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Unit One | Pharmacology
|

The word “pharmacology” derives from the Greek word for drug, pharmakon. It is the
branch of medicine and biology concerned with the study of the actions, uses, mechanisms,
and adverse effects of drugs. More specifically, it is the study of the interactions that occur
between a living organism and chemicals that affect normal or abnormal biochemical function.
If substances have medicinal properties, they are considered pharmaceuticals. The field of
pharmacology encompasses drug composition and properties, interactions, toxicology, therapy,
and medical applications and anti-pathogenic capabilities.

“Pharmacology” — i8R I& T 7 JE1E 25 %) pharmakon, B R B2 54 ¥FM A, R
PR RE R & WU RA BN, S8R, & RO A A 2E T R A2 4 R
] BIAE ELAE A A A AT A IE 3 B i AR AL ThRE . IR B 25 FUHE, WEA R BN
BAY) . HBEAIEAY0 BS MER AREE A (IR AT YRR Jm RN R BUR
BES1.

The two main areas of pharmacology are pharmacodynamics and pharmacokinetics.
The former studies the effects of the drugs on biological systems, and the latter studies the
effects of biological systems on the drugs. In broad terms, pharmacodynamics discusses
the interactions of chemicals with biological receptors, and pharmacokinetics discusses the
absorption, distribution, metabolism, and excretion of chemicals from the biological systems.

HEFHWA T BT HRABA AN 1%, SIETTRAGYIEYREKEN,
JEENBRRFEEY RGN AYEN, T X ER, ABCETRAFAY 5 E MR KR
HAER, AR FEHBALF Y TEE Y R G h R 5076 AR R

Prehistoric people undoubtedly recognized the beneficial or toxic effects of many plants
and animal materials. The earliest written records from China and from Egypt list remedies
of many types, including a few still recognized today as useful drugs. Most, however, were
worthless or actually harmful. Dioscorides’ De Materia Medica is often said to be the oldest
and most valuable work in the history of pharmacology. Pharmacology as a scientific discipline
did not further advance until the mid-19th century amid the great biomedical resurgence of that
period. Before the second half of the nineteenth century, the remarkable potency and specificity
of the actions of drugs such as morphine, quinine and digitalis were explained vaguely with
reference to extraordinary chemical powers and affinities to certain organs or tissues.

B8 8/], AMIZANEM NN Z SR RA A RH,. EMR IR
LB T A 2R AY , G — a5 AA ARAY, 8T, REFRZTMEE
ERH F 1 Dioscorides I 59 % Wi U RGBT 5 F Bk % H B AR EE,

1



2 WERE TH

AR R IR R EF] 19 2 Y BRI A, A BRI EF AR
19 HE4 Tt 2 B, 3 T — 2254 (AnRmE 25T L EEE) 1 2 A U AR R4
BT, B IEREN X ESERASE BN IR RGEMT,

The study of drugs requires intimate knowledge of the biological system affected. With

the knowledge of cell biology and biochemistry increasing, the field of pharmacology has
also changed substantially. It has become possible, through molecular analysis of receptors,
to design chemicals that act on specific cellular signaling or metabolic pathways by affecting
sites directly on cell-surface receptors which modulate and mediate cellular signaling pathways
controlling cellular function.

TR, T Bt T 2 N AE Y R G, B X A Y R A L2 T
WE  AEERE REE R, B R ARSI, RS R R
T 2 AR R TV A T 48 G 4055 BB B B AL = 31, AT F - S A 4 2D
ARV SRR, X 2B BUN T BE

Medication is said to have a narrow or wide therapeutic index or therapeutic window.
This describes the ratio of desired effect to toxic effect. A compound with a narrow therapeutic
index exerts its desired effect at a dose close to its toxic dose. A compound with a wide
therapeutic index exerts its desired effect at a dose substantially below its toxic dose. Those
with a narrow margin are more difficult to dose and administer, and may require therapeutic
drug monitoring. Most anti-cancer drugs have a narrow therapeutic margin: toxic side-effects
are almost always encountered at doses used to kill tumors.

Y BA RN G ERAITREEGSTHE , BR T T SO B E R Z .
WITIREUR ML B Y R IR ERN A F M F| BT AR R TR & A
HEH RGN N AR THEENE, REZLEEEN LS WEEER R
B IFATRE T B TR I . REBGUBAYRASTIEER AR MR 4 AR IL
PR ERRIE RN &,

Pharmacokinetics describes the effect of the body on the drug. When describing the
pharmacokinetic properties of a drug, pharmacologists are often interested in LADME:

¢ Liberation-disintegration, dispersal and dissolution

* Absorption-Is the medication absorbed through the skin, the intestine, or the oral
mucosa?

* Distribution-How does it spread through the organism?

¢ Metabolism-Is the medication converted chemically inside the body, and into which
substances? Are these active? Could they be toxic?

¢ Excretion-Is the medication eliminated through the bile, urine, breath, or skin?

R NIRRT NENEYNIER , YR — 2SI S RHERT , 2y
FBHRKE “LADME”:

o BRI - AR Y BOMIE AR

o R - Z5¥ R B Bk B R T IS R AR A 7

o 53 - YR AR PR AT Y 7

o R - Y RIEBRNBAEFHEANG? S fFYIR? XY A TEEY? B



Text A The Travails of Neuroprotective
Drug Development for Acute Ischemic Stroke

(Abridged from The Travails of Neuroprotective
Drug Development for Acute Ischemic Stroke by MARC FISHER)

The development of effective and safe therapies for acute ischemic stroke remains a
difficult challenge for clinical investigators and the pharmaceutical industry. Currently, the only
acute stroke trial to demonstrate unequivocal efficacy is the recombinant tissue plasminogen
activator (rt-PA) trial conducted in the USA with a maximum time to patient enrollment of
3h. " The improved outcome in the rt-PA group in this study led to the approval of this drug
for the treatment of acute ischemic stroke in the USA within 3h of onset. The 3-hour window
and other stringent criteria for the use of rt-PA in acute ischemic stroke have limited its use to a
very small percentage of the acute ischemic stroke population. Concerns about the hemorrhagic
risk and how to best target this effective but potentially risky therapy have imposed another
barrier to its widespread use. At this time, rt-PA for acute ischemic stroke is only approved for
use by regulatory agencies within the USA but this situation may change soon, as might the
effective time window, pending results of the second European cooperative acute stroke trial
(ECAST-2) for rt-PA. ']

Clearly the availability of rt-PA is only the first step in the quest for effective acute stroke
therapies and other interventional strategies besides thrombolysis must be considered. The
other major approach to acute stroke therapy is neuroprotective therapy that is designed to
intervene upon the multitude of cellular and metabolic events that occur in the ischemic region
as a consequence of a clot obstructing a cerebral vessel. '*'One type of neuroprotective strategy
is to inhibit the recruitment and activity of polymorphonuclear leukocytes, because it is evident
that these inflammatory white blood cells are recruited into the region of local ischemia
and may contribute to the progression of tissue injury. In animal stroke models, therapies
interfering with polymorphonuclear leukocyte adhesion reduce infarct size when given after
reperfusion in temporary local ischemia. With permanent occlusion stroke models, there is
little if any evidence that these interventions are effective. 4]

Schneider et al. report the results of a dose escalation safety study with enlimomab,
an anti-ICAM-1'*! murine monoclonal antibody, in 32 acute, ischemic stroke patients.
Subsequently, enlimomab underwent a much larger efficacy trial. Unfortunately, in this efficacy
trial enlimomab proved to be ineffective and was associated with an increased rate of mortality
and a poorer functional outcome than placebo treatment. What observations in the safety trial
might have affected the design and implementation of the efficacy trial to potentially avoid the
difficulties encountered? Additionally, what lessons are there from this safety trial that might
be learned to improve future neuroprotective drug development for acute ischemic stroke?

This dose escalation safety study was conducted in an open-label manner and only
included on overall total of 32 patients, not balanced among the 4 dose tiers. The lack of a
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placebo group and blinded assessment of side effects and benefits is a cause for concern in
such a safety trial. The investigators observed infections in 14 of the 32 patients (44%) but did
not conclude that these were unexpected adverse events. Additionally, 1 patient experienced an
anaphylactoid reaction, and cardiac arrest, cardiac failure and renal failure occurred in 4 other
patients. All of these are potentially serious adverse events that might reflect the natural course
of events in a population with a debilitating illness such as acute ischemic stroke. However,
the lack of a control group makes the interpretation of these adverse events difficult, if not
impossible. The issue of infection is particularly important with an agent such as enlimomab
because its inhibitory effects on polymorphonuclear leukocytes function could reduce the
immune system’s ability to fight infection. A 44% rate of potentially serious infection appears
to be somewhat higher than might be expected and this contention might have been proven, if a
placebo group had been available for comparison. No comment is made about the development
of increased body temperature related to enlimomab treatment and this complication occurred
significantly more often in the treated patients during the efficacy trial. If this did occur in the
safety trial, a potentially important confounder of the efficacy trial might have been appreciated
at an earlier stage of drug development.'®

Hopefully, effective and safe neuroprotective drugs to complement and enhance thrombolytic
therapy will be available soon. The development of such efficacious neuroprotective therapies will
require a carefully designed and implemented series of steps. If drugs are being developed for acute
stroke treatment prior to the initiation of thrombolysis or independent of thrombolytic therapy,
efficacy in permanent occlusion animal models with an extended time window is necessary.
Additional efficacy in transient occlusion models is also desirable. Preclinical toxicology studies
should show a wide therapeutic index, i.e. the plasma/brain levels that afford neuroprotection should
be at least 5 times lower than the levels where early hints of serious side effects begin to occur.
Neuroprotective drugs meeting all of these preclinical criteria should be given in a dose-ranging
study to a group of healthy volunteers and, if safe in this group, then be tried in elderly, healthy
volunteers to assess safety in a population reflecting the age of the stroke population. Demonstration
of initial safety in healthy volunteers should then lead to a dose-escalation safety trial in stroke
patients, such as reported by Schneider et al. However, this so-called phase 2 type trials should
always include a placebo control group and be performed in a double-blinded and randomized
manner with an adequate sample size to ensure with a reasonable probability that frequent, serious
adverse events are realized before a much larger cohort of patients is exposed to the drug in an
efficacy trial. One concern of pharmaceutical sponsors of phase 2 trials is the desire to detect some
hint of efficacy even in these relatively small trials. Occasionally, some such signal is detected,
but generally the sample size is too small and the traditional functional out-come measures too
insensitive. The new approach of using diffusion-perfusion magnetic resonance imaging (MRI)
techniques (7] may be able to provide evidence even with the samples sizes traditionally used in
phase 2 stroke trials that neuroprotective agents affect ischemic lesion evolution. This effect on
lesion development will then hopefully translate to improved clinical outcome when much larger
efficacy trials powered to detect effects on functional outcome are performed. This hypothesis is
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currently being tested and if correct may change how phase 2 safety trial of acute ischemic stroke
therapies are performed. However, currently phase 2 safety trials of therapies being developed for
acute ischemic stroke require a placebo-controlled, double-blinded, randomized design whether
or not MRI or other surrogate markers are employed. The availability of such a trial supported by
a surrogate marker suggesting potential efficacy will hopefully lead to an efficacy trial with an
enhanced potential for success and one that will not have serious adverse events.

Word Study

anaphylactoid [ .zenefileektoid | a. /Y

cardiac [ 'ka:disek,'ka:dieek | a. {CHER, - AERHY

cardiac arrest /[>EBRE

cardiac failure />3

cerebral [ 'seribral,'serabral ] a. X&)

cerebral vessel NI

clot [ kiot ] n. BEHR v BEEE, BHE

complement [ 'komplimant, kompla.ment,'komplasment | ve. fHH#AH,4ME  n %b
Y

9. confounder [ kan'faunda ] n. JBZ%

10. contention [ ken'tenfen ] n. g, HE, &

11. criteria [ krai'tieriakrai'tirio ] n. #nifE, REE, #EN|

12. debilitating [ di'biliteitin,di'bilateitin ] a. HFEFIH

13. enlimomab BEERH( RBRETHE, Pikdl)

14. escalation [ .eska'leifan ] n. BHEHK

15. hemorrhagic [ .hema'reed3ik | a. Il f4

16. interventional [ intaventional ] a. T##), THIK

17. ischemic [ is'’kiimik ] a. Gt

18. lesion [ 'li:30n ] n. #F,#H

19. leukocyte [ 'lurka.sait ] n. Btk

20. metabolic [ mete'balik ] a. BRI

21. monoclonal [ ,monau'klsunal ] a. BATERER), AMMETEN n TR
22. mortality [ mo:'teelitimo:'teeloti ] n. JET-%, FET-$H

23. obstruct [ ab'strakt ] v. §5%,fHE

24. placebo [ pla'si:bau,pla:'tfeibsu ] n. R

25. plasminogen [ pleezminadzin,pleezminad3zen | n. M£F 4% FHESEEH
26. polymorphonuclear [ polima:fe'nju:kije,polizmo:fo'njuiklize | a. (FI4HH) K
27. polymorphonuclear leukocyte Z5F 4% F1 4l

28. randomized [ 'reendamaizd | a. BEVLEY

29. recruitment [ rikru:tment | n. fEBHTE, BE , BEHR

30. renal [ ritnel | a. FHAERG

31. renal failure 'FF

RN,k wh -
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32.
33.
34
35.
36.
37.

1)

2)

stringent [ 'strindzant ] a. FZ4&H)

surrogate [ 'sarogeit ] n. fARIR: o ATACEERY

thrombolysis [ Orom'bolisis ] n. ##

travail [ ‘treeveil ] n. BS%, %57

unequivocal [ 'Ani'kwivakal,ani'kwivekal ] a. B &, BT
vessel [ 'vesl,vesal ] n. M&,Bk%&

Notes

. Currently, the only acute stroke trial to demonstrate unequivocal efficacy is the recombinant

tissue plasminogen activator (rt-PA) trial conducted in the USA with a maximum time to
patient enrollment of 3h. B &, ¥— BEIEBA XY Stk B2 A B LI 8 il PRI B AE 32
AT R B 2H 2 SRR A 4 7R R IR AT R (rt-PA) B3RS, HEESRIFAABE 2RI B K
RHEIE N 3 /T,

. At this time, rt-PA for acute ischemic stroke is only approved for use by regulatory agencies

within the USA but this situation may change soon, as might the effective time window,
pending results of the second European cooperative acute stroke trial (ECAST-2) for rt-PA.
4, rt-PA JEME—2 38 R AR ME R T 2 B PR 67T 259 , (B IEIE
AR REROAE , 3K v T8 A ) 1 R) R LA B 58 R B rt-PA Il PRINIR 45 51 5 A
L

. The other major approach to acute stroke therapy is neuroprotective therapy that is designed

to intervene upon the multitude of cellular and metabolic events that occur in the ischemic
region as a consequence of a clot obstructing a cerebral vessel. 5 —A4~ 2 HENA HIGITHY
FEHFEEMAEETIAIT , FE R T HeBE 2 il 8 5 5 R A0 BRI i X i 4R AR
BHEBIRE

. With permanent occlusion stroke models, there is little if any evidence that these

interventions are effective. F 7K ATk M) ZEMA AR R , TLUEHE R X B T FHE R o

. ICAM-1: intercellular adhesion molecule-1, Mg BT -1
. If this did occur in the safety trial, a potentially important confounder of the efficacy trial

might have been appreciated at an earlier stage of drug development. SR 7E %KL+
MR TRBTE , W ZEZGYyaH &2k o] 2R 05X 7T BB S B A i B i —
EREERAEE,

. diffusion-perfusion magnetic resonance imaging (MRI) techniques B 3E4R 3™ BUHE I 18

BAR

Exercises

. Please paraphrase the following sentences.

The improved outcome in the rt-PA group in this study led to the approval of this drug for
the treatment of acute ischemic stroke in the USA within 3h of onset.

Concerns about the hemorrhagic risk and how to best target this effective but potentially
risky therapy have imposed another barrier to its widespread use.
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3) What observations in the safety trial might have affected the design and implementation of
the efficacy trial to potentially avoid the difficulties encountered?

4) All of these are potentially serious adverse events that might reflect the natural course of
events in a population with a debilitating illness such as acute ischemic stroke.

5) If drugs are being developed for acute stroke treatment prior to the initiation of thrombolysis or
independent of thrombolytic therapy, efficacy in permanent occlusion animal models with an
extended time window is necessary.

2. Translate the following paragraph from Chinese into English.

R ik ML R 5 | A2 B S AE S R gk L AR 2 o A2 S B B B T A BRAE , [
BE, ARG Y AR T BERIRT 2GR M IR A h B — A O i . R BbTR — Rt
L TR B R 21 -1 B LA TEREBLAK, ZESCIR PR A BR U A b, BRI BT 4L i)
SR ATEAL, W HR M, BRI SETE . ART, — T ek 625 Bl Mk i PR 2 v 8
FES IR BRI A B , 6 F BB SpryRyT , XeHp i A A v 28
2, B BB R B AL . rt-PA BGYT I IE) 5 R ARk L RS 3 /e, 3 /et iE A
4 TCH BIGYT R, A T RERE N M ARy . — TS IR A AR R b MBS R
91, R PIRIGIT S t-PAIRYTERG N A, B8 B E W/ MESEVEH , BB AT RRES R, WA
o e o 4 SRR, 38 P BB AR I AR TR YT A TR

3. Write a summary on the basis of the text with no less than 300 words on the safety
and the efficacy trial of enlimomab as well as the lessons from the clinical trial when a
neuroprotective drug is developed.

Text B Pharmacology of Dimethyl Sulfoxide in
Central Nervous System Damage

(Abridged from Pharmacology of dimethyl sulfoxide in cardiac and
CNS damage by STANLEY W. JACO, JACK C. DE LA TORRE)

Dimethyl sulfoxide (DMSO)mhas a variety of biological actions that have made it the
target of numerous pharmacological studies. Over the past 40 years, more than 10 000 articles
on the biological implications and 30 000 articles on the chemistry of DMSO have appeared
in the scientific literature. In the last 30 years, the most productive area of research and
application in the use of DMSO has been in traumatic brain injury (TBI)[Z] and in stroke.

As reported in literature, DMSO exerts neuroprotective effects on cellular and subcellular
components associated with an assortment of tissue insults particularly involving brain and

[3]

spinal cord trauma "~ and stroke. These neuroprotective effects have been shown in animal

models of central nervous system (CNS) injury and in humans with TBI and ischemic stroke.

DMSO in experimental TBI

A traumatic brain injury is usually the result of a sudden, violent blow to the head. The
severity of the injury can range from minor, with few or no lasting consequences, to major,
resulting in profound disability or death. The severity of TBI is dependent upon the area of the



