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M4 ZoOANTHEHEOEEB)=XNVX—K (J] %, g, M, h, REAWVWTERYE,
fI5 ZOATEEORYT, () &, g, R, hEFAVTEYE,

M6 e ALEED1-OTHS “BEFHAT—V 3 7 B3HiEk EZ8400 km
ERITLTEY, RITEREFICI VAT HFRL, FFICTHIR TR Z LR TE S,
g=10.0 m/s?, R=6400 km & LT “EEFHXT7T—I a3 ” N#iEks
1B+ 200 (BAEIT) % [43) ZEALE LTHADEF 2 CRO L, ME
A, KX R+h=R R>»h) , m=314ZHNTEW,



ANIBEEOBEEY (m/s] ZRELTHI LY HIENSHEHIEICE X
HZENTED, ¥y =R+h (m), HEV (m/s] OHBEIZH 5 EEM (kg)
DANIEEN DS, HBANBEICEZS7-DI12, BEO—Eom (kg) 2 NITHEE
WXL Cv (m/s) OESTHEFITHEH L,

M7 BEO—HDEHRHLEZERD, BEM,=M-m (kg) OATHED
EX v (m/s) &, V, v, M, mZBVWTEY,

17T & 5 M BLE Tidk, ATEESHIKICE HIES RE TR, &
DiBINDREEMR L L5, HERMNSATHE (HEEM,) ORBE: A\THE
DES %, EHR Ty (ml, vi (m/s), FEHATHEr, (m), v2 (m/s) LT 5,

R8s ZOATHEOERMAICBITAES vz (m/s] %, G, My, r;, vi AWV
THEHE,

RI9 ZoHHIMEZESTAANIHEECRMT, s) 2, V, n, r, ZRAVTE
'E._o

-\

3~ O O SEHE

X 1



BEZEFTRI2DLYIZ, 2HOEBENEEBR (HBIR) A BERIRd (m) B L CE

B L2 TER = 7 o —OMSIZEE AV (V) OB E 24 v FSBORN
Thb, FRAIEBEROKRESX (BORS) T LTHHITNIEL, 2BRD
BB OEDDOEHZOFRE—SIIBRTEDI LD LT 5, EBRATEHLTH Y,
ZDEBAIE, 0 VIR TWS, K20 X5 ICE&BIRADIMEBZEA0E LTS
BRICEERFAC xE#E 3, C0aryFrbh—0BRAEESYC(F) 2153,
UTOR1~10&x X, FEI FERKOFTEDBRTICERARY L, £z,
RRIZT TR, ZEXHFOHEDOBELRE,

B E IIFERE
A B
A
I 1 ] L »
| 1 1 | v
0o 4 24 4
3 3
il ~
'
S
_ V jpe—
X 2 X 3

AA v FSEHAL THRITERZRBWZEZOREBIZOWTE 2 X,

M1 & IRA BREIDEAE x (2T 5 EAY, (V) BLXOEHDRIE, (V/m) %
RERBDIBED 7 7 7 EITHIT, #hEh, MO E LV EdOF b HNE
RLOERANTEYE,

B2 ZoarsFrd—ilExbhTVWABEBETRXLX—U, J] ZCEVEZRAWN
"Ciﬁn



RIZaVT oY —%2REBICHEBE L, LT, A vFERAVWRETK3I D
X 524 BARA, BO R E ég (m) D&BAREA, BERZhsbIEMENZE L < 7
AEHITHEA L, FO%, A4 vFSEHA L THSICERZ B,

B3 Zoarsrryd—0BBKREC Fl, a7 —RB2 LN TWAER
E G (Cl 2CEVDI BLUBERLDEZANVTERYE,

Rld &BRA BEIDERE x (BT ABNM V, (V] BIOEEDEE E, (V/m)
PRERROEED T 7 FIC/ERY X, #MEEOELVEADO RS MLER
HOEFAWTEY,

BRarv T r¥d—%ZBR2IIHRELE, LT, XA v FSERVWRET
R3O L3 IC@RIA BOMICLBEES40T, BT (m) OHEBZA BEL
FNNLOEEENE L 25 K5 IEALE, 20%, A vFSEHELT+HS
WZBER 2 B i,

s ZoarFrdh—ilBIbRTWIERE @ Q) 2CLVERVWTEY,

6 &BIRA BREIOEAE x IZBT &MY, (V) BIOEHDRIE, (V/m) %
REFBROIRED VT 7 FITERE X, HEOELVEdOHHEMNER Y
DERANTERYE,

W TAA v TFSERWZRIZ, EBRA BORBEZSR-oT-FFHELRELRTD R
Wz,

17 SBEEZERVRBRZODICELZHEW J) 2CLVERAVWTEYE,
F D%, &BKA BOREREZ5d (m) & CTHoER 2 B\,

18 Z DRFDA, BEIDEMEY, (V] 2VEHAWVWTER,

(RA_—TizHE<)



Bl LICHWERETER =2 T oY —C, =C (F] BXUOM3ITAW-&BKRZ
BALZary T —C%E-T, M4 IR TREEZSL 5, UL, C,0E
EZV V], CG,DEIEZ0 VETH, AL vFS AL TCIZHEEL, KRIZS; ZH
&S, AL TC,DEMEZREBEI Y I2EMEL VIRT, RBEHRIL, ERIZEK
REWRBTNZNE S IZHTTH B,

M9 1EEBOBERICEITAC,ODEEY, (V] LtEbhHE-XLVE—U [J)
ZCEVOFNOMERLDERAWVWTERYE,
10 =6IT, nEBERICBITAC,OEEY, (V] ZVERWTERY,

|
|

X 4



AFn 4 FEREE (2022 FRE) HIbKRFE

AOAR (alil@Eik) I#

EFLAERQ
<ZERFEE2 >

Sf34E11H6H

o s e AR KM =T

. o 13:00~14 : 20
E % % E % A 9~

(80 43)

Z B ® X
RO LE & W L7z ISV T3,
R EhERZERALTHRELTIEIN,

Bl



/) S E J =1




— T DOR—VITEH




i HA OBHER K, DEEZRIET 57012, RIZRTHRIE1»56%2 Z0OJEET
To72. TNFNORES LCHEDOFEEIZOWTO TR Z2HA, ROR—JIZH5
1255 IEXRIW, 28, pHORIEEOENHF X 2HTH 5.

#BIET BER HA 0 0.100 mol/L /KEW (B 1), KE{F +Y 7LD 0.100 mol/L
KEW (BED 2HEELU-.

BE2 valbybhoo—b2E-THEBIZAN, MFEBZELKRAETESLSITLA,

BE3 BRIOOmMLEI=HAHLVEY—H—IZ AN, 7/ —NVT7RVLAVEEBREY
LTImA 7=,

B4 BESTHELAEZIZINVY —I—HNOBRKIZ, BE2THELEZY2LY b
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BRECTRIEIN-BEEBBOpHDEL D, ZO5HEM HA OEBHER K, DE%
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e LTz,
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BE10 a=HINVE—H—AHNOEABED pH 2HIEL /-,

(1) 5.0&bhBAIV (2) 50TIFFELY (3) 5.0&kbHAREL
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(2) Wiz, ZoRBREZHAKIZOT S,

(3) Wiz, ZORBREIZK 1 mL 2MATEKIZDW, LKIZVBEEEZDD,

CESUE R
(4) iz, ZOFHEREIZ 2 mol/L NaOH KK 1 mL %2MZ 5,
(5) iz, 3 mol/L HySO4 KB 1 mL 2D LD TT 5,
%ﬁgu)ﬁﬁ%n71/—»05géxm,

XHIZAK1ImL 2MZ, E<&D )\
H¥2, Z0%, 2 mol/L NaOH \\

KEBEZE 1 ETOMATTE37 \\

DB TT7 /) —NVEBNPT,
1: 282 (2)

(2) ZOBWZ, M1DLKSIZLT,
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& =) 5mL #MZT&IRYEES,

(2) WA ZERINZ, B 05 mL 2D LT DT 5,

(3) 2D &5z, TLEOWEIEZFEREICID M,
RXHIz 5 2B LR 5,

(4) HBREZBPLTH2SL, E—N—IZAN+22ED
5% RBKFES MV U LAKBBIZERBREODANRY % 4
B9OiL,

I
2: B3 (3)




M1 2R () ZBVTHRIND I L 2EEWMIIGT LRI W,

2 EEBR1 (2) TBVWTHEIND I L 2BEMITR LI W,

3 EBR (4) CBVTELRMFRMERTLFRSREMEMRLE X,
P4 2B (5) LBV TAEUASEEMERT A AV REREMEMITR LRI,
M5 T2 (2) CAEUMEREMZRIIAZRIERNZHBEMIZEL LRI,

16 SEER3 (1) TREMRLEZRBREEBVRTINEAE S, TOEEE 1 DK MRS
Wiz L, |

7 EBR3 (2) TREHRBEEDLTOEIFLTWS, —EITMxsWEEAE 1 D IH#
BERIZEELmZ W,

18 B3 3)ITBWVT, M2 ITRLALDZHEAELHA VS, TOEEE 1 D/IHE
EWIZE LRIV,

19 RER3 (4) ITBVWTREAEF MU Y LAKBRIIABREONEYEZMA 5 L ERE
NEYY FABAFARDHT S, Z0LE, V—h—0RzAkTITAR KBKE
F MUY LKBEEANTEW-EEHZ2 1 DO ITBERICEE LRI W,



77 7T —EREERTRD L7729,

B3 DEEZEWT, HBRAKEREE ]
SR L, BROBOERERE (4)
ZHWT, BEBIZHHLUZMOEE (g)
ZRIE L 72,

ZNENOEBRIZDOWTOER % A,
MDOR—=IVIZHBH 165 IZEZR
X,

B, FBSIAEROEE 0.5 mol/L
L, BIRICIXEERERE2BHEHL =,
BHfE2 ZE X E5-DICTEE 26
AL, REZ2EEHELUZARZEERE U7,

3: BRERSRI/KBIR D ER T EEE

FleiRfE 3D LS ICRRZMA, BREUEETIZHAEL T 300 mA OERHPEIC
WndL5i1295, 100, BREZBLULTLZELLLZIAT, EFE2Y]5,

BEAEDOFIR BIBOHFRZIND L, REOHBIAKBREZMKTHENVRLTRAOT
R —=VIZRUTKEZREL TR E, BEZAIET 5.

BE1 LROEEAEOFRCEREBROERZAETS. Z0fE%E 02 DOREBHROE
Br93,

B2 BEZAEULERZEBE UTEY AT, 44908, 300 mA OBFRZHET,

B#BE3 LEOCEEMNEOCFIRCREROEEZAET S, I0HE%E 4 2HOBRDHE
BORBIROER LT 5,

BIEA WO, BEPNELAFREREL LTI AT, 820, 300 mA OBEHE
T

BIES LHOEBNEOFECREROERLHET 5. -0z 12 2MOELH R
BORBROERY T 5.

BF6 BU, HERZHELUEARZEGE UTIY A1), 82/, 300 mA OEHR%Z
Y.
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BOBIBIROER LT 5,

HEZTR o =RRERLIZRT,

M 1

R 2

M 3

A 4

5

% 1: 300 mA DERTIT R - BRI B T 2REBIROEE (g)

BROBOZERH (42) | BEROER (g
0 36.267
4 36201
12 36.338
20 36.384

Stk BB LT, MBAKAKEERSHETS L, BBIZES TEL, BEROWR
WIZBET 5, 20L&, BROBREND LEBOERRBI D2 LA L X,
BTLDH, TO200MIFFLL RV, ZOERLLTEZOLNEI LR 1D
RERIZER LRIV,

RVIIRINE-BERDBEORBERH (2) LHHELUEEER (g) OBfRERT ST
%, ERRICHS 77 7HRICHE IV,

7257 &0, BRABORBRRE (2] OETZHVWT, ELMEOHE
B (g) DEmERTALZMBERCELLARIV. 28, BERZEDEF 2HTREL
REW,

M3 TKRDEZREZANWT, 7777 —EHF (C/mol] 2K, BREF 2T
B (2) ICBEZRIV, F72, BHOBREZMEEM D) LRIV, 4B, HOK
FEROEIX 63.6 L LRIV,

COERBREZTOIBIZEZ 202 ITNER SV BN 2 H 58, TOhHrs
127 BEMIZEE LI W,
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YR ER SR )L E S 2 AW THEYICREREE 2 HET 5463
CHEETS. [ v 7 MBEOBEKREENA, EoWEREERE
T%%%Tw%/&bfﬂbﬂéﬁ!%&%&m%ﬁ% > 5 FE 1 ¥ B OO BF

BACED

nLJ:o'C'beiﬁ\EHr%@mﬁ&b'(%’%ﬁéht%@f?ﬁ% NED
NETHDTREDERENT XOWICERT L L, EVEBAEAVEAET S

[ U ko T ROENREECHELTLES. B WEREN R
Lt RABFARR SN BD I ERHET DI ENH 5720, WER
DPORKETR D,

A THEYTIVE VY ORERE I BEERREE DD I LN
HENTWS. [ T |3, EHOARBECL > THRNBESN, & 2/3
VBN MERNENE2EMEI VL LT, RROMLBROBE 2HEL,
EoRHERICEIDIAREEN<SIENTES, 2512, T |3exF
LB ITREREICHT A IEANEE b EERREE S, RS
FROBMEFETHREDEM DS, £, QPO TV A7 Szt
T % HEHIE SR C I, BRI A A8 R A W T RLSE % R 2 3 S A8
HENTWLE ZDOXRIBRTAIAEFEIZTIIHNOMBH RV E S TH STV
FVBNEE T2 ENM5N TN S, HEEOBREIEIIZHEROT, i
PIVLIE A DRRIC &K > TRZ MY TIVE S 2R LT, AHREHER
REMRICHEEL TVNDEEALNTVD, 20, OKILITRE KR




ATHAOD 1 DTH D70, FREOKEZEMLIzb &, FHLONITHL
2D BHEMIPIRRENS HEFLHKED | DTH2. ZOKILOBBEOH
MBIV ESTH2[ F PESELTHO, WEERRERG
Ehae] 4 ILOMiBICERL, BEEREEA L TESM K
LERLEES.

1 FTHEBOIZOWT, YZ7anNs U U szAWTHEYEGEEET
2204 XFXFICHERRL Y, RAYERE 2 HEICREERED
BikZzirol. UFD (1) & Q) ITEZX
(1) ZL<OBEEGEHBEADORE® P TEAADERENESIND NS

BHEOAEASNLN, PAMEMEZES L CBHEHERZROHRIT,
| R TIE ) EINB N, ZORBRTZONIFUTLER
WEREERRICENT 2 EKEL T, TORERRZHHAT L.

2) 77anrssFU 0L ERESELEYLSBIEETFORN S BE R
#ikz 1 EREY, ZOHERZHMICIDELETFIZOWTHAYER
HZmNle. TOMRE, 210 BMEIFAWEMEZ R L, 14 BENH %
ERSIEDOIZJEATEBEO R TEINAYEMEERBEFNEDL S
KHASNTWEEEZ SN MHHE X

FED O XFXFOREGRTIE, Y7ON7 TU T LAEIITERES
BHILET, MMEEERTICEERAORE T ML LAZRKE®Y &
AR D) 2HDHIENTES, > TRERHEADOREKIL, 770N
JT7VULZRRSEIEYLSMo T 2R EYMEAD O
WERFNICKSZIETITAS.

(E 2 TR, | DOBEEGEEMIEICHKT 2 BEERBEADOTHRERK
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HEDOBERITBWTIY, FIHERABR (phase 1trial) , PUFERER (phase2trial) |,
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On June 7, 2021, the Food and Drug Administration
(FDA) granted accelerated approval to aducanumab for
treatment of Alzheimer’s disease. In many respects, this
move represents a landmark moment: not only is
aducanumab the first drug approved for Alzheimer's
treatment in nearly 20 years, but as a monoclonal
antibody targeting aggregated beta-amyloid, it is the first
approved drug to directly modify a core molecular feature
of the disease’s pathophysiology.

Many clinicians, researchers, and patient advocates
lauded the approval, asserting that (even modest

slowing of disease progression by aducanumab would

translate into meaningful benefit and provide hope for the
estimated 6.2 million Americans _with _Alzheimer’s

disease. There was optimism that aducanumab’s
approval may spark new investment and innovation in
drugs for Alzheimer’s and related disorders, after years
in which leading pharmaceutical companies abandoned
their neurodegeneration drug pipelines.

Counterbalancing this optimism, however, were
(@)concerns that the approval was premature, given
conflicting evidence regarding aducanumab’s clinical
efficacy from two phase 3 randomized clinical trials
(RCTs). In addition, vasogenic edema and cortical
microhemorrhages occurred in about 40% of participants
in both trials’ high-dose aducanumab groups, as
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compared with 10% of those receiving placebo. This
complication was safely managed in the trials but raised
worries about real-world safety. Moreover, even
advocates of the drug were disappointed by the high
initial price set by the manufacturer ($56,000 per year),
raising concerns about the drug’s potential impact on
health expenditures.

Finally, critics questioned the appropriateness of close
interactions between the FDA and the drug’s sponsor,
Biogen, during the evaluation process, which the agency
defended as necessary for interpreting complex data.
After the approval, acting FDA Commissioner Janet
Woodcock invited the Office of Inspector General to
investigate these interactions, and two congressional
committees are also conducting independent
evaluations.

Aducanumab’s development followed a tumultuous
course. A phase 1 study provided strong evidence of
target engagement, with dose-dependent reductions in
beta-amyloid plaques as measured on positron-emission
tomography (PET), prompting the launch of two
international phase 3 RCTs, ENGAGE and EMERGE.
Collectively, these trials randomly ‘assigned 3285
patients with mild cognitive impairment or mild
Alzheimer’s dementia and a baseline PET scan revealing
amyloid plaques to receive placebo or low-dose or high-
dose aducanumab. Both trials’ primary endpoint was a
change in the CDR-SB, an 18-point scale measuring
cognition and function.

In March 2019, both trials were terminated early ( 3 )
a prespecified analysis indicating that they were unlikely
to meet their primary efficacy endpoints. Seven months
later, in a stunning turnaround, Biogen announced. it
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would file a Biologics License Application after an
analysis of a larger data set revealed that EMERGE’s
high dose group had met the primary endpoint, with a
22% relative slowing of progression on the CDR-SB
scale as compared with placebo. No significant benefit
was found in ENGAGE’s high-dose group or in either
study’s low dose group. Biogen asserted that the
EMERGE results met criteria for FDA approval ( 3) )
a single compelling trial.

In November 2020, the FDA convened its Peripheral and
Central Nervous System Drugs Advisory Committee to
review the trial data and post hoc analyses evaluating
potential reasons for the discrepancy between the trials.
The committee voted decisively that the data in totality
did not provide sufficient evidence of efficacy and
recommended against approval.

In another surprising twist, the FDA then pivoted from its
normal regulatory pathway, which requires evidence of
clinical efficacy, and approved the drug on an accelerated
pathway in which evidence of biomarker changes
deemed “reasonably likely to predict clinical benefit” is
sufficient. (A)This pathway, intended for drugs treating
serious diseases with limited treatment options, has been
used for drugs to treat HIV and cancer.

(From Controversy and Progress in Alzheimer’ s Disease —
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FDA Approval of Aducanumab, Gil D. Rabinovici, M. D., NEngl

J Med 2021; 385:771-774. Copyright © 2021 Massachusetts
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Past epidemics have spurred scientists and physicians to
reconsider everything from their understanding of
disease to their modes of communication. One of the
most studied, the bubonic plague, tore through Europe in
the late 1340s as the Black Death, then sporadically
struck parts of Europe, Asia, and North Africa over the
next 500 years. Caused by bacteria transmitted via the
bites of infected fleas, the plague's hallmarks included
grotesquely swollen lymph nodes, seizures, and organ
failure. Cities were powerless against its spread. In 1630,
nearly half the population of Milan perished. In Marseille,
France, in 1720, 60,000 died.

Yet the mere recording of those numbers underscores
how medicine reoriented in the face of the plague. Until
the Black Death, medical writers did not routinely
categorize distinct diseases, and instead often presented
ilness as a generalized physical disequilibrium.
(D"Diseases_were not fixed entities,” writes Frank
Snowden, a historian of medicine at Yale University, in
his book Epidemics and Society: From the Black Death
to the Present. “Influenza could morph into dysentery.”

The plague years sparked more systematic study of
infectious diseases and spawned a new genre of writing:
plague treatises, ranging from pithy pamphlets on
quarantines to lengthy catalogs of potential treatments.
The treatises cropped up across the Islamic world and
Europe, says Nikhet Varlik, a historian of medicine at
Rutgers University, Newark. “This is the first disease that
gets its own literature,” she says. Disease-specific
commentary expanded to address other conditions, such
as sleeping sickness and smallpox. Even before the
invention of the printing press, the treatises were
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apparently shared. Ottoman plague treatises often Ottoman: &% E®D
contained notes in the margins from physicians
commenting on this or that treatment.

Plague and later epidemics also coincided with the rise
of epidemiology and public health as disciplines,
although some historians question whether the diseases
were always the impetus. From the 14th to 16th
centuries, new laws in the Ottoman Empire and parts of
Europe required collection of death tolls during
epidemics, Varlik says. Plague also hastened the
development of preventive tools, including separate
quarantine hospitals, social distancing measures, and,
by the late 16th century, contact-tracing procedures,
says Samuel Cohn, a historian of the Middle Ages and
medicine at the University of Glasgow. “All of these things
that a lot of people think are very modern ... were being
devised and developed” back then. The term
(@)“contagio” took off, as officials and physicians sought
to ascertain how plague was spread.

Cholera, caused by a bacterium in water, devastated Cholera: =117

New York and other areas in the 1800s. It gave rise not
s . . sanitation: 2SRMTAE
only to new sanitation practices, but also to enduring
public health institutions. “Statistics had proven what
common sense had already known: In any epidemic,
those who had the faintest chance of surviving were
those who lived in the worst conditions,” historian of
medicine Charles Rosenberg, now an emeritus professor ;{"g‘tus professor: 4 ¥
at Harvard University, wrote in his influential book The
Cholera Years: The United States in 1832, 1849, and
1866. To improve those conditions, New York City
created its Metropolitan Board of Health in 1866. In 1851,
the French government organized the first in a series of
International Sanitary Conferences that would span
nearly 90 years and help guide the founding of the World

Health Organization in 1948. Cholera “was the stimulus
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for the first international meetings and cooperation on
public health,” Rosenberg says now.

Meanwhile, efforts to decipher disease continued:
Although physicians who eyed germs as culprits
remained a minority in the mid-1800s, disease “was no
longer an incident in a drama of moral choice and
spiritual salvation,” but- “a consequence of man's
interaction with his environment” Rosenberg wrote. Fleas
were identified as the carrier of plague during a global
pandemic in the late 1800s and early 1900s, and the
concept of insects as vectors of disease has influenced
public health and epidemiology ever since.

A curious mix of remembering and forgetting trails many
epidemics. Some quickly vanish from memory, says
David Barnes, a historian of medicine at the University of
Pennsylvania. The 1918 flu, which killed an estimated 50
million people worldwide but was also overshadowed by
World War |, is a classic example of (3)a forgotten ordeal,
he says. “One would expect that that would be a
revolutionary, transformative trauma, and yet very little
changed” in its wake. There was no vast investment in
public health infrastructure, no mammoth infusion of
money into biomedical research. Although the 1918
pandemic did help spur a new field of virology, that
research advanced slowly until the electron microscope
arrived in the early 1930s.

In contrast, (3)the emergence of HIV AIDS in the 1980s
left a potent legacy, Barnes says. A new breed of patient-
activists fought doggedly for their own survival,
demanding rapid access to experimental treatments.
They ultimately won the battle, reshaping poliéies for
subsequent drug approvals. But, “It wasn't the epidemic
per se—the damage, the death toll of AIDS—that made
that happen,” Barnes says. “It was activists who were
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organized and persistent, really beyond anything our
society had ever seen.”

It's through this lens of human agency that Barnes and
other historians contemplate COVID-19's potential
scientific legacy. The pandemic, like its predecessors,
cast .light on uncomfortable truths, ranging from the
impact of societal inequities on health to waste in clinical
trials to paltry investments in public health. Questions
loom about how to buttress labs—financially or
otherwise—that were immobilized by the pandemic.

inequity: <4
paltry: 3§ 2378
buttress: Xz %, k4

)
immobilize: BhiF72< 723

(From "Will COVID-19 change science? Past pandemics offer

clues” by Couzin-Frankel, Jennifer, Vol 373, Issue 6552 « pp.

264-265, Reprinted with permission from AAAS. Copyright © 2021
American Association for the Advancement of Science—&8%Z)
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Recent news stories about conflict of interest in biomedical
research have shaken up public and private institutions
alike, but their focus was on clinical research. Amidst the
renewed focus on conflicts of interest in clinical work, let's
not disregard the fact that financial conflicts also pose a
concern to basic and preclinical research.

For a while now, tightening purse strings at federal funding
agencies have led biomedical researchers at public and
private universities to look for external sources of funding.
(DThis search often leads to industry partners, and such
partnerships are now flourishing. According to Nature
Index’s 2017 Science Inc. issue, the number of academic—
industry collaborations globally more than doubled from
over 12,000 in 2012 to nearly 26,000 just four years later in
2016. Half of those 26,000 collaborations were in the life
sciences. As these partnerships continue to grow, it's the
job of those in the' biomedical research community to
carefully navigate what could be a minefield of conflicts of
interest.

A ‘conflict of interest’ can mean different things depending
on the context, but most often relates to financial payments
from industry sources from which a researcher could stand
to gain personal benefit, just as the company involved
stands to benefit from a researcher's expertise. These
outside payments pose a dilemma because the funding
could cloud a researcher’s judgment and thereby influence
how a study is designed, interpreted and reported. In our
journals, we require authors to declare any competing
financial interests when submitting articles, and last
January, we revised our policy to require the reporting of
any competing non-financial interests such as personal
relationships with stakeholders.
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It's obvious why conflicts of interest are problematic in
clinical settings. Undue influence on how a drug, procedure
or device is tested can potentially cause harm to patients—
either those enrolled in the trials designed to test the
products or those who take the drug after market approval.
Even outside of the possibility of harm, the trial could be
designed in such a way as to sway the results. Previous
research looking at industry-sponsored scientific studies,
most of them clinical trials, found that such studies could be
more than three times as likely as non-industry-funded
studies to find results that favor their sponsors. Such
findings don’t negate the important role that industry plays
in biomedical research. Industry partnerships provide
much-needed financial support and regulatory know-how to
help bring drugs to market, regardiess of where the drugs
originated. Similarly, merely the presence of a conflict of
interestdoesn't ( (@ ) the value of research. But the
positive influence of industry and the ability to conduct
sound research despite conflicts don’t mean the threat of
negative influence isn’t ever-present.

Clinical research, rightly, is often subject to federal
oversight when it comes to conflict of interest. In the US, the
Sunshine Act, or the National Physician Payment
Transparency Program, was introduced as part of the
country’s 2010 Affordable Care Act. The Sunshine Act
mandates that medical industry companies notify the US
Centers for Medicare and Medicaid Services of any
payments, including gifts or free meals, that they make to
physicians and teaching hospitals.

The lines that demarcate conflicts of interest begin to get
blurry when it comes to preclinical, or ‘basic’, research.
Patients are often not in the picture at this early stage of
research, and recognizing the harm wrought by possible
conflicts of interest gets more difficult. But (3)that doesn’t
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mean that conflict-of-interest issues are any less
problematic. One of the most famous historical examples of
industry influence affecting the biomedical research agenda
is that of sugar industry—funded science that downplayed
the negative effects of sugar. Those studies set the stage
for thousands of subsequent studies—not to mention
products and devices—focusing on fat as the culprit behind
cardiovascular disease. Meanwhile, an analysis evaluating
preclinical studies of the type 2 diabetes drugs known as
thiazolidinediones, for example, found that estimates of
harm outweighed efficacy estimates in only four of seven
studies that were sponsored by industry alone, when
compared to 38 of 49 studies that were not industry-
sponsored and ten studies of 17 that were sponsored by
both industry and non-industry sources. It's not as though
there are no checks and balances in the current system.
Universities typically require their scientists conducting
basic research to disclose any industry relationships they
may have and often place caps on how much of a financial
stake a researcher is allowed to hold in a company. But no
mandate such as the Sunshine Act seems to exist, for
example, when it comes to payments by industry to
scientists working in the lab rather than with patients.
Teaching hospitals often allocate some of the funds they
receive from industry sources to non-clinical researchers,
but the Open Payments system that tracks payments to
physicians does not track any payments that were allocated
to non-physicians. Clearly, the system isn't perfect, and with
increased scrutiny on the scientific process as a whole, an
increased awareness about being forthcoming about
conflicts of interest is worthwhile. And without a
standardized disclosure process for preclinical research,

raising awareness about conflicts of interest becomes

difficult.
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Basic research is the bedrock of all of the applied research bedrock: RIE
that follows, particularly in drug development. It's in the

basic.research stage that scientists discover molecules and

pathways that have potential translational value. The g;gﬁs'atm"a" L
foundational science that society uses to uphold clinical foundational: Z#&
research could be in danger of being flawed if researchers %

aren't more cognizant of and transparent about who is cognizant: B35
funding these basic discoveries. We ask our authors and

reviewers to be diligent about any competing interests—be

they financial or otherwise. Transparency is crucial not only

for preserving the integrity of the research but also in

preserving the trust of the public whose tax dollars help fund

a significant portion of basic science. We welcome an open

discussion about how best to ensure more transparency in

reporting conflict of interest in a way that would protect and

promote the research that advances biomedical science.

(Reprinted from " Confronting conflict of interest " by Nature Medicine,
Nov 6, 2018. © 2018, Springer Nature America, Inc.—3&Z)
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(1) Fifty years.ago, (1) meditation was considered fringe, and
the idea that it had any role in medical treatment, absurd.
Nevertheless, one of us (H.B.) published research
demonstrating that meditaton and (2)similar practices
(initially from India and later from other cultures) reduced
oxygen consumption, lowered blood pressure and heart rate,
and initiated a cascade of physiological effects that were the
opposite of what occurs during the stress response. This
coordinated set of physiological changes was termed the (A)
“relaxation response,” and a general, secular prdcedure was
described to elicit it. Coincidentally, this work took place in the
same laboratory that had been occupied by Walter Cannon
50 years earlier when he described the stress, or (B) “fight or

flight,” response.

(2) Today, meditation and other mind—-body practices, such as
(C) yoga and (D) mindfulness, are growing in popularity, with
14% of the U.S. adult population reporting having used these
techniques within the previous year. Historically, these tools
have been used to promote human flourishing, insight, peace,
enlightenment, and connection to something larger than
oneself. Today, many people are drawn to these practices for
their perceived physical and mental health benefits and stress
relief. All religious traditions and cultures have some form of
meditative or other mind-body practice, but the current
explosion of interest in these practices has largely occurred
within a secular context.

(3) Concurrent with this growing public interest is emerging
research describing various neurobiologic, physiological, and
genomic changes associated with mind-body practices,
particularly meditation, including activation of specific brain
regions, increased heart-rate variability, and suppression of
- stress-induced inflammatory pathways, among others.
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Though some of these changes appear to occur with multiple
techniques, others may be technique-specific. More research
is needed to understand the implications of these findings.

(4) In 1964, John Stoeckle and colleagues concluded that 60
to 80% of visits to primary care physicians have a stress-

related component. Stress is ubiquitous, and its role when.

excessive or persistent as a major contributor to (E) morbidity
and (F) mortality is well recognized. At the Benson-Henry
Institute for Mind Body Medicine at Massachusetts General
Hospital, for example, we routinely receive referrals to our @
Stress Management and Resiliency Training (SMART)
Program from primary care physicians and specialists who
have seen their patients benefit from these practices. Since
many patients are initially skeptical, we counsel them
regarding how stress may be exacerbating their symptoms,
how mind-body techniques can reduce the stress response,
and what to reasonably expect (e.g., you cannot blank your
mind with meditation, and mind wandering is normal). With
guidance and consistent practice, most patients feel less
stressed, experience a greater sense of wellbeing, and are
less bothered by the symptoms that brought them in. Some
patients also note a greater sense of spiritual connectedness.

(5) Belief in these techniques is not necessary to realize
benefit. Indeed, randomized, controlled trials have suggested
improved health outcomes and quality of life in multiple
physical and mental health conditions that are related to or
exacerbated by stress, including chronic pain, anxiety,
depression, cancer-related fatigue, tobacco addiction,
inflammatory bowel disease, and cardiovascular disease,
though these tools may not be helpful in the setting of
substance use disorder. Moreover, preliminary findings
suggest that integrating these tools into the health care
system may reduce health care utilization and may be cost-
effective. ‘
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(6) Nonetheless, not everyone is ready to embrace these
tools: some patients may have concerns about certain
practices contravening their religious beliefs; others are not
ready to engage in the effort required to maintain a regular
practice; still others have been conditioned to request a pill
for every ailment. Moreover, these tools may not be
appropriate for some patients. For example, patients with
severe mental illness may have difficulty learning the
necessary skills — or risk losing touch with reality when they
engage in some of these practices.

(7) Despite these barriers, many patients are keen to learn
more about mind-body tools. Given the available data and

. the favorable side-effect profiles of these practices, we
believe that mind-body medicine should be recognized as
potential primary and secondary prevention and, where
possible, routinely incorporated into primary care. It is not
surprising that it hasn’t been seen in this light, given that our
health care system has been predominantly built on a reactive
disease-treatment model rather than a proactive health-
enhancement model. Realization of the potential cost savings
and health improvements afforded by mind—body medicine
would require insurance companies to cover these services
and an educational system to train health care professionals
in their appropriate use. Many medical schools now offer
mind-body medicine electives, but only a few have made
educationin these practices a required part of the curriculum.
Currently, few Americans have access to these tools in a
medical setting, and even those who do must often pay for
them out of pocket.

(From A New Era for Mind-Body Medicine., Michelle L. Dossett, M.D.
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Gregory L. Fricchione, M. D., and Herbert Benson, M.D., NEngl J Med 2020;
382:1390-1391. Copyright © 2020 Massachusetts Medical Society. Reprinted

with permission fromMassachusetts Medical Society. —¥B&Z)
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(1 AT REMTHIEEDERICETIEXTHD, XEFATEMITEZ LI,

As Grandpa'’s arthritis worsened, composing email
messages of more than a few words became onerous for him.
“It's frustrating when the fingers can’t keep up with the brain,” he'd
lament. And then visitation restrictions necessitated by Covid-19
cut him off from the outside world entirely, since his deafness had
long since made phones useless to him. When the Northeast
surge abated, Grandpa'’s son and | received permission to visit
him outside his facility on separate days. Lucid as ever, despite
nearing his 103rd birthday, he rendered the same plea to each of
us. Whereas he had long wished to forgo measures to prolong
life, he now sought any plausible option to hasten death.

| knew that New Jersey had legalized (1)physician-
assisted dying the previous year, but also that legality, availability,
and propriety are three very different things. My long-standing
ambivalence about physician-assisted dying had been reinforced
by colleagues who joined me in organizing and presenting at the
National Academy of Medicine’s 2018 workshop on the topic. |
reached out to several of these experts to gauge whether
Grandpa might pursue it. Would he even meet the criteria, given
that he was dying of old age, frailty, and more than anything else,
isolation and meaninglessness?

| learned that the Centers for Medicare and Medicaid

Services (CMS) had previously allowed codes for “(2)adult failure

to thrive” to qualify people for hospice and that in states that had
legalized physician-assisted dying less recently than New Jersey
had, those codes had been used to confer eligibility. But CMS
recently removed those codes from hospice eligibility, and in any
event, | could not find a New Jersey physician willing or
sufficiently experienced to provide this service.

| described another option to Grandpa: he could
voluntarily stop eating and drinking. He'd never considered this
possibility (which reminded me again (3)how one’s family
members and clinicians contribute to inequities in end of-life
care). The option intrigued Grandpa, and during subsequent visits
he reinforced his plan to pursue it. | insisted that he first move into
my home. | wanted to ensure the quality of his care, knowing that
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| could enroll him in my health system’s hospice program. But |
also wished to test his resolve, reasoning that his mind might
change once his isolation ended.

For a month after he entered our home, his spirits were
brighter, his gait steadier, and his appetite heartier. He joined my
wife, two daughters, and me for dinner each night, typically
preceded by a vodka martini that | had stirred for him — a daily
pleasure he’d allowed himself for 80 years and had missed as a
facility resident. He’d tell stories of the Navy, his career, and his
family history and would regularly quip, “If you keep treating me
this well, | might just stick around a while longer!”

But eventually he returned to his goal of ((4)) death. One
night, he said he was ready to stop eating and drinking the next
morning, but when morning came, he asked for his usual coffee
and bagel. He confided that he was scared. When | asked of
what, he replied, “It's like trying to roller skate. I'm scared of
starting. Though | know that once | do, I'll probably roll.”

A week later, he’d built up his fortitude and again asked to
stop eating and drinking. | convinced him to join us for dinner and
sleep on it. He agreed, devoured everything on his plate and the
ice cream sundae my daughters made him afterward, and shared
a bottle of red wine we’'d opened for the occasion. “My last
hurrah,” he said, with a smile and fist pump more vigorous than
you’d think an old, frail man could muster. When | entered his
room early the next morning, he was already dressed. “I'm ready
to start,” he announced, almost before | could say good morning.
“But do you think | could sneak a half-cup of black coffee?”

| went through the doctorly ritual of informing him that this
was his choice; it would bring him pleasure while prolonging his
life. He nodded. | served. He imbibed. On the third day of nothing
but six ounces of black coffee each morning, he said, “| have a
confession. While washing my face this evening | took a gulp of
water.” The guilt and disappointment he conveyed immediately
altered (5)my views on physician-assisted dying. For people with
a consistent desire to end their life, unencumbered by mental
illness or immediate threats to their survival, the only alternative
— to stop eating and drinking — is just too challenging. Hospice
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experts around the country had warned me that less than 20% of
people who try to do so “succeed,” with most reversing course
because of vicious thirst.

(Copyright (c) 2021 Massachusetts Medical Society. All rights
reserved—iBlZ)
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[ 2 U TFosEXEHES, BRITEREEL,

(DDuring _the COVID-19 pandemic, the concept of
heroism has been a prominent feature of media coverage. Health
care professionals who worked ceaselessly in intensive care

units, sacrificed time with their families to travel to severely
affected areas to care for patients with COVID-19, and put
themselves in harm’s way have been acknowledged and rightly
celebrated. For example, New Yorkers had a nightly ritual of
cheering and making noise in support of health care workers and
offered public support in the form of signs, treats, and other
measures of appreciation that referenced the heroism of the
health care workforce. However, the pandemic has outlasted
these public demonstrations, and heroic narratives ultimately do
not serve clinicians or public health.

The concept of heroism suggests performing some
exceptional feat, such as an individual who disregards his or her
own well-being to benefit others. Heroes are glorified in art,
literature, and history, and these heroic narratives serve an
important purpose in demonstrating that individuals can
accomplish more than seems possible in response to a challenge
or threat. For instance, people such as Nelson Mandela, who
faced his long imprisonment without complaint and dedicated his
life to justice, embody the heroic ideal.

The culture of medicine aligns with heroic narratives by
extolling 3 traits: individual skill, willingness to sacrifice, and
stoicism in the face of physical and emotional hardship. Medical
training rewards individual achievement, whether it is identifying
the correct diagnosis or performing a procedure skillfully.
Medicine also extols the heroic attribute of sacrifice, recognizing
those who go beyond already significant professional obligations.
Narratives about medicine often celebrate clinicians giving time
beyond their job requirements, as illustrated in a collection of
articles on “the heroic work of doctors and health workers.”
Medical training demands physical endurance; even after duty
hour reforms, 80-hour work weeks and long shifts are the norm.
In some clinical settings, such as operating rooms, physical
demands persist throughout careers. Unspoken messaging in
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medical and surgical training programs can promote stoic
responses to the wrenching emotions in medicine and, at times,
can be accompanied by increased cynicism during residency
training.

These 3 heroic attributes of individualism, sacrifice, and
stoic endurance can actually undermine the system
transformation needed in health care. The individualism inherent
in the heroic narrative runs counter to the team-based problem-
solving approach to health care delivery that leads to better
quality. If physicians and other clinicians are willing to make
personal sacrifices to circumvent system shortcomings, leaders
are less likely to take necessary steps to correct broken systems.
Although systematic data are lacking in this area, it is observed
that physicians often step in to ensure seamless care on their own
time and create “workarounds” to get patients what they need in
dysfunctional microsystems. She contends that medical care in
the US relies on this strong sense of professional obligation to
function. Similarly, if nurses are willing to work double shifts or
routinely cover extra patients, chronic understaffing, which is
known to be unsafe for patients, persists.

The stoicism that comes with being a hero is also a risk
for burnout, defined by the National Academy of Medicine as
emotional exhaustion and distress stemming from work. Stoicism
can lead clinicians to underrecognize their physical and emotional
needs and to conceal perceived vulnerabilities. For example, an
account of a physician concealing her cancer diagnosis while
leading a pandemic response, and her description of the healing
effect of sharing the experience of her own illness, highlight the
importance of changing culture to support physicians as human
beings. Moreover, heroic actions and attitudes require an
activated mental state that can allow people to perform at a high
level for defined periods of time. Sustaining that emotional
activation is physically, mentally, and emotionally exhausting.
Occupationally related emotional exhaustion and distress, and, in
extreme cases, depression, anxiety, and suicide, can result from
striving to meet impossible expectations over time. Emergency
department physician Dr Lorna Breen, who died by suicide in April

cynicism:ia 5

circumvent:[E]#3
5

workaround:a>E

—A—[ZBNTVR
T EDRBEMNHE

ALEBROBREE
D&

vulnerability : 5§ &



2020, is a recent casualty of this long-standing and deep-seated
culture. Even when these heroic expectations do not lead to tragic
or career-ending consequences, they can contribute to (2)a lack
of engagement and satisfaction in work that is highly prevalent
among clinicians.

It is possible that the energy physicians and other
clinicians are putting into maintaining stoicism in the face of
challenges could be better turned in a positive direction.
Clinicians’ creativity and problem-solving skills are underutilized
resources for transforming health care. As a hypothetical
example, consider a specialist in the community with an idea for
a novel digital health approach to support patient self-
management for a disease she manages on a routine basis. Her
daily work includes routine overbooking of patients, frequent
absences among staff, and distracting requests to manage tasks
others could do, and she is expected to soldier through without
complaint. Imagine if the patient scheduling, on-call, and staffing
systems all functioned as intended, and she was able to deliver
patient care without contingency planning and unplanned work
time. She could have the energy and focus to turn to her idea and
serve patients even beyond her practice through her digital self-
management tool.

The National Academy of Medicine’s report on clinician
well-being provides (3)an_approach for reframing the culture,
emphasizing humanism instead of heroism. Rather than
envisioning medicine as a province of brilliant individuals saving
lives without a thought for their personal regard, the aim should
be to achieve a culture of teamwork that acknowledges the
human needs—both physical and emotional—of clinicians and
does not ask them to sacrifice their well-being on a routine basis.
Organizational solutions abound, such as information
technology—enabled  coverage  systems, data-supported
anticipatory staffing, and team members empowered to a high
level of function. These precepts extend to medical education,
whereby educators can rightsize learners’ workloads, teach and
model teamwork and team culture, and, most importantly,
demonstrate support for learners and faculty experiencing the
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stress of their studies or emotional challenges of patient care.
Moreover, it is imperative that health systems provide support for
clinicians to prevent and mitigate emotional exhaustion and
distress, without stigma for seeking help or time away from work.

(Reproduced with permission from "Humanism Before Heroism in Medicine." by Sarkar, Urmimala ;
Cassel, Christine, JAMA.2021;326(2):127-128. Copyright©2021 American Medical Association. All
rights reserved.—#iek2)
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( ) before Heroism in medicine
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Biologists in Shanghai, China, have created the first
primates cloned with a technique similar to the one used to clone
Dolly the sheep and nearly two dozen other species. The method
has failed to produce live primates until now. Researchers hope to
use this revised technique to develop populations of genetically
identical primates to provide improved animal models of human
disorders, such as cancer. The technology could also be combined
with gene-editing tools such as CRISPR-Cas9 to create
genetically engineered primate-brain models of human disorders,
including Parkinson’s disease.

“This paper really marks the beginning of a new era for
biomedical research,” says Xiong Zhi-Qi, a neuroscientist who
studies brain disease at the Chinese Academy of Sciences Institute
of Neuroscience (ION) in Shanghai. He was not involved in the
cloning project. But the achievement is also likely to raise some
concerns among scientists and the public that the technique might
be used to create cloned humans. “Technically, there is no barrier
to human cloning,” says ION director Mu-Ming Poo, who is a co-
author of the study. But ION is interested only in making cloned
non-human primates for research groups, says Poo: “We want to
produce genetically identical monkeys. That is our only purpose.”

Primates have proved tricky to copy, despite many
attempts using the standard cloning technique. In that method, the
DNA of a donor cell is injected into an egg that has had its own
genetic material removed. ION researchers Sun Qiang and Liu
Zhen combined several techniques developed by other groups to
optimize the procedure. One trick was to undo chemical
modifications in the DNA that occur when embryonic cells turn into
specialized cells. The researchers had more success with DNA
from fetal cells, rather than cells from live offspring.

Using fetal cells, they created 109 cloned embryos, and
implanted nearly three-quarters of them into 21 surrogate
monkeys. This resulted in six pregnancies. Two long-tailed
macaques (Macaca fascicularis) survived birth: Zhong Zhong, now
eight weeks old, and Hua Hua, six weeks. Poo says that the pair
seem healthy so far. The institute is now awaiting the birth of
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another six clones. Cloning specialist Shoukhrat Mitalipov of the
Oregon Health and Science University in Portland says that the
Chinese team should be congratulated. “I know how hard it is,”
says Mitalipov, who estimates he used more than 15,000 monkey
eggs in cloning attempts in the 2000s. Although he was able to
produce stem-cell lines from cloned human and monkey embryos,
his team’s primate pregnancies never resulted in a live birth.

Cloned animals offer some significant advantages over
non-clones as models for studying human disease. In
experiments with non-cloned animals, it is difficult to know
whether differences between the test and control groups were
caused by the treatment or genetic variation, says Terry
Sejnowski, a computational neurobiologist at the Salk Institute for
Biological Studies in La Jolla, California. “Working with cloned
animals greatly reduces the variability of the genetic background,
so fewer animals are needed,” he says.

Sejnowski also says that primate brains are the best
model for studying human mental disorders and degenerative
diseases. The ability to clone monkeys might revive primate
studies, which have declined in most countries, says Poo.
Parkinson’s disease experiments that currently use hundreds of
monkeys could be done with just ten clones, he says.

Neuroscientist Chang Hung-Chun, also at ION, says that
primate-cloning technology will soon be combined with gene-
editing tools to study human genetic disorders in primate brains.
Gene editing is already used on developing monkey embryos, but
that leaves open the possibility that some cells are not edited,
which then affects the results, says Chang.

With cloning, the donor cell can be edited before it is
injected into the egg. Within a year, Poo expects the birth of
cloned monkeys whose cells have been genetically edited to
model circadian-rhythm disorders and Parkinson’s disease.

Spurred by the promise of primate research, the city of
Shanghai is planning major funding for an International Primate
Research Center, expected to be formally announced in the next
few months. The centre will produce clones for scientists around
the globe. “This will be the CERN of primate neurobiology,” Poo
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says. There’s already high demand from pharmaceutical
companies that want to use cloned monkeys to test drugs, he
says.

Although most reproductive biologists are unlikely to
consider using the technique to clone humans because of ethical
objections, Mitalipov worries that it might be attempted in a
private clinic. China has guidelines that prohibit reproductive
cloning, but no strict laws. It also has a weak record of
enforcement of its rules on the use of stem cells for therapy.
Some other countries — notably the United States — do not
prohibit reproductive cloning at all. “Only regulation can stop it
now”, says Poo. “Society has to pay more attention to this”.

(Adapted from "First monkeys cloned with technique that made Dolly the sheep" by David Cyranoski
Springer Nature. Copyright © 2018, Springer Nature.—BeiZ)
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(1) The modern study of sensation and perception
began in the 19th century with the emergence of experimental
psychology as a scientific discipline. The first psychologists—
Ernst Weber, Gustav Fechner, Hermann Helmholtz, and
Wilhelm Wundt—focused their experimental study of mental
processes on sensation, which they believed was the key to
understanding the mind. Their findings gave rise to the fields of
psychophysics and sensory physiology.

(2) Psychophysics describes the relationship between
the physical characteristics of a stimulus and the attributes of the
sensory experience. Sensory physiology examines the neural
consequences of a stimulus—how the stimulus is transduced by
sensory receptors and processed in the brain. Some of the most
exciting advances in our understanding of perception have come
from merging these two approaches in both human and animal
studies. For example, functional magnetic resonance imaging
(fMRI) and positron emission tomography (PET) have been
used in controlled experiments to identify regions of the human
brain involved in the perception of pain.

(3) Early scientific studies of the mind focused not on the
perception of complex qualities such as color or taste but on
phenomena that could be isolated and measured precisely: the
size, shape, amplitude, velocity, and timing of stimuli. Weber
and Fechner developed simple experimental paradigms to study
how and under what conditions humans are able to distinguish
between two stimuli of different amplitudes. They quantified the
intensity of sensations in the form of mathematical laws that
allowed them to predict the relationship between stimulus
magnitude and sensory discrimination.

(4) For example, in 1834 Weber demonstrated that the
sensitivity of a sensory system to differences in intensity
depends on the absolute strength of the stimuli. We easily
perceive that 1 kg is different from 2 kg, but it is difficult to
distinguish 50 kg from 51 kg. Yet both sets differ by 1 kg. This
relationship is expressed in the equation now known as Weber’s
law:
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4S=KS
where AS is the minimal difference in strength between a
reference stimulus S and a second stimulus that can be
discriminated, and K is a constant. This is termed the just
noticeable difference or difference limen. It follows that the
difference in magnitude necessary to discriminate between a
reference stimulus and a second stimulus increases with the
strength of the reference stimulus.

(5) Fechner extended Weber's law to describe the
relationship between the stimulus strength (S) and the intensity
of the sensation (l) experienced by a subject:

I =K log (S/So)
where Sq is the threshold amplitude of the stimulus and K is a
constant. Although Fechner's law was widely accepted for
nearly a century after its publication in 1860, his assumption that
the intensity of sensation could be equated with the sum of equal
increments in “just noticeable differences” turned out to be
incorrect.

(6) In 1953 S. S. Stevens demonstrated that, over an
extended range of stimulation,
sensation intensity is best described by a power function rather
than by a logarithmic relationship. Stevens’ law states that:

I=K(S - Syl
For some sensory experiences, such as the sense of pressure
on the hand, the relationship between the stimulus magnitude
and the perceived intensity is linear, that is, a power function
with a unity exponent (n = 1).

(7) The lowest stimulus strength a subject can detect is
termed the sensory threshold. Thresholds are normally
determined statistically by presenting a subject with a series of
stimuli of random amplitude. The percentage of times the
subject reports detecting the stimulus is plotted as a function of
stimulus amplitude, forming a relation called the psychometric
function (Figure 1). By convention, threshold is defined as the
stimulus amplitude detected in half of the trials. Thresholds can
also be determined by the method of limits, in which the subject
reports the intensity at which a progressively decreasing

subjective experience of
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stimulus is no longer detectable or an increasing stimulus is
detectable. This technique is widely used in audiology to
measure hearing thresholds.

(8) The measurement of sensory thresholds is a useful
diagnostic technique for determining sensory function in
individual modalities. An elevated threshold may signal an
abnormality in sensory receptors (such as loss of hair cells in the
inner ear caused by aging or exposure to very loud noise),
deficits in nerve conduction properties (as in multiple sclerosis),
or a lesion in sensory-processing areas of the brain. Sensory
thresholds may also be altered by emotional or psychological
factors related to the conditions in which stimulus detection is
measured.

[HDERAX]

Figure 1. The psychometric function defines the mathematical
relationship between the amplitude of a stimulus and the
intensity of the sensation felt by the subject.

A. The psychometric function plots the percentage of stimuli
detected by a human observer as a function of the stimulus
magnitude. Threshold is defined as the stimulus intensity
detected on 50% of the trials. Psychometric functions are also
used to measure the just noticeable difference between stimuli
that differ in intensity, frequency, or other parametric properties.
B. Detection and discrimination thresholds depend on the
criteria used by individual subjects in psychophysical tasks. An
ideal observer correctly detects the presence and absence of
stimuli with equal probability (curve b). An observer who is told
to respond to the slightest indication of a stimulus reports many
false positives when no stimuli occur and has low sensory
thresholds (curve a). An observer who is told to respond only
when very certain that a stimulus has occurred reports more hits
than false positives and has high sensory thresholds (curve c).

(Republished with permission of McGraw Hill LLC, from Principles of neural science;5th ed,
JESSELL, THOMAS M., SCHWARTZ, JAMES H., KANDEL, ERIC R., 2013; permission
conveyed
through Copyright Clearance Center, Inc.—{f8t{(Z%)
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2. FIF0TOVIZEHNTELIRELRHLEZTROBE RN SFEVLEELY,
7) Studies by German scientist Hermann Helmholtz
1) The beginning of psychoanalysis
7) Psychophysics relates the physical properties of stimuli to sensations
I) Essentials of co-ordination of sensory and motor function
7Z) Details of several methods of imaging function of human brain

3. ®BIFDOITOVIZEHNTEIRELRHLEZTROERBRMNSFEULELY,
7 ) The present understanding of Sturge-Weber syndrome
1) Atribute to Gustav Fechner as a professor of physics in Leipzig University
7) Sensory discrimination as a function of a specific neurotransmitter
I) Complete denial of S. S. Stevens equation in the modern neuroscience
7Z") Psychophysical laws govern the perception of stimulus intensity
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