage forms must be aware of solubility issues: solubility of the drug and solubility of the additives. The exact solubility of many drugs is listed in the description of the drug in the Merck Index, Remington's or the U.S.P. 

	Relative terms of Solubility



	Description Term
	Parts of Solvents Requires for 1 Part of Solute

	Very soluble
	Less than 1

	Freely soluble
	From 1 to 10

	Soluble
	From 10 to 30

	Sparingly soluble
	From 30 to 100

	Slightly soluble
	From 100 to 1000

	Very slightly soluble
	From 1000 to 10000

	Practically insoluble or insoluble
	10000 and over


In the event that the drug or additive is not soluble in the original liquid medium, several options are available for increasing the solubility:

(1)-  Use a solubilizing agent (complexing or chelating agent)

(2)-  Use a different salt form of the same compound

(3)- Change the pH to one where the compound is more soluble

(4)- Modify the solvent system by addition of a cosolvent

Increasing the temperature would increase the solubility of most compounds, but it is not really an adjustable parameter since eventually the liquid dosage form must be returned to an ambient temperature, in which case the compound would come out of solution.

The formulator must also be aware of possible interactions between a drug and additives.  Those compounds that can undermine the therapeutic activity of the drug must be avoided, whether the interaction affects the chemical or physical stability of the dosage form. Components found in a low concentration, in particular dyes, should be predissolved prior to mixing with the major portion of the batch to ensure complete solution of the substance before further processing.  If the solute was directly added to a large batch, it would be difficult to determine if a small amount of undissolved material was present.

In the laboratory, liquids are usually measured by volume.  When dealing with large quantities, it is frequently more convenient and accurate to use mass as the parameter to measure.

Solubility Considerations:

The extent to which the solute dissolves in referred to as its solubility. 

Go back and review the intermolecular and intramolecular forces of attraction. You may give a little introduction and some hints for them to start.

Binding Between Atoms

Depending on the number of valence electrons the atom possesses, that atom will gain, lose or share electron(s) to achieve a stable electronic configuration. There are two types of bonding in Valence Bond Theory: electrovalence and covalence.

A covalent bond consists of two electrons. A double bond consists of four; a triple bond, six. An atom involved in the bond has half the number of electrons bonded about it, and all of the unshared electrons, to neutralize the positive charge of its nucleus. If the sum of these electrons does not equal the number of valence electrons, there is a charge associated with the atom. As examples:
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Binding Forces Between Molecules:

We have thus far discussed intramolecular forces, that is, binding and repulsive forces within a molecule. Now we will discuss Intermolecular Forces, that is, forces between  molecules. As we stated with the bond between two atoms, there is an optimal distance between two molecules where the forces of cohesion (between like molecules) or adhesion (unlike molecules) are maximized, and the forces of repulsion, due to the interpenetration of the electron clouds, are minimized. That is the distance that gives the strongest attraction between the two molecules. The bonding that we are talking about here is not covalent bonding.

The types of intermolecular forces are divided into three categories:



van der Waals forces



Ionic forces



Hydrogen bonds

Under the category of van der Waals forces are interactions which don't require ionization. There are three types of van der Waals forces:

(1) Keesom force (or a dipole-dipole interaction):

Permanent dipoles in a molecule exist in bonds between two atoms with a marked difference in electronegativity. As an example, in a carbonyl group, the electronegativity of oxygen is 3.5, that of carbon is 2.5. The electron cloud favors the oxygen nucleus, such that there is essentially always a partial negative charge associated with the oxygen in that bond, and likewise a partial positive charge associated with the carbon in that bond. These partial charges give the bond a dipolar nature in the sense that the two poles, + and -, are both present. The dipole may be polar enough to cause the molecule to line up with the opposite pole of another dipole, which may even encourage rotation of the molecule as a whole:
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Attraction is the result of the positive pole being attracted to the negative pole of another dipole.

(2) Debye force (or dipole-induced dipole interaction)

The permanent dipole in a molecule can also cause a dipole to be artificially introduced into a bond. The nearness of a positive or negative pole of a dipole can cause the electron cloud in a bond of a neighboring molecule to be attracted or repulsed, respectively. This causes the electron cloud of another bond to favor the nucleus of one of the atoms over the nucleus of the other atom. This is the definition of a dipole. The coordination of the positive with the negative poles causes a force of attraction similar in type to that of the Keesom force.
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(3) London force (induced dipole-induced dipole interaction)

Since the electron clouds surrounding the two nuclei in a covalent bond are not stationary, the instantaneous dipole can exist in any covalent bond. There will be brief moments when the electron cloud is centered more about one nucleus rather than about the other. This causes an instantaneous dipole to exist, with the partial negative charge at the atom having the more dense electron cloud, and the atom with the lack of electrons about it will bear the partial positive charge. This presence of an instantaneous dipole can induced a dipole in a neighboring molecule and create an "induced dipole - induced dipole" interaction, which has also been labeled a "London Force", or a "dispersion force".

N.B., It is possible for two molecules to interact by combinations of these three forces.  

In order of strength of the individual intermolecular association, the van der Waals forces would be listed:  Keesom > Debye > London. It should be noted that, while the individual Keesom or Debye force is stronger than the London force, the induced dipole - induced dipole interaction can occur between any two neighboring molecules, regardless of their chemical structure. Also, the induced dipole can induce other dipoles and the cascading effect can cover great molecular distances. Because of these arguments, the London force may actually be a more important consideration for intermolecular attractions than either the Keesom force or the Debye force.

Ionic Interactions

(1) Ionic molecules, of course, can relate well to oppositely charged ionic molecules (Electrovalent bonds!). These would be considered ion-ion interactions.

(2) Ions can react with dipoles in molecules by associating with the appropriate pole of the dipole:  a cation would associate with the partial negative charge end of the dipole; an anion would associate with the partial positive. In the same way that a dipole can induce a dipole, an ion can induce a dipole in a molecule. Once the dipole is induced, the ion can interact with that molecule.

Hydrogen Bond

The hydrogen bond, or hydrogen bridge, exists between (i) a hydrogen covalently bound to a highly electronegative atom and (ii) a covalently bound nearby highly electronegative atom, such as oxygen or nitrogen, which bears an unshared pair of electrons. The halogens don't seem to participate well, presumably because they do not readily offer the unshared pair of electrons. The hydrogen bond is a rather strong intermolecular force. Because of its importance, the custom has developed of using a dashed line when illustrating the hydrogen bond. The author describes some interesting features of hydrogen-bonded molecules in Chapter 2 of Martin. Make sure you read through it.

Note that there are probably intramolecular examples of each of these intermolecular forces, in particular, hydrogen bonding.

General Rules of Thumb for Aqueous Solubility: 

For Inorganic Molecules 

Essentially, if the ionic interactions between the cation and anion can be considered strong, the aqueous solubility is probably low.  A salt itself might not dissolve well in water since there is overall neutrality and, as you know, nonionic species may have a low aqueous solubility.  For most of these salts to dissolve in water would require them to dissociate into the individual ions each of which has a reasonable water solubility since it is a charged species. The 12 rules of thumb for inorganic salts are: 

See Handout

For Organic Molecules 

1. Molecules having one polar functional group are usually soluble in water if the total carbon chain is five carbons or less.

2. Molecules with branched chains are more soluble in water than the corresponding straight-chain compound.

3. Water solubility decreases with an increase in MW.

4. An increase in structural similarity between the desired solute and solvent would result in an increased solubility.

Criteria For a Pharmaceutical Solvent:

1. Must dissolve the solutes to the desired concentration

2. Must be clear

3. Must possess a low toxicity

4. Must possess a reasonably low viscosity

5. Must be chemically compatible with the desired solutes

6. Must be palatable since these are oral preparations

7. Must be free from odor or possess an appealing fragrance

8. Should have an aesthetic color or lack of color

9. Should be reasonably inexpensive

In most cases, and especially with liquid oral, ophthalmic or injectable preparations, the preferred solvent is water which happens to meet the majority of the above listed criteria.

Solvents For Oral Preparations: 

The following solvents are used in the preparation of oral solutions, syrups and elixirs.

1. Alcohol, USP - otherwise known as ethanol and ethyl alcohol (94.9 to 96.0% ethanol by volume when determined at 15.56  °C.  Dehydrated alcohol, USP, which contains not less than 99.5% ethanol by volume, is to be used in those cases where water-free alcohol is desired.  Dehydrated alcohol cannot be used orally since it was distilled in the presence of benzene which is toxic.)

Next to water, alcohol, USP is the most useful solvent in pharmacy.  Hydroalcoholic media in particular have the ability to dissolve both alcohol-soluble and water-soluble compounds.  For those solutes that are less soluble in water, the alcohol component in the hydroalcoholic solvent system can be increased to allow proper solution formation.

2. Diluted Alcohol, NF - prepared by mixing equal volumes of Alcohol, USP and Purified Water, USP.  Diluted alcohol saves you the time of preparing your own hydroalcoholic medium.

3. Glycerin, USP - A.K.A. glycerol - CH2OHCH(OH)CH2OH

Glycerin is a clear, syrupy and sweet tasting liquid that is miscible with both water and alcohol.  Its use as a cosolvent is similar to ethanol, but, because of its higher viscosity, solutes dissolve more slowly and it may require heating to facilitate dissolution.  Glycerin has preservative properties and can be used as a stabilizer.

4. Propylene Glycol, USP - CH3CH(OH)CH2OH

Propylene glycol is another viscous liquid that is miscible with both alcohol and water.  Because its properties are so similar to glycerin, it frequently can be directly substituted for it in various formulations.

5. Purified Water, USP

Since water can dissolve so many naturally occurring substances, tap water contains many undesirable solutes as well as microorganisms.  Ordinary drinking water is not acceptable for pharmaceutical preparations, whether prepared industrially or extemporaneously, except perhaps for some external preparations.  

Purified water is obtained by distillation, ion-exchange treatment, reverse osmosis or other suitable processes. Water purified by ion-exchange methods is referred to as demineralized or deionized water, and may be used in any preparation calling for distilled water.  In comparison to ordinary drinking water, it is 100 times more free of solid impurities.  Purified water, USP can be used to prepare aqueous dosage forms except those for parenteral administration by injection.

Dry Mixtures for Solution: 

If a drug has poor stability in aqueous solution such that only a short shelf life can be achieved, it may be prepared as a dry powder or granule form intended for reconstitution as a solution by addition of a prescribed amount of purified water.  The dry form must contain all of the formulation components necessary for the administered product, including flavoring agent and colorant.  Once reconstituted by the pharmacist, the patient should be advised to store the product in a refrigerator and for no longer than two weeks.  That is generally enough time for the patient to administer the contents.  The patient should be instructed to discard any unused portion after the expiration of that two week period.

Counseling should also include instructions regarding whether the patient can mix the solution with juice, milk or other beverages before administration or can they consume these fluids shortly after administration of the drug solution.  Information of this sort is usually available in the product insert and on the product label.  For example, oral rehydration solution, for the treatment of dehydration during or following a bout with diarrhea, should not be mixed with other electrolyte-containing liquids, such as milk or fruit juices.  These fluids may make it difficult to determine how much electrolyte the patient actually received.  Since the electrolyte intake may be critical to the success of the therapy, it is important that these other fluids and certainly homemade versions of the rehydration solution are avoided.

Syrups:

Syrups are concentrated, aqueous solutions of a sugar or a sugar-substitute with or without added flavoring agents and drugs.  Syrups which have a flavoring agent but no drug are called nonmedicated or flavored vehicles.  They are intended to be a pleasant-tasting vehicle for drugs which are added at a later time, either in extemporaneous compounding or in the preparation of a standard formula for a medicated syrup.  Liquid dosage form versions of solid dosage forms can be achieved by using these syrups in extemporaneous compounding.  Children consider medicated syrups to be palatable because they are sweet and flavored, and parents appreciate them because they have little or no alcohol content.

Any water-soluble drug that is stable in an aqueous environment can be added to a flavored syrup.  However, compatibility with the formulation components must be considered.  For example, there are syrups that are acidic which may undermine the solubility of an acidic drug in the final product.

The high quantity of sugar found in a syrup, usually 60 - 80%, is what gives it the characteristic viscosity.  The addition of flavors and sweeteners provides a pharmaceutical preparation that is quite effective in masking the taste of the added drug.  In the case of antitussive syrups (for coughs), the thick, sweet syrup has a soothing effect on the irritated tissues of the throat.  

The high sugar content also makes the medium an undesirable environment for microbial growth because there is little water available to satisfy their growth requirements.  One must also consider the osmotic effect on the microbial cell as an effective antimicrobial action (a syrup is a hypertonic media!).  Syrups with lower sugar concentrations but which use polyols such as sorbitol, glycerin or propylene glycol can still achieve the antimicrobial osmotic effect because these other compounds also increase the tonicity.  Some flavoring oils themselves have antimicrobial activity.  The requirement of an antimicrobial preservative will depend largely on the water content in the final product.  The parabens, benzoic acid and its salts, or sorbic acid and its salts are commonly used in oral liquid preparations as preservatives.

Components of a Syrup:

Most syrups contain the following components in addition to purified water and the drug:  (1) sugar (usually sucrose, but a sugar substitute can be used to provide sweetness and the proper viscosity), (2) antimicrobial preservative(s), (3) flavoring agent(s), and (4) colorant(s).  The syrup may also contain a cosolvent, solubilizing agents, thickeners or chemical stabilizers.

Sucrose is preferred because it is available in a highly purified form at a reasonable cost, and it is chemically and physically stable in the pH range of 4 to 8.  Using the polyols in conjunction with it helps to reduce the tendency to crystallize sugar at these high concentrations. 

 One of the manifestations of sucrose crystallization is called cap-locking, which occurs when sugar crystallizes on the threads of the bottle cap and interferes with cap removal.

Sugar Substitutes: 

Sugar may be replaced in whole or in part by other sugars, such as dextrose (D-glucose), or by non-sugars such as sorbitol, glycerin and propylene glycol.  For diabetic patients, the proper viscosity can be achieved without sugars by using methylcellulose or hydroxyethylcellulose which aren't absorbed from the GI tract, and the sweetness can be achieved with an artificial sweetener.

Saccharin is still used to supplement sugars and polyols as a sweetener.  It is approximately 250 to 500 times sweeter than sugar, but its implications as a carcinogenic agent in the rat has caused it to fall into disuse.  Aspartame (Nutrasweet) has an adequate aqueous solubility but since it possesses a carboxylic acid group, its solubility is pH dependent.  Its stability is also sensitive to pH since it possesses an amide linkage which can be hydrolyzed, especially under alkaline conditions.  It is most stable at between pH 3.4 and 5 and under refrigerated conditions.

Preparation of Syrups:

One of four methods is used to prepare syrups.

(1) The soluble components are mixed together and dissolution is accomplished with the aid of heat

(2) The components are simply mixed and, if necessary, dissolution is accomplished with the aid of agitation

(3) Sucrose or other viscosity modifier is added to a prepared medicated liquid

(4) The drug or the sucrose is percolated

Elixirs:

Elixirs are clear, sweetened, hydroalcoholic solutions prepared for oral use and are usually flavored for greater patient compliance.  The elixir can contain a drug or it can be nonmedicated.  If nonmedicated, the elixir is probably intended as a vehicle to which a drug will eventually be added.  Elixirs are usually less sweet and less viscous than syrups because their sugar content is so much lower.  The lower viscosity and diminished sweetness means that elixirs are less suitable to deliver unpalatable drugs.  Their value lies in the fact that the hydroalcoholic medium can dissolve more drugs than a strictly aqueous environment can.

Because they are inherently more stable and more easily prepared as simple hydroalcoholic solutions, they are preferred over syrups by the manufacturers.  The disadvantage is that the alcohol and perhaps volatile flavoring oils can deteriorate or evaporate when open to the atmosphere.  Elixirs, then, are best stored in tightly sealing, light-resistant containers and should be protected against extreme temperatures.

Alcohol Content in Elixirs: 

The alcohol content depends on the solubility requirements of the components.  If there is a high quantity of alcohol-soluble components which possess a low aqueous solubility, the alcohol content should be quite high.  Other cosolvents such as glycerin and propylene glycol can be employed in elixirs to diminish the alcohol requirement.

Elixirs with more than 10 to 12% alcohol are self-preserving and do not require the addition of an antimicrobial preservative.

Alcohol Content:

Alcohol has been recognized as a solvent and excipients in the formulation of oral pharmaceutical products. Certain drugs are insoluble in water and must be dissolved in an alternate vehicle. Alcohol is often preferred because:

1- Its miscibility with water

2- Its ability to dissolve many water-insoluble ingredients, including drug substances, flavorants, and antimicrobial preservatives.

3- It also is used in liquid preparation as antimicrobial preservative alone or as a copreservative with other agents.  

Note: alcohol is frequently used with other solvents, as glycol and glycerin, to reduce the amount of alcohol required. 

Problems with its toxicity:

The FDA has proposed that manufacturers of OTC oral drug products restrict the use of alcohol as possible:

· For OTC oral products intended for children under 6 years of age, the recommended alcohol-content limit is 0.5%.

· For products intended for children 6 to 12 years of age, the recommended limit is 5%.

· Children over 12 years of age and adults, the recommended limit is 10%.

Sweeteners and Flavorings:

Sucrose is only slightly soluble in alcohol, so elixirs can employ other sweeteners such as sorbitol, glycerin or artificial sweeteners.  All elixirs contain flavoring agents and most also contain coloring agents to enhance their appearance.

The final selection of a flavor must result from trial and error, but some generalizations concerning the selection of flavors to mask specific types of taste have been suggested (H.L. Janovsky, Drug and Cosmetic Industry 86 (1960) 335. and F. Wesley, Pharmaceutical Flavor Guide.  Fritzsche Brothers Inc., New York, 1957.):


Taste Sensation
Recommended Flavor

Salt
Butterscotch, maple, apricot, peach,



vanilla, wintergreen, mint


Bitter
Wild cherry, walnut, mint combinations,



chocolate, passionfruit, anise


Sweet
Fruit and berry, vanilla


Sour
Citrus flavors, licorice, root beer, raspberry

Preparation of Elixirs:
Elixirs are usually prepared by simple dissolution with agitation or by simply adding liquid components.  In those cases where alcohol-soluble and water-soluble components are involved, they are prepared separately in the appropriate solvent and the aqueous solution is slowly added with mixing to the alcohol solution.  In that way, the highest alcohol content can be maintained as the hydroalcoholic medium is being produced so the alcohol-soluble agents shouldn't come out of solution.

Talc is frequently used as a filtering aid in the preparation of elixirs.  It has the ability to adsorb excess amounts of flavoring oils and can be used to clarify a turbid elixir.  Glycerin, syrup, sorbitol and propylene glycol would contribute to the solubilizing effect of the hydroalcoholic medium, but the enhanced viscosity they provide would slow the rate of filtration through talc.

Administration:

Each of these dosage forms is intended to be administered orally.  The usual oral administration of 5 or 15 ml provides the adult dose of the drug.  For a child, consider how much easier it would be for the parent to administer a half-teaspoon rather than breaking a tablet in half or emptying a capsule and administering half of the beads, granules or powder it contained. When these dosage forms are intended for administration to children, they usually contain a calibrated dropper or spoon in the package.

It is recommended that the patient follow administration with a glassful of water.

The pharmacist must be careful in dispensing these liquid products, largely depending on the patient's history and concurrent medications.  Obviously, you wouldn't want to dispense a product containing a syrup to a diabetic patient.  Likewise, elixirs wouldn't be advisable for a patient who is receiving a drug that possesses antabuse-like activity where the patient would get violently ill from concurrent ingestion of alcohol.  Metronidazole and chlorpropramide are reported to cause this reaction when mixed with alcohol.  A patient who is receiving another drug that causes drowsiness should probably not receive the alcohol contained in an elixir.  Contact the prescribing physician and recommend an alternative dosage form.

Packaging:
Filling of the commercial package, which is usually a simple bottle, is accomplished by one of three methods, largely dependent on the viscosity of the liquid dosage form: (1) gravimetric, (2) volumetric or (3) constant level filling.

Filling containers to a constant weight (gravimetric filling) is generally limited to large containers or to highly viscous products such as the syrups.  It is not easy to translate the process to high-speed, automatic filling equipment.

Volumetric filling is accomplished using a positive displacement piston action.  A particular volume is drawn up in a syringe-like device where the volume is determined by how far back the piston or plunger is drawn.  The filling valve is closed and another opened which allows the product to be injected into the bottle.

In constant-level filling, a syphoning process can be employed where it is assumed that the liquid seeks its own level.  This means that the filling container liquid level determines how high the liquid level can reach in the bottle.  Gravity (where the fill container level is higher than the ultimate liquid level in the bottle), vacuum (produced in the bottle) or pressure (provided in the fill container) can be used to assist in the transfer, but the point in time when the liquid reaches the desired level must be determined by some means to stop the process.  For example, when a sufficient amount of liquid has been added to the bottle in which a vacuum was produced, the liquid begins to go up the vacuum tube.  A specific amount of filling time would probably be employed to limit the amount of drug product drawn up the vacuum tube.
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