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Main Points

Diphenhydramine acts as an inverse agonist at
its molecular target of action, the H,-
Histamine receptors

Early stages of hypersensitivity response to
allergen

Initial drug trials were not held to same
standard as today’s

Variety of effects due to high tissue
distribution and variety of targets



Discovery

Diphenhydramine was discovered by George Rieveschl, in 1943 at the University of
Cincinnati

He was investigating potential muscle-relaxant drugs by screening several
compounds that his team had synthesized, one of which was diphenhydramine
(beta dimethyl-aminoethyl benzhydryl ether)

By testing this compound on Guinea Pig lleum (intestine), it was shown that
diphenhydramine was not only a potent muscle-relaxant, but also had a potent
anti-histamine effect by antagonizing specific Histamine receptors in capillary
endothelial cells

At the time diphenhydramine was unique in that it was the first antihistamine that
did not cause severe drowsiness.

Because it was so well tolerated, in 1946 it became the first FDA approved
antihistamine, and was marketed using the trade name Benadryl




Blood

Early Stage Response to Allergens

Tissue Lymph Node

@
®
\®)
@
@
Allergen
® @

Antigen
B Presenting Cell

= . F

_/ Plasma Cell

L4 e
Tha Cell



FCeRI- Receptor (Mast Cells)

I

o

Bound §

N
IgE

llllllllllllllllllllllllllllllllll
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
iiiiiiiiiiiiiiiiiiiiiiiiiiiii

||||||||

-----------------------------



Mast Cells

Allergen

Phosphatid

-8 "
-

Ca2+ o i =
Arachidonic acid, " "Ras/MAP kinases axssiyskesatiy A
" i H o L "
5 = Pa
vlv ,l, { S
A b i
PGD2 L e & Myosin light chain
affgmanast y H phosphorylation,
i:: o _granule movement
SNARE complex
formation,

_membrane fusion_

Cytokine RNA
@m@ Cytokines
fm sees l, ek can
0 plasma
PGD2,  LTC4-» LTD4--» LTE,4 @@@ TNF, others Histamine ’. ’! ° membrane

| Lipid mediators I Cytokines |Granule contents I



Mediators Derived from Mast Cells
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The H,-Histamine Receptor

* The H;-Histamine receptor is expressed throughout the body in smooth
muscle cells, vascular endothelial cells, and in the neurons of the central
and peripheral nervous system. It is central in initiating a Type |
Hypersensitivity response (commonly referred to as an allergic reaction)

 The H; receptor is a G-protein coupled receptor that acts via the second

messenger phospholipase C (PLC) and phosphatidylinositol (PIP2) signal
cascade
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Type | Hypersensitivity Response

Depending on the cell type expressing the H; Receptor, the effects of the signal cascade differ.

In vascular endothelial cells, increased Ca?* levels leads to vasodilation of capillaries, and vascular
permeability of blood vessels. (Responsible for swelling and inflammation response)

In bronchial smooth muscle cells, increased CaZ* levels lead to constriction of bronchial
passageways

In neuronal cells, Phospholipase C also inhibits cell membrane K*- leak channels, causing the cell
membrane to depolarize. This brings the neurons closer to their firing threshold potential, which
causes an increase in the frequency of neuron firing. (Responsible for itching and pain response)
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Chemical Properties of
Diphenhydramine

Diphenhydramine is an antihistamine that acts by
competing with free Histamine for binding at H, receptor
sites, leading to an antagonizing effect

Molecular Weight: 255.35 (small molecule)

Protein Binding: 98 to 99% (high Volume of Distr.)

Water Solubility: 3060 mg/L (at 37 °C)

Log P = 3.27 (very lipophilic)

oct/water™

pKa = 8.98 (basic)

T,,=1to 4 hours ‘
Follows Lipinski’s rule of Five O



Molecular Target: The H,-Histamine
Receptor

When bound to the H, receptor, diphenhydramine does not act as a strict antagonist,
but can be described as an inverse agonist.

A neutral Antagonist has no efficacy in the absence of an agonist

Therefore, if the efficacy of a full agonist is 100% the effect of the natural ligand, then a
neutral antagonist has 0% efficacy, and an inverse agonist has < 0 % (i.e. negative)
efficacy
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Molecular Target: The H,-Histamine
Receptor

NF-xB- and calcium ion channel-modulated anti-allergic effects
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Bioavailability

Diphenhydramine is highly
lipid-soluble, can cross the BBB,
and is absorbed in the Gl tract

Peak plasma concentration is
reached 2-3 hours after
administration (orally)

Diphenhydramine is a substrate
for P-glycoprotein transporter,
and the solute carrier family 22
(members 1,2, and 5), both
expressed in the liver and
kidney

Very little, if any, of the
unchanged compound is
excreted in the urine. Most
appears as a product of
metabolic transformation in the
liver.

20 =

10 =

Diphenydranine {ng/mil}

Time (h)

Plasma concentrations of Diphenhydramine
following administration. Valoti, et al.



Metabolism

Diphenhydramine is metabolized by two successive de-methylations of the tertiary anime group,
followed by oxidative de-amination of the primary amine into its carboxylic acid form

Diphenhydramine is a known substrate for the following Cytochrome P450 enzymes: CYP2C9,
CYP2C19, CYP1A2,CYP2D6, and CYP2B6

Phase 1:
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Metabolism

*  Diphenhydramine is metabolized via two successive de-methylations of the tertiary anime group,
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Metabolism

*  Diphenhydramine is metabolized via two successive de-methylations of the tertiary anime group,
followed by oxidative de-amination of the primary amine into its carboxylic acid form

e Diphenhydramine is a known substrate for the following Cytochrome P450 enzymes: CYP2C9,
CYP2C19, CYP1A2,CYP2D6, and CYP2B6

. Phase Il: OH
NH,,
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N,N-Didesmethyl Diphenhydramine Diphenylmethoxyacetic Acid



Pharmacokinetics

e Drug Class: Antihistamine, Antiemetic, Sleep aid, Sedative, CNS depressant
Absorption
® .40-.60 Bioavailability; Plasma Half Life = 8.5 +/- 3.2 hours.
® Appears in plasma within 15 minutes following oral administration of a single dose; peak plasma
concentrations are attained within 1-4 hours (~60-70 ng/mL)
e Effective antihistamine concentrations are greater than 25 ng/mL, drowsiness can be observed at
30-40 ng/mL, and mental impairment may be observed with concentrations above 60 ng/mL.
e Antihistamine effect peaks within 1-3 hours and persists for up to 7 hours after administration of a
single dose, but timing is dose-dependent.
Distribution
e Highest concentrations detected in the lungs, spleen, and brain in rats; small amounts detected in

the heart, muscle, and liver.

e Plasma Protein Binding - Approximately 80—85%.

Metabolism

e Rapidly and apparently almost completely metabolized.

e Undergoes substantial first-pass metabolism in the liver following oral administration.

Elimination
e Excreted in urine (50-75%) mainly as metabolites.



Dosage/Available forms

Recommended dose for use as an antihistamine:

- Adults: 25-50 mg every 6-8 hours, not to exceed 50-100 mg every 4-6
hours.

- Children: 12.5 - 25 mg 3 to 4 times daily.

Available Forms:

- Available in capsules, tablets, chewable tablets, syrups, elixirs, topical, and
injectable forms in a variety of prescription and over-the-counter medications.
Products contain diphenhydramine alone or in combination with other drugs
such as pseudoephedrine and acetaminophen (Tylenol PM.)



Early Animal Models
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F16. 1. Distribution of Benadryl in rat tissues. 2 mg. of Benadryl hydrochloride
per 100 gm. of weight were administered subcutaneously. Each point represents
the average results from three animals. Concentrations are expressed as miero-
grams of Benadryl base per gm, of tizsie, correeted for normal tissue blanks.

Distribution throughout rat tissue




Early Animal Models
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Fic. 2. Distribution of Benadryl in guines pig tissues. 2 mg. of Benadryl hydro-
chloride per 100 gm. of weight were given subcutaneously. Each point represents
the average results from three animals. Concentrations are expressed as micrograms
of Benadryl per gm. of tissue, corrected for normal tissue blanks,

Tasg 11
Benadryl Concentration in Guinea Piy Tissues
1 mg. of Benadryl hydrochloride per 100 gm. of body weight was administered
in aqueous solution by the routes indicated. The animals were sacrificed 1 hour

later, and tissues analyzed for Benadryl. The figures express Benadryl concentra-
tions as micrograms of free base per gm. of tissue.

Route of administration
Tissue et < e
Oral Subcutaneous
Lung. ...l 14.9 | 76.6
Spleen. . ....................... 5.3 ! 19.0
Brain, ..o, 0.3 ; 6.3
RS s sy o 2.4 , 0.5
MMIEIE. onisaamn vy 0.4 ' 3.7
7 R R SRR 0.6 6.7
Plagma: . vomminasaiiniinss 0.2 1.7
Erythrooytes... .............. ., 0.2 1.3
L A A s g et ! 1.9




Early Animal Models

Tamie I
Degradation of Benadryl by Various Trasues

80 # of Benadryl hydrochloride were incubated with 1 gm. of minced tissue in
Tyrode's solution for 16 hours, and then analysed for Benadryl. The amount of
degradation is expressed as per cent of Benadry] oripinally added.

Tissue Rat F Guinea pig | Rabhit
Liver 97 " 06 99
A it e i e e 0 | 4 i 14
Kidney | 25 | 8 ! N
BrRidd: s s s i I 8 | 4
Bl o b atame il : 5 a
Splesn. ... 4 | 2 i 1
Musele, . ....oovvviiiiviiiinindd 3 l i i 13

These results suggest that Diphenhydramine hydrochloride is predominantly
metabolized in the Liver, with a small degree of metabolism isolated to the
lungs and kidney.



Early Clinical Trials
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Figure 2. Plasma concentrations of diphenhydramine and its
metabolite following intravenous and oral edministration of
diphenhydramine to a representative subject.




Early Clinical Trials

TABLE |
Mean Kinetic Varlables for Diphenhydramine (DP) and its Demethylated Metabolite (DMDP)*
DP Kinetics DMDP Kinetics
Varlables Intravenous Oral After IV DP After oral DP

Volume of distribution (L/kg) 4.54 + 0.87

Elimination half-life (hr) 85+ 1.0 9.2+ 1.2 9317 7309
Clearance (mL/min/kg) 6.16 + 0.53

Total AUC (hr-ng/mL) 887 + 56 667 + 116 145 + 25 218 + 34
Peak plasma concentration (ng/mL) 66.3 £ 6.9 831l 174 + 25
Time of peak (hr after dose) 23£0.2 64+13 39108
Systemic availability (fraction of IV) 1.00 0.72 £ 0.08

*Variables expressed as mean t standard error.

AUC = area under the plasma concentration-time curve; IV = intravenous.




Early Clinical Trials

TABLE II

Comparison of Pharmacokinetic Variables for Diphenhydramine Among Published Studies
Mean Kinetic Yariables for Diphenhydramine

vd Half-life | Clearance
Reference (L/kg)* (hr)* ~ (mb/min/kg)* Oral Bioavallability
Albert, et alf (N = 2) - 5.6 — 0.50t
Carruthers, et a (N = 6) 3.29 3.3 11.2 0.43
Berlinger, et al* (N = 5) 417 41 12.1 0.61
Spector, et al®
Meredith, et al® (N = 8) 8.04 93 9.8 _-—
Present study (N = 10) 4,54 8.4 6.2 0.72

*Kinetic variables after intravenous dosage; tapproximation.
Vd = volume of disiribution; N = number of subjects.




Recent Comparative Studies

Efficacy of first generation antihistamine diphenhydramine in treating patients with
seasonal allergic rhinitis (SAR) was compared to the efficacy of the second
generation antihistamine desloratadine:

A 1-week, multicenter, parallel-group, randomized, double-blind, double-dummy,
placebo-controlled study provided 610 patients with moderate-to-severe SAR
received 50 mg of diphenhydramine hydrochloride 3 times daily, 5 mg of
desloratadine once daily, or placebo. Daily 24-hour reflective total nasal symptom
scores (TNSSs) (primary end point), total symptom scores, and individual symptom
scores were evaluated.

Double dummy is a technique for retaining the blind when administering supplies in
a clinical trial, when the two treatments cannot be made identical.



Recent Comparative Studies
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Figure 3 Least squares mean reductions from baseling in 24-hour reflective individual symplom scores. Asterisk indicates P = 001 vs placebo; dagger, P =
D01, diphenbydramine vs desloratadine; double dagger, P = 05 vs placebo; section mark, P = 01, diphenhydramine vs desloratadine; paragraph symbol, P =
D1 vs placebo; and parallels, P = .05, diphenhydramine vs desloratadine. Error bars represent SE.




Recent Comparative Studies
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Figure 4. Daily analysis of the patient nasal congestion score. P values were derived from least squares means for change from baseline. Asterisk indicates
P = 05 vs placebo; dagger, P = 001 vs placebo; double dagger, P = 05, diphenbydramine vs desloratadine; section mark, P = 001, diphenhydramine vs
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Recent Comparative Studies

Table 4. Summary of Adverse Events Occuming in at Least 2.0% of Patients: All Randomized Partic ipants™
Patients, No. (%)

Adverse event Diphenhydramine Desloratadine Placebo group
group (n =204} group (n = 202 (n = 204)
Somnolence (reported at any time) 45 (22.1) 9 {4.5) 7(3.4)
Dry mouth 10 (4.9) 3 (1.5) 1{<1.0)
Asthenia 9 (4.4) 7(3.5) 0
Headache 5 (2.5) 8 (4.0) 1{=1.0)
Dizziness 5 (2.5) 0 1{<1.0)
Somnokence reported at visit 2 onlytt 44 (21.6) 7 3.5) 7 (3.4)
Somnokence reported at visit 3 onhyt§ a2 (15.7) 9 (4.5) 3(1.5)

" Included any patient who was randomized to treatment.

T The visit 2 window includes events experienced on days 0to 4 (inclusive).

1 The incidence rates from visit 2 and visit 3 are not additive, they represent the same patients. Diphenhydramine had only 1 patient reporting
somnolence at visit 3 who did not also report somnolence at visit 2.

& The visit 3 window includes events experienced on day 5 onward.




Adverse Reactions

Diphenhydramine demonstrates both stimulant and depressant effects on the central nervous system although
stimulation is only occasionally seen in patients given conventional doses with accompanying restlessness,
nervousness and inability to sleep.

Companies have capitalized on the depressant effect on the CNS. Diphenhydramine is used as prophylactic and
active treatment of motion sickness and, more broadly, as an antinauseant and in the treatment of mild
forms of Parkinsonism. (Motrin, etc)



Adverse Reactions

The most frequent adverse reactions are underscored.

1. General: Urticaria, drug rash, anaphylactic shock, photosensitivity, excessive perspiration, chills, dryness
of mouth, nose, and throat

2. Cardiovascular System: Hypotension, headache, palpitations, tachycardia, extrasystoles

3. Hematologic System: Hemolytic anemia, thrombocytopenia, agranulocytosis

4. Nervous System: Sedation, sleepiness, dizziness, disturbed coordination, fatigue, confusion, restlessness,
excitation, nervousness, tremor, irritability, insomnia, euphoria, paresthesia, blurred vision, diplopia,
vertigo, tinnitus, acute labyrinthitis, neuritis, convulsions

5. Gl System: Epigastric distress, anorexia, nausea, vomiting, diarrhea, constipation

6. GU System: Urinary frequency, difficult urination, urinary retention, early menses

7. Respiratory System: Thickening of bronchial secretions, tightness of chest or throat and wheezing, nasal
stuffiness



Potential Drug Interactions

Effects of diphenhydramine are increased by the presence of alcohol, MAOI’s, diazepam, hypnotics, sedatives,
tranquilizers, and other CNS depressants. Alcohol enhances such effects as drowsiness, sedation and
decreased motor skills. These decrements in effect are more pronounced in the elderly.

MAOI’s prolong and intensify the anticholinergic effects of diphenhydramine.
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