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Hygroscopic powders take up water from the atmosphere.

Typical relative humidity for drugs and associated excipients stored Without special
precautions is between 25%/andi75%at25°Cl

Drugs or excipients with polarSufaceigroups (good water solubility) will adsorb a few
molecular layers of water on their surfaces, particularly if their SUffacelareanisilarge
(particle size is small).

Metal'salts (sodium, potassium, lithium, calcium and magnesium) are prone to
hygroscopicity, some forming both stochiometric and non-stochiometric hydrates.

Deliquescent powders will sorb water vapor from the environment and gradually form
a solution that jmpacts'the chemical'stability of the drug or excipient.

Drugs Excipients

Albuterol sulfate Hygroscopic Acetic acid, glacial Hygroscopic
Ammonium chloride Hygroscopic Aspartame Hygroscopic
Bacitracin Hygroscopic Bentonite Hygroscopic
Bismuth subnitrate Hygroscopic Boric acid Hygroscopic
Calcium chloride Hygroscopic Carbomer Hygroscopic
(anhydrous or

dihydrate)

Calcium pantothenate Hygroscopic Carboxymethylcellulose, Hygroscopic

Diphenhydramine HCI Deliquescent
Hydroxyzine diHC|

Triflupromazine HCl

sodium

Histamine dihydrochloride Deliquescent

Deliquescent Neostigmine bromide Deliquescent

Deliquescent Valproate sodium Deliquescent
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Table 24.5 Excipients used in pharmaceutical solutions

Excipients

Examples of excipients

Cosolvents

-r -l _

The concentration of ethanol should be limited as it exerts a pharmacological action following oral
administration.

Flavouring agents

Used to mask the taste of drugs, many of which have a very unpleasant taste. Synthetic or naturally
occurring flavourings such as Vanilld, FESpBery, Brangesil, and [8fBRGil are used for oral solutions.
MEnRthBl is used in both oral and nasal solutions.

Certain flavours appeal to certain patient populations and certain parts of the world; this must be borne
in mind by the formulator. For example, filifi@naiBubBIeNgUR flavours are acceptable to children, whilst
it flavour is not.

Colouring agents

A colouring agent should correlate with the flavouring agent, e.q. GréenWithimintilavour, rEdnwith
EREFFIaVENE. As for flavours, colour preference differs between cultures.

Sweeteners SUciose, Soibitel, mannitol, SEeEharinSoaiunm, Xlite] and RGh=UCIGSEIEEIMISYIUR are used to improve
the palatability of oral solutions.
Sweetened, but sugar-free, preparations containing BSpartame are suitable for diabetic patients and are
not cariogenic.

Antimicrobial Used to preserve multidose preparations.

preservatives Examples include Benzalkoniumichioride, benzylialcoliol, chicrobutancl, thimerosal and fombinations
of parabens (methyl, propyl, butyl).

Antioxidants Sodiumimetalisulfite, sodiurmsulfite, Sodiumbisulfate, BSEOrbieNatid, used to stabilize solutions.

Chelating agents

Disoditimiédetateé, used to increase solution stability.

pH adjusters

Acids, e.g. Giffigladd, buffers.
Alkalis, e.g. sodiufRydrexide, buffers.

Isotonicity adjusters

Sodium chloride, potassium chloride, mannitol, dextrose, glycerol.

Viscosity enhancers

_l _l _r _r -r _
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TABLE 23-5
Dosages of Drugs for Asthma Exacerbations
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Dosages
Medication Child Dose? Adult Dose Comments
Inhaled Short-Acting fz-Agonists
Albuterol
Nebulizer solution (0.63 mg/3 mL,  0.15 mg/kg (minimum dose 2.5 mg) 2:5-5'mg every 20 minutes for  Only selective 3,-agonists are
1.25 mg/3 mL, 2.5 mg/3 mL, every 20 minutes for 3 doses, then 3 doses, then 2.5-10 mg recommended. For optimal
5.0 mg/mL) 0.15-0.3 mg/kg up to 10 mg every every I=4hiours as needed delivery, dilute aerosols to
1-4 hours as needed or 0.5 mg/kg/h or 10-15 mg/h minimum of 3 mL at gas flow of
by continuous nebulization. continuously. 6-8 L/min. Use large-volume
nebulizers for continuous
administration. May mix with
ipratropium nebulizer solution.
MDI (90 mcg/puff) 4-8 puffs every 20 minutes for 3 doses, 4-8 puffs every 20 minutes up  In mild to moderate exacerbations,
then gvery 1=4 houss inhalation to 4 hours, then every MDI plus VHC is as effective as
maneuver as needed. Use VHC; T=4"hours as needed. nebulized therapy with appropriate
add mask in children <4 years. administration technique and
coaching by trained personnel.
Levalbuterol
(R-albuterol)
Nebulizer solution (0.63 mg/3 mL,  0.075 mg/kg (minimum dose 1.25 mg)  1.25-2.5 mg every 20 minutes  Levalbuterol administered in one=half
1.25 mg/0.5 mL, 1.25 mg/3 mL) every 20 minutes for 3 doses, then for 3 doses, then 1.25-5 mg the mg dose of albuterol provides
0.075-0.15 mg/kg up to 5 mg every every 1-4 hours as needed. comparable efficacy and safety. Has
1-4 hours as needed. notbeen evaluated by continuous
nebulization.
MDI (45 mcg/puff) See albuterol MDI dose. See albuterol MDI dose.
Pirbuterol
MDI (200 mcg/puff) See albuterol MDI dose; thoughttobe  See albuterol MDI dose. Has hot'beenstudied in severe

half as potent as albuterol on a asthma exacerbations.

milligram basis.

Epinephrine 1:1,000 (1 mg/mL) 0.01 mg/kg up to 0.3-0.5 mg every
20 minutes for 3 doses

subcutaneously:

0.3-0.5 mg every 20 minutes
for 3 doses subcutaneously.

N© proven advantage of systemic
therapy versus aerosol.

Terbutaline (1 mg/mL)

0.01 mg/kg every 20 minutes for
3 doses, then every 26 hours as
needed subcutaneously.

0.25 mg every 20 minutes for
3 doses subcutaneously.

NG proven advantage of systemic
therapy versus aerosol.

Ipratropium bromide
Nebulizer solution (0.25 mg/mL) 0.25-0.5 mg every 20 minutes for

3 doses, then as needed.

0.5 mg every 20 minutes for
3 doses, then as needed.

May mix in same nebulizer with
albuterol. Shouldnotbetised as
first-line therapy; should be added
f0'SABA therapy for severe
exacerbations. The addition of
ipratropium has not been shown to
provide further benefit once the
patient is hospitalized.

Should use with WHEC and face'mask
for children <4 years.

Studies have examined ipratropium
bromide MDI for up to 3 hours.

MDI (18 mcg/puff) 4-8 puffs every 20 minutes as needed

up to 3HOUES.

8 puffs every 20/minutes as
needed up to 3 hours.

Ipratropium with albuterol
Nebulizer solution (Each 3 mL vial 1.5 mL every 20 minutes for 3 doses, 3 ml every 20 minutes for May be used for up to 3 houss in the
contains 0.5 mg ipratropium then as needed. 3 doses, then as needed. initial management of §évere

exacerbations. The addition of
ipratropium to albuterol has not
been shown to provide further
benefit once the patient is
hospitalized.

Should use with VHC and face mask
for children <4 years.

bromide and 2.5 mg albuterol.)

MDI (Each puff contains 18 mcg
ipratropium bromide and
90 mcg albuterol.)

4-8 puffs every 20 minutes as needed
up to 3 hours.

8 puffs every 20 minutes as
needed up to 3 hours.

(Applies to all three corticosteroids)

Prednisone 1 mg/kg in 2 divided doses 40-80 mg/day in 1 or 2 For outpatient “burst,” use 40=60'mg in single

Methyl prednisolone (maximum = 60 mg/day) divided doses until PEF or 2 divided doses for total of 5-10 days in

Prednisolone until PEF is 70% of reaches 70% of predicted adults (children: 1-2 mg/kg/day maximum
predicted or personal best. or personal best. 60 mg/day for 3-10 days).

“Children, 12 years of age or younger.

MDI, metered-dose inhaler; PEF, peak expiratory flow; SABA, short-acting f3,-agonist; VHC, valved holding chamber.

Reprinted from National Institutes of Health. Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma. Bethesda, MD: National Heart, Lung, and Blood
Institute; 2007. NIH publication 07-4051.
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TABLE 24-2

Differences in Pulmonary Inflammation Between Asthma and Chronic Obstructive Pulmonary Disease (COPD)

FIGURE 23-12 Changes in peak expiratory flow rate with exercise
in an asthmatic and normal subject. PEFR, peak expiratory flow rate.

COPD Asthma Severe Asthma
Cells Neutrophils ++ Eosinaphils —+
Macrophages +-+-+ Macrophages + Macrophages

CD8" T cells (Tc1) CD47" T cells (Th2)

Key mediators IL-8, TNF-a, IL-18, IL-6, SIS Eotaxin IL-8
IL-4, IL-5, IL-13 IL-5,1IL-13
NO +++ NO ++
Oxidative stress =R S ==

Site of disease Peripheral airways Proximal airways

Lung parenchyma

Pulmonary vessels

Fragile epithelium
Mucous metaplasia

1 Basement membrane

Bronchoconstriction

Squamous metaplasia

Mucous metaplasia

Small airway fibrosis
Parenchymal destruction
Pulmonary vascular remodeling

Consequences

Small bronchodilator response
Poor response to steroids

B&rgg bronchodilator response
B86d response to steroids

Response to therapy

CD4" T cells (Th2)
CD8" T cells (Tcl)

Proximal airways
Peripheral airways
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BfElles bronchodilator response
REAGHEEH response to steroids

1L, interleukin; NO, nitric oxide; TNF, tumor necrosis factor.

Reprinted with permission from Global Initiative for Chronic Obstructive Lung Disease (GOLD). Global Strategy for the Diagnosis, Management and Prevention of COPD

(Updated 2010). http: / www.goldcopd.org.
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Hydrocortisone (cortisol): R=H

Hydrocortisone acetate: R = CH;CO-

Hydrocortisone butyrate: R =C;H;CO-
Hydrocortisone buteprate: R = C,HsCO-; 17a-C3H;CO-

CO-
Hydrocortisone cypionate: R = O—/—
® ©

Hydrocortamate sodium succinate: R= Na  OOCCH,CH,CO-

Hydrocortisone sodium phosphate: R= Nay,O3P-

e R
HO \OH HO . OH
(@) (@)

Dexamethasone: R=H Triamcinolone
Dexamethasone 21-acetate:
R = CH5CO-
Dexamethasone sodium phosphate:
R= Na203P-

FIGURE 28.10 Systemic corticosteroids.
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Methylprednisolone: R=H
Methylprednisolone 21-acetate:

Methylprednisolone sodium succinate:
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Cortisone: R=H Prednisone
Cortisone acetate:

R = CH5CO"

o
i
HO (OH

(@]
Fludrocortisone: R=H Betamethasone
Fludrocortisone acetate:
R = CH5CO-
e ol
HO L OH HO \OH
(e}

Prednisolone: R=H
Prednisolone acetate: R = CH;CO-
R = CH;CO- Prednisolone t-butylacetate:
R = (CH3)3CCH,CO-
Prednisolone sodium phosphate:
R = Nay,O3P-

R = Na OOCCH,CH,CO-
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Testosterone

5a-Dihydrotestosterone (DHT)
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p-oxygen atom for binding to the AR ,-\

a-Han-activity OHFI “_/

3-keto or hydroxy
_3‘:“""‘/3/ Ring expansion/contraction
0 ﬂactivity
")

[-configuration

(1888 of activity)

Figure 18.17 Structural changes that improve androgenic and/or anabolic activity.

Small alkyl prevents metabolism
andﬂ oral activity
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TABLE 28.4 Potency Ranking for Topical

Corticosteroids

Potency Ranking Topical Corticosteroids

I. Very high potency Augmented betamethasone
dipropionate

Clobetasol propionate
Diflorasone diacetate
Halobetasol propionate

1. High potency Amcinonide
Augmented betamethasone
dipropionate
Betamethasone dipropionate
Betamethasone valerate
Desoximetasone
Diflorasone diacetate
Fluocinolone acetonide
Fluocinonide
Halcinonide
Triamcinolone acetonide

Betamethasone benzoate
Betamethasone dipropionate
Betamethasone valerate
Clocortolone pivalate
Desoximetasone
Fluocinolone acetonide
Flurandrenolide
Fluticasone propionate
Hydrocortisone butyrate
Hydrocortisone valerate
Mometasone furoate
Triamcinolone acetonide

I11. Medium potency

IV. Low potency Alclometasone dipropionate
Desonide

Dexamethasone

Dexamethasone sodium phosphate
Fluocinolone acetonide
Hydrocortisone

Hydrocortisone acetate
Prednicarbate

The relative potency is based on the drug concentration, type of vehicle used, and the
vasoconstrictor assay as a measure of topical anti-inflammatory activity.
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b o Lals CGMP phosphodiesterase o ;i .1

5 sl oesn Ga g S &5 () uge 033, s Jlb 3ok 51 DAG Y
9500 slwl Phospholipase C (PLC) w571 il

TABLE 2-1 G proteins and their receptors and effectors.
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CAMP i
CGMP o
DAG -
ADP -

G Protein Receptors for Effector/Signaling Pathway
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G, B-Adrenergic amines, histamine, serotonin, glucagon, and many T Adenylyl cyclase —T cAMP

other hormones

Gy, Gia Gia o,-Adrenergic amines, acetylcholine (muscarinic), opioids, Several, including:

serotonin, and many others

Gy Odorants (olfactory epithelium) T Adenylyl cyclase —T cAMP
G, Neurotransmitters in brain (not yet specifically identified) Not yet clear
Gq Acetylcholine (muscarinic), bombesin, serotonin (5-HT,), and

many others

Gy, Gy Photons (rhodopsin and color opsins in retinal rod and
cone cells)

1 Adenylyl cyclase —. cAMP
T e —

T EGMPIBhesphodiesterase — | €GP (phototransduction)
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Cyclic Adenosine mono-phosphate (CAMP) e

cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate; IP3, inositol-1,4,5-trisphosphate.
——————————————————————————————————————————
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Cyclic Guanosine mono-phosphate (cGMP) e
S 02 @

(NO) wlST s @
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DAG o
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FIGURE 2-14 The Ca’*-phosphoinositide signaling pathway.
Key proteins include hormone receptors (R), a G protein (G), a
phosphoinositide-specific phospholipase C (PLC), protein kinase

C substrates of the kinase (S), calmodulin (CaM), and calmodulin-
binding enzymes (E), including kinases, phosphodiesterases, etc.
(PIP,, phosphatidylinositol-4,5-bisphosphate; DAG, diacylglycerol; IP;,
inositol trisphosphate. Asterisk denotes activated state. Open arrows
denote regulatory effects.)
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TABLE 4-3 Phase Il reactions.

Type of
Conjugation

Endogenous
Reactant

Transferase
(Location)

Types of Substrat

Glucuronidation

Acetylation

Glutathi,

Seadllinl & (asdl gt (ADH) 65550000 IS 051 3sbo 51 Jsibl plpedlgss v/
(28 e (ALDH) 559,000 seaull w51 Jleo b plrailgusss 5 358 0 o
5l ol 098 oo dumallin] mezs el 5 03,5 (6 puSolx Sliwl 4 amallivl o ;)
post-withdrawal long-term care of sle 4 L opo peadSI o

5,0 8 5,15 @alcohol use disorder

Ethanol
NAD* CH3CH,0H NADPH + O,
Alcohol
dehydrogenasX X‘EOS
NADH Acetaldehyde NADP* + H,0
CH3;CHO
NAD*
Aldehyde
dehydrogenase
NADH
! ©
Acetate
CH,CO0~

FIGURE 23-1 Metabolism of ethanol by alcohol dehydrogenase
and the microsomal ethanol-oxidizing system (MEOS). Alcohol dehy-
drogenase and aldehyde dehydrogenase are inhibited by fomepizole
and disulfiram, respectively. NAD", nicotinamide adenine dinucleo-
tide; NADPH, nicotinamide adenine dinucleotide phosphate.
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Clonidine -
Yohimbine -o
Brimonidine -z

Midodrine -3
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UDP glucuronic acid
(UDPGA)

Acetyl-CoA

Glutathione (GSH)

UDP glucuronosyl-
transferase
(microsomes)

N-Acetyltransferase
(cytosol)

GSH-S-transferase

Phenols, alcohols, carboxylic
acids, hydroxylamines,
sulfonamides

Amines

Epoxides, arene oxides, nitro

Nitrophenol, morphine, acetaminophen,
diazepam, N-hydroxydapsone, sulfathia-
zole, meprobamate, digitoxin, digoxin

Sulfonamides, isoniazid, clonazepam,
dapsone, mescaline

Acetaminophen, ethacrynic acid,

conjugation (cytosol, microsomes) groups, hydroxylamines bromobenzene

Glycine Glycine Acyl-CoA glycinetrans-  Acyl-CoA derivatives of Salicylic acid, benzoic acid, nicotinic

conjugation ferase (mitochondria) carboxylic acids acid, cinnamic acid, cholic acid,

deoxycholic acid

Sulfation Phosphoadenosyl Sulfotransferase Phenols, alcohols, aromatic Estrone, aniline, phenol,
phosphosulfate (cytosol) amines 3- hydroxycoumarin, acetaminophen,
(PAPS) methyldopa

Methylation S-Adenosylmethionine  Transmethylases Catecholamines, phenols, Dopamine, epinephrine, pyridine,
(SAM) (cytosol) amines histamine, thiouracil

Water Water Epoxide hydrolase Arene oxides, cis-disubsti- Benzopyrene 7,8-epoxide,

conjugation (microsomes) tuted and monosubstituted  styrene 1,2-oxide, carbamazepine

oxiranes epoxide
(cytosol) Alkene oxides, fatty acid Leukotriene A,

epoxides
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Death

A o

Threshold for adverse response

Response

Region of
homeostasis

-« —
Deficiency Toxicity

>

Dose

Figure 2-11. Individual dose-response relationship for an essential sub-
stance such as a vitamin or trace element. It is generally recognized that, for
most types of toxic responses, a threshold exists such that at doses below the
threshold, no toxicity is evident. For essential substances, doses below the
minimum daily requirement, as well as those above the threshold for safety,
may be associated with toxic effects. The blue-shaded region represents the
“region of homeostasis”—the dose range that results in neither deficiency
nor toxicity.
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Figure 2-8. Hypothetical curves for monotonic dose responses and nonmonotonic dose responses. Traditional monotonic dose responses can exhibit increasing
(A) and decreasing (B) changes in response with higher doses. Nonmonotonic dose responses exhibit a number of shapes including a U-shape (C), inverted

U-shape (D), J-shape (E), and variable slope (F).
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