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ANTIHISTAMINES AND DRIVING-RELATED BEHAVIOR:
A REVIEW OF THE EVIDENCE FOR IMPAIRMENT BY
FIRST- VERSUS SECOND-GENERATION H{-ANTAGONISTS

Herbert Moskowitz, Ph.D. and Candace Jeavons Wilkinson, Ph.D.

1. INTRODUCTION
1.1 Statement of The Problem

The single largest contributing factor in fatal motor vehicle crashes in the United States is
alcohol-induced impairment (AMA Council on Scientific Affairs, 1986). While this has been the
case for many years, there also has been an increasing awareness of the traffic safety risks due
to the behavioral toxicity of drugs other than alcohol. These include not only illicit drugs, such
as cocaine and marijuana, but also medicinal drugs available by prescription or over the
counter. In particular, the widespread use of antihistamines (i.e., histamine H4-receptor
antagonists, or Hi-antagonists for short) presents a particular focus for concern since the 1°-
generation Hy-antagonists are well recognized for often causing sedation and central nervous
system (CNS) dysfunction which can jeopardize safe driving. Moreover, these drugs also have
additive effects with alcohol and other CNS depressants. An awareness of such safety risks
actually was known more than 50 years ago with the initial introduction of clinically-useful H4-
antagonists. For example, in the same year that it received marketing approval by the Food and
Drug Administration (FDA), 1946, diphenhydramine (Benadryl) was implicated as a contributing
cause of a workplace accident involving impaired driving of a platform cargo truck (Slater &
Francis, 1946). And more recently, a study of the association of 3,394 work-related injuries and
prior usage of medication (as determined from actual pharmacy records) found a statistically
significantly increased risk of injury (odds ratio = 1.5) among users of sedating antihistamines
(Gilmore et al., 1996).

Currently, there are more than 60 antihistamines available for oral administration (Maibach,
1988) and many of these are freely available without prescription (i.e., over-the-counter).
Commonly, antihistamines are the primary active ingredients in the myriad of cold and flu
preparations. Antihistamines also are used individually as 1°-line treatment for the prevalent
allergic conditions of rhinitis and chronic urticaria. Other treatment indications for these H;-
antagonists include motion sickness, vertigo associated with Meniere’s disease, vascular
headaches, and tremors of Parkinsonism. These drugs also are used for their antipruritic (i.e.,
for itching), antiemetic (i.e., for nausea), antitussive (i.e., for cough), anxiolytic (i.e., for anxiety)
and sedative effects (i.e., for insomnia). Such widespread use underscores the increasing
scope of the potential safety risks associated with their use by the driving population.

Notably, most states have enacted laws which prohibit driving under the influence of any drug
that impairs driving (U.S. DOT, 1996); this, of course, would include sedating antihistamines that
disrupt alertness, perception and performance. At the federal level, recent reports have focused
on safety standards relating to the use of antihistamines both by workers in the transportation
industry as well as by the driving public (cf. Office of the Assistant Secretary for Transportation
Policy, Office of Environment, Energy and Safety, 1998). In brief, there have been increasing



traffic safety concerns about the possible detrimental effects of medicinal drugs including the
widely used antihistamines. But what evidence is there? The answer requires an examination
of the problem from several perspectives. As suggested in an early review of alcohol, drugs
and traffic safety (Smiley & Brookhuis, 1987; p. 83), “epidemiological studies, laboratory tests of
driving-related skills, simulator studies and on-road studies each provide a vital part of the
evidence establishing the role of any given substance to traffic safety.” The current review will
focus on each of these perspectives, but will only provide a brief summary below of the
epidemiological data and its limitations.

1.2 Limitations of Epidemiological Data

The scientific literature regarding impairment of driving-related skills performance by
antihistamines consists primarily of experimental studies. These are studies where subjects or
patients are administered known doses of antihistamines and then their performance is
compared with that under placebo treatment or under comparable antihistamines. The
emphasis on experimental studies in this report is due to the paucity of epidemiological studies
and the difficulties in interpreting their results.

One of the earliest epidemiological studies of drugs and traffic safety was performed by Skegg,
et al. (1979). The authors reviewed the prescription history for more than 43,000 patients over a
two-year period. During that period, 57 people in the sample were injured or killed while driving
either an automobile, motorcycle or bicycle. For these victims, the drugs prescribed in the
preceding three months were compared with those in 1,425 control patients who were selected
from the overall sample population as having the same gender, age and prescribing physician.
Three of the crash-involved drivers, or 5.3% of the crash group, had been prescribed an
antihistamine. Forty-three control drivers, or 3.0% of the control group, had received an
antihistamine prescription. The relative risk is 1.8, but obviously this is not significant since it is
based on only three injured drivers. It should be noted that in this study, tranquilizers and
sedatives as a class showed a statistically significant, relative risk of 5.2.

Ray, et al. (1992) performed a similar study examining the relationship between psychoactive
drugs and the risk of a motor vehicle injury crash in elderly drivers in a medicaid program. The
advantage of using elderly drivers, over age 65, is that objective data were obtained from the
Tennessee medicaid program regarding prescription drug use. Only drivers involved in an
injury crash were included in the study, because it was believed that collisions involving only
property damage are substantially under-reported and therefore would be less reliable. More
than 16,000 people were in the study group which reported 495 injury crashes in a four-year
period. Considerable information was available, both from the medical records and the drivers
license records. The study employed a multiple regression analysis which controlled for many
of these factors. The relative risk of involvement in an injury crash was 1.2 for current
antihistamine use. The 95% confidence interval ranged from a relative risk of 0.6 to 2.4. Again
there appears to be only a trend (i.e., statistically insignificant effect) to suggest that the use of
antihistamines actually results in an increased crash rate. As noted, this study examined an
elderly population. Whether or not an interaction exists between the effects of antihistamine use
and age, however, has not been determined.

In a 1992 study by Terhune, et al., blood samples were collected from 1,882 fatally injured
drivers from seven states during fourteen months in1990 and 1991. The prevalence of
antihistamines in body fluid samples from these drivers was 0.6%. In order to determine the
significance of the presence of antihistamines, since no comparable control group was
available, the authors used a culpability/responsibility analysis which relied on expert raters



utilizing police reports of the crash to assign responsibility. Only six drivers had antihistamine
present and the responsibility rate was not explicitly stated by the authors, except to indicate
that it was not significant.

A 1993 study by Crouch, et al., of 168 fatally injured truck drivers failed to uncover any drivers
with an antihistamine present. In contrast, in a study by Warren, et al. (1981) of 768 fatally
injured drivers from Ontario, Canada in 1978 to 1979, nine drivers were found to be using
antihistamines. A culpability rate analysis indicated a 1.5 culpability rate.

It should be noted that there is considerable difficulty inherent in the attempts to use culpability
analysis to compensate for the difficulty of obtaining adequate control groups. Shinar, et al.
(1983) compared traffic crash reports by the police with those generated by a university-based
investigational team, for example, and found that the police reports frequently omitted important
information especially with regard to human factors. In addition, Waller (1982) criticized
epidemiological studies of drug effects in driving which relied on culpability/ responsibility
analysis because they failed to control for important determinants of driving crash rates such as
time and place of collision and characteristics of the drivers. Waller compared studies using
culpability analysis with studies utilizing the data of the Grand Rapids alcohol study
(Borkenstein, et al., 1964). The Grand Rapids study provided information regarding covariates
from both the crash-involved and control groups. This enabled researchers examining the
Grand Rapids findings to extract the specific effect of alcohol on crash probability from the
influence of variables such as age, gender, drinking practices, etc., which all contribute to an
overall crash probability.

It would appear that epidemiological studies involving known populations with verifiable drug
use are more likely to produce secure information than epidemiological studies that begin with
drivers injured or killed on the road. These latter types of epidemiological studies have no
comparable control groups even were we to rush to the scene of crashes, such as was done in
the Grand Rapids study. While the Grand Rapids study was able to obtain breath alcohol
samples from both crash and control drivers, efforts to obtain blood or urine samples from
drivers have been notably unsuccessful. Moreover, even if we had blood samples from both
groups, crash and control drivers, interpreting the behavioral implications of plasma drug levels
is extremely difficult, as others have already elucidated in detail (e.g., Chesher, 1985).

We typically know the most about drugs detected in fatally injured drivers. However, we also
know from studies on alcohol that the probability of being involved in a fatal crash is highly
dependent on the blood alcohol concentration (BAC). It is not merely the probability of being
involved in a crash that increases with BAC level; but given that you are involved in a crash,
there is an additional interacting factor that the probability of death increases with BAC. There
is nothing about the studies on antihistamines, however, that would suggest that the magnitude
of behavioral effects are comparable with those associated with moderate to higher BAC levels.
Thus, the lower magnitude of impairment by the antihistamines would be unlikely to show up in
studies of fatal crashes unless the numbers were huge.



We conclude that the epidemiological evidence obtained from studies where 1st-generation
antihistamines were commonly used suggests a trend toward some impairment, but not of great
magnitude compared with the increased risks associated with alcohol. In summary, given the
limitations of epidemiological studies, we believe that experimental studies provide the
fundamental method for investigating the direct relationship between a given medication dose
and driving efficiency in actual practice. That is, our evaluation of the effects of antihistamines
on driving must rest primarily on experimental laboratory studies where we have known dose
levels, placebo controls and established experimental response measures. As a background for
evaluating such experimental studies of the effects of antihistamines on driving-related
performance, a brief description of the clinical pharmacology of the Hi-antagonists is presented
next.

1.3 Clinical Pharmacology & Issue of Drug Choice

Although the exact mechanisms of action for the histamine H4-receptor antagonists remain
unknown, the role of histamine as a neurotransmitter is now firmly established. Histaminergic
pathways are widespread in the CNS and appear to be related to mechanisms that support
alertness and vigilance during the wakeful state and the balance between wakefulness and
slow-wave activity during sleep (Nicholson et al. 1985). Histamine, an endogenous substance
first recognized in 1927, has strong vasodepressant and smooth muscle stimulant actions
(Garrison, 1990). Considerable research since then has elucidated histamine’s roles in
mediating the immediate allergic response [via Hy-receptors], regulating gastric acid secretion
[via Ho-receptors] and possibly functioning as a neurotransmitter [via Hs-receptors] (White,
1990). The focus of the current review is limited to the Hi-receptor antagonists.

The H4-antagonists bind to peripheral and central Hi-receptors and thereby block or, more
accurately, compete with histamine’s effects. That is, the effectiveness of the Hi-antagonist
medications is related to the relative concentrations of histamine and its antagonist at the
receptor site: an adequately high and frequent enough dosage of the drug is required in order to
maintain sufficient concentrations to compete with histamine. An effective dose, however, often
is associated with deleterious side effects which include, at least for the classical or 1°-
generation drugs, sedation and anticholinergic effects such as dry mouth, nose or throat. The
sedative side effects of the 1%-generation Hi-antagonists are due to their affinity for central H;-
receptors and their liposolubility which enables them to cross the blood-brain barrier. The
anticholinergic and other adverse side effects arise from the 1%-generation Hq-antagonists’
affinity for muscarinic anticholinergic, **-adrenergic, and serotonin receptors.

Newer, 2“d-generation Hi-antagonists have been developed in the past decade. Their
availability provides allergy patients the choice of new drugs which have little or no side effects
such as the sedation and psychomotor impairment often found with the 1%-generation drugs.
The 2™-generation drugs penetrate poorly into the CNS and so are relatively non-sedating, in
contrast to the 1°-generation drugs which readily penetrate the blood-brain barrier. Also, the
newer drugs have little or no affinity for muscarinic cholinergic, **-adrenergic, and serotonin
receptors. This is in contrast to the 1¥-generation drugs which do possess such activity. These
factors may contribute to the relative lack of adverse CNS or peripheral effects by the 2"-
generation drugs (Simons, 1994). Of note, in the 2"-generation drugs, there appears to some
difference in potential side effects associated with the piperidine class (e.g., astemizole,
fexofenadine, loratadine, and terfenadine) versus the piperazine class (e.qg., cetirizine).

In sum, the pharmacodynamics and side effects profiles of the 2"'-generation H4-antagonists
suggest that these newer drugs offer a safety advantage particularly for patients who drive, pilot



aircraft or operate machinery and must avoid the sedation and impaired performance which are
commonly found with the 1%-generation drugs. Prior reviews of the experimental studies which
have examined the effects of Hy-antagonists on performance measures from laboratory tests,
driving simulators and on-road driving generally have concluded that the 2"-generation drugs
do pose little or no risk to safe driving. The major prior reviews of those findings are
summarized below.

1.4 Prior Reviews of Hi-antagonists

Starmer (1985) provided the earliest review of the evidence concerning antihistamines and
traffic safety. He concluded that experimental studies found sedation, impaired performance
skills and additive effects with alcohol and other CNS-depressant drugs to be prominent within
the heterogenous group of 1%-generation Hi-antagonists. He noted, however, that these drugs
were seldom identified as causative factors in traffic crashes, possibly due to inadequate
reporting. Finally, the several newer, or 2"-generation Hy-antagonists available for study at that
time all appeared to have little CNS effect and so presented less risk of impaired driving.

More recent reviews have included those by Rombaut & Hindmarch (1994), Hindmarch (1995),
and Adelsberg (1997). The most comprehensive evaluation, however, is provided by Simons
(1994) who reviewed the comparative safety of the 1°'- and 2"*-generation Hi-antagonists in
terms of CNS function as well as for cardiovascular adverse effects (specifically seen with some
of the newer drugs). Simons, as other reviewers, concluded that the 2“d-generation Hi-
antagonists are relatively devoid of sedation and CNS impairment, and so they clearly do
provide a better “benefit-risk ratio” than do the 1%-generation drugs. Nonetheless, most
reviewers also noted that the findings for cetirizine, a 2"°-generation drug, were rather mixed,
with some reports of sedation and performance impairment on laboratory tasks as well as on
actual driving. The prior reviews also emphasized the difficulty in evaluating the safety profiles
of a given drug since the doses, tasks and measures across the studies varied widely.

1.5 Focus of Current Review

Over five years have passed since the most comprehensive review of antihistamines’ effects
was published (Simons, 1994). Thus, the present review was undertaken to provide a current
status of the experimental evidence for impairment of driving-related skills by 1°- versus 2"-
generation Hi-antagonists. Importantly, many more studies of the 2"*-generation drugs have
been published during this time. Hopefully, these newer studies have employed refined
methods and more sensitive measures to detect drug-induced sedation and impairment. Also
of note, Simons’ (1994) review included approximately 50 controlled studies which compared
drugs from the two generations in a single design. However, there are many more studies of the
Hi-antagonists if one also considers experiments which only examined drugs from one
generation or the other. For example, the 1°-generation Hy-antagonists often are included as a
positive control drug in studies of various drugs other than the antihistamines. Also, some study
designs test only a single drug, from the 1 or 2"-generation, against a placebo control.

The purpose of the current review is to summarize and evaluate the results of experimental
studies measuring the effects of 1°- and/or 2" -generation Hi-antagonists on behavioral and
cognitive performance skills relevant for driving. Measures of subjective sedation also are
evaluated but only if they were part of a study primarily investigating behavioral or cognitive
effects. That is, this review did not include clinical trials which were limited only to reported



adverse effects or subjective ratings. Alcohol’s effects on driving-related performance have
been studied extensively and can be used as benchmark to evaluate the traffic safety profile of
medicinal drugs. Thus, for consistency and comparison, the current review organized the
performance measures generally within the same behavioral categories as employed in the first
author’s prior reviews on alcohol’s driving-related effects (Moskowitz & Robinson, 1988;
Moskowitz and Fiorentino, 2000). Finally, studies investigating acute and chronic doses were
considered for this review, whereas studies of drug-alcohol (and drug-drug) interactions were
not included since such studies were more limited in number.



2. METHOD

Computer-assisted searches of bibliographical data bases were conducted to identify scientific
publications for the initial review. Specifically, MEDLINE and related search engines were used
to identify well-designed human studies investigating the behavioral, cognitive and sedative
effects of antihistamines. Search terms included: antihistamines, H1-antagonists, psychomotor
performance, driving, performance impairment, and cognitive effects. Publications through the
end of 1998 were included; no particular date limit was set regarding earlier publications,
although it should be noted that MEDLINE typically does not include publications prior to 1966.
This primary computer-assisted search was supplemented by review of the references cited in
the retrieved publications as well as consideration of reports of pertinent studies known to the
authors. Therefore, in addition to published journal articles, some abstracts, proceedings, and
reports of conference presentations also were included. Although an extensive literature search
was conducted, the results cannot be viewed as exhaustive.

The titles (or abstracts) of the identified references were evaluated for initial inclusion according
to the following criteria: the article (or detailed abstract) was available in English, the study
tested healthy human subjects (or allergy patients), measures included driving-related
performance tasks, antihistamines were administered in an experimental setting, a placebo
control treatment was included, and statistical tests compared the treatment(s) to placebo. All
publications appearing to meet these initial criteria were indexed as the master reference set
and copies of the articles were sought for intensive review. This master set included 386
references selected from more than 500 titles/abstracts reviewed in the initial focused search.
Of the 386 references identified, 256 were excluded from the intensive review and analysis for
the following reasons, as shown in Table 1 below:

EX# TABLE 1. REASONS FOR STUDY EXCLUSION: no. %
1 NOT in English; OR English summary lacks sufficient detail to review 14 5.5
2 NOT adult subjects; OR not healthy volunteers or allergy patients; Excluded 10 3.9
other clinical patients (e.g., abstinent alcoholics, depressed patients)

3 |INO driving-related tasks used in the experiment; (but coded subjective sedation 42 164
only from studies which tested at least one behavioral/cognitive measure)

4 NO key drugs included (per top 5 for each H1-antagonist generation; see lists) 67 26.2

5 |Inadequate methodology (need at least Placebo; best if +Control also included) 10 3.9
OR statistical tests only used baseline change, not comparison with Placebo

6 INOT an experiment; e.g., Review paper with no new experiments reported; or 80 31.2
Review of pharmacology or clinical effects, epidemiology, or case report, etc.

7 |Prior published data; (Note: included earliest publication unless later paper 17 6.6
provided a more detailed report of the findings)

8 |Unable to obtain copy of article for detailed review 13 51

9 |Copy obtained, but article had insufficient detail to allow review of criteria 3 1.2

TOTAL: 256 100%

The remaining 130 publications which met all inclusion criteria were then subjected to intensive
review and the findings were coded and entered into the data base for summary and analysis.
The complete citations for this final set of 130 publications appear as REFERENCE LIST B at
the end of this report. Originally, 132 articles were deemed appropriate for the intensive review
and so they are indexed in the data base (and in all appended Tables and listings) as Reference



Numbers 1-132 in alphabetical order by first author. Subsequently, four of these articles were
excluded from the review set (Ref# 10, 52, 72, and 118) and two additional publications
(published in late 1998) were identified and added to the data base. However, to avoid major
recoding and reorganization of the data base, the two added articles simply were indexed as
Reference #133 (Comer et al., 1998) and #134 (Scavone et al., 1998). As such, they appear at
the end of the data base and reference list, rather than in alphabetical order.

A complete listing of the individual studies, with impairment findings grouped according to the
behavioral skill categories (discussed in detail below), is presented in Appendix A. In addition,
for each task category, an overall summary table of “Skills performance impairment as a
function of antihistamine (Drug/Dose), task category and dosing (Acute/Repeated)” was
generated to present the counts of YES and NO for significant impairment. An example of such
a “YES/NO Counts” table is presented in Appendix B. The tables in Appendix A and B also
summarize the findings by drug generation as a class.

Details of the data base coding system can be found in an example of one of the individual
Study Summary Sheets which were generated for all 130 articles (see Appendix C for an
example). In brief, each article was reviewed and the information for the Citation, Method, and
Results of each reported study was entered in the data base. Of note, seven publications
reported more than one experiment; in these cases, the data base includes the single Citation,
but separate Methods and Results sections for each of the studies which are indexed by the
single Reference number plus a letter; (e.g., Reference #18 reports two separate studies:
these are indexed as Reference #18A and #18B). The 130 publications reflect a total of 138
separate studies; these are included in the data base for this review.

The results from each study were coded, at the level of drug dose and task measure, for
evidence of significant impairment, i.e., YES or NO. With few exceptions, “significant” means
that the study reported a statistical test of the given drug’s dose versus placebo at p < 0.05.

Nearly 40 different antihistamines were represented in the master data set of publications which
were identified in the initial, focused literature search. In many cases, only a few studies (and
sometimes only one study) examined a given drug, and many of the drugs are (were) only
available in Europe. Consequently, in order to ensure an adequate sample of studies for this
review, and to be relevant to the medications available to the U.S. population of drivers, we
decided to focus only on the five most widely prescribed and/or studied drugs from each
generation. These 10 drugs are described in detail in Table 2, as shown on the next page.

A table which lists all of the studies in this review, presented with the YES/NO codes across all
10 drugs, is presented in Appendix D. This listing provides a concise overview of the specific
drugs examined in a given study. Of note, the majority of studies focused on only one of the 10
drugs. Only 12 studies involved a comparison of two different 2"°-generation drugs, and only a
single study (Simons, 1996) examined a group of 2"-generation drugs in comparison to placebo
and to a 1¥-generation antihistamine as the positive control (e.g, diphenhydramine).



TABLE 2.

THE TEN DRUGS SELECTED FOR REVIEW

First-generation H1-receptor antagonists

Code generic hame: Trade name: | Drug CLASS |ndicated DOSE Tmax Steady State
D1" chlorpheniramine Chlor-Trimeton  Alkylamines 4 mgtid, qid 2-6 hr | T1/2: 20-24hr
D2 [clemastine Tavist Ethanolamines 1.34 bid - 2.68 tid |2-4 hr

D3 diphenhydramine Benadryl EthanZT;mines 25-50 mg tid,qid  2-4 hr |T1/2: 8 hr
D4 hydroxyzine Atarax Piperazines |25 mgtid, qid 2-3 hr |T1/2:29 hr
D5 tripolidine Actidil Alkylamines iﬁ?“é’ngdégid ~2hr T1/2: ~2hr

Note: There are six generally recognized chemical classes of
antihistamines: Alkylamines, Ethanolamines, Ethylenediamines,
Phenothiazines, Piperazines, and Piperidines.

SR = sustained release

T1/2 = Half-life

Second-generation H1-receptor antagonists:

Note:

loratadine was derived from azatadine; cetirizine is the carboxylated metabolite

Code generic nhame: Trade name: | Drug CLASS |ndicated DOSE Tmax Steady State
N1 astemizole Hismanal Piperidines [10mgad 1hr 6-9days

N2 cetirizine Zyrtec Piperazines 10mgaqd,bid — 1hr  T1/2:7-11 hr

N3 fexofenadine Allegra Piperidines 60 mg bid 1-2 hr | T1/2: 13-16 hr
N4 |loratadine Claritin Piperidines |10mgad :"1 .5 |5days

N5 terfenadine Seldane Piperidines 60 mg bid 2.5hr 2-3days

of hydroxyzine; fexofenadine is the hydrochloride salt of terfenadine’s active metabolite.

Each drug was indexed in the data base and in all generated figures and listings by a drug code
number: D1-D5 and N1-N5, respectively, reflect the five drugs in the 1-, and 2"-, generations.
Only one study of fexofenadine’s effects on driving-related behavior has been published to date

(i.e., through the end of 1998 in this review). lIts inclusion in this review, however, is warranted
by its current status as one of the most widely prescribed antihistamines and the fact that its

chemical structure is identical to terfenadine’s active metabolite, except that fexofenadine is the

hydrochloride salt. Terfenadine was taken off the market in early 1998 after increased reports
of cardiovascular adverse effects. Nonetheless, as the parent drug to fexofenadine, the many

studies of terfenadine are included in this review for their continued relevance for understanding
the drug mechanism and impairment effects of the 2" generation drugs. In addition, astemizole
recently was removed from the market due to safety concerns.

In addition to the drug coding, the results for each study were entered in the data base
according to the planned analysis of the ten behavioral skill categories, as shown in Table 3
below. In addition, as noted earlier, subjective measures of sedation were analyzed if the
study also had tested at least one behavioral or cognitive measure.




Table 3. NUMBER OF STUDIES AND TEST FINDINGS FOR EACH SKILL CATEGORY
AND SUBJECTIVE SEDATION: ACUTE (A) AND REPEATED (R) DOSING
Examples of Measures Tested Number of | Number of
SC | SKILL CATEGORY STUDIES | Findings
# (with specific sub codes shown) A R A R
1 DRIVING & PILOTING [ 1R: on road, 1C: closed course, 1S: simulator 17 14 55 28
2 | PSYCHOMOTOR 2B: body sway, balance, hand steadiness, 35 9 70 17
2D: dexterity, 2T: finger tapping; 2: all others
PERCEPTION time perception, visual search tasks 14 7 26 13
VISUAL FUNCTIONS 4: visual functions, 4C: critical flicker fusion 34 10 83 16
5 | COGNITIVE TASKS 5D: digit symbol substitution test, 63 20| 201 61
5M: memory tasks, 5T: trail-making,
5: all other cognitive tasks
6 | DIVIDED ATTENTION | typically visual search performed with tracking 28 8 52 14
task
7 | VIGILANCE sustained attention; 25 12 46 24
lengthy monotonous tasks
8 | TRACKING 8Cr: critical or adaptive tracking, 8: pursuit, 39 10 80 23
compensatory, or unspecified tracking tasks
9 | REACTION TIME 9S: simple RT, 9C: complex RT 50 20 o8 44
10 | PHYSIOLOGICAL 10: EEG, ERP, 23 14 56 33
10M: Multiple Sleep Latency Test
99 | Subjective Sedation Visual analogue scales, 85 29| 171 50
Stanford Sleepiness Scale
(from n = 135 studies of Acute and/or Repeated Doses) = TOTALS: 113 | 47| 938 | 323

Note: A = ACUTE Doses; R = REPEATED Doses; (excluded 3 studies with only Residual effects).
Many studies tested more than one skill category, measure, drug, and dose level and schedule.

It should be noted that the terms “test” or “finding” are used interchangeably in this report to
describe the unit of data analysis for this comprehensive review of 138 studies. A given study,
for example, may have evaluated several drugs and doses, both acute and repeated dosing
schedules, and included multiple behavioral measures and subjective measures. The resultant

total number of specific “tests” or “findings” from that single study, therefore, would be the

product of multiplying all the levels for each factor studied. Thus, as shown in the table above,
there is a total of 1,261 test findings; obviously this number is much greater than the total
number of studies included in the review. Also, the number of findings for repeated dosing was
rather limited (n=323) compared to the greater number for acute dosing (n=938).
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The decision for classifying the many performance measures into 10 behavioral categories is
admittedly somewhat arbitrary. Prior reviewers also have noted the difficulties inherent in this
process of assigning a given task to a specific category (e.g., Adelsberg, 1997; Rombaut &
Hindmarch, 1994), but most concur with the general areas of actual driving, simulated driving,
various psychomotor skills, sensorimotor tasks, cognitive effects, and subjective measures of
sedation. In order to evaluate more precisely the drug effects on the wide variety of measures,
we also included sub codes in an effort to restrict the variability of findings within a given area.
Specific task names and the individual response measures can be found in the detailed tables
which list the impairment results by study (see Appendix A).
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3. RESULTS

There is considerable complexity in the task of evaluating 10 drugs for evidence of subjective
sedation and objective impairment of a variety of performance measures grouped into 10
specific behavioral categories. Moreover, each drug has been studied across multiple dose
levels as well as for acute versus chronic dosing schedules. Therefore, the results of this
review are organized into the following major sections below: Overall impairment, Impairment
by individual drugs, and Impairment by behavioral categories and subjective sedation.

3.1. Overall Impairment
3.1.1. Impairment Findings by Study for each Drug(Figure 1 and Appendix D)

Of the 135 studies which examined acute or repeated dosing (or both) of any of the 10 key
drugs, 120 tested 1% generation drugs and 87 tested 2™ generation drugs. (Since many studies
evaluated several drugs, often from both generations, the numbers overlap. Also, the three
studies which only evaluated residual effects are excluded from the data summaries.) As can
be seen in Figure 1, the most frequently studied drugs for the 1% and 2" generations,
respectively, were diphenhydramine (49 of 120 studies, or 41%) and terfenadine (37 of 87
studies, or 43%). As noted earlier, only a single study of fexofenadine had been published as of
the 12/98 cutoff date (i.e. for the published articles of the studies) for this review. Thus, those
findings must be viewed cautiously until additional studies are reported to determine if those
findings generalize or not to other samples of subjects and measures.

First, we considered the category of studies, (as distinguished from the number of behavioral
task measures of which typically there are several per study), which tested either acute or
chronic doses and found any evidence of statistically significant impairment (relative to a
placebo control treatment) of either objective or subjective measures. We found that 88% (106
of 120) of the studies of the 1* generation drugs found impairment as compared to 22% (19 of
87) of the studies of the 2™ generation drugs. And as expected, for each of the five drugs within
each generation, more studies found impairment than not for the 1% generation drugs, whereas
the majority of the studies of the 2™ generation drugs found no significant impairment.
Nonetheless, there is considerable variability for the findings of significant impairment within
each drug generation. Specifically, the significant findings range from 69% (11 of 16 studies of
clemastine) to 95% (18 of 19 studies of chlorpheniramine) for the 1% generation drugs, and from
9% (1 of 11 studies of astemizole) to 35% (7 of 20 studies of cetirizine) for the 2™ generation
drugs. This excludes, of course, the single study of fexofenadine which did find some evidence
of impairment. Given this wide variability, a more focused analysis is needed.

3.1.2. Impairment Findings as a function of Objective/Subjective Measures,
Drug Generation, and Dosing Schedule (Acute versus Repeated) (Figure 2)
Since the overall impairment findings by study obviously reflect considerable variation in terms

of objective versus subjective measures as well as acute versus repeated dosing, the next step
was to summarize the findings as a function of these key factors. Moreover, instead of
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evaluating impairment at the study level, all subsequent analyses focused on the findings for the
individual and specific “behavioral task measures” which, as described earlier, present a finer
level of analysis for this comparative review of 1% versus 2™ generation antihistamines. That is,
for a given study, the individual test findings reflect the outcome of the statistical significance
test for impairment for a given drug, at a given dose and dosing schedule, and for a specific
measure within one of the 10 behavioral categories or for subjective sedation.

Considering first the acute dose findings (Figure 2), the 1* generation drugs as a group were
found more often than not to be impairing in both objective and subjective measures. The 2™
generation drugs, in contrast, showed substantially fewer findings of impairment for either
objective or subjective measures.

Relative to the acute effects, the repeated dose findings for both drug generations generally
show less impairment, at least for the objective measures, as might be expected given that
tolerance may develop with chronic dosing. For the subjective measures, however, the 1%
generation drugs still have more findings of significant sedation than not even after repeated
dosing. In contrast, none of the findings for the 2™ generation drugs indicate any significant
sedation after repeated doses. Again, there is wide variability in these studies and so no firm
conclusions can be drawn from this review. For example, the repeated dose studies range from
investigations of two doses in a single day to multiple doses over several weeks. An additional
limitation, as noted earlier, is the fact that far fewer studies (and test findings) are available in
this review for the effects of repeated dosing. Therefore, no figure is included here for the
limited number of repeated dose findings and the remainder of the results section will focus only
on the acute dose findings.

3.2. Impairment by Individual Drugs as a function of Acute Dose Level

As noted earlier, details of the impairment findings as a function of drug generation, individual
drugs, as well as specific dose can be found in Appendix B (e.g., number of NO versus YES
impairment findings as well as %YES; presented for each category as well as for summaries).

3.2.1 Dose Response Curves for Objective Measures (Figure 3A)

Looking at the overall findings for all objective measures grouped together, the acute dose
findings for each drug separately show the clearest dose response effects for all of the 1°
generation drugs except perhaps chlorpheniramine. And, while the 2" generation drugs
typically show few findings of any significant impairment, a dose-response still is apparent.
That is, when impairment was reported, usually a higher dose was being tested.
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3.2.2 Objective Measures by Individual Drugs and by Generation (Figure 3B)

For the 2"-generation drugs, all 45 findings for astemizole, with doses ranging from 10 to 40
mg, showed no significant impairment. In contrast, cetirizine was reported to cause significant
impairment of objective measures in 18% of the cases (14 of 80 findings), whereas the other 2™
generation drugs had fewer reports of impairment (4 of 53 findings or 8% for loratadine, and 5 of
126 findings or 4% for terfenadine). As expected, the 1 generation drugs more often showed
significant impairment: 61% (70 of 114 findings) for tripolidine and 53% (112 of 211 findings) for
diphenhydramine, the two drugs used most frequently as positive control treatments in many of
the studies.

3.2.3 Dose Response Curves for Subjective Measures  (Figure 4A, Table 4 in Appendix A)

The subjective measures reveal even stronger dose response curves, particularly for the
typically sedating 1% generation drugs. For example, significant sedation was reported
increasingly more often when higher doses of diphenhydramine were tested: 57% for 25 mg,
71% for 50 mg, 85% for 75 or 100 mg, and 100% for >100mg. In contrast, the 2™ generation
drugs were strikingly devoid of any significant findings of subjective sedation, that is, with the
exception of cetirizine. Specifically, at all doses tested, cetirizine was reported to show some
evidence of significant sedation: 33% (1 of 3 findings) for 5 mg, 14% (2 of14 findings) for the
indicated dose of 10 mg, and 17% (1 of 6 findings) for the highest dose tested, 20 mg.

3.2.4 Subjective Measures of Sedation by Individual Drugs and by Generation (Figure 4B)

Looking at the subjective measures of sedation by drug generation, the older Hi-antagonists
had significant findings for 67% of the cases (62 of 92 findings) in contrast to only 5% (4 of 79
findings) for the newer drugs. As noted, cetirizine was the only 2"°-generation drug showing
significant sedation (17%, 4 of 23 of the findings), whereas each of the five 1*-generation drugs
produced significant sedation in over 50% of the times tested. Specifically, significant
impairment was reported in 55% (6 of 11) of the test findings for clemastine, 64% (18 of 28
findings) for tripolidine, 67% (8 of 12 findings) for chlorpheniramine, 72% (26 of 36 findings) for
diphenhydramine, and 80% (4 of 5 findings) for hydroxyzine.

3.3. Acute Dose Impairment by Behavioral Categories

This next section presents the impairment results of the reviewed studies as a function of the 10
behavioral categories of driving-related performance measures. As noted earlier, only the acute
dose findings are presented since there were relatively few repeated dose studies.

3.3.1. DRIVING AND PILOTING (Figure 5, Table 5 in Appendix A)

There were 55 testing findings produced by the 17 studies which examined the effects of at
least one of the key drugs on driving behaviors. Note that this category includes measures of
actual driving on the road, or in a closed course, as well as a variety of measures from many
different types of driving simulators and some piloting tasks. With such a wide range of different
tasks and measures, it is not surprising that some of the tasks are not sensitive and so, for the
1% generation drugs as a class, only 48% (11 of 23) of the findings showed significant
impairment. This compares to significant impairment reported in 13% (4 of 32) of the findings
for the 2" generation drugs.
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Notably, when considering only the specific subset of on-road driving measures, the number of
significant findings of impairment by the 1% generation drugs is much more pronounced, with
89% (8 of 9 findings) showing significant on-road driving impairment, versus only 10% (2 of 20
findings) for the 2" generation drugs. Also, looking at the findings for the individual drugs, it is
clear that all of the 1% generation drugs studied consistently show the on-road driving
impairment. In contrast, the only 2™ generation drugs showing significant impairment of on-
road driving skills were cetirizine (1 of 2 findings) and terfenadine (1 of 11 findings). The
findings for these two drugs mirror those for the complete group of driving measures. That is,
significant impairment of any type of driving-related behavior was found in 29% (2 of 7 tests) of
the findings for cetirizine and in 13% (2 of 16 test findings) for terfenadine. The other two 2"
generation drugs studied showed no impairment; (astemizole was not studied).

3.3.2. PSYCHOMOTOR SKILLS (Figure 6, Table 6 in Appendix A)

A total of 35 studies evaluated the impairing effects of antihistamines on psychomotor skills and
yielded 70 test findings. For the 1° generation drugs, 44% (22 of 50) of the findings showed
significant impairment whereas none of the 20 findings for the 2™ generation drugs
demonstrated significant impairment. (However, only astemizole, cetirizine and terfenadine
were studied). Again, there is considerable variability in the type of psychomotor skills and
specific task demands evaluated in these studies. Thus, this behavioral category does not
appear particularly sensitive to detecting impairment. Of note, analysis of the specific
subcategories revealed that tasks measuring balance (e.g., body sway, hand steadiness)
seemed most sensitive to impairment by the 1* generation drugs (10 of 15 findings, or 67%
versus none of the 4 tests for the 2" generation drugs). In contrast, tasks requiring dexterity
(e.g., picking up beads and other fine-motor tasks) were notably insensitive: none of the
findings (4 each) for either the 1 generation or the 2" generation drugs showed significant
performance deficits. In addition, finger tapping tests were found to show significant impairment
for 50% (8 of 16) of the findings for 1% generation drugs versus none of the 3 tests for the 2™
generation drugs.

3.3.3. PERCEPTION(Figure 7, Table 7 in Appendix A)

This category reflects varied tasks of perception (e.g., visual discrimination, time estimation)
including singular visual search tasks (i.e., those not performed in the context of divided
attention). No clear conclusions can be made for this category, however, since the available
data from this review are quite limited: 14 studies produced a total of 26 test findings. For the
1% generation drugs, 35% (6 of 17) of the findings for the 1° generation drugs evidenced
significant impairment of perceptual tasks whereas no impairment was reported in any of the 9
tests for the 2™ generation drugs (which only included astemizole, cetirizine and terfenadine).
Looking at the figures for the individual 1% generation drugs, however, it appears that
diphenhydramine was more often impairing than not (56% or 5 of 9 test findings) for perceptual
tasks.
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3.3.4. VISUAL FUNCTIONS & CRITICAL FLICKER FUSION  (Figures 8A & 8B, Table 8)

Measures of visual functions included saccadic eye movements, smooth pursuit, dynamic visual
acuity, visual field, pupillary diameter and extraocular muscle control. Such measures were
examined in 16 studies, producing 31 test findings regarding impairment. Significant
impairment was found in 10 of the 15 tests (67%) for the 1% generation drugs versus only 1 of
the 16 tests (6%) for the 2" generation drugs. It should be pointed out, however, that the single
finding of significant impairment for the 2" generation drugs involved dynamic visual acuity and
loratadine 40 mg, a dose which is much higher than the recommended 10 mg dose. It also
should be noted that the most often studied 1* generation drug for this visual function category
was tripolidine 10 mg which was found to cause significant impairment in 89% (8 of 9) of the
tests. Since all of these test findings came from the same group of investigators, however, one
cannot tease apart the effect of tripolidine versus the inherent greater sensitivity (i.e., via
decreased variability) afforded by using a single, standardized measure, namely dynamic visual
acuity, and by the same group of investigators.

Some investigators have classified critical flicker fusion (CFF) as a measure of information
processing while others consider it to reflect a more basic visual perception task. In this review,
the CFF task simply was analyzed separately as a subset of the visual functions category. A
total of 29 studies examined CFF, producing 52 test findings. Significantly impaired CFF was
found in 52% (15 of 29) of the test finding for the 1** generation drugs. In contrast, the 2"
generation drugs were only found to impair CFF in one of the 23 times tested (4%); this single
finding involved terfenadine 60 mg. As was the case with visual functions, the significant
impairment by 1% generation drugs was most apparent in the studies of tripolidine (100% of the
10 tests). Again, the consistency of these findings may be due partly to the fact that they largely
came from the same investigators who were using a more homogenous set of standardized
CFF measures and methods.

3.3.5. COGNITIVE TASKS (Figure 9, Table 9 in Appendix A)

The category of cognitive tasks includes tasks of complex psychomotor skills (e.g., card
sorting), memory (auditory and visual), trail-making tests and a variety of tasks requiring
problem solving (arithmetic, numerical and logical reasoning) and cognitive flexibility (Stroop
color/word task). As such, this category of cognitive tasks, like psychomotor skills, reflects a
wide range of tasks and measures with the result of increased variability and concomitant
decreased sensitivity to detecting impairment. Of the 63 studies which examined cognitive
tasks, a total of 201 test findings evaluated impairment. For the 1* generation drugs, only 37%
(46 of 126) of the test findings showed statistically significant impairment as compared to only
3% (2 of 75 tests) for the 2" generation drugs. Moreover, the two cases of impairment for the
2" generation drugs involved higher than recommended doses, cetirizine 20 mg and loratadine
40 mg, and both tested digit symbol substitution skills.

Given the large number of test findings and the wide variety of tasks represented, specific
subsets of cognitive tasks also were analyzed. Results showed that digit symbol substitution
tests were found to be impaired by 1% generation drugs in 38% (17 of 45) of the test findings
versus only 7% (2 of 28 findings) for the 2™ generation drugs. Memory tasks were impaired in
39% (13 of 33) of the tests of 1% generation drugs whereas no significant memory impairment
was found in any of the 13 tests for the 2™ generation drugs. Trail-making tasks appeared to
provide the most sensitive measures in this category, albeit with rather limited data available in
this review, with 50% (5 of 10) of the findings for the 1% generation drugs showing significant
impairment versus none of the 5 tests for the 2" generation drugs.
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3.3.6. DIVIDED ATTENTION (Figure 10, Table 10 in Appendix A)

Divided attention tasks were examined in 28 studies, producing 52 test findings concerning
impairment. Typically, the divided-attention task consisted of the concurrent performance of a
tracking and visual search task. In other cases, some investigators employed other types of
dual tasks such as simultaneous tracking and continuous memory tasks. As expected, given
the complex demands of most divided-attention tasks, this behavioral category was found to be
relatively sensitive for detecting significant impairment. The 1* generation drugs were found to
impair divided-attention skills in 69% (20 of 29) of the findings versus 13% (3 of 23 test findings)
for the 2" generation drugs. The most frequently studied 1% generation drug, diphenhydramine,
was found to impair divided-attention tasks in 77% (13 of 17) of test findings. For the 2™
generation drugs, one finding of significant impairment was found for each of the following
drugs: cetirizine (from a total of 6 tests), loratadine (of 8 tests) and terfenadine (of 8 tests); all of
these significant findings occurred at the recommended doses. Interestingly, two cases of an
apparent performance-enhancing effect (i.e., performance was significantly better after the
active drug relative to placebo) also were reported for loratadine 10 mg (Kay et al., 1997) and
terfenadine 60 mg (Moskowitz & Burns, 1988). This suggests there may be a possible arousing
or stimulating effect of these specific 2"-generation drugs.

3.3.7. VIGILANCE TASKS (Figure 11, Table 11 in Appendix A)

Vigilance was evaluated in 25 studies, producing a total of 46 test findings. As clearly shown in
the figures, both for each drug as well as for the overall findings by drug generation, nearly all of
the 1% generation drugs consistently were found to cause significant impairment of the
measures of sustained attention. In marked contrast, not one of the 2" generation drugs
showed any evidence of impairment. By generation, the older drugs were found to impair
vigilance 86% of the times tested (25 of 29 findings) whereas all 17 tests for the new drugs
found no evidence of any significant impairment. Such findings attest to the sensitivity of
vigilance tasks to detect CNS sedation.

Moreover, an interesting finding concerning vigilance comes from an earlier study in our
laboratory (Moskowitz & Burns, 1988). In brief, that study found an apparent alerting or
stimulating effect evidenced in the terfenadine 60 mg treatment condition which showed better
vigilance performance (i.e., faster response times) relative to the placebo control. As noted
earlier, fexofenadine has a chemical structure nearly identical to that of terfenadine’s active
metabolite. The single study of fexofenadine (Vermeeren & O’Hanlon, 1998; Ref#122) also
examined vigilance but found neither impairment nor improved performance. The authors of
that study suggested that such findings indicate that fexofenadine does not act
pharmacologically like classic stimulants since typically the “latter enhance signal detection
performance in vigilance tests.” Of note, as discussed for some of the other behavioral
categories, there are a number of findings in this review of other apparently alerting or
stimulating effects reported for terfenadine. Since the safety implications of this issue need to
be evaluated in more depth, additional studies of the 2™-generation drugs are eagerly awaited.
This is particularly important for fexofenadine, since it is only beginning to be studied and
terfenadine is no longer on the market.
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3.3.8. TRACKING (Figures 12A & 12B, Table 12 in Appendix A)

A total of 80 test findings was produced by the 39 studies which evaluated tracking
performance. This behavioral category included measures of different types of tracking tasks,
including pursuit, compensatory, critical and adaptive tracking. Significant impairment was
reported for 69% (33 of 48 tests) versus 19% (6 of 32 tests), respectively, of the findings for the
1% and 2™ generation drugs. As seen in Figure 12A, for the individual drugs, all five of the 1
generation drugs demonstrated significant impairment for nearly all test findings reviewed. In
contrast, for the five 2"-generation drugs tested, only cetirizine and fexofenadine were found to
impair tracking. Specifically, two of the three findings for cetirizine, and both of the two findings
for fexofenadine, showed significantly impaired tracking performance.

Focusing next on the subset of 26 studies which evaluated either critical or adaptive tracking
(Figure 12B), the 52 test findings for this specific subcategory revealed significant impairment
for over 90% (28 of 31) of the findings for the 1* generation drugs, in contrast to 19% (4 of 21
findings) for the 2" generation drugs. Moreover, two of the three findings of no impairment for
the older drugs actually showed trends (p <0.08). Therefore, if a less stringent criterion for
statistical significance is allowed, the findings of impairment by the 1% generation drugs increase
to 97% (30 of 31 findings). Clearly, consistent with what prior investigators and reviewers have
reported, the current review’s findings confirm that critical and adaptive tracking tasks appear to
provide sensitive measures of driving-related performance.

3.3.9. REACTION TIME (Figure 13, Table 13 in Appendix A)

This category included simple and complex reaction time tasks, as well as some that were not
easily classified into either category since the published task descriptions often were quite
limited if not lacking. Overall, there were 50 studies which included reaction time tasks,
producing 98 test findings for this behavioral category. For the 1% generation drugs, 48% (29 of
61) of the test findings were found to show significant slowing of reaction time; this compares to
11% (4 of 37 findings) for the 2™ generation drugs. As seen in Figure 13 for the individual
drugs, diphenhydramine and tripolidine, respectively, had the most notable impairing effects
(54% or 13 of 24 findings, and 50% or 6 of 12 findings), whereas cetirizine was the only 2™
generation drug showing significant impairment (40%, 4 of 10 findings).

Looking at the subcategories, the simple reaction time tasks appeared to be somewhat more
sensitive to detecting impairment than were the complex (or choice) reaction time tasks, at least
for the 1° generation drugs. Specifically, 42% (11 of 26) of the findings showed significant
slowing of choice reaction time versus 60% (15 of 25 test findings) for simple reaction time.
Perhaps the relative insensitivity of complex (or choice) reaction time tasks is due to the greater
variation in the specific measures employed across studies. In contrast, there may be less
variability in the measures of simple reaction time. However, for the 2" generation drugs, no
distinction was seen for the findings of significant slowing of simple reaction time (11% or 1 of 9
findings) versus complex reaction time (12% or 3 of 26 findings).

3.3.10. PHYSIOLOGICAL MEASURES OF SEDATION (Figures 14A & 14B, Table 14)

Physiological measures of sedation included spectral analysis of electroencephalograph (EEG)
waves, evoked response potentials (ERP’s such as P300, etc.), as well as the highly
standardized Multiple Sleep Latency Test (MSLT) which utilizes EEG frequencies to detect the
onset of sleep. A total of 23 studies evaluated one or more of these various objective measures
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of sedation, producing 56 test findings. Significant objective sedation was reported for 79% (22
of 28) of the findings for the 1% generation drugs versus 14% (4 of 28 findings) for the 2™
generation drugs. As clearly evident in Figure 14A, all five of the older drugs showed significant
sedation in most cases and three of the four new drugs also showed some sedation (there were
no data for this category from the single fexofenadine study).

If we next focus only on the subset of the MSLT measures, as shown in Figure 14B, the results
are quite striking. Now 100% of the 9 test findings for the 1* generation drugs shows significant
sedation as compared to only 9% (1 of 11) of the findings for the 2" generation. While
admittedly small numbers of test findings are available, it is interesting that the single finding of
significant objective sedation found for the new drugs is due to cetirizine which, consistent with
the findings from many of the other behavioral categories in this review, seems to stand out in
the group of otherwise relatively “non-sedating” new drugs.
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4. SUMMARY AND DISCUSSION
4.1. Impairment as a function of Behavioral Tasks (Figure 15)

An overall summary of the acute dose impairment results, as a function of H1-antagonist
generation and behavioral category (or subjective sedation), is presented in Figure 15. As
clearly shown, the most sensitive objective measures for detecting sedation and impairment
appear to be: the Multiple Sleep Latency Test, critical or adaptive tracking, vigilance, divided
attention and some driving measures. On the other hand, the categories of cognitive tasks,
perception and psychomotor skills all seem to lack sensitivity overall. This may be due, at least
partly, to the greater variability across types of the tasks and measures employed in the studies
reviewed. Finally, the subjective measures of sedation appear to be relatively sensitive, at least
for the 1%-generation drugs.

Also apparent in Figure 15, and as expected, the 1%-generation drugs generally were found to
impair and sedate substantially more often than did the 2"*-generation drugs. However, it is
important to emphasize that some findings of statistically significant impairment also were
reported for the 2"'-generation drugs, specifically for subjective sedation as well as for all of the
behavioral categories except psychomotor skills, perceptual tasks, and vigilance. The greater
heterogenity of measures employed across studies for these tasks may partially explain the lack
of any significant findings at least for the first two categories. In contrast, however, despite the
use of a considerably more homogenous group of vigilance measures across studies, the
overall results still showed no significant impairment of vigilance by the 2"-generation drugs.
This is an important finding, given that histaminergic pathways are widespread in the CNS and
appear to be related to mechanisms that support alertness and vigilance during the wakeful
state (Nicholson et al. 1985). Thus, the newer, 2"-generation histamine-antagonist drugs which
claim to be “non-sedating” actually may reflect a true pharmacological advance at least in terms
of eliminating any disruption of vigilance.

On the other hand, the repeated reports of apparent arousal or stimulating effects noted with
terfenadine and some of the other 2™-generation drugs suggest that additional study is needed.
Although the newer H1-antagonists appear to be relatively devoid of impairing effects, the
findings of faster response times and apparent performance enhancement clearly warrant closer
scrutiny. What are the specific pharmacodynamic actions for such effects? And what, if any,
are the driving safety implications? Only carefully designed studies, using sensitive and
validated measures, can address this issue by examining if such increased arousal is
associated, or not, with any concomitant disruption of the ability to continue to focus on the
primary driving task. Or, is such increased arousal indicative of influences on physiological
systems that are not primarily CNS?

4.2. Comparison with Impairment Findings for Alcohol

As noted earlier, alcohol’s effects often are used as a benchmark for evaluating the degree of
impairment by medicinal drugs. Therefore, a comparison of the results of this review with those
from the first author’s recent review of the effects of low to moderate BAC’s on driving
(Moskowitz & Fiorentino, 2000) is in order. Although neither of the current reviews specifically
examined the magnitude of impairment associated with alcohol or the H1-antagonists, the
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relative sensitivity of the various behavioral categories was summarized in each review. In
brief, there are several areas of consistency, as well as discrepancy, across the findings from
these two reviews. First, both reviews found support for the sensitivity of the following
behavioral categories for detecting driving-related performance impairment: Multiple Sleep
Latency Test (i.e., measure of wakefulness or arousal), tracking, vigilance and divided attention.
Second, critical flicker fusion and simple reaction time were found to be insensitive measures for
detecting alcohol’s impairing effects, at least for low to moderate doses. In contrast, these two
measures did appear to be relatively sensitive to the impairing effects of the 1%-generation
antagonists. This suggests that different behavioral mechanisms may be involved. Thus,
experimental studies of the effects of a given drug class must include specific measures related
to that drug’s actions, and not simply rely on the standard test batteries employed for assessing
alcohol’s effects.

Finally, in addition to examining impairment as a function of the behavioral tasks, as described
above, there also are a number of issues which were not addressed in the current review since
relevant studies were limited in availability. These issues are summarized briefly below:

4.3. Repeated Dosing And Tolerance Effects

There was a rather limited number of studies in this review which examined repeated doses.
Moreover, they ranged from studies of two doses in one day to three or four doses per day over
the course of two weeks. Thus, the wide variability of dosing schedules, as well as the limited
number of repeated dose studies available for review, do not permit a systematic evaluation of
the effects of repeated doses. Nonetheless, this is a very important issue since most individuals
needing a medication do not simply take a single dose of a drug. Partial tolerance to sedation
and impairment have been reported after repeated doses of the 1%-generation antihistamines in
some studies (e.g., Bye et al., 1977; Walsh et al., 1994) but not in others (e.g., Alford et al.,
1989; Brookhuis et al., 1993; Goetz et al., 1989). And evidence both for impairment (e.g.,
Volkerts et al., 1992) as well as for improved performance (e.g., Vermeeren & O’Hanlon, 1998)
have been reported after chronic daily dosing with some of the 2"-generation antihistamines,
apparently due to drug accumulation. In the future, more studies will need to examine more
systematically the effects of repeated doses of antihistamines.

4.4. Timing of Acute Doses Tested

Most studies tested for impairment or sedation within the window of expected peak drug effects,
typically at two to three hours post-dose. Some studies utilized repeated test batteries over a
five to eight hour period. However, in certain cases the lack of significant findings appeared due
to testing either too early, or too late, to capture the peak drug effects. For example, two of the
significant findings of impairment by cetirizine only occurred on specific measures and at much
later times in the testing session, namely between 6 and 8 hours post-dose (Gengo et al., 1990;
Walsh et al., 1992). Such effects clearly would be missed if the testing had only included a
more limited number of measures or only earlier post-dose times as many of the other studies
had done. Thus, future studies must assess the effects of antihistamines at the optimal post-
dose times and employ a comprehensive, standardized test battery of the most sensitive and
valid measures of sedation and driving-related impairment.
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4.5. Specific Populations Tested

The typical subject population used in the majority of the studies reviewed was healthy
volunteers, usually young to middle-aged men. Such a sample is appropriate as an initial step
in a research program. However, more systematic research studies are needed to explore
further the effects of antihistamines on other populations, including women, the elderly, and
symptomatic versus asymptomatic allergy patients. In the latter case, studies are needed to
evaluate whether the underlying allergy symptoms might actually contribute to impaired
performance and, if so, if an antihistamine might improve performance (cf. Burns et al., 1994).

The effect of gender also may influence the test findings in terms of an inherent confound,
namely women being relatively more susceptible to a given drug dose, due to their smaller body
size. Indeed, of the very few significant findings of impairment by terfenadine, one was reported
in a study which only tested women, and found that only the highest dose, 240 mg, caused
driving-related impairment (e.g., Bhatti & Hindmarch, 1989).

Driving is a complex task requiring the integration of visual, psychomotor and cognitive skills.
Age, and the various medical conditions and medications that often accompany aging, may
compromise many of the skills needed to operate a motor vehicle safely. Elderly drivers are
known to have a greater crash fatality risk (i.e., more fatalities when in a crash). A recent study
of 3,238 drivers aged 65 and older specifically found that cognitive test performance remained
significantly associated with crash risk even after controlling for driver age, race and measures
of driving exposure (Stutts et al., 1998). Such findings support the validity of the various driving-
related cognitive measures employed in the studies reviewed. However, there were relatively
few studies which examined the effects of antihistamines on older subjects. Clearly, this area
demands further study.

4.6. Clinical Efficacy Versus Side Effect Profile

Finally, another issue needing further study concerns the design of comprehensive and well-
controlled studies which compare several antihistamines, with each drug tested at its indicated
therapeutic dose, for clinical efficacy (i.e., using wheal and flare tests, the standard skin reaction
measures of peripheral allergic effects), subjective sedation, and behavioral toxicity, all within
the same study. In the current review, there is only one example of the use of such an
exemplary design. It is the study by Simons et al. (1996; Ref#114) which evaluated the effects
of five 2”d-generation H1-antagonists (astemizole, cetirizine, loratadine, terfenadine, ketotifen) in
comparison to placebo and to the 1°-generation drug, diphenhydramine, as the positive control.
The results showed that:

1) compared to placebo, the 1%-generation drug caused both significant subjective sedation and
objective impairment;

2) the 2™-generation drugs were relatively devoid of significant sedation or impairment, with the
exception of cetirizine which caused significant sedation; and

3) even the 2™-generation drugs showed some evidence of sedation or impairment relative to
placebo, although the magnitude of the effects generally were not statistically significant.
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It should be noted that the Simons et al. (1996) study is limited by its use of only a single
objective measure of impairment, namely the evoked response potential. The results of that
single study are notable, however, in that they closely mirror the findings of this current review
of the findings across many studies. Thus, despite the limitations noted of the studies in this
review, the overall findings do appear to be representative of the effects of the antihistamines.
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5. CONCLUSIONS

5.1.

5.2

5.3

5.4

5.5

5.6.

5.7.

There is some slight, but ambiguous, evidence from epidemiological studies of a
connection between antihistamine use and traffic collision rates. Of note, these
epidemiological studies were done primarily when the use of 1%-generation (but not 2"-
generation) antihistamines was prevalent.

There is overwhelming evidence from the experimental literature that the 1%-generation
antihistamines produce objective signs of skills performance impairment as well as
subjective symptoms of sedation.

The 2"-generation antihistamines show low incidence of objective skills performance
impairment and in the majority of cases no evidence of subjective sedation.

While 2"-generation antihistamines represent a major triumph for the pharmaceutical
industry in reducing potential side effects, there still remains some evidence that all
antihistamines, even the 2"~ generation drugs, can have objective skills impairment
consequences at least in some cases.

Within both the 1°- and 2"-generation antihistamine groupings, there is considerable
variation in objective evidence of impairment. Additionally, for the 1%-generation
antihistamines, there is considerable variation in subjective effects, such as sedation.
Within each generation of antihistamines, there clearly are drugs that are to be preferred
for use to avoid side effects.

It would appear that proper selection of a 2"°-generation antihistamine would produce
little skills performance impairment and only a small effect on traffic collisions.

Methodologically, it is apparent that among the many diverse techniques for
investigating driving-related impairment, some methods and behavioral domains are
more sensitive to the effects of antihistamines. Obviously, reports of the rate of
impairment can be manipulated by a failure to use sensitive measures or test at
appropriate post-dose times. In future studies of antihistamines, therefore, it would be
hoped that more utilization will be made of the most methodologically-sound techniques
so as to permit a better comparison between different drugs.

24



REFERENCE LIST A
Supplemental Articles Referenced in Report

(NOTE: These are supplemental references of the articles cited in the report
but not included in the set of reviewed studies; the latter are found in Reference List B)

Adelsberg BR. Sedation and performance issues in the treatment of allergic conditions. Arch Intern Med,
1997;157:494-500.

Borkenstein RF, Crowther RF, Shumate RP, Ziel WB, Zylman R. The role of the drinking driver in traffic
accidents. Bloomington, Indiana: Indiana University, Department of Police Administration, 1964.

Chesher GB. Alcohol and other drugs in road crashes: What does pharmacokinetics have to do with it?
Alcohol, Drugs and Driving, 1985;1:1-20.

Cimbura G, Warren RA, Bennett RC, Lucas DM, Simpson HM. Drugs detected in fatally injured drivers
and pedestrians in the province of Ontario. Ottawa: Traffic Injury Research Foundation of
Canada, 1980.

Crouch DJ, Birky MM, Gust SW, Rollins DE, Walsh JM, Moulden JV, Quinlan KE, Beckel RW. The
prevalence of drugs and alcohol in fatally injured truck drivers. J Forensic Sciences, 1993;
38:1342-1353.

Council on Scientific Affairs, American Medical Association. Alcohol and the driver. JAMA,
1986;255:522-527.

Fireman P. Treatment of allergic rhinitis: effect on occupation productivity and work force costs. Allergy
and Asthma Proc, 1997;18:63-67.

Garrison JC. Histamine, bradykinin, 5-hydroxytrptamine, and their antagonists. In Gilman et al. (Eds)
Goodman and Gillman’s the pharmacological basis of therapeutics, 8" ed. New York: Pergamon
Press, 1990; pp. 575-599.

Gilmore TM, Alexander BH, Mueller BA, Rivara FP. Occupational injuries and medication use. Am J Ind
Med, 1996;30:234-239.

Hindmarch |. Psychometric aspects of antihistamines. Allergy, 1995;50:48-54.

Maibach HI. The relative safety and effectiveness of antihistamines. CUTIS, 1988;42:2-4.

Moskowitz H, Fiorentino D. A review of the scientific literature regarding the effects of alcohol on driving-
related behavior at blood alcohol concentrations of 80 mg/dl and lower. (Report HS-809-028).
Washington, DC: U.S. Department of Transportation, National Highway Traffic Safety
Administration, 2000.

Moskowitz H, Robinson CD. Effects of low doses of alcohol on driving-related skills: A review of the

evidence. (Report No. DOT HS 807 280). Washington, DC: National Highway Traffic Safety
Administration, SRA Technologies, Inc., 1988.

25



Ray WA, Fought RL, Decker MD. Psychoactive drugs and the risk of injurious motor vehicle crashes in
elderly drivers. Am J Epidemiol, 1992;136:873-883.

Rombaut NEI, Hindmarch I. Psychometric aspects of antihistamines: a review. Human
Psychopharmacology, 1994;9:157-169.

Shinar D, Treat JR, McDonald ST. The validity of police reported accident data. Accident Analysis and
Prevention, 1983;15:175-191.

Simons FER. H1-receptor antagonists: comparative tolerability and safety. Drug Safety, 1994;10:350-
380.

Skegg DCG, Richards SM, Doll R. (1979). Minor tranquilizers and road accidents. Br Med J,
1979;1:917-919.

Slater BJ, Francis N. Benadryl, a contributing cause of an accident. J Am Med Assoc, 1946;132:212-
213.

Smiley A, Brookhuis KA. Alcohol, drugs and traffic safety (Chapter 5). In Road Users and Traffic Safety.
Netherlands: Van Gorcum and Company, 1987; pp.83-104.

Starmer G. Antihistamines and highway safety. Accid Anal & Prev, 1985;17:311-317.

Stutts JC, Stewart JR, Martell C. Cognitive test performance and crash risk in an older driver population.
Accid Anal and Prev, 1998;30:337-346.

Terhune KW, Ippolito DL, Hendricks DL, Michalovic JG, Bogema SC, Santinga P, Blomberg R, Preusser
Df. The Incidence and Role of Drugs in Fatally Injured Drivers. Washington, DC: Accident
Research Group, U.S. Department of Transportation, 1992.

U.S. Department of Transportation Digest of State Alcohol-Highway Safety Related Legislation. 14" ed.
Washington, DC: US Department of Transportation (DOT);1996. [As cited in Garbus SB, et al.
Considerations in pharmaceutical conversion: focus on antihistamines. Am J Man Care,
1997;3:617-630.]

Waller JA. Response to "An evaluation of crash culpability to assess alcohol and drug impairment
effects." Paper presented at the 26th Annual Proceedings for the American Association for
Automotive Medicine, October 4-6, 1982; Ottawa, Ontario, Canada.

Warren R, Simpson H, Hilchie J, Cimbura G, Lucas D, Bennett R. Drugs detected in fatally injured drivers
in the province of Ontario. In: Goldberg L (ed). Alcohol, drugs and traffic safety. Vol. 1.
Stockholm: Almqvist and Wiksell, 1981:203-217.

White MV. The role of histamine in allergic diseases. J Allergy Clin Immunol, 1990;86: 599-605.

26



REF#

10.

11.

12.

13.

14.

REFERENCE LIST B
Articles Included in the Review of Studies

Alford C, Bhatti JZ, Rombaut NEI, Curran S, Hindmarch I. A comparison of antihistamines
using EEG and questionnaire-based assessments. Med Sci Res, 1989; 17: 421-423.

Aso T, etal. Effect of terfenadine, a novel antihistamine, on actual driving performance. Ann
Allergy, 1989; 62: 250 (Abstract).

Bateman DN, Chapman PH, Rawlins MD. Lack of effect of astemizole on ethanol dynamics or
kinetics. Eur J Clin Pharmacol, 1983; 25: 567-568.

Berlinger WG, Goldberg MJ, Spector R, Chiang C, Ghoneim MM. Diphenhydramine: kinetics
and psychomotor effects in elderly women. Clin Pharmacol Ther, 1982; 32: 387-391.

Betts T, Markman D, Debenham S, Mortiboy D, McKevitt T. Effects of two antihistamine drugs
on actual driving performance. Br Med J, 1984; 288: 281-282.

Betts T, Kenwood C, Dalby G, Hull B, Wild J. A comparison of the effects of two "non-sedating"
antihistamines (terfenadine and cetirizine) on tests of CNS function including driving.
J Psychopharmacol, 1989; 3/4: 101P (Abstract).

Bhatti JZ, Hindmarch |. The effects of terfenadine with and without alcohol on an aspect of car
driving performance. Clin Exp Allergy, 1989; 19: 609-611.

Biehl B. Effects of azatadine maleate on subjective appraisal and psychomotor functions relevant
to driving performance. Curr Med Res Opin, 1979; 6: 62-69.

Blom MW, Bartel PR, Sommers DK, Van der Meyden CH, Becker PJ. The comparison of the
effects of multi and single doses of buspirone, chlordiazepoxide and hydroxyzine on
psychomotor function and EEG. Fundam Clin Pharmacol, 1992; 6: 5-9.

Bonifazi F, Provinciali L, Antonicelli L, Bilo MB, Pucci S, et al. Comparative study of terfenadine
and cetirizine in hay fever: assessment of efficacy and central nervous system effects. J
Investig Allergol Clin Immunol, 1995; 5: 40-46.

Borbely AA, Youmbi-Balderer G. Effect of diphenhydramine on subjective sleep parameters and
on motor activity during bedtime. Int J Clin Pharmacol Ther Toxicol, 1988; 26: 392-396.

Bradley C.M, Nicholson AN. Effects of a mu-opioid receptor agonist (codeine phosphate) on
visuo-motor coordination and dynamic visual acuity in man. Br J Clin Pharmacol, 1986;
22: 507-512.

Bradley CM, et al. Studies on performance with aspirin and paracetamol and with the centrally
acting analgesics meptazinol and pentazocine. Eur J Clin Pharmacol, 1987; 32:135-139.

Bradley CM, Nicholson AN. Studies on the central effects of the H1-antagonist, loratadine. EurJ
Clin Pharmacol, 1987; 32: 419-421.

27



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

29.

Brookhuis KA, de Vries G, de Waard D. Acute and subchronic effects of the H1-histamine
receptor antagonist ebastine in 10, 20, and 30 mg dose, and triprolidine 10mg on car
driving performance. BrJ Clin Pharmacol, 1993; 36: 67-70.

Burns M. A laboratory study of antihistamine and muscle relaxant effects on driving-related skills,
with and without alcohol. Alc Drug Traffic Safety - T89, 1990; T89: 470-474.

Burns M, Moskowitz H. Effects of diphenhydramine and alcohol on skills performance. Eur J Clin
Pharmacol, 1980; 17: 259-266.

Burns M, Moskowitz H. Antihistamine effects on performance: comparison of diphenhydramine
and terfenadine. Alc Drug Traffic Safety - T92, 1993; T92(Band 3): 585-590.

Burns M, Shanaman JE, Shellenberger CH. A laboratory study of patients with chronic allergic
rhinitis: Antihistamine effects on skilled performance. J Allergy Clin Immunol, 1994; 93:
716-724.

Burns M, Wilkinson CJ, Korn S, Raskin S, Owens SC. A double-blind, multiple-dose, crossover,
placebo-controlled study to investigate the effects of cyclobenzaprine, diphenhydramine
and amitriptyline on driving-related psychomotor skills in elderly volunteers. Final Report
for Merck (ME-125), 1998.

Bye C, Dewsbury D, Peck AW. Effects on the human central nervous system of two isomers of
ephedrine and triprolidine, and their interaction. Br J Clin Pharmacol, 1974; 1: 71-78.

Bye CE, Claridge R, Peck AW, Plowman F. Evidence for tolerance to the central nervous effects
of the histamine antagonist, tripolidine, in man. Eur J Clin Pharmacol, 1977; 12: 181-186.

Caldwell J. Assessing the impact of stressors on performance: observations on levels of
analyses. Biol Psychol, 1995; 40: 197-208.

Carruthers SG, Shoeman DW, Hignite CE, Azarnoff DL. Correlation between plasma
diphenhydramine level and sedative and antihistamine effects. Clin Pharmacol Ther,
1978; 23: 375-382.

Chapman PH, Rawlins MD. A randomized single-blind study of astemizole and chlorpheniramine
in normal volunteers. BrJ Clin Pharmacol [BPS Proceedings], 1982; 13: 593P.

Clarke CH, Nicholson AN. Performance studies with antihistamines. Br J Clin Pharmacol, 1978;
6: 31-35.

Cohen AF, Posner J, Ashby L, Smith R, Peck AW. A comparison of methods for assessing the
sedative effects of diphenhydramine on skills related to car driving. Eur J Clin
Pharmacol, 1984; 27: 477-482.

Cohen AF, Hamilton M, Philipson R, Peck AW. The acute effects of acrivastine (BW825C), a
new antihistamine, compared with triprolidine on measures of central nervous system
performance and subjective effects. Clin Pharmacol Ther, 1985; 38: 381-386.

Cohen AF, Hamilton MJ, Peck AW. The effects of acrivastine (BW825C), diphenhydramine and

terfenadine in combination with alcohol on human CNS performance. Eur J Clin
Pharmacol, 1987; 32: 279-288.

28



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Curran HV, Pooviboonsuk P, Dalton JA, Lader MH. Differentiating the effects of centrally acting
drugs on arousal and memory: An event-related potential study of scopolamine,
lorazepam, and diphenhydramine. Psychopharmacol, 1998; 135: 27-36.

Day ES, Jones S, Stewart-Jones S. Clemastine on hand-eye coordination and visual function. J
Clin Pharmacol, 1972; 12: 240 [Letter].

De Gier JJ, Kuypens L, Nelemans FA. The effects of astemizole on actual car driving and
psychomotor performance. Drugs and Driving, 1986; Book: 271-278.

De Roeck, Cluydts R, Herman P. Effects of antihistamines on daytime alertness. J Allergy Clin
Immunol, 1990; 85: 179 [Abstract].

Dhorranintra B, Limsuvan S, Bunnag C. Effect of astemizole on psychomotor performance in
healthy Thais. Drug Development Res, 1986; 7: 285-290.

Dhorranintra B, Sriprasong T, Limsuvan S, Klyprayong S. A study of CNS-side effects of
mequitazine, an H1-specific antihistamine in healthy Thai volunteers. Asian Pac J Allergy
Immunol, 1990; 8: 39-44.

Doms M, Vanhulle G, Baelde Y, Coulie P, Dupont P, Rihoux JP. Lack of potentiation by cetirizine
of alcohol-induced psychomotor disturbances. EurJ Clin Pharmacol, 1988; 34:619-623.

Englisch W, Rehn D, Schaffler K, Wauschkuhn CH. Effects of dimethindene maleate on
psychomotor performance in the oculodynamic test compared with placebo and
loratadine. Arzneimittelforschung/Drug Res, 1996; 46: 887-890.

Fine BJ, Kobrick JL, Lieberman HR, Marlowe B, Riley RH, et al. Effects of caffeine or
diphenhydramine on visual vigilance. Psychopharmacology, 1994; 114: 223-238.

Fink M, Irwin P. CNS effects of the antihistamines diphenhydramine and terfenadine.
Pharmakopsychiat, 1979; 12: 35-44.

Franks HM, Hensley VR, Hensley WJ, Starmer GA, Teo RKC. The interaction between ethanol
and antihistamines: 1. dexchlorpheniramine. Med J Aust, 1978; 1: 449-452.

Franks HM, Hensley VR, Hensley WJ, Starmer GA, Teo RKC. The interaction between ethanol
and antihistamines: 2. clemastine. Med J Aust, 1979; 1: 185-186.

Gaillard AWK, Gruisen A, de Jong R. The influence of antihistamines on human performance.
Eur J Clin Pharmacol, 1988; 35: 249-253.

Gengo FM, Dabronzo J, Yurchak A, Love S, Miller JK. The relative antihistaminic and
psychomotor effects of hydroxyzine and cetirizine. Clin Pharmacol Ther, 1987; 42: 265-
272.

Gengo FM, Gabos C, Mechtler L. Quantitative effects of cetirizine and diphenhydramine on
mental performance measured using an automobile driving simulator. Ann Allergy, 1990;
64: 520-526.

Goetz DW, Jacobson JM, Murnane JE, Reid MJ, Repperger DW, et al. Prolongation of simple
and choice reaction times in a double-blind comparison of twice-daily hydroxyzine versus
terfenadine. J Allergy Clin Immunol, 1989; 84: 316-322.

Goetz DW, Jacobson JM, Apaliski SJ, Repperger DW, Martin ME. Objective antihistamine side
effects are mitigated by evening dosing of hydroxyzine. Ann Allergy, 1991; 67: 448-454.

29



47.

48.

49.

50.

51.

52.

58.

54.

55.

56.

57.

58.

59.

Goldstein L, Murphree HB, Pfeiffer CC. Comparative study of EEG effects of antihistamines on
normal volunteers. J Clin Pharmacol, 1968; 8: 42-53.

Hamilton H, Bush M, Bye C, Peck AW. A comparison of triprolidine and cyclizine on histamine
(H1) antagonism, subjective effects and performance tests in man. Br J Clin Pharmacol,
1982; 13: 441-444.

Hindmarch I. The effects of the sub-chronic administration of an antihistamine, clemastine, on
tests of car driving ability and psychomotor performance. Curr Med Res Opin, 1976; 4:
197-206.

Hindmarch |, Parrott AC. A repeated dose comparison of the side effects of five antihistamines
on objective assessments of psychomotor performance, CNS arousal and subjective
appraisals of sleep and early morning behaviour. Arzneimittelforschung/Drug Res, 1978;
28: 483-486.

Hindmarch |, Easton JC. A placebo-controlled assessment of mequitazine and astemizole in
tests of psychomotor ability. Int J Clin Pharmacol Res, 1986; 6: 457-464.

Hindmarch |, et al. Psychomotor effects of astemizole and chlorpheniramine, alone and in
combination with alcohol. Int Clin Psychopharmacol, 1987; 2: 117-119.

Hopes H, Meuret GH, Ungethim W, Leopold G, Wiemann H. Placebo controlled comparison of
acute effects of ebastine and clemastine on performance and EEG. Eur J Clin
Pharmacol, 1992; 42: 55-59.

Hughes FW, Forney RB. Comparative effect of three antihistaminics and ethanol on mental and
motor performance. Clin Pharmacol Ther, 1964; 5: 414-421.

Irving A, Jones W. Methods for testing impairment of driving due to drugs. Eur J Clin Pharmacol,
1992; 43: 61-66.

Katz IR, Sands LP, Bilker W, DiFilippo S, Boyce A, et al. Identification of medications that cause
cognitive impairment in older people: the case of oxybutynin chloride. J Am Geriatr Soc,
1998; 46: 8-13.

Kay GG, Berman B, Mockoviak SH, Morris CE, Reeves D, et al. Initial and steady-state effects of
diphenhydramine and loratadine on sedation, cognition, mood, and psychomotor
performance. Arch Intern Med, 1997; 157: 2350-2356.

Kerr JS, Dunmore C, Hindmarch I. The psychomotor and cognitive effects of a new
antihistamine, mizolastine, compared to terfenadine, triprolidine and placebo in healthy
volunteers. Eur J Clin Pharmacol, 1994; 47: 331-335.

Khosla PP, Saha N, Koul A, Chakrabarti A, Sankaranarayanan A, et al. Effects of ranitidine alone

and in combination with chlorpheniramine on histamine-induced wheal and flare and
psychomotor performance. Indian J Physiol Pharmacol, 1993; 37: 132-134.

30



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Kohl RL, Homick JL, Cintron N, Calkins DS. Lack of effects of astemizole on vestibular ocular
reflex, motion sickness, and cognitive performance in man. Aviat Space Environ Med,
1987; 58: 1171-1174.

Kulshrestha VK, Gupta PP, Turner P, Wadsworth J. Some clinical pharmacological studies with
terfenadine, a new antihistamine drug. Br J Clin Pharmacol, 1978; 6: 25-29.

Ledin T, Odkvist LM, Moller C. Effects of loratadine on postural control. Acta Otolaryngol
(Stockh), 1995; 520 (Suppl): 310-312.

Lee A, Lader M, Kitler ME. The psychopharmacological effects of single doses of prolonged
release formulations of dimethindene and chlorpheniramine in human volunteers.
Human Psychopharmacol, 1988; 3: 111-117.

Levander S, Hagermark O, Stahle M. Peripheral antihistamine and central sedative effects of
three H1-receptor antagonists. Eur J Clin Pharmacol, 1985; 28: 523-529.

Levander S, Stahle-Backdahl M, Hagermark O. Peripheral antihistamine and central sedative
effects of single and continuous oral doses of cetirizine and hydroxyzine. Eur J Clin
Pharmacol, 1991; 41: 435-439.

Lines C, Traub M, Raskin S, Mant T, Reines S. Lack of sedative and cognitive effects of
diphenhydramine and cyclobenzaprine in elderly volunteers. J Psychopharmacol, 1997;
11:325-329.

Linnoila M. Effects of antihistamines, chlormezanone and alcohol on psychomotor skills related
to driving. Eur J Clin Pharmacol, 1973; 5: 247-254.

Mattila MJ, Mattila M, Konno K. Acute and subacute actions on human performance and
interactions with diazepam of temelastine (SK&F93944) and diphenhydramine. EurJ
Clin Pharmacol, 1986; 31: 291-298.

Meador KJ, Loring DW, Thompson EE, Thompson WO. Differential cognitive effects of
terfenadine and chlorpheniramine. J Allergy Clin Immunol, 1989; 84: 322-325.

Mohs RC, Tinklenberg JR, Roth WT, Kopell BS. Methamphetamine and diphenhydramine effects
on the rate of cognitive processing. Psychopharmacol, 1978; 59:13-19.

Moser L, Hither KJ, Koch-Weser J, Lundt PV. Effects of terfenadine and diphenhydramine alone
or in combination with diazepam or alcohol on psychomotor performance and subjective
feelings. EurJ Clin Pharmacol, 1978; 14: 417-423.

Moser L, Gerdes H, Beckmann M, Hopman G. Antihistamines and reactivity.
Arzneimittelforschung/Drug Res, 1983; 33: 262-265.

Moskowitz H, Burns M. Effects of terfenadine, diphenhydramine and placebo on skills
performance. Cutis, 1988; 42: 14 -18.

Murri L, Massetani R, Krause M, Dragonetti C, ludice A. Evaluation of antihistamine-related

daytime sleepiness; a double-blind, placebo-controlled study with terfenadine.
Allergy, 1992; 47: 532-534.

31



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Neves-Pinto RM, et al.,Neves-Pinto RM, Lima GM, Teixeira RD. A double-blind study of the
effects of loratadine versus placebo on the performance of pilots. Am J Rhinology, 1992;
6: 23-27.

Nicholson AN. Effects of the antihistamines, brompheniramine maleate and triprolidine
hydrochloride, on performance in man. Br J Clin Pharmacol, 1979; 8: 321-324.

Nicholson AN, Stone BM. Performance studies with the H1-histamine receptor antagonists,
astemizole and terfenadine. Br J Clin Pharmacol, 1982; 13: 199-202.

Nicholson AN, Smith PA, Spencer MB. Antihistamines and visual function: studies on dynamic
acuity and the pupillary response to light. Br J Clin Pharmacol, 1982; 14: 683-690.

Nicholson AN, Stone BM. The H1-antagonist mequitazine: studies on performance and visual
function. Eur J Clin Pharmacol, 1983; 25: 563-566.

Nicholson AN, Stone BM. The H2-antagonists, cimetidine and ranitidine: studies on performance.
Eur J Clin Pharmacol, 1984; 26: 579-582.

Nicholson AN, Pascoe PA, Stone BM. Histaminergic systems and sleep; studies in man with H1
and H2 antagonists. Neuropharmacology, 1985; 24: 245-250.

Nicholson AN, Stone BM. Antihistamines: impaired performance and the tendency to sleep. Eur
J Clin Pharmacol, 1986; 30: 27-32.

Nicholson AN, Pascoe PA, Turner C, Ganellin CR, Greengrass PM, et al. Sedation and
histamine H1-receptor antagonism: studies in man with the enantiomers of
chlorpheniramine and dimethindene. BrJ Pharmacol, 1991; 104: 207-276.

Nicholson AN, Turner C. Central effects of the H1-antihistamine, cetirizine. Aviat Space Environ
Med, 1998; 69: 166-171.

Offenloch K, Zahner G. Rated performance, cardiovascular and quantitative EEG parameters
during simulated instrument flight under the effect of terfenadine.
Arzneimittelforschung/Drug Res, 1992; 42: 864-868.

O'Hanlon JF. Antihistamines and driving safety. Cutis, 1988; 42: 10-13.

Patat A, Gram LF, Dubruc C, Brohier S, Cabanis MJ, et al. Effects of mizolastine, a new
antihistamine, on psychomotor performance and memory in elderly subjects. Int Clin
Psychopharmacol, 1994; 9: 101-108.

Patat A, Stubbs D, Dunmore C, Ulliac N, Sexton B, et al. Lack of interaction between two
antihistamines, mizolastine and cetirizine, and ethanol in psychomotor and driving
performance in healthy subjects. Eur J Clin Pharmacol, 1995; 48: 143-150.

Pechadre JC, Vernay D, Trolese JF, Bloom M, Dupont P, et al. Comparison of the central and
peripheral effects of cetirizine and terfenadine. Eur J Pharmacol, 1988; 35: 255-259.

Pechadre JC, Beudin P, Eschalier A, Trolese JF, Rihoux JP. A comparison of central and
peripheral effects of cetirizine and loratadine. J Int Med Res, 1991; 19: 289-295.

Peck AW, Fowle ASE, Bye C. A comparison of triprolidine and clemastine on histamine
antagonism and performance tests in man: implications for the mechanism of drug
induced drowsiness. Eur J Pharmacol, 1975; 8: 455-463.

32



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Philpot EE, Brooker AE. Effects of sedating and nonsedating antihistamines on flying
performance. Mil Med, 1993; 158: 654-660.

Pishkin V, Sengel RA, Lovallo WR, Shurley JT. Cognitive and psychomotor evaluation of
clemastine-fumarate, diphenhydramine HCI and hydroxyzine HCI: double-blind study.
Cur Ther Res, 1983; 33: 230-237.

Preston KL, Wolf B, Guarino JJ, Griffiths RR. Subjective and behavioral effects of
diphenhydramine, lorazepam and methocarbamol: evaluation of abuse liability. J
Pharmacol Exp Ther, 1992; 262: 707-720.

Ramaekers JG, Uiterwijk MMC, O'Hanlon JF. Effects of loratadine and cetirizine on actual driving
and psychometric test performance, and EEG during driving. Eur J Clin Pharmacol,
1992; 42: 363-369.

Ramaekers JG, O'Hanlon JF. Acrivastine, terfenadine and diphenhydramine effects on driving
performance as a function of dose and time after dosing. Eur J Clin Pharmacol, 1994;
47: 261-2686.

Reinberg A, Levi F, Guillet P, Burke JT, Nicolai A. Chronopharmacological study of
antihistamines in man with special references to terfenadine. Eur J Clin Pharmacol,
1978; 14: 245-252.

Rice VJ, Snyder HL. The effects of Benadryl and Hismanal on psychomotor performance and
perceived performance. Aviat Space Environ Med, 1993; 64: 726-734.

Riedel WJ, Shoenmakers EAJM, O'Hanlon JF. Loratadine and alcohol in combination: lack of
interaction in an open road driving study. Alc Drug Traffic Safety - T89, 1990; 483-488.

Riedel WJ, van Veggel L, O'Hanlon JF. Cetirizine 10 and 20 mg impair psychomotor
performance. Clin Exp Allergy, 1990; 20(Suppl 1): 97 [Abstract].

Roehrs TA, Tietz El, Zorick FJ, Roth T. Daytime sleepiness and antihistamines. Sleep, 1984; 7:
137-141.

Roehrs TA, Claiborue D, Knox M, Roth T. Effects of ethanol, diphenhydramine, and triazolam
after a nap. Neuropsychopharmacology, 1993; 9: 239-245.

Roehrs TA, Zwyghuizen-Doorenbos A, Roth T. Sedative effects and plasma concentrations
following single doses of triazolam, diphenhydramine, ethanol and placebo. Sleep, 1993;
16: 301-305.

Rombaut N, Bhatti JZ, Curran S, Hindmarch |. Effects of topical administration of levocabastine
on psychomotor and cognitive function. Ann Allergy, 1991; 67: 75-79.

Roth T, Roehrs T, Koshorek G, Sicklesteel J, Zorick F. Sedative effects of antihistamines. J
Allergy Clin Immunol, 1987; 80: 94-98.

33



106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Saarialho-Kere U, Mattila MJ, Seppala T. Psychomotor, respiratory and neuroendocrinological
effects of a mu-opioid receptor agonist (oxycodone) in healthy volunteers. Pharmacol
Toxicol, 1989; 65: 252-257.

Saletu B, Grunberger J, Krupka M, Schuster P. Comparative double-blind placebo-controlled
sleep laboratory studies of a combination of lorazepam and diphenhydramine (SM-1014)
and its single components. Cur Ther Res, 1987; 42: 1037-1058.

Sands L, Katz IR, DiFilippo S, D'Angelo K, Boyce A, et al. Identification of drug-related cognitive
impairment in older individuals. Am J Geriatric Psychiat, 1997; 5:156-166.

Schaffler K, Wauschkuhn C-H, Martinelli M, Rehn D, Brunnauer H. Influences of dimethindene
maleate in a new formulation on oculo and psychomotor performance using the
oculodynamic test (ODT) in volunteers. Agents Actions, 1994; 41: C136-C137.

Schweitzer PK, Muehlbach MJ, Walsh JK. Sleepiness and performance during three-day
administration of cetirizine or diphenhydramine. J Allergy Clin Immunol, 1994; 94: 716-
724,

Seidel WF, Cohen S, Bliwise NG, Dement WC. Cetirizine effects on objective measures of
daytime sleepiness and performance. Ann Allergy, 1987; 59: 58-62.

Seppala T, Nuotto E, Korttila K. Single and repeated dose comparison of three antihistamines
and phenylpropanolamine: psychomotor performance and subjective appraisals of sleep.
Br J Clin Pharmacol, 1981; 12: 179-188.

Seppala T, Savolainen K. Effect of astemizole on human psychomotor performance. Curr Ther
Res, 1982; 31: 638-644.

Simons FE, Fraser TG, Reggin JD, Simons KJ. Comparison of the central nervous system
effects produced by six H1-receptor antagonists. Clin Exp Allergy, 1996; 26: 1092-1097.

Simons KJ, Dilay DJ, Reggin JD, Fraser TG, Patrick JP, Simons FER. Cetirizine (C), hydroxyzine
(H), and diphenhydramine (D): studies of central nervous system (CNS) effects using the
P300-event-related potential (P300). J Allergy Clin Immunol, 1994; 93: 235 [Abstract].

Spector R, Choudhury AK, Chiang C, Goldberg MJ, Ghoneim MM. Diphenhydramine in Orientals
and Caucasians. Clin Pharmacol Ther, 1980; 28: 229-234.

Swire FMM, Marsden CA, Barber C, Birmingham AT. Effects of a sedative and of a non-sedative
H1-antihistamine on the event-related potential (ERP) in normal volunteers.
Psychopharmacology, 1989; 98: 425-429.

Tharion WJ, Kobrick JL, Lieberman HR, Fine BJ. Effects of caffeine and diphenhydramine on
auditory evoked cortical potentials. Percept Mot Skills, 1993; 76: 707-715.

Tharion WJ, McMenemy DJ, Rauch TM. Antihistamine effects on the central nervous system,
cognitive performance, and subjective states. Neuropsychobiology, 1994; 29: 97-104.

Unchern S, Chumsawat P, Sriwatanakul K, Limsuwan A. Psychomotor performances and
subjective feeling studies with antihistamine. J Med Assoc Thai, 1986; 69: 203-209.

34



121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Valk PJ, Simons RM, Struyvenberg PA, Kruit H, van Berge Henegouwen MT. Effects of a single
dose of loratadine on flying ability under conditions of simulated cabin pressure. Am J
Rhinol, 1997; 11: 27-33.

Vermeeren A, O'Hanlon JF. Fexofenadine's effects, alone and with alcohol, on actual driving and
psychomotor performance. J Allergy Clin Immunol, 1998; 101: 306-311.

Volkerts ER, Van Willigenburg APP, Van Laar MW, Maes RAA. Does cetirizine belong to the
new generation of antihistamines? An investigation into its acute and subchronic effects
on highway driving, psychometric test performance and daytime sleepiness. Human
Psychopharmacology, 1992; 7: 227-238.

Vuurman EF, Uiterwijk MMC, Rosenzweig P, O'Hanlon JF. Effects of mizolastine and clemastine
on actual driving and psychomotor performance in healthy volunteers. Eur J Clin
Pharmacol, 1994; 47: 253-259.

Walsh JK, Muehlbach MJ, Schweitzer PK. Simulated assembly line performance following
ingestion of cetirizine or hydroxyzine. Ann Allergy, 1992; 69: 195-200.

Walsh JK, Muehlbach MJ, Humm T, Moss KL, Schweitzer PK. Sleepiness and performance
during three days' use of cetirizine or diphenhydramine. J Allergy Clin Immunol, 1994;
93: 235 [Abstract].

Wilkinson CJ, Moskowitz H. Acute effects of loratadine, diphenhydramine and placebo, alone
and with alcohol, on skills performance. Alc Drugs Traffic Safety - T89, 1990; 476-482.

Wilkinson CJ, Moskowitz H. A comparative study of the acute and chronic effects of loratadine,
diphenhydramine and placebo, alone and with alcohol, on skills performance. SCRI Final
Report for Schering (SC68-chronic dose); 1998, manuscript in preparation.

Wilkinson CJ, Burns M, Korn S, Raskin S, Owens SC, Moskowitz H. A double-blind, multiple-
dose, crossover, placebo-controlled study to investigate the effects of cyclobenzaprine,
diphenhydramine and amitriptyline on driving-related psychomotor skills in young
volunteers. Final Report for Merck (ME-128), 1998.

Witek TJ, Jr., Canestrari DA, Miller RD, Yang JY, Riker DK. The effects of phenindamine tartrate
on sleepiness and psychomotor performance. J Allergy Clin Immunol, 1992; 90: 953-
961.

Witek TJ, Jr., Canestrari DA, Miller RD, Yang JY, Riker DK. Characterization of daytime
sleepiness and psychomotor performance following H1 receptor antagonists. Ann Allergy
Asthma Immunol, 1995; 74: 419-426.

Yasuda SU, Kay G, Sale M, Zannikos P, Eberle C, Woosley RL. Effect of low dose
chlorpheniramine on cognitive function. Clin Pharmacol Ther, 1998; 63: 172 [Abstract].

Comer SD, Haney M, Ward AS, Fischman MW, Foltin RW. Effects of methysergide and
loratadine on food intake, mood, and performance of humans living in a residential
laboratory. Physiol Behav, 1998; 64: 159-164.

Scavone JM, Greenblatt DJ, Harmatz JS, Engelhardt N, Shader RI. Pharmacokinetics and

pharmacodynamics of dipphenhydramine 25 mg in young and elderly volunteers. J Clin
Pharmacol, 1998; 38: 603-609.

35



DOT Antihistamine Review FINAL REPORT Moskowitz & Wilkinson 10/02

FIGURES

(Appearing as a complete set, from #1 through #15)

36



Studies finding impairment: OLD Drugs

50

>
Q

N
o

Number of studies

w
o

+

-
o

D1 D2 D3 D4 D5

1st Generation Drugs (see legend)

[TINO Impairment Jilj IMPAIRMENT

Studies finding impairment: NEW Drugs
50

F-N
(o)

w
o

N
o

Number of studies

r _ ]

-
o

o

NT N2 N3 N4 N5
2nd Generation Drugs (see legend)
[]NO impairment ] IMPAIRMENT

DRUG code: GENERIC NAME:
D1 CHLORPHENIRAMINE
D2 CLEMASTINE
" D3 DIPHENHYDRAMINE
D4 HYDROXYZINE
D5 TRIPOLIDINE

DRUG code: GENERIC NAME:
N1 ASTEMIZOLE
N2 CETIRIZINE
N3 FEXOFENADINE
N4 LORATADINE
N5 TERFENADINE

FIGURE 1. Impairment Findings by Study




OLD vs NEW Drugs: Objective/Subjective
300

Number of Findings
o
()

1stOBJ  1stSUB  2nd-OBJ  2nd-SUB
Generation & Objective vs Subjective

[ ]NO Impairment [l IMPAIRMENT

FIGURE 2. Acute Doses Only




Results shown for:

TASK CATEGORY: DOSING: Total #
. OBJECTIVE MEASURES Tasts:
FIGURE 3A. oo 110 ACUTE

ANTIHISTAMINES; H1-RECEPTOR ANTAGONISTS by DRUG GENERATION:

1st GENERATION DRUGS: 2nd GENERATION DRUGS:
D1: CHLORPHENIRAMINE by dose (mg) N1: ASTEMIZOLE by dose (mg)
25 35
230
§x
i 20
; 15
E 10
< 5 LTy
G 8 2 e T ® 30 40
Dose (mg) Dose (mg)
NO impairment EB IMPAIRMENT B8 NO impairment Jf IMPAIRMENT
D2: CLEMASTINE by dose {mg) N2: CETIRIZINE by dose (mg)
25 50
2% -2
£1s 20
s w
= 10 5
2 §20
[ X
Z )
[ -4
Dose (mg) 07 -
Dose (mg)
NO impairment i IMPAIRMENT B8 NO Impairment [ IMPAIRMENT
D3: DIPHENHYDRAMINE by dose (mg) N3: FEXOFENADINE by dose (mg)
80 3 K
8 gee
% 22
i i
5 40 515
3 £
5 20 1 Sos
04 : T 0
2% 50 75100 150, . €0 120 240
Dose (mg) 200 Dese (mg)
NO impairment [ IMPAIRMENT NO Impaisment [ IMPAIRMENT
D4: HYDROXYZINE by dose (mg) N4: LORATADINE by dose (mg)
10
§ 8
6
s
4
1.
O 026 30 — 20
Dose (mg) Dose (mg) 40
B NO impairment [ IMPAIRMENT NO Impairment (B IMPAIRMENT

D5: TRIPOLIDINE by dose {mg) N5: TERFENADINE by dose (mg)

60 120 ' '
Dose (mg)

O impairment [ IMPAIRMENT

NO Impairment i IMPAIRMENT

M/CJW Antihistamines & Driving Review for DOT. FILE: C\CJW\HM_CJWDOT-REVIEWADOT-DATA.WD3 04/11/99 03:16:47 PM Page 3 of 4



Results shown for:

TASK CATEGORY: DOSING: Total #
FIGURE 3B. OBJECTIVE MEASURES Tests:
SC#: 1-10 ACUTE 767
1st Generation Drugs | 2nd Generation Drugs
120 140 7
8100 8120
2 80 2100
ic 4 L go
5 60 5 ool
g w0 e
40 4
E 2 :
2 207 : 3 20
9] B . -7 - S
D1 D2 D3 D4 D5 0 N2 N3 N4 5
For each drug, across all doses For each drug, across all doses
EZ NO Impairment Ji§ IMPAIRMENT O Impairment B IMPAIRMENT
DRUG code: GENERIC NAME: DRUG code: G
D1 CHLORPHENIRAMINE N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE
D3 DIPHENHYDRAMINE : N3 FEXOFENADINE
D4 HYDROXYZINE N4 LORATADINE
D8 TRIPOLIDINE N6 TERFENADINE

OLD vs NEW drugs: Overall findings
300

S
N
[$)]
o

200
150
100

Number of finding

(4]
o

M/CJW Antihistamines & Driving Review for DOT. FILE: CA\CIJWAHM_CUWADOT-REVIEWNDOT-DATA.wWb3 04/11/99 03:16:47 PM Page 4 of 4



Resuits shown for:

TASK CATEGORY: DOSING: Total #
FIGURE 4A. SUBJECTIVE SEDATION Tests:
Sc#: s ACUTE .

ANTIHISTAMINES: H1-RECEPTOR ANTAGONISTS by DRUG GENERATION:

1st GENERATION DRUGS: 2nd GENERATION DRUGS:
D1: CHLORPHENIRAMINE by dose (mg) N1: ASTEMIZOLE by dose (mg)
6
é.s
24
'S
53
£
3
21
& 8 18 0% ©
Dose (mg) Dose (mg)
B NO impairment B8] IMPAIRMENT 5 NO Impairment B8 IMPAIRMENT
D2: CLEMASTINE by dose {mg) N2: CETIRIZINE by dose (mg)
4 12
1]
§3 g,w
i gs
%2 L,
5, .
z 3 2
[} 4
o 4 - 5 o X
Dose (mg)
NO impairment 8 IMPAIRMENT B NO impairment [ IMPAIRMENT
D3: DIPHENHYDRAMINE by dose (mg) N3: FEXOFENADINE by dose (mg)
16 !
14 P [
_§1 2 gos
£10 08
% 8 5
2 8 é 0.4
£ 41 , 302
2 4 :
1 = o
L 50 75100 150,200+ . 0 120 240
Dose (mg) ] Dose (mg)
3 NO Impairment g IMPAIRMENT NO Impairment §§§ IMPAIRMENT
D4: HYDROXYZINE by dose (mg) N4: LORATADINE by dose (mg)
4
0
& :
52 6
b :
2
* % % q
%0 10 20 40
Dose (mg) Dose (mg)
B8 NO impairment i IMPAIRMENT 5 NO tmpairment BB IMPAIRMENT
D5: TRIPOLIDINE by dose (mg) N6: TERFENADINE by dose (mg)
10 .
i, 1
6 <
i a2
2 27 .
§i B BN 1 I
525 5 7. 15,
1 Dose (mg) 10,15,20 Dosemg)
NO impairment BB IMPAIRMENT B3 NO impairment B IMPAIRMENT

4M/CJW Antihistamines & Driving Review for DOT. FILE: CA\CUW\HM_CJWIDOT-REVIEWADOT-DATA.wb3 06/02/99 07:52:29 AM Page 3 of 4



Results shown for:

TASK CATEGORY: DOSING: Total #
FICURE 4B SUBJECTIVE SEDATION Tests:
T sc ) ACUTE 171
1st Generation Drugs 2nd Generation Drugs
30 30 . .
o ] w T
£ 225
© 1 'g T
£20 1 £20
s 15 s 15
E3 -+
o] g 10
Z % . B 25
O B § ah P v i | R, B
D1 D2 D3 D4 D5 0+ N2 N3 N4 NS
For each drug, across all doses For each drug, across all doses
B8 NO Impairment [ IMPAIRMENT 3 NO Impairment il IMPAIRMENT
D1 CHLORPHENIRAMINE N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE
D3 DIPHENHYDRAMINE . N3 FEXOFENADINE
D4 HYDROXYZINE N4 LORATADINE
D6 TRIPOLIDINE NB TERFENADINE
SUBJECTIVE SEDATION

OLD vs NEW drugs: Overall findings
80 '

[02]
o
1

Number of findings
N »
o o

- 1st Generation 2nd Geratnon

NO Impairment il IMPAIRMENT

4AM/CJIW Antihistamines & Driving Review for DOT. FILE: CACJW\HM_CIJWADOT-REVIEWNDOT-DATA.wb3 06/02/98 07:52:29 AM Page 4 of 4



Results shown for:

TASK CATEGORY: DOSING: Total #
DRIVING and PILOTING Tests:
FIGURE 5. SC#: 1C, 1R, 18, 17 ACUTE 55
1st Generation Drugs 2nd Generation Drugs
14 14
/]
3
210 310
] L og
© 1 ‘e r
2, 2 L]
§ > 5 5]
z 27 ; Z 27
0 o S BRI 0 g R A
D1 D2 D3 D4 N1 N2 N3 N4 NS
For each drug, across all doses For each drug, across all doses
B NO Impairment [ IMPAIRMENT E8 NO Impairment Jil IMPAIRMENT
DRUG code: GENERIC NAME: DRUG code: GENERIC NAME:
D1 CHLORPHENIRAMINE N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE
D3 DIPHENHYDRAMINE _ N3 FEXOFENADINE
D4 HYDROXYZINE N4 LORATADINE
D6 TRIPOLIDINE N6 TERFENADINE

DRIVING and PILOTING

OLD vs NEW drugs: Overall findings
30 '

dings
NN
o o

P
(6]

Number of findi
°

wn

1st Generation 2nd Generation

NO impairment il IMPAIRMENT

HM/CJW Antihistamines & Driving Review for DOT. FILE: C\CIWWHM_CJWADOT-REVIEWADOT-DATAWD3 06/02/99 07:44:36 AM Page 4 of 4



Results shown for:
TASK CATEGORY:

FIGURE 6. PSYCHOMOTOR TASKS

SC#: 2(2,28,2D,2T)

DOSING:

ACUTE

Total #
Tests:
70

1st Generation Drugs 2nd Generation Drugs
16 1 10
14 8 1
i 10 i 6
6
E 4 ‘E 5
3 3
z 2 pn 00 SROEER 0 poornooo z
0 S8 0 ; ; .
D1 D2 D3 D4 D5 N1 N2 N3 N4 N5
For each drug, across all doses For each drug, across all doses
NO Impairment [ IMPAIRMENT NO Impairment [ IMPAIRMENT
D1 CHLORPHENIRAMINE N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE
D3 DIPHENHYDRAMINE N3 FEXOFENADINE
D4 HYDROXYZINE N4 LORATADINE
DS TRIPOLIDINE NS TERFENADINE
PSYCHOMOTOR TASKS

OLD vs NEW drugs: Overall findings

30

-
o wn o O
1

Number of finding

- 1st Generation

NO Iimpairment B IMPAIRMENT

2nd Generation

IMICJW Antihistamines & Driving Review for DOT. FILE: C\CJW\HM_CJW\DOT-REVIEWADOT-DATA.wb3 04/11/89 04:01:38 PM Page 4 of 4




Resuits shown for:

TASK CATEGORY: DOSING: Total #
FIGURE 7. PERCEPTION (& Visual Search) Tests:
SCH: 3 ACUTE 26
1st Generation Drugs 2nd Generation Drugs
5 6
[ IS
%”4 s
i 3 E 4 j
5 53
= 2 4 4
32 g 2
51 ] 31
0 & 3 + + 0 . : !
D1 D2 D3 D4 D5 N1 N2 N3 N4 NS
For each drug, across all doses For each drug, across all doses
O impairment [§ IMPAIRMENT . B NO impairment [ IMPAIRMENT
DRUG code; GENERIC NAME; RUG code:
D1 CHLORPHENIRAMINE N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE
D3 DIPHENHYDRAMINE N3 FEXOFENADINE
D4 HYDROXYZINE N4 LORATADINE
D& TRIPOLIDINE N6 TERFENADINE

PERCEPTION (& Visual Search)

OLD vs NEW drugs: Overall findings
12 ‘

Number of findings
o

: 1t Genratln neration

O Impairment ] IMPAIRMENT

IM/CJW Antihistamines & Driving Review for DOT. FILE: CACIMAHM_CIWADOT-REVIEWNDOT-DATA.wb3 04/11/99 04:10:07 PM Page 4 of 4



Results shown for:
TASK CATEGORY:

FIGURE 8A. VISUAL FUNCTIONS
SCH: 4

1st Generation Drugs

4

]

Number of Findings
[ V] E

o
;

D1 D2 D3 D4 ' D5
For each drug, across all doses

3 NO Impairment i IMPAIRMENT

D1 CHLORPHENIRAMINE
D2 CLEMASTINE

D3 DIPHENHYDRAMINE
D4 HYDROXYZINE

D& TRIPOLIDINE

DOSING: Total #

Tests:
ACUTE 31

2nd Generation Drugs

~

o

Number of Findings

O« NWHdO

N2 N3 N4 NS
For each drug, across all doses

NO Impairment B IMPAIRMENT

DRUG code: GENERIC NAME:
N1 ASTEMIZOLE
N2 CETIRIZINE
N3 FEXOFENADINE
N4 LORATADINE
N6 TERFENADINE

VISUAL FUNCTIONS

16

OLD vs NEW drugs: Overall findings

-
N

-
N

Number of findings

ON O ® O

NO Impairment B IMPAIRMENT

- 1st Generatio 2nd Generation
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Resutts shown for:
TASK CATEGORY:

FIGURE 8B. CRITICAL FLICKER FUSION

SG# 4C

1st Generation Drugs

-
(=]

[+

Number of Findings
&~ O

(=]

D1 D2 D3 D4
For each drug, across all doses

NO Impairment [ IMPAIRMENT

DRUG code: GENERIC NAME:

D1 CHLORPHENIRAMINE
D2 CLEMASTINE

D3 DIPHENHYDRAMINE
D4 HYDROXYZINE

D6 TRIPOLIDINE

DOSING: Total #

Tests;
ACUTE ! 52

2nd Generation Drugs

-

Number of Findings

Nt N2 N3 N4 N5
For each drug, across all doses

O Impairment Bl IMPAIRMENT

N1 ASTEMIZOLE
N2 CETIRIZINE

N3 FEXOFENADINE
N4 LORATADINE
N& TERFENADINE

CRITICAL FLICKER FUSION

25

OLD vs NEW drugs: Overall findings

N
o

-
(8]
|

Number of findings
=)

(8]
¢

2nd Generatin

| IMPAIRMENT
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Results shown for:

TASK CATEGORY: DOSING: Total #
FIGURE 9. COGNITIVE TASKS , Tests:
SCH#: 5 (5D,5M,5T) ACUTE 201
1st Generation Drugs 2nd Generation Drugs
50 25
4 @ 4
B 8
. :
‘s 1 S
8% g
E 10 4 E 5
z 3 B z i 2
°“"p1 "D2 D3 D4 ' D5 N1 TNz T NE T Ne NS
For each drug, across all doses For each drug, across all doses
NO Impairment Jl} IMPAIRMENT | NO Impairment fj IMPAIRMENT

DRUG code; GENERIC NAME: DRUG code: G
D1 CHLORPHENIRAMINE ’ N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE
D3 DIPHENHYDRAMINE : N3 FEXOFENADINE
D4 HYDROXYZINE N4 LORATADINE
D6 TRIPOLIDINE N6 TERFENADINE

COGNITIVE TASKS

OLD vs NEW drugs: Overall findings
80 -

0]
o
!

N
o
]

Number of findings
H
o

"~ {st Genert 2nd Genei

NO Impairment il IMPAIRMENT
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Results shown for:

TASK CATEGORY: DOSING: Total #
FIGURE 10. DIVIDED ATTENTION Tests:
SC#: 6 ACUTE 52
1st Generation Drugs 2nd Generation Drugs
14 1
-] 12 1
2101 g107
i g L g
k] 6 | k-]
- 6
.8 4 -E 4
221 —— 221 :
o b X PR s 0 ] . , . 2
D1 D2 D3 D4 D5 N1 N2 N3 N4 N5
For each drug, across all doses . For each drug, across all doses
24 NO Impairment [ IMPAIRMENT % NO Impairment [ IMPAIRMENT
DRUG code: GENERIC NAME: DRUG code: GENERIC NAME:
D1 CHLORPHENIRAMINE N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE
D3 DIPHENHYDRAMINE N3 FEXOFENADINE
D4 HYDROXYZINE N4 {ORATADINE
DS TRIPOLIDINE N5 TERFENADINE
DIVIDED ATTENTION

OLD vs NEW drugs: Overall findings
20

-
(6}

Number of findings
o o

- 1st Generation 2nd Geneation

NO Impairment 21 IMPAIRMENT
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Results shown for:

TASK CATEGORY: DOSING: Total #
FIGURE 11. VIGILANCE Tests:
ACUTE 46

SC#: 7 (7?)

1st Generation Drugs

20

-
[¢,]

(4]

Number of Findings
°

(=]
i

D1 D2 D3 D5
For each drug, across all doses

B8 NO Impairment i IMPAIRMENT

Number of Findings
o

2nd Generation Drugs

20

-t
(]

(&)

N1 N2 N3 N4 N5
For each drug, across all doses

NO Impairment {8 IMPAIRMENT

DRUG code: SENERIC NAME:
D1 CHLORPHENIRAMINE
D2 CLEMASTINE
D3 DIPHENHYDRAMINE
D4 HYDROXYZINE
D& TRIPOLIDINE

VIGILANCE

DRUG code: GENERIC NAME:
N1 ASTEMIZOLE
N2 CETIRIZINE
N2 FEXOFENADINE
N4 LORATADINE
NS TERFENADINE

25-1

N
o

-
[$)]
I

-
o
}

Number of findings

4]
:

OLD vs NEW drugs: Overall findings

" 1st Generation 2nd Generation

IMPAIRMENT

NO Impairment
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Results shown for:

TASK CATEGORY: DOSING: Total #
FIGURE 12a. JRACKING Tests:
SC#: 8 (8, 8Cr) ACUTE 80
1st Generation Drugs 2nd Generation Drugs
14 14
B §12 ]
E! 510
i g 1
kS s
3 3]
E E ]
z 2 2
0 - 2 22 -
N1 N2 N4 NS
For each drug, across all doses For each drug, across all doses
% NO Impairment [l IMPAIRMENT [ NO Impairment [ IMPAIRMENT
DRUG code: GENERIC NAME: DRUG code: G
D1 CHLORPHENIRAMINE N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE
D3 DIPHENHYDRAMINE . N3 FEXOFENADINE
D4 HYDROXYZINE . N4 LORATADINE
D& TRIPOLIDINE N5 TERFENADINE

TRACKING

OLD vs NEW drugs: Overall findings

= 2 N N O
o O O
RO I

O O O O,
!

Number of findings

- 41st Generation 2nd Generation

IMPAIRMENT

NO Impairment
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Resuits shown for:

TASK CATEGORY: DOSING: Total #
FIGURE 12B. TRACKING - Critical and Adaptive Tests:
SC#: 8Cr ACUTE 52
1st Generation Drugs 2nd Generation Drugs
12 12
[ T [
210 210 -
28 2 s
[V 4 |
5 6 5 6 1
54 %4
£, E
z ‘] o _ e 2 2] ‘ B
0 jod 5 B 0 k e b
D1 D2 D3 D4 D5 N1 N2 N3 N4 N5
For each drug, across all doses For each drug, across all doses
NO Impairment il IMPAIRMENT % NO impairment i} IMPAIRMENT
DRUG code; GENERIC NAME: DRUG code: G
D1 CHLORPHENIRAMINE N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE
D3 DIPHENHYDRAMINE N3 FEXOFENADINE
D4 HYDROXYZINE N4 LORATADINE
D5 TRIPOLIDINE N6 TERFENADINE

TRACKING - Critical and Adaptive

OLD vs NEW drugs: Overall findings
30 '

: st Generation nd Genn

NO Impairment IMPAIRMENT
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Results shown for:

TASK CATEGORY: DOSING: Totai #
SC#: 9:(9, 98,9C) ACUTE 98
1st Generation Drugs 2nd Generation Drugs
14 ; 12
g1 g1
2107 28
ir g ic 1
] %4
£ £
Zz 2] z “] .
o - : E
D1 D2 D3 D4 D5 0 N1 N2 N3 N4 NS
For each drug, across all doses For each drug, across all doses
O Impairment [ IMPAIRMENT % NO Impairment i IMPAIRMENT
DRUG code: GENERIC NAME: DRUG code: GENERIC NAME:
D1 CHLORPHENIRAMINE N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE
D3 DIPHENHYDRAMINE N3 FEXOFENADINE
D4 HYDROXYZINE N4 LORATADINE
D8 TRIPOLIDINE N& TERFENADINE

OLD vs NEW drugs: Overall findings
35

i

w
o
!

(6]
1

- - N N
«n O
i i

Number of findings
)

o o
]

* 1st Generation 2nd Generation

| NO Impairment flll IMPAIRMENT
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Resuits shown for:

TASK CATEGORY: DOSING: Total #
FIGURE 14aA. PHYSIOLOGICAL SEDATION Tests:

SCH#: 10 (10, 10M) ACUTE 56
EEG, ERP, MSLT .

1st Generation Drugs 2nd Generation Drugs
12 12
&10 S10
: 2 sl
& 8 - & 87
5 61 5 6
g 4 24
£ €,
z 1 2 vy z 2 1 3
0 | - - o + % ~- ~—t - Y
D1 D2 D3 D4 D5 ° N1 N2 N3 N4 N5
For each drug, across all doses For each drug, across all doses
3 NO Impairment i IMPAIRMENT ] NO impairment i IMPAIRMENT
DRUG code: GENERIC NAME: :
D1 CHLORPHENIRAMINE N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE
D3 DIPHENHYDRAMINE . N3 FEXOFENADINE
D4 HYDROXYZINE N4 | ORATADINE
D5 TRIPOLIDINE N5 TERFENADINE

PHYSIOLOGICAL SEDATION

OLD vs NEW drugs: Overall findings
25 '

N
o
1

ey
(4]
!

-
o
1

Number of findings

[,
1

: st Generation nd Geneatuon

| IMPAIRMENT

NO Impairment
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Resuits shown for:

TASK CATEGORY: . DOSING: Totat #
FIGURE 14B. Multiple Sleep Latency Test Tests:
SC#: 10M ACUTE 20
{subcode of Physiological)
1st Generation Drugs 2nd Generation Drugs
10 10
@ 1 [} +
2s g8
2 1 g 1
i 6 i 6
'8 4 4 "6 4
g4 g 2]
ol B . by, B o b : I
DI D2 D3 D4 DS Nt N2 N3 N4 N5
For each drug, across all doses For each drug, across all doses
55 NO Impairment [} IMPAIRMENT £ NO Impairment Ji§ IMPAIRMENT

DRUG code: GENERIC NAME: DRUG code: GENERIC NAME:

D1 CHLORPHENIRAMINE N1 ASTEMIZOLE
D2 CLEMASTINE N2 CETIRIZINE

D3 DIPHENHYDRAMINE N3 FEXOFENADINE
D4 HYDROXYZINE N4 LORATADINE
D6 TRIPOLIDINE N5 TERFENADINE

Multiple Sleep Latency Test

OLD vs NEW drugs: Overall findings
10

Number of findings
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1st Generation Drugs: All Findings

(o]
o

D
Q

N
o

Number of Findings
P8
o

1 2 3 4 5 6 7 8 9 10 10M 99
Skill Category; 99=subjective sedation

[~ ] No Impairment ] IMPAIRMENT

2nd Generation Drugs: All Findings

|

g
[

Number of Findings
8
{

[

(=]
I
—
(

o
F—t

ﬂ 'ﬁﬂ = ¥ : ¢ | ||
3 4 5 6 7 8 9 10 10M 99
Skill Category; 99=subjective sedation

] No impairment i} IMPAIRMENT

1 2

FIGURE 15. Overall Summary

SC#: SKILL CATEGORIES:
1 DRIVING & PILOTING

2 PSYCHOMOTOR
3 PERCEPTION
4 VISUAL FUNCTIONS, but not CFF
5 COGNITIVE TASKS :
6 DIVIDED ATTENTION '
7 VIGILANCE
8 TRACKING - only critical & adaptive
9 REACTION TIME
10 PHYSIOLOGICAL - EEG,ERP
10M Muttiple Sleep Latency Test
‘89 SEDATION - SUBJECTIVE
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APPENDICES

Appendix A
Tables of impairment Findings by Behavioral Category (Listings by Study & Drug)

Appendix B
EXAMPLE of an Impairment Summary Sheet (YES/NO Counts) by Behavioral Category

Appendix C
EXAMPLE of a Study Summary Sheet (n=138 studies from 130 references)

Appendix D
Summary Table of Impairment Findings by Study (includes alt 10 Drugs)
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Appendix A
Tables of Impairment Findings by Behavioral Category

(Listings by Study & Drug)



SCHI9

26
35
61
76
120
131B
69
83
63
25
59
26
42
o1
97
112
53
87
91
124
64
97
27
27
30
38
120
134
131B

20
24
27

29

39

57
66
110
114
116
118
127
129
130A
1308
131A
1318
27
27
68
70
71
94
106

64
65

111
125
o1
21
28

76
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SEDATION - SUBJECTIVE MEASURES - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only

Biehl (1979)

Clarke & Nichoison (1978)
Dhorranintra et al. (1990)
Kuishrestha et al. (1978)
Nicholson (1979)
Unchem et al. (1986)
Witek, Jr. et al. (1995)
Meador et al. (1989)
Nicholson et al. (1991)
Lee et al. (1988)
Chapman & Rawiins (1982)
Khosla et al. (1993)
Clarke & Nicholson (1978)
Gaillard et al. (1988)
Peck et al. (1975)
Reinberg et al. (1978)
Seppaia et al. (1981)
Hopes et ai. (1992)

Patat et al. (1994)

Peck et al. (1975)
Vuurman et al. (1994)
Levander et al. (1985)
Reinberg et al. (1978)
Cohen et al. (1984)
Cohen et al. (1984)
Curran et al. (1998)

Fine et al. (1994)
Unchem et al. (1986)
Scavone et al. (1998)
Witek, Jr. et al. (1985)
Berlinger et al. (1982)
Burmns et al. (1999 - ms)
Carruthers et al. (1978)
Cohen et al. (1984)
Cohen et al. (1984)
Cohen et al. (1987)
Curran et al, (1998)

Fink et al. (1979)

Gengo et al. (1990)

Kaye et al. (1997)

Lines et al. (1997)
Schweitzer et al. (1994)
Simons et al. {1896)
Spector et al. (1980)
Tharion et al. (1994)
Wilkinson & Moskowitz (1990)
Wilkinson et al. (1998 - ms)
Witek, Jr. et al. (1992)
Witek, Jr. et ai. (1992)
Witek, Jr. et al. (1995)
Witek, Jr. et al. (1995)

‘Cohen et al. (1984)

Cohen et al. (1984)
Mattila et al. (1986}
Mohs et al. (1878)
Moser et al. (1978)
Preston et al. (1992)
Saariaiho-Kere et al. (1989)
Preston et al. (1992)
Levander et al. (1985)
Levander et al. (1991)
Gengo et al. (1987)
Seidel et al. (1887)
Waish et al. (1992)
Peck et al. (1975)
Bye et al. (1874)
Cohen et al. (1985)
Hamilton et al. (1982)
Nicholson (1979)

Sheet: SEDATION 'T'ABLE 4.
e 2. sorted by Generation, DRUG. Dose, Refli, Measure

SEDATION - VAS of mood adjectives
SEDATION - VAS

SEDATION - VAS & Alertness rating
SEDATION - VAS for Sedation
SEDATION - VAS

SEDATION - 7-pt ratings & Sx report
SEDATION - VAS (PC), SSS
SEDATION - reported occumences
SEDATION - VAS, Stanford {SSS)
SEDATION - factor 1 of Mood ratings
SEDATION - VAS

SEDATION - VAS

SEDATION - VAS

SEDATION - VAS scales

SEDATION - VAS set of states
SEDATION - (~VAS rectangle 22cm)
SEDATION - VAS series

SEDATION - Adjective checldists
SEDATION - VAS series (LARS)
SEDATION - VAS set of states
SEDATION - VAS, Bond & Lader
SEDATION - VAS; 3/6 sets = sedation
SEDATION - (~VAS rectangle 22cm)
SEDATION - VAS; on drive day
SEDATION - VAS; on lab day
SEDATION - VAS

SEDATION - POMS (PC)

SEDATION - 7-pt ratings & Sx report
SEDATION - VAS lines

SEDATION - VAS (PC), SSS
SEDATION - VAS sed, mood adjectives
SEDATION - VAS

SEDATION - VAS

SEDATION - VAS; on drive day
SEDATION - VAS; on lab day
SEDATION - VAS

SEDATION - VAS

SEDATION - Alertness rating
SEDATION - VAS, Stanford (SSS)
SEDATION - Stanford SSS, VAS, Moods
SEDATION - VAS; Bond & Lader Factor 1
SEDATION - VAS

SEDATION - VAS based on SSS
SEDATION - VAS (mean of 8)
SEDATION - POMS, SxQ
SEDATION - POMS

SEDATION - VAS

SEDATION - VAS (PC), SS8
SEDATION - VAS (PC), SSS
SEDATION - VAS (PC), SSS
SEDATION - VAS (PC), SSS
SEDATION - VAS; on drive day
SEDATION - VAS; on iab day
SEDATION - VAS

SEDATION - reported occurrences
SEDATION - 9-pt VAS: tired, dull
SEDATION - DEQ: Alert-Sleepy scale
SEDATION - VAS set of states
SEDATION - DEQ: Alert-Sleepy scdle
SEDATION - VAS; 3/6 sets = sedation
SEDATION - VAS; 3/7 sets = sedation
SEDATION - VAS

SEDATION - VAS, Stanford (SSS), POMS
SEDATION - VAS

SEDATION - VAS set of states
SEDATION - VAS

SEDATION - VAS

SEDATION - VAS

SEDATION - VAS

1st Generation Drugs:

1 CHLORPHENIRAMINE
1 CHLORPHENIRAMINE
1 CHLORPHENIRAMINE
1 CHLORPHENIRAMINE
1 CHLORPHENIRAMINE
1 CHLORPHENIRAMINE
1 CHLORPHENIRAMINE
1 CHLORPHENIRAMINE
1 CHLORPHENIRAMINE
1 CHLORPHENIRAMINE
1 CHLORPHENIRAMINE
1 CHLORPHENIRAMINE
1 CLEMASTINE

1 CLEMASTINE

1 CLEMASTINE

1 CLEMASTINE

1 CLEMASTINE

1 CLEMASTINE

1 CLEMASTINE

1 CLEMASTINE

1 CLEMASTINE

1 CLEMASTINE

1 CLEMASTINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1  DIPHENHYDRAMINE

1 DIPHENHYDRAMINE

1 HYDROXYZINE

1 HYDROXYZINE

1 HYDROXYZINE

1 HYDROXYZINE

1 HYDROXYZINE

1 TRIPOLIDINE

1  TRIPOLIDINE

1 TRIPOLIDINE

1 TRIPOLIDINE

1 TRIPOLIDINE

[ I N N

TS
O NO

WWNNNN a2

100
100
100
100

100
100

20
20

25

1.25
25
25
25
25

IMPAIRMENT?

YES
YES

YES

YES

YES

YES
YES
YES
YES

YES
YES
YES

NO

NO

NO bP

NC

NO wP

NO

NO wP

NO

NO

NO

NO
NO

NO

NO

NO

NO

NO

NO

NO

NO
NO




82
21
2
28
82
83
91

121

123

117
12

15
58
76
77
78
79
80
82
104
13A
138
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Nicholson & Stone (1986)
Bye et al. (1974)
Byeetal (1977)
Cohen et al. (1985)
Nicholson & Stone (1986)
Nicholsor et al. (1881)
Peck et al. (1975)

Valk et al. (1997)

Volkerts et al. (1992)
Swire et al. (1988)
Bradiey & Nicholson {1986)
Bradiey & Nicholson (1987)
Brookhuis et al. (1993)
Kerr et al. (1994)
Nicholson (1879)
Nicholson & Stone (1962)
Nicholson et al. (1982)
Nicholson & Stone (1983)
Nicholson & Stone (1984)
Nicholson & Stone (1986)
Rombatt et al. (1991)
Bradiey et al. (1987)
Bradiey et al. (1987)

SEDATION - VAS

SEDATION - VAS

SEDATION - VAS

SEDATION - VAS

SEDATION - VAS

SEDATION - VAS, Stanford (SSS)
SEDATION - VAS set of states
SEDATION - Stanford (SSS)
SEDATION - ~VAS (interval scale)
SEDATION - VAS set of states (Bond & Lader)
SEDATION - VAS Mood assessments
SEDATION - VAS Mood assessments
SEDATION - mental activation (sed)
SEDATION - VAS

SEDATION - VAS

SEDATION - VAS

SEDATION - VAS

SEDATION - VAS

SEDATION - VAS

SEDATION - VAS

SEDATION - VAS set of states
SEDATION - VAS Mood assessments
SEDATION - VAS Mood assessments

b k3 ah ed ed A A e e S

TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE

coaooa o e

NO

NO
NO

NO

NO

NO

NO wP




SEDATION - SUBJECTIVE MEASURES - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only

contd... Sheet: SEDATION

2nd Generation Drugs:
34  Dhorranintra et al. (1986) SEDATION - VAS & Alertness rating 98 || 2 ASTEMIZOLE 10 NO
S$1  Hindmarch & Easton (1986) SEDATION - VAS set (LARS) 89 || 2 ASTEMIZOLE 10 NO
77  Nicholson & Stone (1982) SEDATION - VAS 89 § 2 ASTEMIZOLE 10 NO
78  Nicholson et al. (1982) §SEDATION - VAS 99 2 ASTEMIZOLE 10 NO
113 Seppala & Savolainen (1982) SEDATION - VAS series 99 2 ASTEMIZOLE 10 NO
114 Simons et al. (1996) SEDATION - VAS based on SSS 99 k 2 ASTEMIZOLE 10 NO wB
77 Nicholson & Stone (1982) SEDATION - VAS 89 | 2 ASTEMIZOLE 20 NO
113 Seppala & Savolainen (1982) SEDATION - VAS series 98 | 2 ASTEMIZOLE 30 NO
25  Chapman & Rawlins (1982) SEDATION - VAS 98 || 2 ASTEMIZOLE 40 NO
44  Gengo et al. (1980) SEDATION - VAS, Stanford (SSS) 98 § 2 CETIRIZINE 5 NO
84  Nichoison & Turner (1998) SEDATION - VAS, Stanford (SSS) 99 I 2 CETIRIZINE 5 YES
111 Seidel et al. (1987) SEDATION - VAS, Stanford (SSS), POMS 98 § 2 CETIRIZINE 5 NO
6 Betts et al. (1989) SEDATION - VAS set 98 §| 2 CETIRIZINE 10 NO
36  Doms et al. (1988) SEDATION - VAS & ratings 98 | 2 CETIRIZINE 10 NO
43  Gengoetal. (1987) SEDATION - VAS 98 | 2 CETIRIZINE 10 NO
44  Gengo et al. (1980) SEDATION - VAS, Stanford (SSS) 99 | 2 CETIRIZINE 10 NO
65  Levander et al. (1991) SEDATION - VAS; 3/7 sets = sedation 88 | 2 CETIRIZINE 10 NO
84  Nicholson & Turner (1998) SEDATION - VAS, Stanford (SSS) 99 | 2 CETIRIZINE 10 YES
89  Pechadre et al. {1988) SEDATION - VAS 99 2 CETIRIZINE 10 NO
80  Pechadre et al. (1991) SEDATION - VAS 98 || 2 CETIRIZINE 10 NO
95  Ramaekers et al. (1992) SEDATION - VAS 99 2 CETIRIZINE 10 NO wP
110 - Schweitzer et al. (1994) SEDATION - VAS 99 2 CETIRIZINE 10 NO
111 Seidel et al. (1987) SEDATION - VAS, Stanford (SSS), POMS 98 | 2 CETIRIZINE 10 NO
114 Simons et al. (1996) SEDATION - VAS based on SSS 99 2 CETIRIZINE 10 YES
123 Volkerts et al. (1992) SEDATION - ~VAS (interval scale) 99 2 CETIRIZINE 10 NO
125 Walsh et al. (1992) SEDATION - VAS 99 2 CETIRIZINE 10 NO wP
6 Betts et al. (1989) SEDATION - VAS set 99 2 CETIRIZINE 20 NO
33  De Roeck et al. (1990) SEDATION - Stanford Sleepiness Scale 99 | 2 CETIRIZINE 20 NO?
43 Gengo et al. (1987) SEDATION - VAS 29 2 CETIRIZINE 20 NO
44  Gengo et al. (1990) SEDATION - VAS, Stanford (SSS) 99 2 CETIRIZINE 20 NO
84  Nicholson & Turner (1998) SEDATION - VAS, Stanford (SSS) 99 2 CETIRIZINE 20 YES
111 Seidel et al. (1987) SEDATION - VAS, Stanford (SSS), POMS 98 |k 2 CETIRIZINE 20 NO
14  Bradiey & Nicholson (1987) SEDATION - VAS Mood assessments 99 2 LORATADINE 10 NO
37  Englisch et al. {1996) SEDATION - VAS 99 2 LORATADINE 10 NO
42  Gaillard et al. (1988) SEDATION - VAS scales 99 2 LORATADINE 10 NO
57  Kaye et al (1897) 'SEDATION - Stanford SSS, VAS, Moods 99 2 LORATADINE 10 NO
75  Neves-Pinto et al. (1992) SEDATION - reported Sx per list C 89 | 2 LORATADINE 10 NO
90  Pechadre et al. (1991) SEDATION - VAS 99 2 LORATADINE 10 NO
95  Ramaekers et al. (1992) SEDATION - VAS 99 2 LORATADINE 10 NO
108 Schaffier et al. (1994) SEDATION - VAS; wakefuiness - 99 2 LORATADINE 10 NO
114 Simons et al. (1996) SEDATION - VAS based on SS§ 99 2 LORATADINE 10 NO wB
121 Valketal (1997) SEDATION - Stanford (SSS) 99 | 2 LORATADINE 10 NO
127 Wilkinson & Moskowitz (1980)  §SEDATION - POMS 99 || 2 LORATADINE 10 NO
133  Comer et al. (1998) SEDATION - VAS lines in 50 set 99 § 2 LORATADINE 10 NO
14 Bradiey & Nicholson (1987) SEDATION - VAS Mood assessments 99 2 LORATADINE 20 NO
33  De Roeck et 2. (1990) SEDATION - Stanford Sleepiness Scale 89 2 LORATADINE 20 NO
133 Comer et al. (1998) SEDATION - VAS iines in 50 set 89 || 2 LORATADINE 20 NO
14  Bradiey & Nicholson (1987) SEDATION - VAS Mood assessments 99 § 2 LORATADINE 40 NO
90  Pechadre et al. (1991) SEDATION - VAS 99 2 LORATADINE 40 NO
6 Betts et al. (1989) SEDATION - VAS set 99 2 TERFENADINE 60 NO
7 Bhatti & Hindmarch (1989) SEDATION - VAS 99 § 2 TERFENADINE 60 NO
26 Clarke & Nicholson (1978) SEDATION - VAS 98 2 TERFENADINE 60 NO bP
3¢  Finketal (1879) SEDATION - Alertness rating 99 2 TERFENADINE 60 NO
42 Gailard et al. (1988) SEDATION - VAS scales 98 || 2 TERFENADINE 60 NO
58  Kerretal (1884) SEDATION - VAS 99 || 2 TERFENADINE 60 NO
€1 Kuishrestha et al. (1978) {SEDATION - VAS for Sedation 99 2 TERFENADINE €0 NOC
68 Meador et al. (1980) SEDATION - reported occutrences 99 F 2 TERFENADINE 60 NO
71 Moser et al. (1978) SEDATION - 9-pt VAS: tired, dull 99 || 2 TERFENADINE 60 NO
77 Nicholson & Stone (1982) SEDATION - VAS ’ 99 2 TERFENADINE 60 NO
78  Nicholson et al. (1982) SEDATION - VAS 99 2 TERFENADINE 60 NO
79 Nicholson & Stone (1863) SEDATION - VAS 98 fi 2 TERFENADINE 60 NO
82  Nicholson & Stone (1586) SEDATION - VAS 98 § 2 TERFENADINE 60 NO
83  Pechadre et al. (1988) SEDATION - VAS 98 || 2 TERFENADINE 60 NO
97  Reinberg et al. (1878) SEDATION - (~VAS rectangle 22cm) 99 2 TERFENADINE 60 NO bP
114 Simons et al. (1996) SEDATION - VAS based on SSS 99 2 TERFENADINE 60 NO wB
117 Swire et al. (1989) SEDATION - VAS set of states (Bond & Lader) 98 | 2 TERFENADINE 60 NO
118 Tharion et al. (1984) SEDATION - POMS, SxQ 99 || 2 TERFENADINE 60 NO
120 Unchem et al. (1986) SEDATION - 7-pt ratings & Sx report 99 2 TERFENADINE 60 NO
123 Volkerts et al. (1992) SEDATION - ~VAS (interval scale) 99 2 TERFENADINE 60 NO
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130A  Witek, Jr. et al. (1992)
131A  Witek, Jr. et al. (1995)

[ Betts et al. (1989) |

7 Bhatti & Hindmarch (1989)

71 Moseret al. (1978)

74  Muriet al. (1986)

82  Nicholson & Stone (1986)
123 Volkerts et al. (1992)

7 Bhatti & Hindmarch (1989)

71 Moser ¢t al. (1978)
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SEDATION - VAS (PC), SSS
SEDATION - VAS (PC), SSS
'SEDATION - VAS set

SEDATION - VAS

SEDATION - 9-pt VAS: tired, dult
SEDATION - Stanford (SSS)
SEDATION - VAS

SEDATION - ~VAS (interval scale)
SEDATION - VAS

SEDATION - 9-pt VAS: tired, dull

NRNRNDRNRONNDNN

TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE

60
60
120
120
120

120
120
240
240

NO
NO

NO
NO
NO
NO
NO




TABLES. DRIVING SC#1 DRIVING and PILOTING TASKS - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only

sorted by Generation, Drug, Dose, Ref#, SC#

1st Generation Drugs:
8 Biehl (1979) DRIVING SIMULATOR - very basic 18 {777 1 CHLORPHENIRAMINE 4 YES
124  Vuumman et al. (1994) DRIVING - Actual, Highway circuit 1R [~1br 1 CLEMASTINE 2 YES
122 Vemmeeren & O'Hanlon (1998) {DRIVING - Actual, Highway circuit iR §~1hr 1 CLEMASTINE 3 YES
27 Cohen et al. (1984) DRIVING - off-road, circuit 1C §15 min 1 DIPHENHYDRAMINE 25 NO
27 Coben et al. (1984) DRIVING - off-road, circuit 1C §15 min 1  DIPHENHYDRAMINE 50 NO
44 Gengo et al. (1890) DRIVING SIMULATOR - Doron, 2 diff. runs |t 1S [I7 minruns 1 DIPHENHYDRAMINE 50 YES
96 Ramaekers et al. (1994) DRIVING - Actual, Car following test 1R 12 min 1 DIPHENHYDRAMINE 50 YES
96 Ramaekers et al. (1994) DRIVING - Actual, Highway circuit 1R j~1hr 1 DIPHENHYDRAMINE 50 YES
27 Cohen et al. (1984) DRIVING - off-road, circuit 1C {15 min 1 DIPHENHYDRAMINE 100 NO
55 Irving & Jones (1992) HAZARD PERCEPTION - Sim traffic scenesyl 17 }12 min? 1 TRIPOLIDINE 25 NO
55 irving & Jones (1992) SPEED PERCEPTION - Sim traffic scenes | 1? }j12 min 1 TRIPOLIDINE 25 NO
55 Irving & Jones (1992) DRIVING - Actual, Closed course 1C {15 min 1 TRIPOLIDINE 25 NO
55 iving & Jones (1992) DRIVING - SIMULATOR 18 |15 min 1  TRIPOLIDINE 25 NO
55 Irving & Jones (1992) SPEED PERCEPTION - Sim traffic scenes | 1?7 I12 min 1 TRIPOLIDINE 5 NO
55 Irving & Jones (1992) HAZARD PERCEPTION - Sim traffic acer»eqj 1?7 12 min? 1  TRIPOLIDINE 5 NO
55 lrving & Jones (1992) DRIVING - Actual, Closed course 1C {15 min 1  TRIPOLIDINE 5 NO
55 trving & Jones (1992) DRIVING - SIMULATOR 18 {15 min 1 TRIPOLIDINE 5 NO !
121 Valk et al. (1997) Muiti-Attribute Task Battery (MAT) - on PC 18 |10 min 1 TRIPOLIDINE 5 YES
123 Voikerts et al. (1992) DRIVING - Actual, Highway circuit 1R 75 min 1  TRIPOLIDINE 5 YES
15 Brookhuis et al. (1993) DRIVING - on road; weaving test 1R 1 TRIPOLIDINE 10 NO
15 Brookhuis et al. (1993) DRIVING - on road; car-following test 1R 1 TRIPOLIDINE 10 YES
86A O'Hanlon et al. (1988) DRIVING - Actual, Highway circuit 1R |jthr+? 1 TRIPOLIDINE 10 YES
99A  Riedei et al. (1990) DRIVING - Actual, Highway 100km circuit iR 1 hr 1 TRIPOLIDINE 10 YES
2nd Generation Drugs:
44 Gengo et al. (1990) DRIVING SIMULATOR - Doron, 2 diff. runs || 1S |7 minruns 2 CETIRIZINE 5 NO
6 Betts et al. (1989) DRIVING circuit - slalom & gap acceptancel 1C 2 CETIRIZINE 10 NO |
44 Gengo et al. (1990) DRIVING SIMULATOR - Doron, 2 diff. runs | 1S |7 minruns 2 CETIRIZINE 10 NO
95 Ramaekers et al. (1992) DRIVING - Actual, Circuit on highway 1R j~thr 2 CETIRIZINE 10 YES
123 Volkerts et al. (1992) DRIVING - Actual, Highway circuit 1R |75 min 2 CETIRIZINE 10 NO
6 Betts et al. (1989) DRIVING circult - slalom & gap acceptance} 1C 2 CETIRIZINE 20 YES
44 Gengo et al. (1990) DRIVING SIMULATOR - Doron, 2 diff. runs | 1S Jf7 minruns 2 CETIRIZINE 20 NO
122 Vermeeren & O'Hanlon (1998) (DRIVING - Actual, Highway circult iR I~ 1hr 2 FEXOFENADINE 120 NO
122 Vermeeren & O'Hanlon (1998) {DRIVING - Actual, Highway circuit 1R j~1hr 2 FEXOFENADINE 240 NO
75 Neves-Pinto et al. (1992) FLIGHT SIMULATOR - observer ratings 18 2 LORATADINE 10 NO
95 Ramaekers et al. (1992) DRIVING - Actual, Circuit on highway ’ ) 1R g-1hr 2 LORATADINE 10 NO
121 Valketal (1997) Muti-Attribute Task Battery (MAT)-onPC § 1S |10 min 2 LORATADINE 10 NO
86A  O'Hanlon et al. (1988) DRIVING - Actual, Highway circuit iR 1hr+? 2 LORATADINE 10 NO
99A  Riedel et al. (1990) DRIVING - Actual, Highway 100km circuit AR [ hr 2 LORATADINE 10 NO
998  Riedel et al. (1990) DRIVING - Actual, Highway 100km circuit 1R [ he 2 LORATADINE 10 NO
99A  Riedel et al. (1990) DRIVING - Actual, Highway 100km circuit 1R 1 hr 2 LORATADINE 20 NO
6 Betts et al. (1989) DRIVING circuit - sialom & gap acceptancej 1C 2 TERFENADINE 60 NO
7 Bhatti et al. (1989) SIMULATED DRIVING TASK (SDT) 18 |I? 2 TERFENADINE 60 NO
96 Ramaekers et al. (1994) DRIVING - Actual, Highway circuit 1R f~1hr 2 TERFENADINE 60 YES
96 Ramaekers et al. (1994) DRIVING - Actuai, Car following test 1R 12 min 2 TERFENADINE 60 NO
123 Volkerts et al. (1992) DRIVING - Actual, Highway circuit 1R [i75 min 2 TERFENADINE 60 NO
86A  O'Hanlon et al. (1988) DRIVING - Actual, Highway circuit 1R f1hr+? 2 TERFENADINE 60 NO
99A  Riedei et al. (1990) §ORIVING - Actual, Highway 100km circuit 1R W hr 2 TERFENADINE 60 NO
] Betts et al. (1989) DRIVING circuit - slalom & gap acceptancefl 1C 2 TERFENADINE 120 NOC
7 Bhatti et al. (1988) SIMULATED DRIVING TASK (SDT) 18 I? 2 TERFENADINE 120 NO
26 Ramaekers et al. {1994) DRIVING - Actual, Highway circuit 1R 1hr 2. TERFENADINE 120 NO
96 Ramaekers et al. (1994) DRIVING - Actual, Car following test 1R |12 min 2! TERFENADINE 120 NO
123 Volkerts et al. (1992) DRIVING - Actual, Highway circuit 1R 1175 min 2 TERFENADINE 120 NO
998  Riedel et al. (1890) DRIVING - Actual, Highway 100km circuit 1R It hr 2 TERFENADINE 120 NO
7 Bhatti et al. (1989) SIMULATED DRIVING TASK (SDT) 18 j? 2 TERFENADINE 240 YES
96 Ramaekers et al. (1894) DRIVING - Actual, Highway cirouit 1R J~1hr 2 TERFENADINE 240 NO
96 Ramaekers et al. (1994) DRIVING - Actual, Car following test 1R {12 min 2 TERFENADINE 240 NO
. hﬁw ]

Summary: 1st generation drugs:  47.83%
2nd generation drugs:  12.60%
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Shest: Psychomotor TABLLE 6. PSYCHOMOTOR TASKS - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only

120
1318

25
59
31
41
4
97

87
27
30

30
120
1318

24
27
29
30

30

116
130A
1308
131A
1318

7
71

106
106

64
65
21

1
22
78
80
82

34

13
113
113
113
£:]

65
71
78
82
97
120
130A
131A
71
82
71
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Bieh! (1979)

Dhorranintra et al. (1990}
Franks et al. (1978)
Franks et al. (1878)
Franks et al. (1978)
Unchern et al. (1986)
Witek, Jr. et al. (1995)
Lee et al. (1988)
Chapman & Rawlins (1982)
Khosla et al. (1993)

Day et al. (1972)

Franks et al. (1979)
Franks et al. (1979)
Reinberg et al. (1878)
Levander et al. (1985)
Reinberg et al. (1978)
Cohen et al. (1984)
Curran et al. (1998)
Curran et al. (1998)
Curran et al. (1998)
Unchem et al. (1986)
Witek, Jr. et al. (1995)
Berlinger et al. (1982)
Carruthers et al. (1978)
Cohen et al. (1984)
Cohen et al. (1987)
Curran et al. (1998)
Curran et al. (1998)
Curran et al. (1998)

Katz et al. (1998)
Spector et al. (1980)
Witek, Jr. et al. (1992)
Witek, Jr. et al. (1992)
Witek, Jr. et al. (1995)
Witek, Jr. et al. {(1995)
Cohen et al. (1984)
Moser et al. (1978)
Preston et al. (1992)
Saariatho-Kere et al. (1989)
Saarialho-Kere et al. (1989)
Preston et al. (1992)
Levander et al. (1985)
Levander et al. (1991)
Bye et al. (1974)
Hamilton et al. (1982)
Bye et al. (1974)

Bye et al. (1977)
Nicholson et al. (1982)
Nicholson & Stone (1984)
Nicholson & Stone (1986)

Dhorranintra et al. (1986)
Nicholson et al. (1982)
Seppala & Savolzinen (1982)
Seppala & Savolainen (1982)
Seppela & Savolainen (1982)
Seppala & Savolainen (1982)
Chapman & Rawiins (1982)
Doms et ai. (1988)

Doms et al. (1988)

Levander et al. (1991)

Moser et al. (1978)
Nichoison et al. (1982)
Nichoison & Stone (1986)
Reinberg et al. (1978)
Unchem et al. (1986)

Witek, Jr. et al. (1992)
Witek, Jr. et al. (1995)

Moser et al. (1978)
Nicholson & Stone (1986)
Moser et al. (1878)

Digit Canceliation Task (DCT)
HAND-EYE COORDINATION

STANDING STEADINESS

MANUAL DEXTERITY

EYE-HAND SKILL Test (bearings in tube)
FINGER TAPPING - index; alternating 2 fingers
EYE-HAND SKILL Test (bearings in tube)

FINGER TAPPING - index, alternating 2 fingers

CANCELLATION Task - (P&P, letters)
SYMBOL COPYING - motor comp of DSST
§SYMBOL COPYING - motor comp of DSST

Glass Bead Picking (percept-motor)
CANCELLATION Task - (P&P, letters)
BODY SWAY - lateral & sagittal; electronic.

FINGER TAPPING - hand counter

BODY SWAY - lateral & sagittal; electronic.
FINGER TAPPING - hand counter

Letter Cancellation

Bourdon Wiersma Test - p/p attention
Crawford Small Parts Dexterity Test

FINGER TAPPING - index; altemating 2 fingers
PSYCHOMOTOR TASKS (set of 5)
CANCELLATION Task - (P&P, letters)
SYMBOL COPYING - molor comp of DSST
EYE-HAND SKILL Test (bearings in tube)
Piug Board (put pins in holes)

Hand Steadiness (PC)

Hand Steadiness (PC)

PSYCHOMOTOR TASKS (set of 5)
SYMBOL COPYING - motor comp of DSST
PSYCHOMOTOR TASKS (set of 5)

FINGER TAPPING - index; attemating 2 fingers.

fibrief

5 min '
40 sec
130 sec
40 sec
30 sec
iv.brief
5 min

v. brief

min

1 min

v. brief
20 sec x2
v. brief

v. brief

1 min

[ N QT Y
_.l._\..l—k_l_l_\—l_.\—l..\_l—\—l-ld—l_\_\...l-l_)—l_l_l—l..l—l._\—l_l-l._\—l_i—-\.&—ld.-\_l_.l_;_l.a Y

N
2
-3

MMM NRNRORNNRDPDRNRDRDRDNRNNNNNN

Generation Drugs:
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
HYDROXYZINE
HYDROXYZINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE

Generation Drugs:

ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
CETIRIZINE
CETIRIZINE
CETIRIZINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE

10

10
10
30

10

10
60
60

60
60
60
60
120
120

YES
YES
YES

NO wB

NO
NO
NO
NO

NO
NO

NO

58858

NO

NO

NO

NO

3%355%5%585655656888%8




Sheet:
SC#3

113
113
123

73
123
18A
188
123
188
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PERCEPTION TABL E

7

PERCEPTION - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only

Page 2: sorted by Generation, DRUG, Dose, Ref#, SC#.

Biehi (1979)

Franks et al. (1978)
Franks et al. (1979)
Seppala et al. (1981)
Seppala et al. (1981)

Katz et al. (1998)

Burns & Moskowitz (1993)
Bums & Moskowitz (1893)
Moskowitz & Bums (1988)
Sands et al. (1997)

Sands et al. (1997)

Mohs et al. (1978)

Mohs et al. (1978)
Saarialtho-Kere et al. (1989)
Bye et al. (1974)

Bye et al. (1974)

Volkerts et al. (1992)

Seppala & Savolainen (1982)
Seppala & Savoiainen (1982)
Volkerts et al. (1992)
Moskowitz & Burns (1988)
Volkerts et al. (1992)

Burns & Moskowitz (1983)
Bums & Moskowitz (1993)
Volkerts et al. (1992)

Burns & Moskowitz (1993)

TACHISTOSCOPE - 4 siides of 16 ltrs
PERCEPTUAL SPEED

PERCEPTUAL SPEED

TIME ANTICIPATION - Est speed of moving fight
VISUAL SEARCH - (they say "D-A"?)
Pattern Recognition - spatial perception
VISUAL SEARCH - SCRI

VISUAL SEARCH - SCRI

VISUAL SEARCH - SCRI

{Pattemn Recognition - spatial perception
Pattern Recognition - spatial perception
TIME PRODUCTION Task (time estimates)
VISUAL SEARCH (t-scope, digits)
VISUAL SEARCH - (they say "D-A"?)
VISUAL SEARCH

VISUAL SEARCH

Visual Discrimination (Letter or Digit)

TIME ANTICIPATION - Est speed of moving light
TIME ANTICIPATION - Est speed of moving light
Visual Discrimination (Letter or Digit)

VISUAL SEARCH - SCRI

Visual Discrimination (Letter or Digit)

VISUAL SEARCH - SCRI

VISUAL SEARCH - SCRI

Visual Discrimination (Letter or Digit)

VISUAL SEARCH - SCRI

37
37

3vs

3vs
3vs

3Vs

-10 min
0 min
min
130 min
[30 min
[~10 min

v. brief
v. brief

10 min
min
~10 min

min
min
10 min
min

2nd

NMOMRNDRONNNON

Generation Drugs:

CHLORPHENIRAMINE
CHLORPHENIRAMINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE

Generation Drugs:

ASTEMIZOLE
ASTEMIZOLE
CETIRIZINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE

100

10

10

60
60

120
120

IMPAIRMENT?

NO
NO

NO
NO
NO

NO

NO
NO

NO

NO

NO
NO bP
NO
NO
NO
NO
NO




SCit4

3
29
29
68
106

12
14
78

79

80

82
13A
13B

VISUAL FUNCTIONS & CFF - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only

Sheet: VISUAL_CFF

VISUAL FUNCTIONS TARLE 8A.

Page 2: sorted by SC#, Generation, DRUG, Dose, Refi

Day et al. (1972)

Cohen et al. (1987)

Cohen et al. (1987)

Mattila et al. (1986)
Saarialho-Kere et al. (1989)
Blom et al. (1992)

Bradley & Nicholson (1986)
Bradiey & Nicholson (1987)
Nicholson et al. (1982)
Nicholson et al. (1982)
Nicholson & Stone (1983)
Nicholson & Stone (1984)
Nicholson & Stone (1986)
Bradley et al. (1987)
Bradley et al. (1987)

Nichoison et al. (1982)
Nicholson et al. (1982)
Betts et ai. (1989)

Betts et al. (1989)

Bradiey & Nicholson (1987)
Englisch et al. (1996)
Schaffier et al. (1994)
Bradley & Nicholson (1987)
Bradiey & Nicholson (1987)
Betts et al. (1989)
Nicholson et al. (1982)
Nichoison et al. (1882)
Nicholson & Stone (1983)
Nicholison & Stone (1986)
Betts et al. (1989)
Nichoison & Stone (1986)

VISUAL FUNCTION TESTS (5 types)

SACCADIC EYE MOVEMENTS

SMOOTH PURSUIT EYE MOVEMENTS

MADDOX WING (extraocular muscies)

MADDOX WING (extraocular muscles)

SACCADIC EYE MOVEMENT - SEM-K

DYNAMIC VISUAL ACUITY

DYNAMIC VISUAL ACUITY

DYNAMIC VISUAL ACUITY - DVA (Landolt C rings)
PUPILLARY DIAMETER (TV pupiliometer)
DYNAMIC VISUAL ACUITY - DVA (Landolt C rings)
DYNAMIC VISUAL ACUITY - DVA (Landolt C rings)
DYNAMIC VISUAL ACUITY - DVA (Landolt C rings)
DYNAMIC VISUAL ACUITY

DYNAMIC VISUAL ACUITY

EDYNAMIC VISUAL ACUITY - DVA (Landolt C rings)
PUPILLARY DIAMETER (TV pupiliometer)

VISION TEST (Visual field index)

VISION TEST (Visual field index)

§DYNAMIC VISUAL ACUITY

VISUAL FUNCTIONS - in Oculodynamic test
Oculodynamic Test (ODT)- EOG measures
DYNAMIC VISUAL ACUITY

tDYNAMIC VISUAL ACUITY

VISION TEST (Visual field index)

PUPILLARY DIAMETER (TV pupitiometer)
DYNAMIC VISUAL ACUITY - DVA (Landott C rings)
DYNAMIC VISUAL ACUITY - DVA (Landolt C rings)
DYNAMIC VISUAL ACUITY - DVA (Landolt C rings)
VISION TEST (Visual field index)

DYNAMIC VISUAL ACUITY - DVA (Landoit C rings)

Ao DMODOEDDELEDADLIAEDDDDLDN

L AHBADDDDOEAEDDRADDLLELDN

~5 min?
-5 min?
v. brief
v. brief

5 min
~5 min
v. brief
. briet
\v. brief
V. brief
Iv. brief
~6 min
~5 min

v. brief
v. brief

~5 min
20 min
20 min
~5 min
-5 min

<

. brief
brief
. brief
. brief

<<

<

v. brief

P G T (UG QT GO A W Y G G G Y

1st

2nd

[SIESIESIN SIS NI NEE SR SR SR O R SaE S B VR SIR ]

Generation Drugs:

CLEMASTINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
HYDROXYZINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE

Generation Drugs:

ASTEMIZOLE
ASTEMIZOLE
CETIRIZINE
CETIRIZINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
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50
50
100
100
30
10
10
10
10
10
10
10
10
10

10
10
10
20
10
10
10
20

60

60
60
60
120
120

YES

YES

YES
YES

YES

YES

YES

NO

NO
NOwB

NO

NO
NO
NO
NO
NO
NO
NO

NO
NOC

NO
NO
NC
NO




VISUAL FUNCTIONS & CFF - Summary of impalrment findings as a function of DRUG and Dose - ACUTE DOSING only

Sheet: VISUAL_CFF

continued...

61
63
59
93
112
87
a3
124

30

93
119
68
71
106
43
83

117
12
58

79

80

82
104
13A
13B

51
78
13
113
a3
100
a3
100

39

61
71
78
79
82
117
124

71
82

71

CRITICAL FLICKER FUSION

Page 2: sorted by SC#, Generation, DRUG, Dose, Ref#

Kuishrestha et al. (1978)
Lee et al. (1988)

Khosla et al. (1993)
Pishkin et al. (1983)
Seppala et al. (1981)
Patat et al. (1994)

Pishkin et al. (1983)
Vuurman et al. (1994)
Curran et al. (1998)
Curran et al. (1998)

Fink et al. (1979)

Pishkin et al. (1983)
Tharion et al. (1994)
Mattila et al. (1986)
Moser et al. (1978)
Saarialho-Kere et al. (1989)
Gengo et al. (1987)
Pishkin et al. (1983)

Blom et al. {1992)

Swire et al. (1988)
Bradiey & Nicholson (1988)
Kerr et al. (1994)
Nicholson et al. (1982)
Nicholson & Stone (1983)
Nicholson & Stone (1984)
Nicholson & Stone (1986)
Rombaut et al. (1991)
Bradley et al. (1987)
Bradiey et al. (1987)

Hindmarch & Easton (1986)
Nicholson et al. (1982)
Seppaia & Savolainen (1982)
Seppala & Savolainen (1982)
Gengo et al. (1987)

Riedel et al. (1990)

Gengo et al. (1987)

Riede! et al. (1990)

Bhatti & Hindmarch (1989)
Fink et al. (1979)

Kerr et al. (1994)
Kulshrestha et al. (1978)
Moser et al. (1978)
Nicholson et al. (1882)
Nicholson & Stone (1983)
Nicholson & Stone (1986)
Swire et al. (1989)

Vuurman et al. (1994)
Bhatti & Hindmarch (1989)
Moser et al. (1978)
Nicholson & Stone (1986)
Bhatti & Hindmarch (1989)
Moser et al. (1978)

CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION (CFF)
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION

CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF

CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF

CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION (CFF)
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION (CFF)
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION - CFF
CRITICAL FLICKER FUSION (CFF)

CRITICAL FLICKER FUSION - CFF

CRITICAL FLICKER FUSION - CFF

TABLE 8B.

4c

888

B558555855855888586888880688808

8855855558886858588888

88

n
O

v. brief
v. brief
v brief
v. brief
v. brief
v. brief
v. brief
min
brief
ief
brief
brief
brief
brief
brief
brief
brief
brief

LR EE R

v. brief
~5 min
brief
. brief
. brief
. brief

<<

< <

v. brief
~5 min
~6 min

1st
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
"
1
1
1
1
1

2nd

NMNNMNMMNNNNNNNNMMMMNNN

Generation Drugs:

CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
HYDROXYZINE
HYDROXYZINE
HYDROXYZINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE

Generation Drugs:

ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
TERFENADINE *
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
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IMPAIRM

ENT?
NO

NO
NO
NOwB
NO
NO

NO
NO
NO
NC
NO

NO
NO

NO
NO

NO
NO

NO

NO
NO
NO
NQ

NO
NO
NO

NO




Sheet: COGNITIVE COGNITIVE TASKS - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only

TABLE 9.

SC#5 Page 2: sorted by Generation, DRUG, Dose, Ref#, SCH.

IMPAIRMENT?

N

1st Generation Drugs:

8  Biehi(1979) CONCENTRATION TEST (KLY) - math 5 [15min 1 CHLORPHENIRAMINE 4 NO
35 Dhorranintra et al. (1990) CARD SORTING test (CNS problem solving) 5 I{bnef 1 CHLORPHENIRAMINE 4 NO
40  Franks et al. (1978) §NUMERICAL REASONING 5 1 CHLORPHENIRAMINE 4 YES
120 Unchem et al. (1986) Arithmetic (p&p 77) 5 . brief 1 CHLORPHENIRAMINE 4 NO

120 Unchem et al. (1986) Card Sorting Task (4 piles #1-10 each) 5 v brief 1 CHLORPHENIRAMINE 4 YES
120 Unchem et al. (1986) Digit Span ("Recall Memory; F & Backward) 5M {v. brief 1 CHLORPHENIRAMINE 4 NO
120 Unchem et al. (1986) Line Test (p&p: draw ~= tracking) 5T f30sec X2 1 CHLORPHENIRAMINE 4 YES
120 Unchem et al. (19686) T-Maze (p&p: draw ~= tracking) 5T {3 sec 1 CHLORPHENIRAMINE 4 NO bP
131B  Witek, Jr. et al. (1995) DIGIT SYMBOL Substitution - DSST 50 {12 min 1 CHLORPHENIRAMINE 4 NO
83  Nicholson et al. (1991) DIGIT SYMBOL Substitution - DSST 5D {12 min 1 CHLORPHENIRAMINE 10 YES
63 Leeetal (1988) DSST (WAIS) & Symbol Copying {SCT) 50 HQO seceach 1 CHLORPHENIRAMINE 12 NO
63 Leeetal (1988) MEMORY - STM, words & delay recail 5M jibrief 1 CHLORPHENIRAMINE 12 NO
58  Khosla et al. (1993) Card Sorting Task (CST) 5 v brief 1 CHLORPHENIRAMINE 16 NO
59  Khosla et al. (1993) DIGIT SYMBOL Substitution - DSST SD v brief 1 CHLORPHENIRAMINE 16 NO wB
41 Franks et al. (1979) VERBAL FLUENCY L] 1 CLEMASTINE 1 NO
41 Franks et al. (1979) NUMERICAL REASONING 5 1 CLEMASTINE 1 NO
91 Pecketal (1975) DIGIT SYMBOL Substitution - DSST (WAIS) 50 sec 1 CLEMASTINE 1 YES
91  Pecket al. (1975) MEMORY - STM, 8-digit series x90 5M  [[15 min 1 CLEMASTINE 1 NO
97  Reinberg et al. (1978) Random# ADDITION TEST (P&P) 5 (lorief 1 CLEMASTINE 1 NO
53  Hopes et al. (1992) Matching Paradigm - Info. Processing 5 10 min? 1  CLEMASTINE 2 YES
87  Patatet al. (1994) DIGIT SYMBOL Substitution - DSST (WAIS) 5D |90 sec 1 CLEMASTINE 2 NO
87 Patatetal (1994) MEMORY tests - LTM, pictures & delay recall; STM, 1# 5M  [brief 1 CLEMASTINE 2 NO
91 Peck et al. (1975) {DIGIT SYMBOL Substitution - DSST (WAIS) 6D }90 sec 1 CLEMASTINE 2 YES
91 Pecketal. (1975) MEMORY - STM, 8-digit series x90 SM 15 min 1 CLEMASTINE 2 NO
124  Vuurman et al. (1994) MEMORY - letters, Sterberg CRT M {12 min 1 CLEMASTINE 2 YES
64  Levander et al. (1985) TRAIL MAKING - PC-based (~TrailsB) 5T |v. brief 1 CLEMASTINE 3 NO
97  Reinberg et al. (1978) {Randomit ADDITION TEST (P&P) 5 Hbrief 1 CLEMASTINE 3 YES
16 Bums (1990) VISUAL BACKWARD MASKING -SCRI 5 10+ min 1 DIPHENHYDRAMINE 25 NO
17  Bums & Moskowitz (1980) VISUAL BACKWARD MASKING - SCRI 5 10+ min 1 DIPHENHYDRAMINE 25 NO
30  Curran et al. (1998) WORD RECOGNITION {visual, during ERP) 5 |~20 min? 1 DIPHENHYDRAMINE 25 NO
30  Curran et al. {(1998) $DIGIT SYMBOL Substitution - DSST 5D 8ec 1 DIPHENHYDRAMINE 25 NO
30 Curran et al. (1998) MEMORY - immediate & delayed recall 5M fbrief 1 DIPHENHYDRAMINE 25 NO
120  Unchem et al. (1986) Arithmetic (p&p 77) S jv. brief 1 DIPHENHYDRAMINE 25 YES
120  Unchemn et al. (1986) Card Sorting Task (4 piles #1-10 each) 5 [|v. brief 1 DIPHENHYDRAMINE 25 NO
120 Unchem et al. (1986) Digit Span ("Recail Memory; F & Backward) 5M v, brief 1 DIPHENHYDRAMINE 25 NO
120 Unchem et al. (1986) Line Test (p&p: draw ~= tracking) ) 5T [30sec X2 1  DIPHENHYDRAMINE 25 YES
120 Unchem et al. (1986) T-Maze (p&p: draw ~= tracking) ST §3sec 1 DIPHENHYDRAMINE 25 YES
134  Scavone et al. (1998) DIGIT SYMBOL. Substitution - DSST 8D {7 1 DIPHENHYDRAMINE 25 NO
134  Scavone et al. (1998) MEMORY - word list, aquisition & recall S5M |7 1 DIPHENHYDRAMINE 25 NO
1318 Witek, Jr. et al. (1995) DIGIT SYMBOL. Substitution - DSST 5D #2 min 1 DIPHENHYDRAMINE 25 NO

4 Berlinger et at. (1982) CARD SORTING TESTB 5  [very brief 1 DIPHENHYDRAMINE 50 YES
4 Berlinger et al. (1982) CARD SORTING TEST A 5  Jvery brief 1 DIPHENHYDRAMINE 50 NO
19  Bums et al. (1994) VISUAL BACKWARD MASKING - SCRI 5 10+ min 1 DIPHENHYDRAMINE 50 NO
18 Bums et al. (1994) §S-R CONFLICT (SRC) - SCRI & [~10min 1 DIPHENHYDRAMINE 50 YES
24  Carruthers et al. (1978) CARD SORTING tasks S 1 DIPHENHYDRAMINE 50 NO
30 Curran et al. (1998) WORD RECOGNITION (visual, during ERP) 5 1 DIPHENHYDRAMINE 50 NO
30  Curran et al. (1998) §DIGIT SYMBOL Substitution - DSST 5D 1 DIPHENHYDRAMINE 50 NO
3C  Curran et al. (1998) MEMORY - immediate & delayed recall 5M 1 DIPHENHYDRAMINE 50 NO

44 Gengo et al. (1990) DIGIT SYMBOL Substitution - DSST 5D 1 DIPHENHYDRAMINE 50 YES
44 Gengo et al. (1990) Traits B Maze Tracking - p/p test 5T 1 DIPHENHYDRAMINE 50 NO
56  Katz et al. (1998) DIGIT SYMBOL Substitution - DSST (WAIS-R) 5D 1 DIPHENHYDRAMINE 50 NO
56  Katz et al. (1998) MEMORY - Buschke task - word lists 5M 1 DIPHENHYDRAMINE 50 NO
56  Katz et al. (1998) DIGIT SPAN - STM for verbal digits (WAIS-R) 5M 1 DIPHENHYDRAMINE 50 YES
56 Katz et al (1998) Trails A& B 5T 1 DIPHENHYDRAMINE 50 NO
57  Kayetal (1997) DIGIT SYMBOL Coding - CogScreen 5D 1 DIPHENHYDRAMINE 50 NO
57 Kayetal (1997) WORKING MEMORY - CogScreen 6M 1 DIPHENHYDRAMINE 50 YES
66  Lines et al. {1997) DIGIT SYMBOL. Substitution - DSST (~WAIS) 5D 1 DIPHENHYDRAMINE 50 NO
66  Lines et al. (1997) Verbal MEMGRY; immed. & delay recall; PC 5M 1 DIPHENHYDRAMINE 50 NO
98  Rice & Synder (1993) Fotiowing Directions Test - CCAB 5 1 DIPHENHYDRAMINE 50 YES
98  Rice & Synder (1993) Manikan - WRPAB 5 1 DIPHENHYDRAMINE 50 NO
98  Rice & Synder (1993) Logical Reasoning - WRPAB 5 1 DIPHENHYDRAMINE 50 NO
98  Rice & Synder (1893) Pattern Comparison - WRPAB 5 1 DIPHENHYDRAMINE 50 YES
88  Rice & Synder (1993) Serial ADDITION/SUBTRACTION - WRPAB 5 1 DIPHENHYDRAMINE 50 YES
98  Rice & Synder (1993) Interval Production - WRPAB 5 1 DIPHENHYDRAMINE 50 NO
98  Rice & Synder (1993) Time Wall - WRPAB 5 1 DIPHENHYDRAMINE 50 NO
98  Rice & Synder (1893) Code Substitution - WRPAB 8D 1 DIPHENHYDRAMINE 50 NO
108 Sands et al. (1997) DIGIT SYMBOL Substitution - DSST (WAIS-R) 5D 1 DIPHENHYDRAMINE 50 YES
108 Sands et al. (1997) DIGIT SEAN - STM for verbal digits (WAIS-R) S5M 1 DIPHENHYDRAMINE 50 NO
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108
108
116
118
118
130A
130A
1308
131A
1318
108
108
108
108
68
68
94
94
94
106
94
94
94
64
65
43

21

82
91
91
21
22
22

a3
91
91
123
123
147
117
12
14
14
58

77
77
78
79
80

104
104
13A
138
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Sands et al. (1997)
Sands et al. (1997)
Spector et al. (1980)
Tharion et al. (1994)
Tharion et al. (1994)
Witek, Jr. et al. (1992)
Witek, Jr. et al. (1992)
Witek, Jr. et al. (1992)
Witek, Jr. et al. (1995)
Witek, Jr. et al. (1995)
Sands et al. (1997)
Sands et al. (1997)
Sands et al. (1997)
Sands et al. (1997)
Mattila et al. (1986)
Mattila et al. (1986)
Preston et al. (1992)
Preston et al. (1992)
Preston et al. (1992)
Saarialho-Kere et al. (1989)
Preston et al. (1992)
Preston et al. (1992)
Preston et al. (1992} -
Levander et al. (1985)
Levander et al. (1991)
Gengo et al. (1987)

Blom et al. (1992)

Bye et al. (1974)
Hamilton et al. (1982)
Nicholson & Stone (1986)
Peck et al. (1975)

Peck et al. (1975)

Bye et al. (1974)

Bye et al. (1977)

Bye et al. (1877)
Nicholson & Stone (1986)
Nicholson et al. (1991)
Peck et al. (1975)

Peck et al. (1975)
Voikerts et al. (1992)
Volkerts et al. (1992)
Swire et al. (1989)

Swire et al. (1989)
Bradiey & Nichoison (1986)
Bradley & Nicholson (1987)
Bradley & Nicholson (1987)
Kerr et al. (1994)

Kerr et al. (1994)
Nicholson & Stone (1982)
Nichoison & Stone (1982)
Nichoison et al. (1982)
Nichoison & Stone (1983)
Nicholson & Stone (1984)
Nicholson & Stone (1986)
Rombaut et al. (1991)
Rombaut et al. (1991)
Bradley et al. (1987)
Bradley et al. (1987)

MEMGCRY - Buschke Task (word lists)

Trails A& B

CARD SORTING TESTS (A&B)

Baddeley Grammatical Reasoning (BGRT)

DIGIT SYMBOL Substitution - DSST (WAIS)
rammatical Reasoning (PC)

Arithmetic task (PC)

DIGIT SYMBOL. Substitution - DSST

DIGIT SYMBOL Substitution - DSST

DIGIT SYMBOL Substitution - DSST

DIGIT SYMBOL Substitution - DSST (WAIS-R)

DIGIT SPAN - STM for verbal digits (WAIS-R)

MEMORY - Buschke Task (word lists)

Trails A& B

DIGIT SYMBOL Substitution - DSST

DIGIT SPAN (Backward, verbally)

DIGIT SYMBOL Substitution - DSST (PC)

MEMORY - Picture Recog/Recail

Enter & Recall Test - Digits (PC)

DIGIT SYMBOL Substitution - DSST

DIGIT SYMBOL Substitution - DSST (PC)

MEMORY - Picture Recog/Recall

Enter & Recall Test - Digits (PC)

TRAIL MAKING - PC-based (~TrailsB)

$Perceptual MAZE Test - PC-based

Stroop coloriword test - PC version

STERNBERG MEMORY & CRT - SRT-C

DIGIT SYMBOL. Substitution (DSST)

DIGIT SYMBOL Substitution - DSST

DIGIT SYMBOL Substitution - DSST

DIGIT SYMBOL Substitution - DSST (WAIS)

MEMORY - STM, 8-digit series x90

DIGIT SYMBOL Substitution (DSST)

DIGIT SYMBOL. Substitution (DSST)

MEMORY - STM for 8-digit numbers

DIGIT SYMBOL Substitution - DSST

$DIGIT SYMBOL Substitution - DSST

DIGIT SYMBOL Substitution - DSST (WAIS)

MEMORY - STM, 8-digit series x90

Letter Matching Task

MEMORY - Digit Scanning (Sternberg)

DIGIT SYMBOL Substitution - DSST (WAIS)

DIGIT SPAN - STM for verbal digits (WAIS)

DIGIT SYMBOL SUBSTITUTION - DSS

DIGIT SYMBOL SUBSTITUTION - DSS

MEMORY - STM - digits visually

Stroop task - coloriword (PC-based)

Sternberg STM - MEMORY, digits visual (PC-based)

ARITHMETIC Test (p&p)

DIGIT SYMBOL Substitution - DSST

$DIGIT SYMBOL Substitution - DSST

DIGIT SYMBOL Substitution - DSST

DIGIT SYMBOL. Substitution - DSST

DIGIT SYMBOL Substitution - DSST

MEMORY - Word recognition (PC)

MEMORY - STM, Stemberg (PC)

DIGIT SYMBOL SUBSTITUTION - DSS

DIGIT SYMBOL SUBSTITUTION - DSS

20 min
brief

. brief
3 min

. brief

. brief
2 min
2 min
2 min

0 sec
brief
20 min
brief
3 min
iv. brief
v. brief
. brief
Iv. brief
3 min
v. brief
v. brief
v. brief
Iv. brief
v. brief

90 sec
2 min
90 sec
15 min
90 sec
Sec
15 min
2 min
2 min
S0 sec
15 min
~10 min
~13 min
90 sec
v. brief
~5 min
~5 min

ﬂa min
?

v. brief
10 min
2 min
[2 min
2 min
2 min
2 min
v. brief
lv. brief
~5 min
~5 min

PO G U A G G ¥
PP P GG I G U G i S S S S S S S R g il el

DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
HYDROXYZINE
HYDROXYZINE
HYDROXYZINE
HYDROXYZINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPCLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE

YES
YES

YES

YES

YES
YES

NO
NO
NO
NO
NO
NO
NO
NO

NO

NO
NO

NO

NO
NO

NO
NO
NO
NO

NO
NO

NO
NO

NO
NO wP

NO
NO

NO
NO
NO
NO
NO




34
51
77

78
98
98
88
98
98

98
98
113

77
113

84
36
36

43

65
84
100
123
123
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Dhorranintra et al. (1986)
Hindmarch & Easton (1986)
Nicholson & Stone (1982)
Nichoison & Stone (1982)
Nicholson et al. (1982)
Rice & Synder (1993)
Rice & Synder (1993)
Rice & Synder (1993)
Rice & Synder (1893)
Rice & Synder (1993)
Rice & Synder (1993)
Rice & Synder (1993)
Rice & Synder (1993)

Seppala & Savolainen (1982)

Nicholson & Stone {1982)
Nicholson & Stone (1982)

Seppala & Savolainen (1982)

Gengo et al. (1990)

Gengo et al. (1980)
Nicholson & Tumer (1998)
Doms et al. (1988)

Doms et al. (1988)

Doms et ai. (1988)

Gengo et al. (1987)

Gengo et al. (1990)

Gengo et al. (1990)
Levander et ai. (1991)
Nicholson & Turner (1998)
Riedel et al. (1990)
Volkerts et al. (1992)
Volkerts et al. (1992)

De Roeck et al. (1990)
Gengo et al. (1987)

Gengo et al. (1990}

Gengo et al. (1990)
Nicholson & Turner (1998)
Riedel et al. (1990)
Bradiey & Nicholson (1987)
Bradley & Nichoison (1987)
Kay et al. (1997)

Kay et al. (1997)

Comer et ai. (1998)

Comer et al. (1998)
Bradiey & Nicholson (1987)
Bradley & Nichoison (1987)
De Roeck et al. (1990)
Comer et al. (1998)

Comer et al. (1998)
Bradley & Nicholson (1987)
Bradley & Nicholson {(1987)
Kerr et at. (1994)

Kerfr et al. (1994)

Nicholson & Stone (1982)
Nichoison & Stone (1982)
Nichoison et al. (1982)
Nichoison & Stone (1983)
Nichoison & Stone (1986)
Reinberg et al. (1978)
Swire et al. (1989)

Swire et al. (1989)

Tharion et al. (1994)
Tharion et al. (1994)
Unchern et al. (1986)
Unchem et al. (1886)
Unchern et al. (1986)
Unchern et al. (1986)
Unchem et al. (1986)
Volkerts et al. (1992)
Volkerts et al. (1992)
Witek, Jr. et al. (1992)
Witek, Jr. et al. (1992)
Witek, Jr. et al. (1995)
Nicholson & Stone (1986)
Volkerts et al. (1992)
Volkerts et al. (1992)

'CARD SORTING test (CNS problem solving)
Stroop task - colorword (PC-based)
ARITHMETIC Test (p&p)

DIGIT SYMBOL Substitution - DSST

DIGIT SYMBOL Substitution - DSST

Logical Reasoning - WRPAB

Manikan - WRPAB

Intervat Production - WRPAB

Serial ADDITION/SUBTRACTION - WRPAB

DIGIT SYMBOL Substitution - DSST
ARITHMETIC Test (p&p)

DIGIT SYMBOL Substitution - DSST
DIGIT SYMBOL Substitution - DSST
DIGIT SYMBOL. Substitution - DSST
Trails B Maze Tracking - p/p test
DIGIT SYMBOL Substitution - DSST
Attention & concen. test - p/p
Fieldmarking test - p/p concentration
Learning & memoty test - p/p

Stroop color/word test - PC version
DIGIT SYMBOL Substitution - DSST
Trails B Maze Tracking - p/p test

Letter Matching Task

MEMORY - Digit Scanning (Stemberg)
DIGIT SYMBOL. Substitution - DSST
Stroop color/word test - PC version
DIGIT SYMBOL Substitution - DSST

MEMORY - STM - digits visually

DIGIT SYMBOL Coding - CogScreen
WORKING MEMORY - CogScreen
Repesated Aquisition & Rapid Info Tasks
DIGIT SYMBOL Substitution - DSST
DIGIT SYMBOL SUBSTITUTION - DSS

Repeated Aquisition & Rapid Info Tasks
DIGIT SYMBOL Substitution - DSST
CIGIT SYMBOL SUBSTITUTION - DSS
MEMORY - STM - digits visually

Stroop task - coloriword (PC-based)

ARITHMETIC Test (p&p)

DIGIT SYMBOL Substitution - DSST

DIGIT SYMBOL. Substitution - DSST

DIGIT SYMBOL Substitution - DSST

DIGIT SYMBOL Substitution - DSST
Randomi# ADDITION TEST (P&P)

DIGIT SYMBOL Substitution - DSST (WAIS)
DIGIT SPAN - STM for verbal digits (WAIS)
Baddeley Grammatical Reasoning (BGRT)
DIGIT SYMBOL Substitution - DSST (WAIS)
Card Sorting Task (4 piles #1-10 each)
Arthmetic (p&p 77)

Digit Span (‘Recall Memory; F & Backward)
Line Test (p&p: draw ~= tracking)

T-Maze (p&p: drew ~= tracking)

Letter Matching Task

MEMORY - Digit Scanning (Sternberg)
Arithmetic task (PC)

Grammatical Reasoning (PC)

DIGIT SYMBOL Substitution - DSST
DIGIT SYMBOL Substitution - DSST
Letter Matching Task

MEMORY - Digit Scanning (Stemberg)

Stemberg STM - MEMORY, digits visual (PC-based)

o O fo e ]
U!OUUl(JIU'U!U'IOIUIOOO!UlOl

(4] 4.3 i
affug2aafl585

§D

dbn’ef

10 min
2 min
2 min
v. brief
iv. brief
v. brief
v, brief
v. brief
v. brief
v. brief
v. brief
3 min
10 min
2 min
3 min
190 sec
v. brief
2 min
N
10 min?
?
Hbﬁef
90 sec
v. brief
v. brief
2 min

~10 min
~13 min

90 sec?
brief

0 sec
v. brief
2 min

~5 min
8 min
brief
brief
3, 10min
3 min
~5 min
na min

90 sec?
3, 10min
3 min
I~5 min
PB min

>
v. brief
10 min
2 min
2 min
2 min
2 min
brief
secl
v. brief
3 min
0 sec
V. brief
v, brief
v. brief
[30sec X2
3 sec
~10 min
~13 min
v. brief
v. brief
2 min
2 min
I~10 min
|~13 min

2nd Generation Drugs:

ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
ASTEMIZOLE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE

ISHSESESESESESESESESE SRS
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120
120
120

NO

NO

NO

NO

NO

NO

NO

NO
NO

NO
NO
NO
NO

NO
NO
NO
NO

NO
NO
NO?
NO




Sheet: Divided Attn

Page 2: sorted by Generation, DRUG, Dose, Ref#, SC¥

DIVIDED ATTENTION TASKS - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING onty

TABLE 10,

IMPAIRMENT?

132
132
1318

42
124
16
17
1318
18A
188
19
20
57 .
73
102
127
129
1308
131A
131B

106
111
55
55
121
58
104

51
111
95
100
111
100
111
42
a2
57
95
121
127
133
133
)
42

73
131A
18A
188
188

Note:

Yasuda et al. (1998)
Yasuda et al. (1998)

Witek, Jr. et al. (1995)
Gaillard et al. (1988)
Gaillard et al. (1988)
Vuurmman et al. (1994)
Bums (1990)

Bums & Moskowitz (1980)
Witek, Jr. et al. (1995)
Bums & Moskowitz (1993)
Bums & Moskowitz (1993)
Bums et al. (1994)

Bums et al. (1999 - ms)
Kay et al. (1997)

Moskowitz & Bums (1988)
Roehrs et al. (1993)
Wilkinson & Moskowitz (1980)
Wilkinson et al. (1999 - ms)
Witek, Jr. et al. (1992)
Witek, Jr. et al. (1995)
Witek, Jr. et al. (1995)
Mohs et al. (1978)
Saariaiho-Kere et al. (1989)
Seidel et al. (1987)

lrving & Jones (1992)

irving & Jones (1992)

Valk et al. (1997)

Kerr et al. (1994)

Rombaut et al. (1991)

Hindmarch & Easton (1986)
Seidel et al. (1987)
Ramaekers et al. (1992)
Riedel et al. (1890)

Seidel et al. (1987)

Riedel et al. (1990)

Seidei et al. (1987)
Gaillard et al. (1988)
Gailiard et al. (1988)

Kay et al. (1997)
Ramaekers et al. (1992)
Valk et al. (1997)
Wilkinson & Moskowitz (1990)
Comer et al. {1998)
Comer et al. (1998)
Gaillard et al. {1988)
Gaillard et al. (1988)

Kerr et al. (1994)
Moskowitz & Bums (1988)
Witek, Jr. et al. (1995)
Bums & Moskowitz (1993)
Bums & Moskowitz (1983)
Bums & Moskowitz (1993)

DIVIDED ATTENTION (PC)

DIVIDED ATTENTION (PC)

DIVIDED ATTENTION (PC)

TRACKING + Continuous Memory Task
Continuous MEMORY TASK during Tracking
DIVIDED ATTENTION - ~SCRI

DIVIDED ATTENTION - SCRI

DIVIDED ATTENTION - SCRI

DIVIDED ATTENTION (PC)

DIVIDED ATTENTION - SCRI

DIVIDED ATTENTION - SCRi

DIVIDED ATTENTION - SCRI

$DIVIDED ATTENTION - SCRI (96 ver)
DIVIDED ATTENTION - CogScreen

DIVIDED ATTENTION - SCRI

DIVIDED ATTENTION - Trk & periph/center targets
DIVIDED ATTENTION - SCRI

DIVIDED ATTENTION - SCRI ('96ver)
DIVIDED ATTENTION (PC)

DIVIDED ATTENTION (PC)

DIVIDED ATTENTION (PC)

DIVIDED ATTENTION (digit transf & #r detect; not PC
TRACKING & CRT test (this is D-Al)

D-A ("VIG": Trk & periph vs ctr targets)
DIVIDED ATTENTION - per SCRI

DIVIDED ATTENTION - per SCRI

VigTrack - "duaHtasic (paimtop PC)

TRACKING with D-A task

DIVIDED ATTENTION - Trk & pefipheral signals

TRACKING & Peripheral Signals Task
D-A ("VIG" Trk & periph vs ctr targets)

DIVIDED ATTENTION - per SCRI
DIVIDED ATTENTION

D-A (“VIG": Trk & periph vs ctr targets)
DIVIDED ATTENTION

D-A ("VIG": Trk & periph vs ctr targets)
TRACKING + Continuous Memory Task
Continuous MEMORY TASK during Tracking
DIVIDED ATTENTION - CogScreen
DIVIDED ATTENTION - per SCRi
VigTrack - "dual-tasic’ (paimtop PC)
DIVIDED ATTENTION - SCRI
DIVIDED ATTENTION - Miller et ai ‘88
DIVIDED ATTENTION - Miller et al ‘88
Continuous MEMORY TASK during Tracking
TRACKING + Continuous Memory Task
TRACKING with D-A task

DIVIDED ATTENTION - SCRI

DIVIDED ATTENTION (PC)

DIVIDED ATTENTION - SCRi

DIVIDED ATTENTION - SCRI

DIVIDED ATTENTION - SCRI

NO bP = NO significant impairment, and performance was better than Placebo.
PC = Task presented on computerized system

DDA DAIDIDARDDIODNDDIDODIINIDDDIDNDADOODLD

DBAODNODODPRONDIADNHOD DO

v brief
v brief
v. brief
7 min
7 min
12 min
12 min
12 min
v. brief
12 min
12 min
12 min
12 min
{lorief
12 min
15 min
12 min
12 min
iv. brief
v. brief
v. brief
15 min

130 min
12 min
12 min
{15 min
1 min
1 min

1 min
30 min
12 min

30 min

30 min
7 min
7 min

12 min
min
12 min
10 min
10 min
7 min
7 min
1 min
12 min

12 min
12 min
12 min
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2nd

NMRNRONRNMNRNDRNRNRNRONORNNDRODRODRORPDNRNNN

Generation Drugs:

CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
HYDROXYZINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE

Generation Drugs:

ASTEMIZOLE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE

HM/CJW Antihistamines & Driving Review for DOT. FILE: C:\CJW\HM_CJW\DOT-REVIEWADOT-DATA.wb3 03/31/99 09:05:59 PM Page 2 of 2

YES
YES

NO

NO

NO

NO?

NO

NO




91
A
124
122
16
38
18A
188
19
20
39
56
57
66
66
73
108
110
126
127
129
108
68
125
21
91
21
22
91

84
84
100
110
128
126
84
100
122
122
57
127
39
73
18A
188
188

Note

HM/CJW Antihistamines & Driving Review for DOT, FILE: CACIWHM_CIWADOT-REVIEWADOT-DATA wb3 04/01/99 12:10:18 AM Page 2 of 2

sheet: Vic TABLE 11 . viciLancE TAsKsS - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only

page 2 sorted by Generation, DRUG, Dose, Ref#t, SC#

Peck et al. (1975)

Peck et al. (1975)
Vuurman et al. (1994)
Vermeeren et al. (1998)
Bums (1990)

Fine et al. (1994)

Bums & Moskowitz (1993)
Bums & Moskowitz (1993)
Burns et al. (1994)

Burns et al. (1999 - ms)
Fink et al. (1979)

Katz et al. (1998)

Kay et al. (1997)

Lines et al. (1997)

Lines et al. (1997)
Moskowitz & Burns (1988)
Sands et al. (1997)
Schweitzer et al. (1994)
Waish et al. (1994)
Wilkinson & Moskowitz (1990)
Wilkinson et al. (1999 - ms)
Sands et al. (1997)

Mattila et al. (1986)

Waish et al. (1992)

Bye et al. (1974)

Peck et al. (1975)

Bye et al. (1974)

Bye et al. (1977)

Peck et al. (1975)

Nicholson et al. (1998)
Nicholson et al. (1998)
Riedel et al. (1990)
Schweitzer et al. (1994)
Waish et al. (1992)

Walsh et al. {1994)
Nicholson et al. (1998)
Riedel et al. (1990)
Vermeeren et al. (1998)
Vermeeren et al. (1998)
Kay et al. (1997)
Wilkinson & Moskowitz (1990)
Fink et al. (1979)
Moskowitz & Burns (1988)
Bums & Moskowitz (1893)
Bums & Moskowitz (1993)
Bums & Moskowitz (1993)

VIGILANCE - Auditory (Wikinson RT; 1hr)
VIGILANCE - Auditory (Wilkinson RT; 1hr)
VIGILANCE - Sustained Attention, Vis.

VIGILANCE - SCRI

VIGILANCE - Visual, 2-hr (10min biks x12)
VIGILANCE - SCRI

VIGILANCE - SCRI

VIGILANCE - SCRI

VIGILANCE - SCRI

Continuous Perf Task (CPT) during EEG
Continuous Performance Task (vig?)
Continuous Perf. Task - Kay G

VIGILANCE - Sustained Attention, Vis.
VIGILANCE - Sustained Attention, Aud.
VIGILANCE - SCRI

Continuous Performance Task (vig?)
Simulated Assembly Line Task - SALT (PC)
Simulated Assembly Line Task - SALT (FPC)
VIGILANCE - SCRI

VIGILANCE - SCRi

Continuous Performance Task (vig?)
ATTENTION Test (concentrated attn?)
Simulated Assembly Line Task - SALT (PC)
VIGILANCE - Auditory

VIGILANCE - Auditory (Wilkinson RT; 1hr)
VIGILANCE - Auditory

VIGILANCE - Auditory

VIGILANCE - Auditory (Wilkinson RT; 1hr)

VIGHLANCE - Visual digits, 15min
VIGILANCE - Visual digits, 15min
VIGILANCE

Simulated Assembly Line Task - SALT (PC)
Simulated Assembly Line Task - SALT (PC)
Simulated Assembly Line Task - SALT (PC)
VIGILANCE - Visual digits, 15min
VIGILANCE

Continuous Perf, Task - Kay G
VIGILANCE - SCR!

Continuous Perf Task (CPT) during EEG
VIGILANCE - SCRI

VIGILANCE - SCRI

VIGILANCE - SCRI

VIGILANCE - SCR!

NO wP = NO significant impairment, but worse than Placebo.
NQ wB = NO significant impairment, but worse than Baseline.
NO bP = NO significant impairment, and better than Piacebo.

NO’?1x=onwonemeasureatsingiet§mepoim
PC=Taskpfeserﬁedoncompmefizedsystem.

RT = Reaction Time

VIGILANCE - Sustained Attention - ~'SCRI (45min)

VIGILANCE - Sustained Attention - ~'SCRI (45min)
VIGILANCE - Sustained Attention - ~'SCRI (45min)

, of many, was significantly impaired.

7 WMhr

7?7 111 min
min
min

hr
min
min
min
min

rief

min
10 min
[~10min x2.
40 min
brief
1 hr
1 hr x4
40 min
’40 min
[iorief
5 min
50 min x8
1 hr
1 hr
1 hr
1 hr
1 hr

NNNSNNNINANNNNNNNNNNNNNANANNN

15 min
15 min

1 hr

150 min x8
1 hr x4
15 min

'45 min
145 min
5 min

140 min

140 min
40 min
140 min
40 min

NNNNNSNNSNNNNNNN NN
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2nd
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Generation Drugs:

CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
HYDROXYZINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE

Generation Drugs:

CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
FEXOFENADINE
FEXOFENADINE
LORATADINE
LORATADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE

B RN S

25

10
10
10
10
10
20
20
120
240
10
10
60
60
60
60
120

NO wP

NO

NO
NO
NO
NO
NO?1x
NO
NO
NO
NO
NO
NO

NO bP
NO
NO
NO




TRACKING TASKS - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only
sheet: TRACK

0¥ , B TAELE 12.
2soned GeneratlonDRUGDmRef#SGt
Wmadﬁ TASK $or Sublactiva REOATION R | mmi&&é SR e AL AH53
1st Generation Drugs:
26 Clarke & Nicholson (1978) TRACKING (Vis. Motor Coord. = VMC) 8Cr 10 min 1 CHLORPHENIRAMINE 4 YES
61 Kulshrestha et al. (1978) PURSUIT ROTOR - (Tracking) 8 i brief 1 CHLORPHENIRAMINE 4 NO
76 Nichoison {1979) TRACKING (Vis. Motor Coord. = VMC) 8Cr 10 min 1 CHLORPHENIRAMINE 4 NO
26 Clarke & Nicholson (1978) TRACKING (Vis. Motor Coord. = VMC) 8Cr 10 min 1 CLEMASTINE 1 YES
42 Geillard et al. (1988) TRACKING - Pursuit; performed alone 8 1 min 1 CLEMASTINE 1 YES
93 Pishkin et al. (1883) PURSUIT ROTOR - (Tracking) 8 { brief 1 CLEMASTINE 1 NO
112 Seppala et al. (1981) TRACKING Task (steer biack dot on trk) 8 [I30 sec 1 CLEMASTINE 1 NO
53 Hopes et al. (1992) TRACKING - Rotor & Pursuit tasks 8 10 minea? 1 CLEMASTINE 2 YES
93 Pishkin et al. (1983) PURSUIT ROTOR - (Tracking) 8 fv. brief 1 CLEMASTINE 2 NO
124 Vuurman et al. (1994) CRITICAL TRACKING (CTT) - ~SCRI (5 trials‘ 8Cr !- min 1 CLEMASTINE 2 YES
64 Levander et al. (1985) TRACKING, Adaptive (~VMC per Nicholson) [8Cr i8 min 1 CLEMASTINE 3 YES
122 Vermeeren et al. (1998) CRITICAL TRACKING (CTT) - ~SCRI ( 5 trials} 8Cr fjv. brief 1 CLEMASTINE 3 YES
16 Bums (1980) CRITICAL TRACKING (CTT) - SCRI 8Cr }20+ min 1 DIPHENHYDRAMINE 25 YES
17 Burns & Moskowitz (1980) COMPENSATORY TRACKING - SCRI 8 [I6 min 1 DIPHENHYDRAMINE 25 NO
17 Bums & Moskowitz (1980) CRITICAL TRACKING (CTT) - SCRI 8Cr ,' 0+ min 1 DIPHENHYDRAMINE 25 NO wP
27 Cohen et al. (1984) TRACKING - Adaptive (VMC) 8Cr [j10 min 1  DIPHENHYDRAMINE 25 YES ‘
67 Linnoila (1973) TRACKING (Coordination tests | & Ii) 8 . brief 1 DIPHENHYDRAMINE 25 NO
18A Bums & Moskowitz (1993) CRITICAL TRACKING (CTT) - SCRI 8Cr iv 0+ min 1 DIPHENHYDRAMINE 26 YES
188 Bums & Moskowitz (1993) CRITICAL TRACKING (CTT) - SCRI 8Cr 0+ min 1 DIPHENHYDRAMINE 25 YES
20 Bumns et al. (1999 - ms) CRITICAL TRACKING (CTT) - SCRI BCr {20+ min 1 DIPHENHYDRAMINE 50 NO wP
27 Cohen et al. (1984) TRACKING - Adaptive (VMC) 8Cr 10 min 1 DIPHENHYDRAMINE 50 YES
29 Cohen et al. (1987) TRACKING - Adaptive (VMC) 8Cr 10 min 1 DIPHENHYDRAMINE 50 YES
57 Kay et al. (1997) TRACKING - solo via CogScreen 8 “ brief 1 DIPHENHYDRAMINE 50 YES
67 Linnoila (1973) TRACKING {Coordination tests | & 1) 8 . brief 1 DIPHENHYDRAMINE S0 NO
73 Moskowitz & Burns (1988) . JCRITICAL TRACKING (CTT) - SCRI 8Cr 20+ min 1 DIPHENHYDRAMINE 50 YES
93 Pishkin et al. (1983) PURSUIT ROTOR - (Tracking) 8 g brief 1 DIPHENHYDRAMINE 50 NO
98 Rice & Snyder (1993) TRACKING - WRPAB (Unstable Trking) 8 i brief 1 DIPHENHYDRAMINE 50 YES
127 Wilkinson & Moskowitz (1990) §CRITICAL TRACKING (CTT) - SCRI 8Cr Jj20+ mbn 1 DIPHENHYDRAMINE 50 YES
129 Wilkinson et al. {1999 - ms) CRITICAL TRACKING (CTT) - SCRI BCr 0+ min 1 DIPHENHYDRAMINE 50 YES
130A Witek, Jr. et al. (1992) TRACKING 8 1 . brief 1 DIPHENHYDRAMINE 50 YES
27 Cohen et al. (1984) TRACKING - Adaptive (VMC) 8Cr 110 min 1 DIPHENHYDRAMINE 100 YES
68 Mattila et al. (1986) TRACKING Task (Coordination test) 8 "‘ 0 sec 1 DIPHENHYDRAMINE 100 NO wB
64 Levander et al. (1985) TRACKING, Adaptive (~VMC per Nicholson) 18Cr {i8 min 1  HYDROXYZINE 20 YES
93 Pishkin et al. (1983) PURSUIT ROTOR - (Tracking) 8 pv. brief 1  HYDROXYZINE 25 NO
28 Cohen et al. (1985) TRACKING - Adaptive (VMC) 8Cr 110 min 1 TRIPOLIDINE 25 YES
56 Iving & Jones (1992) Adaptive TRACKING - Pursuit (Critical?) 8 {0 min 1 TRIPOLIDINE 25 NO
76 Nichoison (1979) TRACKING (Vis. Motor Coord. = VMC) 8Cr 110 min 1 TRIPOLIDINE 25 YES
28 Cohen et al. (1985) TRACKING - Adaptive (VMC) 8Cr |10 min 1  TRIPOLIDINE 5 YES
55 lving & Jones (1992) Adaptive TRACKING - Pursuit (Critical?) A 8 10 min 1 TRIPOLIDINE 5 NO
12 Bradiey & Nicholson (1986) TRACKING (Vis. Motor Coord. = VMC) 8Cr {10 min 1 TRIPOLIDINE 10 YES
14 Bradiey & Nicholson (1887) TRACKING (Vis. Motor Coord. = VMC) 8Cr §10 min 1 TRIPOLIDINE 10 YES
76 Nicholson (1979) TRACKING (Vis. Motor Coord. = VMC) 8Cr [{10 min 1  TRIPOLIDINE 10 YES
77 Nicholson & Stone (1982) TRACKING (Vis. Motor Coord. = VMC) 8Cr 110 min 1  TRIPOLIDINE 10 YES
79 Nicholson & Stone (1983) TRACKING (Vis. Motor Coord. = VMC) 8Cr ¥10 min 1 TRIPOLIDINE 10 YES
80 Nicholson & Stone (1984) TRACKING (Vis. Motor Coord. = VMC) 8Cr 10 min 1 TRIPOLIDINE 10 YES
82 Nicholson & Stone (1986) TRACKING (Vis. Motor Coord. = VMC) 8Cr {110 min 1 TRIPOLIDINE 10 YES
13A Bradiey et al. (1987) TRACKING (Vis. Motor Coord. = VMC) 8Cr hO min 1 TRIPOLIDINE 10 YES
138 Bradley et al. (1987) TRACKING (Vis. Motor Coord. = VMC) BCr 110 min 1 TRIPOLIDINE 10 YES
continued
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sheet: TRACK TRACKING TASKS - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only
SC# 8, 8Cr

continued... Page 2: sorted by Generation, DRUG, Dose, Ref#, SC¥.

2nd Generation Drugs:
77 Nicholson & Stone (1982) TRACKING (Vis. Motor Coord. = VMC) 8Cr 110 min 2 ASTEMIZOLE 20 NO
113 Seppala & Savolainen (1982) $TRACKING - “Coord. Task ("'steer black dot onjl 8 [i30 sec 2 ASTEMIZOLE 30 NO
84 Nicholson & Turner (1998) TRACKING Task (compensatory?) 8 i3 min 2 CETIRIZINE 5 YES
84 Nicholson & Turner (1998) TRACKING Task (compensatory?) 8 K3 min 2 CETIRIZINE 10 NO
95 Ramaekers et al. (1992) CRITICAL TRACKING (CTT) - ~SCRY, but 5trif] 8Cr forief 2 CETIRIZINE 10 NO
100 Riedel et al. (1990) CRITICAL TRACKING (CTT) 8Cr 2 CETIRIZINE 10 YES
84 Nicholson & Tumer (1998) TRACKING Task (compensatory?) 8 |3 min 2 CETIRIZINE 20 YES
100 Riedel et al. (1890) CRITICAL TRACKING (CTT) 8Cr 2 CETIRIZINE 20 YES
122 Vermeeren et al. {1998) CRITICAL TRACKING (CTT) - ~SCRI { 5 trialgjj 8Cr jiv. brief 2 FEXOFENADINE 120 YES
122 Vermeeren et al. (1998) CRITICAL TRACKING (CTT) - ~SCR ( 5 triaigj 8Cr |pv. brief 2 FEXOFENADINE 240 YES
14 Bradley & Nicholson (1887) TRACKING (Vis. Motor Coord. = VMC) 8Cr {110 min 2 LORATADINE 10 NO
42 Gaillard et al. (1988) TRACKING.- Pursuit; performed alone 8 #7 min 2 LORATADINE 10 NO
57 Kay et al. (1997) TRACKING - solo via CogScreen 8 fbrief 2 LORATADINE 10 NO
95 Ramaekers et al. (1992) CRITICAL TRACKING (CTT) - ~SCRY, but 5trig 8Cr jibrief 2 LORATADINE 10 NO
127 Wilkinson & Moskowitz (1990) §CRITICAL TRACKING (CTT) - SCRI 8Cr {20+ min 2 LORATADINE 10 NO
14 Bradiey & Nichoison (1987) TRACKING (Vis. Motor Coord. = VMC) 8Cr 10 min 2 LORATADINE 20 NO *
14 Bradiey & Nicholson (1987) TRACKING (Vis. Motor Coord. = VMC) 8Cr 110 min 2 LORATADINE 40 NO
26 Clarke & Nicholson (1978) TRACKING (Vis. Motor Coord. = VMC) 8Cr 10 min 2 TERFENADINE 60 NO
42 Gaillard et al. (1988) TRACKING - Pursuit; performed alone 8 min 2 TERFENADINE 60 NO
61 Kulshrestha et al. (1978) $PURSUIT ROTOR - (Tracking) 8 llbrief 2 TERFENADINE 60 NO
73 Moskowitz & Bums (1988) CRITICAL TRACKING (CTT) - SCRI 8Cr {20+ min 2 TERFENADINE 80 NO bP
77 Nicholson & Stone (1982) TRACKING (Vis. Motor Coord. = VMC) 8Cr [110 min 2 TERFENADINE 60 NO
79 Nicholson & Stone (1983) TRACKING (Vis. Motor Coord. = VMC) 8Cr 110 min 2 TERFENADINE 60 NO
82 Nicholson & Stone (1986) TRACKING (Vis. Motor Coord. = VMC) 8Cr [110 min 2 TERFENADINE 60 NO
130A  Witek, Jr. et al, (1992) - §TRACKING 8 v. brief 2 TERFENADINE 60 NO
18A Bums & Moskowitz (1993) CRITICAL TRACKING (CTT) - SCRI 8Cr 20+ min 2 TERFENADINE 60 NO
188 Bums & Moskowitz (1993) CRITICAL TRACKING (CTT) - SCRI 8Cr {20+ min 2 TERFENADINE 60 NO
82 Nichoison & Stone (1986) TRACKING (Vis. Motor Coord. = VMC) 8Cr {10 min 2 TERFENADINE 120 NO
188 Bums & Moskowitz (1993) $CRITICAL TRACKING (CTT) - SCRI 8Cr [[20+ min 2 TERFENADINE 120 NO

NOTE:  Across all types of TRACKING TASKS, the 1st generation drugs were found to be significantly impairing in 68.8% of the times tested;
this is compared to 18.8% for the 2nd generation drugs. However, when CRITICAL TRACKING TASKS specifically were used,
impairment was found in 90.3% (28/31) vs 19.0% (4/21) of the cases, for the 1st and 2nd generation drugs, respectively.

Moreover, at ieast 2 of the 3 test findings for the 1st generation drugs which were not significant nonetheless showed performance
which was clearly worse than Placebo ("NO wi" in table above) and in fact approached statistical significance {p < 0.08).
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Sheet: RT Tasks TABLE 13 REACTION TIME TASKS - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only

SC#9

Page 2: sorted by Generation, DRUG, Dose, Ref#, SC¥.

IMPAIRMENT?

1318
63
41
41
42
91
83
112
87
9
93
64
64

122
27
67

1318

117
12
58

104

134

138

Biehl (1979)

Biehl (1979)
Dhorranintra et al. {1990)
Franks et al. (1978)
Franks et al. (1978)
Kulshrestha et al. (1978)
Witek, Jr. et al. (1995)
Lee et al. (1988)
Franks et al. (1979)
Franks et al. (1979)
Gaillard et al. (1988)
Peck et al. (1975)
Pishkin et al. (1983)
Seppala et al. (1981)
Patat et al. (1994)
Peck et al. (1975)
Pishkin et al. (1983)
Levander et al. (1985)
Levander et al. (1985)
Vermeeren et al. (1998)
Cohen et al. (1984)
Linnoila (1973)

Witek, Jr. et al. (1995)
Berlinger et al. (1982)
Carruthers et al. (1978)
Cohen et al. (1984)
Cohen et al. (1987)
Katz et al. (1998)

Kay et al. (1997)
Lines et al. (1997)
Linnoila (1973)
Pishkin et al. (1983)
Rice & Snyder (1993)
Sands et al (1997)
Spector et al. (1980)
Witel, Jr. et al. (1992)
Witek, Jr. et al. (1992)
Witek, Jr. et al. (1995)
Witek, Jr. et al. (1995)
Sands et al. (1997)
Cohen et al. (1984)
Mattila et al. (1986)
Preston et al. (1992)
Preston et al. (1992)
Levander et al. (1985)
Levander et al. (1985)
Levander et ai. (1991)
Levander et al. (1991)
Pishkin et al. (1983)
Cohen et al. (1985)
Hamilton et al. (1982)
Peck et al. (1975)

Bye et al. (1977)
Cohen et al. (1985)
Peck et al. (1975)
Swire et al. (1989)
Bradley & Nicholson (1986)
Kerr et al. (1994)
Rombaut et al. (1891)
Bradley et al. (1987)
Bradiey et al. (1987)

continued...

COMPLEX REACTION TEST

REACTION TIME - simple

REACTION TIME - Choice (red light)
REACTION TIME - Complex

REACTION TIME - Simple, Aud & Vis
REACTION TIME - Simple (single light)
REACTION TIME, Choice (CRT); Vis
REACTION TIME, SIMPLE - Auditory
REACTION TIME - Complex

REACTION TIME - Simple, Aud & Vis
REACTION TASK - visual field: digits, degraded
REACTION TIME, Simple (SRT); Aud
REACTION TIME, 8RT & CRT (Speeded Interference Task);
Complex CRT, (vis/aud; pedal/button)
REACTION TIME, Choice {CRT); Visual
REACTION TIME, Simple (SRT); Aud
REACTION TIME, SRT & CRT (Speeded Interference Task);
REACTION TIME - Choice; visual

REACTION TIME - Simple; aud & visual
REACTION TIME, Choice (CRT); Vis (L&R w. distractors)
REACTION TIME - Simple, Visual

REACTION TIME, Choice (CRT)

REACTION TIME, Choice (CRT); Vis
REACTION TIME - Simple

REACTION TIME - simple, visual

REACTION TIME - Simple, Visual

REACTION TIME - Simple, Visual
§REACTION TIME - Simple; visual?
REACTION TIME - Simpie; CogScreen
REACTION TIME, Choice; (& CPRT)
REACTION TIME, Choice (CRT)

REACTION TIME, SRT & CRT (Speeded Interference Task);
Four Choice REACTION TIME - WRPAB
REACTION TIME - (PC task)

REACTION TIME, Simple (SRT) - visual
REACTION TIME, Choice (CRT); Vis
REACTION TIME, Choice {CRT); Vis
REACTION TIME, Choice (CRT); Vis
REACTION TIME, Choice (CRT); Vis
REACTION TIME - (PC task)

REACTION TIME - Simple, Visual

REACTION TIME, Choice (CRT); Vis & Aud
REACTION TiME tests - SRT & CRT
REACTION TIME tests - SRT & CRT
REACTION TIME - Choice; visual

REACTION TIME - Simple; aud & visual
REACTION TIME - Choice; visual

REACTION TIME - Simple; aud & visual
REACTION TIME, SRT & CRT (Speeded Interference Task);
REACTION TIME - Simple, Visual

REACTION TiME - Simple, Auditory
REACTION TIME, Simple (SRT); Aud
REACTION TIME - Auditory

REACTION TIME - Simpie, Visual

REACTION TIME, Simple (SRT); Aud
REACTION TIME, Simple (SRT) - during ERP
REACTION TIME - COMPLEX - CRT
REACTION TiME - Choice (CRT) Leeds
REACTION TIME, Choice (CRT)

REACTION TIME - COMPLEX - CRT
REACTION TIME - COMPLEX - CRT

8C
9S8
9C
oC
98
9S8

98
oC
9S8

98

oC
98

98
oC
9s
8C

98
98
s
98
98
98
9C
sC

98
sC
aC
9C

98
oC

8C
98
9C

98
98
98

9S8
98
98
sC

9C
SC

~ 3min
v. brief
fbrief

fbrief
v. brief
v. brief

24 min
15 min
jv. brief
~1min
50 trials
15 min
v. brief
v. brief
v. brief
v. brief
15 min

v. brief
v. brief
very brief
v. brief
5 min

5 min
brief
brief
brief

Iv. brief
Iv. brief
v. brief
yorief

v. brief
v. brief
v. brief
v. brief
v. brief
brief

5 min

v. brief
fv. brief
v. brief
v, brief
v. brief
V.
IV,

. brief
. brief
v. brief
S min
15 min
15 min
15 min
5 min
16 min
8 min
r~5 min
20 triais
jv. brief
~5 min
~5 min

[ O G QAT G |
P O QU N (G (N QA N G (U (A O N DU U QU0 G (T T QT G 3
T QAT G0 N N Qi G e s

PTG A G G S Ar G G (T (I (S

Generation Drugs:

CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE -
CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
CLEMASTINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
HYDROXYZINE
HYDROXYZINE
HYDROXYZINE
HYDROXYZINE
HYDROXYZINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
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100
100
100

20
20
20
20
25
25
25
25

w

75
10
10
10
10
10

o

YES

YES
YES

YES

YES
YES
YES
YES

YES

NO

NO
NO
NO

NO
NO
NO

NO

NO

NO

NO

NO
NO
NO bC
NO
NO

NO

558

NO
NO

NO

NO
NO

NO
NO
NO




Sheet: RT Tasks
continued. ..

Page 2: sorted by Generation, DRUG, Dose, Ref#, SC#.

65
65
95

100

100
122
122
37
42
57
95
95
109

a2
58
81
117

130A

1314

Levander et al. (1991)
Levander et al. (1991)
Ramaekers et al. (1992)
Ramaekers et al. {1992)
Riedel et al. (1980)

Betts et al. (1988)

Betts et al. (1989)

Riedei et al. (1990)
Vermeeren et al. (1998)
Vermeeren et al. (1998)
Englisch et al. (1996)
Gaillard et al. (1988)

Kay et al. (1997)
Ramaekers et ai. (1992)
Ramaekers et al. (1992)
Schaffier et al. (1994)
Betts et al. (1989)

Betts et al. (1989)

Bhatti & Hindmarch (1989)
Gaillard et al. (1988)

Kerr et al. (1994)
Kulshrestha et al. (1978)
Swire et al. (1989)

Witek, Jr. et al. (1992)
Witek, Jr. et al. (1995)
Betts et al. (1989)

Betts et ai. (1989)

Bhatti & Hindmarch (1989)
Murri et al. (1992)

Bhatti & Hindmarch (1989)

REACTION TIME TASKS - Summary of impsairment findings as a function of DRUG and Dose - ACUTE DOSING only

REACTION TIME - Choice, visual

REACTION TIME - Simple; aud & visual

iREACTION TIME, Choice (CRT); Stemberg digits
Response Competition Test (RCT)

REACTION TIME, Choice (CRT); Sternberg digits
REACTION TIME, Choice (CRT)

REACTION TIME, Simple (SRT)

REACTION TIME, Choice (CRT), Stemberg digits
REACTION TIME, Choice (CRT); Vis (L&R w. distractors)
EACTION TIME, Choice (CRT); Vis (L&R w. distractors)
REACTION TIME - Choice; CRT in ODT

REACTION TASK - visual field: digits, degraded
REACTION TIME - Simple; CogScreen

REACTION TIME, Choice (CRT); Stemberg digits
Response Competition Test (RCT)

REACTION TIME, Choice - CRT (during ODT)

X

CHOICE REACTION TIME (CRT)
IREACTION TASK - visual field: digits, degraded
REACTION TIME - Choice (CRT) Leeds
REACTION TIME - Simple (single light)
REACTION TIME, Simple (SRT) - during ERP
REACTION TIME, Choice (CRT); Vis
REACTION TIME, Choice (CRT); Vis
REACTION TIME, Choice (CRT)

REACTION TIME, Simple (SRT)

CHOICE REACTION TIME (CRT)

REACTION TIME, Simple (SRT); Vis & Aud
CHOICE REACTION TIME (CRT)

9C jv. brief
89S Rv. brief
9C §10 min
9C 15 min

9C #v. brief
9C |v. brief

9 {24 min
-

9C {10 min

9C {15 min

9C §dur OOT

9C  jvery brief
9 [24 min
9C 20 trials
g8 jbrief

98 f8 min
9C {v. brief
8C |v. brief

9C jvery brief
98 [brief
9C fvery brief

Generation Drugs:

CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
FEXOFENADINE
FEXOFENADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
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NO
NO

NO

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

NO
NO




47
a7
69
83
63

30
30

30
39
47
101
102
110
14
119
19
126
115A

111

115A
82

83
117

114
1154
84
114
84
89

95

110
111
114
126

84
111

95
114
33
90

69

101
114
17
119
119

Note:

TABLE 14 PHYSIOLOGICAL MEASURES - Summary of impairment findings as a function of DRUG and Dose - ACUTE DOSING only
- .

Sheet: PHYSIO.

page 2: sorted by Generation, DRUG, Dose, Ref#, SC#.

Goldstein et al. (1968)
Goldstein et a!. (1968)
Meador et al. (1989)
Nicholson et al. (1991)
Lee et al. (1988)
Hopes et al. (1992)
Curran et ai. (1998)
Curran et al. (1998)
Goldstein et al. (1968)
Curran et al. (1998)
Curran et al. (1998)
Fink et al. (1979)
Goldstein et al. (1968)
Roehrs et al. (1984)
Roehrs et al. (1993)
Schweitzer et al. (1994)
Simons FE et al. (1996)
Tharion et al. (1994)
Tharion et al. (1994)
Walsh et al. (1994)
Simons KJ et al. (1994)
Seidel et al. (1987)
Blom et al. (1992)
Simons KJ et al. (1994)

Nicholson & Stone (1986)
Nicholson & Stone (1986)

Nicholson et al. (1991)
Swire et al. (1989)

Simons FE et al. (1996)
Simons KJ et al. (1994)

Nicholson & Turner (1998)

Seidel et al. (1987)

Nichoison & Turner (1998)

Pechadre et al. (1988)
Pechadre et al. (1991)
Ramaekers et al. (1992)
Schweitzer et al. (1994)
Seidei et al. (1987)
Simons FE et al. (1996)
Waish et al. (1994)

De Roeck et al. (1990)

Nicholson & Turner (1998)

Seidel et al. (1987)
Pechadre et al. (1991)
Rarnaekers et al. (1992)
Simons FE et al. (1996)
De Roeck et al. (1990)
Pechadre et al. (1991)
Fink et al. (1979)
Meador et al. (1989)
Pechadre et al. (1988)
Roehrs et ai. (1984)
Simens FE et al. (1996)
Swire et al. (1989)
Tharion et al. {1884)
Tharion et al. (1994)

100% of findings for 1st generation drugs (8/9 vs 1/11=9.1% for 2nd gen.

EEG

EEG

ERP - tonal oddball vigilance for P3
Muttiple Sleep Latency Test - MSLT

EEG - power spectrum analysis

EEG - auditory tones for vigilance

ERP during Oddball task (auditory - tones)
ERP during Word Recognition (visual)
EEG

ERP during Oddball task (auditory - tones)
ERP during Word Recognition (visual)
EEG

EEG

Muttiple Sieep Latency Test - MSLT
Muitiple Sleep Latency Test - MSLT
Muttiple Sleep Latency Test - MSLT

ERP during Oddball task (auditory - tones)
ERP - visual patterns (PREP)

ERP - auditory (BAEP)

Multiple Sleep Latency Test - MSLT

ERP during Oddbael task (auditory - tones)
Muttiple Sleep Latency Test - MSLT

EEG - spectral analysis for 5 bands

ERP during Oddball task (auditory - tones)
Muttiple Sleep Latency Test - MSLT
Muttiple Sleep Latency Test - MSLT
Muttiple Sleep Latency Test - MSLT

ERP during Oddball task (auditory - tones)

ERP during Oddball task (auditory - tones)
ERP during Oddball task (auditory - tones)
Muttiple Steep Latency Test - MSLT
Muttiple Sieep Latency Test - MSLT
Muttiple Sleep Latency Test - MSLT

EEG - quantitative, spectral analysis

EEG - quantitative, spsctral analysis

EEG, during Drive

Muttiple Sleep Latency Test - MSLT
Muttiple Sleep Latency Test - MSLT

ERP during Oddbat! task (auditory - tones)
Multiple Steep Latency Test - MSLT
Muttiple Sieep Latency Test - MSLT
Muttiple Sleep Latency Test - MSLT
Muitiple Sieep Latency Test - MSLT

EEG - quantitative, spectral analysis

EEG, during Drive

ERP during Oddball task (auditory - tones)
Muttiple Sieep Latency Test - MSLT

$EEG - quantitative, spectral analysis

EEG

ERP - tonal oddball vigilance for P3

EEG - quantitative, spectral analysis
Multiple Sleep Latency Test - MSLT

ERP during Oddball task (auditory - tories)
ERP during Oddball task (auditory - tones)
ERP - visual pattems (PREP)

ERP - auditory (BAEP)

EEG and ERP findings (SC# 10) were more variable, resulting in 68.4%
vs 17.6% in 2nd generation drugs (3/17).

Overall (SC# 10, 10M), the Physiological measures of sedation demonstrated significant impairment in 78.6% 1st generation drugs vs 14.3% 2nd gen.

20 min

10 7

10§20 min?
10§~ 20 min?
10§~ 20 min?

10 [~ 20 min?
10 20 min?

1 hr

20 min

20 min

10 {20 min (Smir

20 min
10 {20 min (Smir
0 min

10 {20 min (Smir
20 min

20 min

20 min

10 |8 min

10 |20 min (Smir
10 {20 min (Smir
20 min

20 min

0 min

10 min

10 §5 min

10 {1 hr

0 min

20 min

10 {20 min (Smir
20 min

20 min

20 min

20 min

10 |5 min

10 {1 hr

10 20 min (Smir
FO min

10 §5 min

10 }5 min

1 hr

10 {20 min (5mir
10 I8 min

1st

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
4

»
a

NROMNRNNRONNNODRNONRENDDODNONRNONRODNRODNDNNRNNNDRNODRNRN

Generation Drugs:

CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CHLORPHENIRAMINE
CLEMASTINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
DIPHENHYDRAMINE
HYDROXYZINE
HYDROXYZINE
HYDROXYZINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE
TRIPOLIDINE

Generation Drugs:

ASTEMIZOLE
ASTEMIZOLE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
CETIRIZINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
LORATADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE
TERFENADINE

) showed significant sedation as measured by MSLT (SC# 10M).

"YES" significant impairment in 1st generation drugs (13/19)
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Appendix B
EXAMPLE of an impairment Summary Sheet

YES/NO Counts by Behavioral Category



DRIVING-RELATED SKIL.L.S PERFORMANCE IMPAIRMENT as a function of ANTIHISTAMINE (Drug/Dose), TASK CATEGORY_and DOSING {Acute/Repeated)

Results shown for:
TASK CATEGORY; Total #
DRIVING & PILOTING Testy: INOTE: RESULTS shown are from data coded for Total of =138 separate studies as reported in 130 scientific papers.
scs:  1(1R,1C,15,1?) ACUTE 55§~ TABLE below reflects resutts from #STUDIES: 17 * 'TEST" = an experimental test of a given drug, dose, and task measure;
Road, Circuit, Simulators . cited in #REFS: 16 "YES" = statistically significant impairment relative to Placebo (p < 0.05).
Results of Query. #data lines: 22
. D4: HYDROXYZINE DS:_TRIPOLIDINE
0 0 0 0 1 1 ] 0 0 ] ] 6 0
0 0 0 ] 1 1 0 0 0 0 ¢ 4 0
11 #YES: 1 ] 0 o 0 0 3 0 o 0 0 ] 0 2 o
| 47.8% wvES{ 1000%| ERR{ ERR[ ERR ERR| 0.0%] 750%| 00%| ERR ERR| ERR| ERR|{ ERR| 00%| 333%| ERR| 75.0%
CHLORPHENIRAMINE actoss dose RIPHENHYDRAMINE across dose HYDROXYZINE across dose
#tests: 1 #ests: ] Htests: ] #tests: 14
#NO: 0 #NO: 3 #NO: 0 #NO: ]
#YES: 1 #YES: 3 #YES: 0 #YES: 5
%YES: 100.0% %YES:  50.0% %RYES: ERR WYES:  35.7%

- |N3: FEXOFENADINE
SN A*ﬁ ‘AL *ia....;a:
3 B N

33.3%

0.0%

14.3%

JERFENADINE scross dose
#tests: 16
#NO: 14
#YES: 2
%YES:  12.5%

RESULTS in above table are from the following studies, REFERENCE numbers of research articles are shown:

Ref#: see master list for SC#. 1 (1R,1C,15,17)
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Appendix C

EXAMPLE of a
Study Summary Sheet

(Note: A Study Summary Sheet was generated
for each of n=138 studies from the 130 references.
Copies are available from the authors upon request.)



STUDY SUMMARY SHEET

CITATION REFY 122
YEAR 1998

AUTHORS Vermeeren A, O'Hanlon JF.
TITLE Fexofenadine's effects, alone and with alcohol, on actual driving and psychomotor performance.
SOURCE J Altergy Clin immunol

VOL:PP 101: 306-311
IF study also included ALCOHOL treatment, coded resuits below reflect No Alcohol (or Placebo drink) conditions for test of drug alone effects

ALCOHOL? Y [N=No, Y=Yes]
METHOD aum EQ_ DESIGN Ss(n) Males(n) AGES AGE (M) Population PostDose TEST dumation Acute Repeat Residual Alerting effects?
Cross x6 24 12 21-45 31.5 +-8.5 Heaithy volunteers 1.5h pert, +3drive 1hr pedf, 1hr drive Day 1 Day4, S+alc Fex 240mg kvprove drive & attenuste sic impasr.

COMMENTS: Train: sep day, clemastine 2mg bid (h.s., AM day1) coded as 3mg Acute & 4mg R; F120,240AM, 50 A; F120bid, F60bid, so R: 240, 120mg; fexo improved drive & attentuated aic impair; but sig impair CTT!

) D1: CHLORPHENIRAMINE |D2: CLEMASTINE D3: DIPHENHYDRAMINE D4: HYDROXYZINE D§: TRIPOLIDINE
RESULTS JASK (or Sublective SEDATION) SCF TaskOUR A R Resld. Lo o 000 12m lo e 2o o soa |Zew om0 J8.9 i69n0 200 iow  zion Mom v f<ion o Lo 1000 2000
1 CRIMICAL TRACKING (CTT)- ~SCRI(Strisle) BCr  v.brief YES
2 CRITICAL TRACKING (CTT) - ~SCRI( S ttsls) 8Cr v brief X NO
3 REACTION TIME, Cholce (CRT); Vis (L&R w. &t SC  v. brief X NO
4 REACTION TIME, Choics (CRT); Vis (L8R w. &t SC v, brief X NO
5 VIGILANCE - Sustained Attention - ~ SCRI (45m 7 45 min X NOWP
6 VIGHANCE - Sustained Altention - ~'SCRI (46m 7 45min X NO
7 DRIVING - Actusi, Highwey circult 1R  “~iw X YES
8 DRIVING - Actusl, Highway ciroult 1R ~th X YES
g
10
11
12
13
14
15
16
17
18
N1: ASTEMIZOLE N2: CETIRIZINE [ N3: FEXI N4: LORATADINE [NG: TERFENADINE
TJASK for Sublective SEDATION) SC# TaskDUR A R Resid. (1o 2om jorg somg Jsog tong 2ong looe 120m 2e0mg | oomg  120m 2e0mq |
1 CRITICAL TRACKING (CTT) - ~SCRI(Sttals) 8Cr v brief X YES YES
2 CRIMICAL TRACKING (CTT) - ~SCRI (S tals) 8Cr  v. brief X NO NO
3 REACTION TIME, Chaloe (CRT); Vis (LSR w. @2 8C v. brief X NO NO
4 REACTION TIME, Choice (CRT); Vis (L8R w. d¢ 9C . brief X N NO
5 VIGILANCE - Sustsined Attention - ~SCRI (4sm 7 45 min X NO NO
6 VIGILANCE - Sustained Attertion - ~'SCRI (45m 7 45 min X N NO
7 DRIVING - Actusl, Hghway circult 1R ~tr X NO NO
8 DRIVING - Actusd, Highway circuf iR ~iw X NO  NOBP
9
10
11
12
13
14
15
16
17
18
CODES: Biind: DB=Double-biind, SB—Smg!e-bund PC+: Positive control, Coded for 10 key drugs or other 1st (D) or 2nd (N) generation H1-antagonists or Misc. drugs (M) Dosing: A=Acute, R=Repeated, Resid=Residual effects
=Visusl & SaCogritive Sidils; 8=Divided Alt 7 G: O=Remction Time; 10=F (MSLT, EEG, ERP); 90=Subjective Sedation

SC#: 8kill Category: 1x0rtving & Flying; 2=P
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CITATION REF¥ 122
YEAR 1998

AUTHORS Vermeeren A, O'Hanlon JF.

STUDY SUMMARY SHEET: Page 20f2

COMMENTS: n=24,driving & psychomotor perf; day1,4 &aic day5, O'Hanion; issue: Fex impair CTT acute dose, improve drive & attenuate alc impair; alerting effect?

RESULTS - Continued... COMMENTS for each line of study resuits:

RESULTS TASK (orSubjective SEDATION) SC#
1 CRITICAL TRACKING (CTT) - ~SCRI ( § triss) 8Cr
2 CRITICAL TRACKING (CTT) - ~8CRI ( 5 trisis) 8Cr
3 REACTION TIME, Cholos (CRT); Vis (L8R w. distractos 9C
4 REACTION TIME, Cholcs (CRT); Vis (LER w. distractar SC
5 VIGILANCE - Sustained Aftertion - ~'SCR! (45min) 7
6 VIGHANCE - Sustained Aterion - ~'SCRI (45min) 7
7 DRIVING - Achusi, Highway ciroult - 1R
8 DRIVING - Actual, Highwey circult 1R
9
10
11
12
13
14
15
16
17
18

x>

B Resid. COMMENTS:

X

X

CTT: C3 ~scute sig (Day 1 AM dose,and h.s. dose: C2mg bid); F120,240 as AM doses both sig impairi!

CTT: n.e. Day4; but akc sig impeired, and C and F240 (AM dose) +aic sig > alc alone

CRT: n.s any time or drug dose; but alc sig impaired

CRT: n.s any time or drug dose; but alc sig impaired

VIG: n.s. any time or drug dose, but C trend impair Day1(p=.075); aic sig impaired

VIG: n.s. any time or drug dose, but C trend impair Day1(p=.075); aic sig impaired

DRIVE: C sig impaired Day 1&4; n.s. T effect on Day1

DRIVE: C sig impaired Day 184, T240mg (h.s/AM) sig improved driving Day4 & F240 (both dose regs) sig atten aic impairi!
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