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Students will develop skills to solve research themes by organic association of the practical knowledge and
basic experiment skills studied in basic pharmaceutical training. This training are located to develop skills
that are necessary for Research Training held in 4th grade.
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The purpose of this course is to understand research themes and do experiments thinking the purpose to achieve
themes logically.
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Students do training based on the theme given by the supervisor of the laboratory. Moreover, students are
required to participate in the seminar held in the laboratory.
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Learn that science of medicine is made up of research in a wide field. In addition, the prospect of the research field of its
own to learn pharmaceutical sciences and pharmacy in the near future, to understand the importance of learning courses
to learn at the university in the future. This class is to be learned as part of introduction of pharmaceutical education.
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Outlook a wide discipline in the future study at Faculty of Pharmaceutical Sciences, to understand the importance of
learning a wide range of specialized subjects.
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Konno Introduction (1) Class guidance, Medicine and biomaterials

2 &L (2 EeHTFEE
Tokuyama Introduction (2) Drug and molecular structure

3IKXT w3 ExlEHhd
Oe Introduction (3) Measurement of drug

457 Hamd) s
Yoshikai Introduction (4) Drug and chemical synthesis
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Nakabayashi Introduction (5) Drug and light
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Saito Introduction (6) Medicine and metabolism
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Asai Introduction (7) Drug produced by organisms
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Sasaki Introduction (10) Pharmacological effects
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Kurata Introduction (11) Drug and biological function

12 8 #w(12) EEBBETF
Wei Introduction (12) Genes and medicine

13 &% ##(13) EHAUAHTEDZET
Takahashi Introduction (13) Journey of Medicines to get prescribed
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Mano Introduction (14) Research by hospital pharmacists

15 EfE B (15) EERK
Tomioka Introduction (15) Medicines and diseases
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Make an advance appointment via e-mail or other means. (See student handbook)
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This course provides students with basic knowledge about human body. Functional Morphology 1 covers cells and
tissues, respiratory systems, and digestive systems.
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Students can explain the structures and functions of organelle in cells, blood cells, hematopoiesis, and organs in
respiratory system and digestive system.

RERNR - AIECEETE

AED#EE  Structure of human body

. MBI OKSE L#EBE (1) Structure and functions of Cells (1)
. MR OKEE LB (11)  Structure and functions of Cells (1)
. fmBEDREE L #EE (1) Structure and functions of Cells (I11)
. R L EAKEM  Epithelial and connective tissue

& & 2§ Bone and skin

Mm% - ¥Mm Blood and hematopoiesis

YRR LUHREEE  Lymphatic system and midterm exam
9. MIEE% Respiratory system

. JH{L2&% Digestive system

. B -8 Stomach

. /I - KBS Small intestine and large intestine

0 ~No o wN -

13. FFi&E (1) Liver ()

14, FFEE (1) Liver (I)

15. i Pancreas
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In this course, students will understand basic concepts of organic chemistry following Chemistry C of the General
Education in which atomic orbitals, molecular orbitals, and the theory of chemical bonding are introduced. This course
covers stereochemistry for spatial understanding of molecular structure. Students will also learn about substitution
reactions (SN1 and SN2 reactions) and elimination reactions (E1 and E2 reactions) of alkyl halides based on the
fundamental theory of chemical reactions.

M FOERNLBRAEORWREERAIE L HICHBATES LS ICAR S,

- BERIGERNFE L VEEROB R TRBATES L5145,

CNBT LT LR LOBBRIG (SN1EB L USN2KRE) ORI, KIGHERE,. IixtbF. BLUORBICHEEL 52 2ERIC
BLCHBTESLSICH D,

BT UAET LR LOREERIG (E16 L UE2RIG) O, RICHERE, (IEZRME, ifdtbP BRERISELOBREG, B&
UORIGICHEZ 52 2ERICEAL CHRATES LS ICh D,

The aim of this course is to help student explain the meaning of basic terms for stereochemistry with specific examples.
The aim of this course is to help student explain the organic reactions based on thermodynamic and kinetic point of view.
The aim of this course is to help student explain characteristics, reaction mechanisms, stereochemical outcomes, and
factors affecting reactions regarding substitution reactions with alkyl halides (SN1 and SN2 reaction).

The aim of this course is to help student explain characteristics, reaction mechanisms, stereochemical outcomes,
competition with substitution reactions, and factors affecting reaction regarding elimination reactions with alkyl halides
(E1 and E2 reaction).

ifR{E® (1) Stereochemistry 1

IRfeE (2)  Stereochemistry 2

kL% (3) Stereochemistry 3

. 3fRME%® (4)  Stereochemistry 4

AR DOER (1) Understanding of organic reactions 1

. BHERIGOER (2) Understanding of organic reactionss 2

B IGOERE (3) Understanding of organic reactions 3

NAaF AT FILEBEERIG (1)  Substitution reaction with alkyl halides 1
9. NaFvETILFILEBIRRIS (2) Substitution reaction with alkyl halides 2
10, nasve7irFiLeE#RRIE (3) Substitution reaction with alkyl halides 3
11, nasve7irfieE#RIE (4) Substitution reaction with alkyl halides 4
12, n"as 7o F L e~ (1)  Elimination reaction with alkyl halides 1
13, nas 7 FL e~ (2)  Elimination reaction with alkyl halides 2
14, naFv7rxLbfrdkis (3) Elimination reaction with alkyl halides 3
15, nasv7irxiLbfrdkis (4) Elimination reaction with alkyl halides 4

00 ~No s wN

SR (80%) LFER (20%) %&b LICFHET 2,
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Evaluated mainly by examination (80%) and class performance (20%)
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BREZFELMEZEA L EL TRMRZASHICL O LBRICHET 22 L, 7. BRERIFEENDRZEEBL. &
FEBEZEBENICREIERETFROD L,

BERRANEE
Prepare for the textbook before attending the lecture. In addition, after the lecture, review the content of the lecture and
solve the end-of-chapter problems to deepen your understanding.
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In the organic chemistry 2, studied are 1) the structure, property and reaction of alcohols, ethers, and epoxides; 2) the
structure, property and reaction of alkenes and alkynes; 3) basis of multistep synthesis. Reactions include hydrogenation
and oxidation of alkenes and alkynes along with radical reactions, which are fundamental expertises of medicinal
chemistry.

ST aA—, T—TIL, TRFY FOEE, @ik LENEE BLU0ZNAOORISICOVWTHRATES LS4 5,
CTATVELUOTLF U OEE, @Rk HEICOVWTHBATES LS ICA S,

T ELUOT LR AOMNMRIGOERE, (IEZRYE, IEEFICOWTHBATES LS ICAhS,

cTEFYU R F v ERWEREFIREEAERRIGICOWTEHRBATES L 51245,

CEBTRIGE L UBIERIGICDOWTERBETES L 512k %,

TV ANERBICLBZNAT MERIBICOWTHBATES L5 ICk B,

To be able to explain structure, nomenclature, chemical property, and reaction of alcohols, ethers, and epoxides
To be able to explain structure, nomenclature, and property of alkenes and alkynes

To be able to explain mechanism, selectivity, and stereochemistry of alkene and alkyne addition reactions

To be able to explain C-C bond forming reaction using acetylide

To be able to explain reduction and oxidation reactions

To be able to explain radical halogenation reaction

1. 73—, T—F)I, TRFL K (1) Alcohol, ether, and epoxide 1
2. 7)a—i, T—FI)I, TRFL K (2) Alcohol, ether, and epoxide 2
3. 7ia—i, T—FI), TRFL K (3) Alcohol, ether, and epoxide 3
4. F7ia—i, T—FI, TRFL K (4) Alcohol, ether, and epoxide 4
5. 74> (1) Alkene 1

6. 7 (2) Alkene 2

7. 74> (3) Alkene 3

8. T4 (4) Alkene 4

9. 7iF>(1) Alkynel

10. 71F>(2) Alkyne 2

11 7A%>(3) Alkyne 3

12. B1k &5®T(1) Oxidation and reduction 1

13. 81k &ET(2) Oxidation and reduction 2

14. 5 ¥ AHIVRIG(1) Radical reaction 1

15. 5 ¥ AR (2) Radical reaction 2

EER (80%) LFER (20%) ICLVFHET 2,

PUREHETS 5 Evaluated mainly by examination (80%) and class performance (20%)
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BEOZLAEMCOVTENICHENEZ R LMBELZMCRE L TRBASZHONICL THEL I L, £/, ERRITHEEN
REEBT DL LHICERMBEZEETNICHREEBEBRERHODL L,

BRERRNTE
Before lecture, students are required to read the relevant part of the textbook. After lecture, students should review the
contents of the lecture and solve problems of the textbook to deepen their understanding.

Z0ft

E-mail& % L\ [ZClassroom# & BERFE ) % 52 1 (51T £ 9,
E-mail: masaatsu.adachi.d7@tohoku.ac.jp

(e
Make an advance appointment via e-mail or other means.
E-mail: masaatsu.adachi.d7@tohoku.ac.jp

1 EROIBERBIZ. 4 5EBEORMEEANBELTINBZL > THR T EA#IERL LTWET, 1HEUOBEBICHAEERIZPEBHOBRIE. [#x -
BB ICOVWTIE1 5~3 0 FMICRES LUORERBARE (T8 - EE4HY) 30~ 15KM. KR, RERUVERK] IC2WTE3 0~4 5EHORE
(B LORERBEARE (FE - EBAY) 15~0KHTT,
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Medicinal drugs are used to cure, treat, or prevent diseases. The qualities should be assured to avoid adverse reactions
and are strictly controlled by low. Therefore, reliable analytical methods are required to monitor the impurities, contents
of the ingredients, etc. This course covers quantitative drug analyses in Japanese Pharmacopoeia, 17th Ed (JP17) and
aims to help students understand the concept of quantitative analysis.

FECPFEHOERNHZZICO, FBATED, AROpHZFE TS, BEEAZHHATE S, EESNE REDITE
ICLBYEOERBICHELERNHZMEET 2.

FEOIEBE
Better understanding of chemical equilibrium to explain/calculate pH values of solutions and buffer solutions. Better
understanding of gravimetric and volumetric analyses to quantitate chemicals.
1. D5 Introduction: analytical chemistry
2. EEELAOWHH Overview: quantitative analysis of drugs
3. RIELEEHHE  Weighing scale and gravimetric analysis
4. BREDNHH Overview: volumetric analysis
5. BIEEBE! Acid-base titration |
6. BIEEFEI  Acid-base titration Il
7. BIBEBEEI  Acid-base titration Il
REANR - HELEEFTE 8. EAEEEEIV  Acid-base titration IV
9. FE/KEE  Non-aqueous titration
10, ¥L—FEEl Chelatometric titration |
11, FL—FHEEI Chelatometric titration Il
12, JEBYEE Precipitation titration
13. B{L:ZETHEE! Redox titration |
14, B{LETHE Il Redox titration Il
15, [REEE Practice
SAREEICTHET 2 (100%),
FiHE R %
Based on the written exam
HREBLUVSESE
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In this course, students will understand the functional morphology of cardiovascular system, kidney and urinary tract
system, endocrine system, central and peripheral nerve system, sensory organs, and musculoskeletal system. Students
will also understand the mechanisms of homeostatic maintenance through interactions of organ systems. Together with
Functional Morphology 1, this course provides basic knowledge for students to study pathophysiology and
pharmacotherapeutics in advanced courses.

DIEME. BiE. AW, BLUCHRICEIT2HREORYIIHABRT 272010, SEBOMENES L BELERT S,
oI, IR - KEEHREN L CEEE - HLEES, BR. A0RICE T 2EBEEOESENED L S ICL THERS N
TWBDONERET 5,

This course is designed to help students understand the structure and functional role of cardiovascular system, kidney
and urinary tract system, endocrine system, central and peripheral nerve system, sensory organs, and musculoskeletal
system.

1. O - W% (1) Cardiovascular 1
2. i - & (2) Cardiovascular 2
3. B (1) Kidney 1

4. Bg (2) Kidney 2

5. A% (1) Endocrine 1

6. W/ (2) Endocrine 2

7. A%H (3) Endocrine 3

8. Wi (4) HLUPHEAER Endocrine 4 and Midterm Exam
9. iRM#E (1)  Central Nerve 1
1 0. i (2) Central Nerve 2
11, iR###E (3) Central Nerve 3
12, FEHRE Peripheral Nerve
13, B#2% (1) Sensory Organ1
14, RkE%: (2) Sensory Organ 2

15, A Muscle
PR (45%). HAREER (45%). BLUFESR (10%) THET 5,

PRAERFIE T3 5 Students are evaluated based on the midterm examination (45%), term-end examination (45%), and class performance
(10%).
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BERRANEE
Students are required to prepare knowledge of pathology related to content of the class using internet and books.
ZDfth
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EEMONRTHDEGOEEEZERL., BEICEEICHST 2701013, EFZEHRL TWIEERSZDOHD, LT
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To understand diseases based on the functions of body as targets of drugs, it is necessary to know biochemical functions
and structures of biological substances.

In this course, students will understand the structures and functions of carbohydrates, amino acids, proteins, lipids,
nucleic acids, and their related substances.

RS DERNEE, HE., REEHMBATEDLICAZEHIC, ZNODERKICEITIHEEICOVWTERTES L
I B,

The purpose of this course is to help students explain the basic structures, characteristics, and functions of biological
substances.

1. #Eofs (1) RENGEBOBSZERT 5,

2. HEoE (2) RENLGEORE L FBANKZERT 2 LHIC, ZHOBEEZERT S,
3. FEOMEE (1) REMNALEE —HBoME, %3, #EEERT 5,

4. FEOEE (2) REMNASHEOME, &3, HEL2ERT

5. MEREALOEEL /X BERHEREICHA L TV A IEHOBE L 2 BRT B,

6. TI/BOBE 7/ BOBEEERT S,

7. TI/BOUWE T/ BOBEICEOWEEEZERET B,

8. RTF R, BN/ EOEBE RTFROEEL, FV/XTEO—R, TR, =R, UREELEBRT 5,
9. Ry sBOHEE (1) BROEE. HiE. —BOEE%E%T 2,

10, 2y 0BOHEEE (2) XY/ BOETERMEESIBRT S,

11, fREOBE L EHEL BN T 2BEOBE L L ERT 5,

12, SREOEAEE ShEOBSE L UE%BRT %,

13, BEBOBE KEBOBE#EE L. DNALRNAOEU S LIEER#BiZT 5,

14, DNAO#ELIEE DNADESEZ B L, TOEMOBEZERT 5,

15. GBS EHIRRNADER (55) & X v/ 0 BOEEE (BR) ICOWTERT 3,

1. Structure of carbohydrates (1) To understand the structure of typical monosaccharides.

2. Structure of carbohydrates (2) To understand the structure of polysaccharides and glycosidic bonds.

3. Functions of carbohydrates (1) To understand the structure, functions, and characteristics of typical monosaccharides
and disaccharides.

4. Functions of carbohydrates (2) To understand the structure, functions, and characteristics of typical polysaccharides.
5. Cell surface carbohydrates To understand the structure and functions of polysaccharides conjugated to proteins and
lipids.

6. Structure of amino acids To understand the structure of amino acids.

7. Characteristics of amino acids To understand the characteristics of amino acids.

8. Structure of peptides and proteins To understand the structures of peptides and primary, secondary, tertiary, and
quaternary structures of proteins.

9. Functions of proteins (1) To understand the functions and properties of enzymes.

10. Functions of proteins (2) To understand the basic functions of proteins.

11. Stractures and functions of lipids To understand the structures and properties of lipids found in membranes.

12. Basic structure of membranes To understand the structures and properties of membranes.

13. Structure of nucleic acids To understand the structures of nucleic acids and similarities and differences between
DNA and RNA.

14. Structure of DNA and replication To understand the structures of DNA and replication process.

15. Transcription and translation To understand transcription and translation.

— =
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Evaluation is performed based on class performance including the small tests (20%) and the final examinations (80%).
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Understanding of each themes by textbook and reference book.
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To clarify the future goals as a pharmaceutical student, it is important to actually see and hear the state of the scene
where pharmaceutical graduates are active, such as hospitals, pharmacies, pharmaceutical companies, research
institutes, and administrative organizations. In this class, we listen to the experts who are active at each site as early
experience learning.

BFZBBOICFINEZSD, FROBEZEZRET D10, BEFHEXENERT 2B BR. BECHE ARMEREE
REDRGOHEEZERT 5,

To raise a will to actively learn pharmaceutical sciences and pharmacy and to find future goals, understand the work of
the field at hospitals, pharmacies, pharmaceutical companies, research institutes, etc. where the graduates of faculty of
pharmaceutical sciences have fruitful works.

BUKE £ B (B, Ei Ehx (). BXHTF OB, &k &\ . FE&R b, RLEEFT Gb. &0
#E GbH. KB =i Gh. fib

Instructor: Prof. Konno Tomohiro, Assoc. Prof. Satoh Mayumi, Tominaga Atsuko, Sato Yoshiaki, Chiba Kenji, Uneyama
Chikako, Taniguchi Takahiko, and Ota Miki

1ERR(E) #5H (1) ERAL L TORREXO/ S & fEa

Sato Guidance/Introduction (1) The work and mission of a hospital pharmacist as a medical person

2 BK B (2) HIBEEICH S 2 ERFEOKE
Tominaga Introduction (2) The role of pharmacists in regional medicine

31ERE (R) Wim (3) RIEMRICE I 29MELFOEEME
Sato Introduction (3) The role of analytical chemistry in pharmaceutical research

4 TE R 4) HBESHICHII2EEROBEIAER
Chiba Introduction (4) Drug development in a pharmaceutical company

5 @l s (5) BoRL LS
Uneyama Introduction (5) Food safety and pharmacy

6 KH i (6) EEFBEICH T IEEN - BFREHEEEOF v U 7/5X
Ota Introduction (6) Health administration and pharmacy: roles of medicine officials

THO MR (7) FEAOBE - AT H T 3 REHAR
Taniguchi Introduction (7) Challenge to new drugs: drug discovery research in pharmaceutical company

8 KTE #im (8) EEICEHT2#E
To be Assigned Introduction (8) Lecture related to a drug-induced disease

9 KRE #im (9) EPILBORIKE RE

To be Assigned Introduction (9) Current status and issues of drugs abuse

10 &5 #5 (10) HALKFEHFRF

Konno Introduction (10) Visit university hospital

11 2% 8 (11) I35 - IRMRY  AIEMRAT - METS - EXEREtEY 2 —



Konno Introduction (11) Visit the drug discovery research institute, pharmaceutical factory, and pharmaceutical
wholesale center, and university hospital

FERGBO%). BEULE—F(60%)H SEHET 2,

FRAE SIS &
Evaluated by class performance (50%) and report (50%)
BRELLUSEE
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Lecture schedule will be notified on a message board.
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In the organic chemistry 3, students will learn about about a) conjugation and resonance of a conjugated compound, b)
aromaticity of benzene and related aromatic compounds, ¢) reactions of aromatic compounds, and d) reactions of
carbonyl compounds.

HEEYMOREEHRBOMT A TE, HBEE - HBEREEZET L5 1042,
- RERIBORT ERNFEXRDORISICOWTCHBATES L5 I1L4 5,
- Diels-Alder RS & Z DERER~DICAZRATE S & 5 1C%H 3,
CEEEEEEERL, HFERCEDOCFINME ERISHEICOWTHIBTES LS ICH S,
cFHEBRREFBRRISOEE LEBE, BLUZNEZMALARVEVRICHT 2BBEENEICOVWTHATES LS (S
%,
CRVEVREFOBRENREERL, ZBMNVEVOEBEICOVWTHBATES LS IR D,
- BEEKERERRICOBESRATE D LSICHD,
CRUYA VDORERERIGHE., BLUORVEY LOBBREOTBERIGICOWTHBATES L5285,
cHIVKRYBEOWE, RIGE. BEUCERAEICOVWTHBTES L5 ICAS,
C AR EDOEBRRIGICOWTEHBATE S L 5 1Ch %,
After successfully completing this course, the students will be able to:
» Explain the concept of resonance and draw resonance structures
 Explain reactions under kinetic versus thermodynamic control
* Explain the Diels-Alder reaction and its relevance to organic synthesis
« Define aromaticity and explain the reactivity of aromatic compounds
+ Explain the mechanism and the variation of electrophilic aromatic substitution of benzene derivatives
- Rationalize substituent effects in electrophilic aromatic substitution and design multistep synthesis of substituted
benzenes
» Explain the mechanism of nucleophilic aromatic substitution of substituted benzenes
» Explain the chemistry of benzyne and transformations on substituents on benzene
+ Explain the chemistry of carbonyl compounds

FlE:H&E HB VT (1) HE HBEZERL., HBERE. BRI VOKREFINE L UVRNFEIEREEERE
BIcoWTEET 3,

F 20 H& HIE 2T (2) Diels-AlderRISICDWTHRS,

F3[E: REVEFERLEY() FEEEOER. FEERIKRLEFEE~NTARILEYEFEN,

FEAE: RVEVEFEREAYQ) nHFRELFERE (Exv 7 LED) OEBNESICOVTRES,

#5650 BFEEREFEHRRIG(L) RvEronosr vk, = bafe, XLk {b. B & OFriedel-Crafts 7L ¥ L4k - 73
MM EFE,

F6E: FEERKEFERRGQ) FEBRKEFERRGICKIFTEREDOHRICOVTES,

FTE: FERKKBRERG., FERLOBREOER, FEKLENOZEEER FEEKKBERRIS, VA rOR
B, RYEVEBEOBREOTHE, BLUSEBRAYVE Y BEAOAREICOVTRESR,

FE8ME : ANKRVEE() hLRVBORRE BEEYBENEE. HTFRKERE. HILRVYBOERKE —BIARRGICDOW
THER,

FI[E : ANRVEEQ2) HIVR VOB EBEE (pKafB), DRIEEICK 2 0BERE. BECEY TH DI ALKV ERET
I /BIZDOWTER,

F10E : ALKRZIMEYDF () HLRZIMEYO—RNERIG, TATERET by DORT, HILRZILEDET
DIELF, WVRYBE ZDFERDET, 7ATE FOBICOWTES,

F11E: LRI IMEEDDLFQ) EMEBRISHIOER, BLUOTILTE FELIET b EDORISISDVWTEHRS,
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I2E24 3y, TFIVEDARICOVTESR,
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Term 1: Conjugation, Resonance, and Dienes (1) Conjugation, resonance, resonance hybrid, electron delocalization in
common conjugated systems, and kinetic versus thermodynamic control in electrophilic addition to conjugated dienes
Term 2: Conjugation, Resonance, and Dienes (2) Diels-Alder reaction: Mechanism and synthetic applications

Term 3: Benzene and Aromatic Compounds (1) The definition of aromaticity, and the types and properties of aromatic
and heteroaromatic compounds

Term 4: Benzene and Aromatic Compounds (2) Molecular orbital analysis of aromatic systems and the theoretical basis
of aromaticity (Hiickels rule)

Term 5: Electrophilic Aromatic Substitution (1) The general mechanism of electrophilic aromatic substitution and specific
reactions including halogenation, nitration, sulfonation, and Friedel-Crafts alkylation/acylation

Term 6: Electrophilic Aromatic Substitution (2) Effects of different substituents on the reactivity and regioselectivity of
electrophilic aromatic substitution

Term 7: Nucleophilic Aromatic Substitution and Transformation of Substituents on Benzene Ring Nucleophilic aromatic
substitution reactions, reactions involving benzyne intermediates, and transformation of different substituents on a
benzene ring

Term 8: Carboxylic acid 1 Nomenclature, structure, physical property, hydrogen bonding, synthetic method and reactions
of carboxylic acid

Term 9: Carboxylic acid 2 Acidity and pKa value of carboxylic acid, separation using extraction, amino acid

Term 10: Carbonyl compound 1 General reactions of carbonyl compounds. Reduction of aldehyde and ketone.
Stereochemistry in the reduction of carbonyl groups. Reduction of carboxylic acid and derivatives. Oxidation of
aldehyde.

Term 11: Carbonyl compound 2 Basic concept of organometallic reagents and reaction with aldehyde and ketone.

Term 12: Carbonyl compound 3 Reaction of organometallic reagents with carboxylic acid derivatives. a,b-Unsaturated
carbonyl compounds and protecting groups.

Term 13: Aldehyde & ketone 1 Nomenclature, structure, physical property, synthetic method of aldehyde and ketone.
General reactions of aldehyde and ketones with hydride, carbon nucleophiles, cyanide.

Term 14: Aldehyde & ketone 2 Conversion of carbonyl groups to alkenes using Wittig reaction. Imine, enamine formation
by the reaction with nitrogen nuclephiles.

Term 15: Aldehyde & ketone 3 Acetal formation by the reaction with oxygen nucleophiles and the use as protecting
groups. Cyclic acetal formation and introductory sugar chemistry.

TEHHER B0%ERE) L FER Q0%12E) ZEICFHET 2,

&4 HARAE HARE ISBN/ISSN aRER|
J.G. Smith %, LA - -
=R EEIR EFEA 2017 978-4759819380
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A—WIRETTRA Y AV P ERTHLRFDZ &,
E-MAIL: masanori.shigeno.e5@tohoku.ac.jp TEL: 022-795-5917
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This course covers definition, history, scope and development of Pharmacognosy. Students learn the sources,
constituents, pharmacological properties and therapeutic uses of crude drugs, together with biosynthetic pathways of
constituents.

BERELEE - RRYOER. 8FMD. £EM. i - R MIRFELEZHBTE S,

The purpose of this course is to help students explain the basic knowledge of crude drugs on their sources, constituents,
pharmacological properties and therapeutic uses.

RERNR - HIECEETE

LXK D481

2. KR D 4E2
IRARYDHEE3

4 RKRYDEERKL

5. XA DEER2

6. KRR DEBKS
7ERIBEMRAYL

8. FEITF MR AY?2

9. FILFMRAY3

10. RAMIERH R

11 RRYIRRI T2

12. RARYIRRIAR3

13. R4

14. RARYREM R DR Iiml
15. RAMABIZEN R O R L2

1.Classification of natural products 1

2.Classification of natural products 2

3.Classification of natural products 3

4.Biosynthesis of natural products 1

5.Biosynthesis of natural products 2

6.Biosynthesis of natural products 3

7.Bioactive natural products 1

8.Bioactive natural products 2

9.Bioactive natural products 3

10.Natural product discovery 1

11.Natural product discovery 2

12.Natural product discovery 3

13.Natural product discovery 4

14.Frontier of natural product based drug discovery 1
15.Frontier of natural product based drug discovery 2

SEHRBO%IZE) & B - TERQ0%IEE) % b & ISFHET 2,
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Evaluated mainly by examination (ca.80%), with partial consideration of class performance (ca.20%).
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Review frequently using textbooks and handouts distributed during lectures.
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Department of Pharmaceutical Sciences (4-year program), Department of Pharmacy (6-year program)
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EXROLIIHERLEYTHY ., EEFRRBZOBERLEYE L COEDFEEITKEFT 2, FERTRELENSD
F. SIOICIEAEOEEFRICEDERBE T 2EEERICOVWT, AEAZNESAN OBREZRD 2, RAME L UEKIL
BMTATIV—ERAWIERI Y-V TIlE By MEAEYN LY — LAY~ DRBERFE2XET 5, RERNAEER
DRFEEFEH &0, AIFEICHE & LD ERNAHE F .5

F140], F15EDFERIE. SGDICL 2T/ T4 77 —=vIEAET S,

Most drugs are organic compounds, and their pharmacological activity depends on the chemical structure of the drug as
an organic compound. In this lecture, students will deepen their understanding of drugs and target molecules, as well as
pharmacological activities based on the interaction between the two, from the viewpoint of organic chemistry. Students
learn to optimize structures of hit compounds for lead compounds by screening libraries of natural products and
synthetic compounds.

Students learn about the fundamental knowledge required for drug discovery.

The 14th and 15th sessions will be in an active learning style through SGD.

RIEOBEZGATED LS ICR S,

ALREEICE DLW TEER LAEFENYFOREEERZ BB TE 2 L5248 5,

- EYHEEARCFRADORATED LS ICH D,

-7 7R AT F T EYFOEFEE, BEEEEBICOWTERL, RATEDS L3128,

ARV GEEROENDFICHT 2EAEEBIC OV TLEEBEEZ b L ICHBATE S L5I10A S,

- Students can explain an overview of drug discovery.

- Students can consider and understand about drug discovery, pharmacophore, biological equivalence, and structure-
activity relationships based on chemical structures.

- Students can explain pharmacokinetics from the viewpoint of organic chemistry.

- Students can illustrate and explain the biological mechanisms based on the structures of drugs and targets.

1. BIEZMEEE (FELEE). ER (E)
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2. BB oER (FELER). EEE)
BEEOBEZFR, K4 RFHMOBELNH > IO CRIEARRST 22 L2 BRI L LIS, INOOEADEM%EHR
B LTAEBEZMEML. AIECFOILUNBLZICET 5,
3. MKEEL LToXE (BHE MEGE)
HMEEICOWTED, FFHEORRTERT 5,
4, bFEECERENEL (ELER). EHEE)
Bt ZOEGNER L L. EMEENSTFOREEROEELZNSE L CYBLEEHNREL 2N,
5. b L EEM2 (fELER). EEER)
EY L ZNATFOEEERICE T 2LEYMO=ZRTEEDEERICOVWTEET %,
6. 2/ EOHFELE (FELEE). EHE)
EOENHTFTHDR NV BOERNLEECHEEZ, AELFZICEOSVWTERT 2, S50, R/ BEOBEN
BRERUEICOVWTER - BT 5,
7. AIEENSTE L CoBR (FELER). EEER)
BN FLR2BR BLUOBRZENE T IEERICOVTOFLANLOEEERICOVTESR,
8. RIFEEZEMHT L L TOZRE (fELEE). EHE)
BN TFLRDIZTRE., BPLURREKEEZNETIEERICOVTHFLARLOBEEERICDO VTR,
9. BIEEZEMNHTL L TCOEREEERZ /78 (H (X))
ERNFERD I T VRR—Z =4 FVF i, BLUOZNLZENETIERRICOVTAFLRILOBEER
I2DWTER,
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1. Drug Discovery Chemistry Thinking Process (Tokuyama, Ueda)
Relationship between chemical structure and function of biomolecules and organic compounds
2. Basics of Drug Discovery Chemistry (Tokuyama, Ueda)
Overview of Drug Discovery
3. Drugs as Intellectual Property (Kazuhiko Miyata: Part-time Lecturer)
Intellectual property rights and the significance of the patent system
4. Chemical Structure and Pharmacological Activity (1) (Tokuyama, Ueda)
Organic and physicochemical principles of drug-target molecule interactions
5. Chemical Structure and Pharmacological Activity (2) (Tokuyama, Ueda)
Importance of 3D structure of compounds in drug-target molecule interactions
6. Organic Chemistry of Proteins (Tokuyama, Ueda)
Basic structure and properties of proteins, and structural flexibility of proteins
7. Enzymes (Tokuyama, Ueda)
Molecular-level interactions between enzymes and drugs
8. Receptors (Tokuyama, Ueda)
Molecular-level interactions between receptors and drugs
9. Membrane Transport Protein (Doi)
Molecular-level interactions between ion channel or transporter and drugs
10. Protein-Protein Interaction, Oligonucleotide Therapeutics (Doi)
Molecular-level interactions of drugs associated with protein-protein interaction and oligonucleotide therapeutics.
11. Organic Chemistry of Pharmacokinetics (Doi)
Explanation of pharmacokinetics based on the chemical structure of drugs, and how structural transformation
improves the pharmacokinetics of drugs
12. Hit and Lead Compounds (Doi)
Natural products in drug discovery, Search for lead compounds using compound libraries
13. Derivatization of Lead Compounds (Doi)
Structural optimization of lead compounds and biological equivalence in the structures of drugs
14. Typical Drug (1) (Doi, Tokuyama, Ueda)
Presentation of drug development
15. Typical Drug (2) (Doi, Tokuyama, Ueda)
Presentation of drug development

SEEERT0%) & FERE0%) IS LV FET 2,

Students are evaluated by examination (70%) and class performance (30%).

EEH H A HhRE ISBN/ISSN ERIER
B FEBE)IE IS BRE
2023 978-4910844084

Satoshi Shuto KYOTO HIROKAWA Textbook

N. K. Dinlap\ D. M. B4R : 978-

Huryn &, R % & L s R

= BR{LFERA BAEERR : 2020 4807909933 e
Garland Science English : 2018 English: 978- Reference

N. Dunlap and D. M. 0815345565

Huryn

T 3L EZRA 2022 978-4759823325 e

Atsushi Kittaka Kagakudojin Reference



and Medicinal
Chemistry 2nd edition

RIEME EXmD

discovery & R HE A= 2012 978-4525730116 e
development
BlEE 2 0 DEHICHAD . -

" SREE NN = 2009 978-4621080559 s
ZomgeHnmns L0 TR ELE & =
wHRIELE ETE &

N C.G. Wermuth 7% & | _ - 1 978-4860260408
%t : s 58
REFRD SMRET F 1y g 77T 2006 F © 978-4860260613 s
215 2 hR)
The Practice of sE=
Medicinal Chemistry, C. G. Wermuth ELSEVIER LIMITED 2011 978-0127444819
second edition Reference

BREZFEL CRECHEDI L, BREH 2 EERICOVWTED B S THEBHICAIEMAROREEARD Z L,
WERRNEE
Read the story of drug discovery development under own investigation
SGD: 14[a], 15[EIC%EHE
Z Dt
SGD: 14th and 15th
F74 A7 7 —& LT, E-maild % W (£ClassroomH HFERFERM % = (7115 %,
+H# E-MAIL: doi_taka@mail.pharm.tohoku.ac.jp TEL: 022-795-6865
&L E-MAIL: tokuyama@mail.pharm.tohoku.ac.jp  TEL: 022-795-6887
#EME E-MAIL: hirofumi.ueda.d8@tohoku.ac.jp TEL: 022-795-6878
fmE
Office hours:Make an appointment in advance via e-mail.
doi_taka@mail.pharm.tohoku.ac.jp (Doi)
tokuyama@mail.pharm.tohoku.ac.jp (Tokuyama)
hirofumi.ueda.d8@tohoku.ac.jp (Ueda)
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The purpose of this course is to learn phase equilibrium, interfaces, electrolyte solutions, and electrochemistry.

WAL EARZRT v TT—NDFER ~> ) —OFRBELEBRETZ L EHIC, R—HEBORVLZBIET 5,
o, REAORKOFHEERT 2, S50, BREFROMELERROEBRE LUZOREE~NOHA, BLICOWT
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This course is designated to help students understand the basics and applications of phase equilibrium, interfaces,
electrolyte solutions, and electrochemistry.

1. &A®1 Solutionl
BN FIHEREEMD LT IAROBEYEERT 5, ARDEEDZMERICOVWTEET 5,

2. %2 Solution 2
WAELBEAZET VS v VOIS EEET 2,
a7AhY :Cl-(2)-@-1

3. A% 3 Solution 3
BREARE 77— LD, FBEAREAV Y —OKAIZIOWTERET 5,
a7AY :Cl-(2)-®-1, C1-(2)-®-2

4. R4 Solution 4
BRFEER—MMEICOWTERL, BEE, BESET, BALR, BLUERRERTOBEHEEZN,
a7AhY : Cl-(2)-®-1

5. REOHNF 1 Interface 1
RERS - RERDOMSAEBRL, ThoDAESES L WAEFELE ZOFHEZRN,
a7Ahy :E5-(1)-G3-1

6. REOEHANF 2 Interface 2
EERR, Bh, RE~NOREZORREERET 5,
a7#Y E5-(1)-G-1

7. FEOHRAF3  Interface 3
YERE CAFREDEV EFHICDOWTERET 5,
a7Ahy E5-(1)-3-1

8. REOHANF 4 Interface 4
REEJREFERNICOVWTCERL, REECPREHAEROEHEZFI,
a7 AhY :Es-(1)-3-1

. BFRERMW 1 Electrolyte solution 1
BROBEEICOWTERT L LIS, BERELHEREDEVEZRI,
a7AhY : Cl-(2)-®-3
10, BREAK2 Electrolyte solution 2
BREARDBEEZAF Y OWELBBEICEOVWTERT 2,
a7AhY :Cl-(2)-®-3

11, BEREAK3  Electrolyte solution 3



AFVEBOWRELAF VREDERE, BLUTNS - Eav T ILOEREZR,
a7#AhYy :Cl-(2)-®-2, C1-(2)-®-4

12, EteEMRIG1 Electrochemistry 1
CEEBOREBL L7 7 77— 0ENER, BETIYEEOHEALEZFESN,
a7AhY : Cl-(2)-D-2

13. EteEMRIS2 Electrochemistry 2
CZEBEERT 2EBEOEBEHOEE & RBICOVWTERT 5,
a7HY :CL-(2-D-2

14, EteBEMRIG3  Electrochemistry 3
LREEBORBHEEEL, HEAERICOVTHESR,
a7AhY : Cl-(2)-D-1

15, EteEMRIG4 Electrochemistry 4
IR POXEEBRET DL LD, pHEV Y —FOBERLCFREEODRELZFR,
a7HVY :Cl-(2-D-2

EHRER (B0%RE) LFER Q0%EE) ICESWTIHET 2.

0% Eafipapes
Students are evaluated on the small tests (20%) and final test (80%).
BREBLUVUSESE
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(1) 108 PW. Atkins 2018 978-4-8079-0908-7 =
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Students are required to prepare and review using handouts and textbook.
Z DAt
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Biochemistry explores the chemical processes that occur within living cells at the molecular level. In this course,

e students will study how proteins are synthesized, how they fold into their functional structures, and how they carry out
their biological roles. With a special emphasis on enzymes, students will investigate reaction kinetics, regulatory
mechanisms, and the molecular interactions that drive enzymatic activity.
2Ry EORE L RREEDBEEE, BRRICOEH, i, REEERICOVWTHRBTEDL L5 1Ch2, £ £FROR
RBERICOWT, ERNAHEECANBBEZHRATE 2, ERRNTHRET R4 G2 NI EDRMEEREZHATE
%, XX BODNE, HWREBITEZHATE S,

Upon completion of this course, students will be able to:
PEOIEFE —Explain the molecular mechanisms of protein synthesis in cellular systems

—Analyze how proteins regulate key biological processes, including: signal transduction pathways, immune system
responses, and metabolic networks

—Apply contemporary techniques for protein analysis and characterization

—Perform fundamental genetic engineering procedures

—Demonstrate proficiency in core biotechnology laboratory methods

RENR - AIECEETE

#5 Introduction

2 EDFESE  Protein diversity

2/ EDIE  Protein structure

RN EDESR Protein synthesis
ZR{E  Receptor

itk Antibody

% (1) Enzyme ()

B% (Il) Enzyme (II)

9. B% () Enzyme (Il

10. B% (IV) Enzyme (IV)

11. 232> (1) Vitamin (l)

12, €3> (II) Vitamin (1)

13, 2>/oEMHE (1) Protein analysis (1)
14, 28R (Il) Protein analysis (I1)
15, &kn{EE Summary of the course

0 ~No O wWwN -

EHHER (80%) cFER (20%) IC&YFHTET 2,

PRIEEFT 777 Evaluation is performed based on class performance including the final (80%) examination and the class performance
(20%).
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In this course, students will understand the structures and functions of proteins involved in biological reactions and

intra-and extra-cellular signal transductions and learn the metabolism of amino acids and nucleotides and the
biosynthesis of bioactive metabolites.

EERIGCERTEICOD DD LRI EOBEEEE, BLUOTI/BEXILFFFORBICOVWTEHATES LSS
8%,

The purpose of this course is to help students explain the structures and functions of proteins involved in biological
reactions and signal transductions and the metabolism of amino acids and nucleotides.

12l Fii ERRISCEREEICET 2ECFOEFZEHICE T 2BRICOVWTERT S,

2BH 2/ BORREREN 2 X BOMRBREHOER LKA ZBRET 2,

3 BH MENBREEL 2 A BIENBEREECH & Z0FIEHEE TET 2HAICOWTERT 2,

4 R MEMBRES FLEY MRABEREZEOKRA L. FLEVICL2EMOREZERY 2,

5 RE MERNOERERE FILEVDBCHLEVZREO R —VF—N"—%8 5 REExkoEiEe Z otz E2R T 3,
6 R MMz @R T &40 F MEMEES. A~ MY v/ e SR EEBRYT 2EEDFICOWTERT 3,
TEH - RE EIFHBOF LD EFI3OEE T IR-T-NBCBER L. BREZRDD,

8E T I/ EBMRH (1) hRTOT I/ BORKRE, A, BRABIZEET 5,
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1058 7 2/ ERER O EEEYE (1) BRRBRISICL 2ERELET IV 0EEREEBET 5,

118 7 I/ BEkoEEEEYE (1) ~LRH. =aF > 7 I FEER. —BILERESREZERT 2,
RHXILFFFRE (1) XOLFFR, URXILAF R THAFSYRX LI F FOEEGHRERET S
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1. Kurata Introduction To understand the biochemical significance in the pharmaceutical sciences related to biological
reactions and signal transduction.

2. Kurata Post-translational protein modifications To understand the mechanisms and functions of post-translational
protein modifications.

3. Kurata Intracellular signal transduction and cancer To understand the mechanisms of intracellular signal transduction
and cancer.

4. Yano Hormone and signaltransduction To understand the communication between cells and tissues via hormones, the
extracellular signaling molecules.



5. Yano Membrane transport To understand the molecular mechanisms of membrane transport, which contribute to
receptor clearance (Endocytosis), hormone secretion (Exocytosis), and protein degradation.

6. Yano Cell-cell contact and cell matrix To learn the molecules essential for cytoskeleton, cell-cell junctions, and
extracellular matrix.

7. Kurata, Yano Summary of the first half of this course To confirm the contents that was handled in the first part of this
course.

8. Wei Amino acid metabolism (I) To understand the role and the use of amino acids in the body and the nitrogen
metabolism of amino acids.

9. Wei Amino acid metabolism (Il) To understand the carbon metabolism of amino acids.

10. Wei Amino-acid-derived bioactive metabolites (I) To understand the biosynthesis of bioactive amines through
decarboxylation.

11. Wei Amino-acid-derived bioactive metabolites (I) To understand the heme metabolism, the nicotinamide
biosynthesis, and the nitric oxide biosynthesis.

12. Wei Nucleotide metabolism () To understand the biosynthesis of nucleotides, ribonucleotides, and
deoxyribonucleotides.

13. Wei Nucleotide metabolism (II) To understand the degradation of nucleotides, ribonucleotides, and
deoxyribonucleotides.

14. Wei Nucleotide metabolism (lI) To understand the role of nucleotides as second messengers and drugs targeting
nucleotide metabolism.

15. Wei Summary of the last half of this course To confirm the contents that was handled in the second part of this
course.

REROELHAREZBDTER (20%), REOHRMTITI FHEEER (40%) B LTLHROELHHR (40%) THMET
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Evaluation is performed based on class performance including the small tests (20%), the midterm (40%) and the final
(40%) examinations.
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Understanding of each themes by textbook and reference book.
Z Dt
e

1BEMOFERBIE. 45KHAOFEELELTINETEL > TERT 2 L2 FELLTVWET, 1BEUOBRICLELLIFEREAOBRIE. [#E -
B ISV TIE 1 5~ 3 0 EICEES SRERBAZE (F8 - B84L) 30~158M, [ER EFRUER] (2L TIE3 0~4 5 KHEOE
EBLUBRERMAFE (FB - BBLY) 15~0BHMTY,



HBE% KIEF ]

WRFAR - FH EFRHE

MEXD BB

EARZ— 3EARR—

ZR - @k TREIR, SRR

B 28I

BLEHKE LR . BN AT

R - RERIRE

BEFANUS YAL-PHA251)
EREE HAEE

AT 4 TRERE

TERENE @)

EBR(F, EYEEROBERERRT 22MTH 2, EOEBEZERT 5701018, EROHEALCHINFKET 2H
FEMZZEDVRBETHY ., ZOLIZI> TR ED TRBDERICE T DEOERAEFIERIND, EYOIERKT 22
LTV oIciE, MEADOBREENEDER L, MIENOBERTERBOBRRIDEATSHD, FEEXETREYDOIER
HBRZERT 5 L TCOERNFREFV, & 0ICEANLHRMEREYE L MRENBERTERBOERZEL T, £Y

BEORW - MERVER 5

R Pharmacology is a discipline which explores an interaction between drugs and a human body. To better understand the
action of clinically available drugs, students need to acquire abundant knowledge about not only the machinery of human
body but also the mechanism of disease development. In human body, many chemical transmitter and intracellular
signaling molecules work to keep the body healthy. In this course, students first acquire the elementary knowledge to
understand the action of drugs. Students also understand the clinical application and effectiveness of drugs and identify
a clinical issue through the understanding the extracellular chemical transmitter and intracellular signal transduction.

EYREOERE R IMBELVZOERFICOWTERT 2, 7o, EANGHEMERIENE L MIENIERIZERE
BT DHIENTE, EVIEFRABBEEZX 22N TE S,

A ) T vic)

FEOERR The purpose of this course is to help students learn the basic knowledge and the point of view of the pharmacotherapy.
Also, students understand the elementary chemical transmitter and intracellular signal transduction and develop the
ability to consider the mechanism of drug action.

EEPAEE | Introduction (1)
SRIBEHLEE || Introduction (2)
MBS MTE : 7TEEEBEZTARI  Cellular signal transduction: seven-pass transmembrane receptor
MR mRmE : —218G X /%2 Cellular signal transduction: heterotrimeric G protein
. MRRBREE  BHTFEGR v/ /MR TFESAE/MIEAZEE
Cellular signal transduction: small G protein/growth factor receptor/intracellular receptor
6. ZAKDOENTE Quantitative analysis of receptors
7. MEBREE: AFYyFrRILBLUEF ¥ XRE—%— Cellular signal transduction: ion channels and transporter
8. KRIEEZH LU HRIHER Chronopharmacology and Midterm Exam
9. 4AEEMWE : £4 I Bioactive substance: vitamin
10, £EEUYE : 7£F/2Y > Bioactive substance: acetylcholine
11, £EEUYE : h7 35 I~ Bioactive substance: catecholamine
12, £EEEYE  £8FEMETF K Bioactive substance: bioactive peptides
13, £EEUYE : 0 b=~ Bioactive substance: serotonin
14, £EEUYE : e 2% /73 /8 Bioactive substance: histamine/amino acid
15, £EEUYE : T4 2%/ 4 F Bioactive substance: eicosanoid
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hEEER (45%). HREER (45%). BLUPER (10%) T 5.

PRAFERIE TS 5 Students are evaluated based on the midterm examination (45%), term-end examination (45%), and class performance
(10%).
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Students can previously download the slide files and prepare the contents with the above textbook.
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ER%ZERY 5,

LAMEHRIEAERR (BEMERLAERBERORYS L UOHREEYE L ZBFRIIOVTEY, Ih o DR ROMEE
ZUIEIEDICBEDL S REDHH I DN EERET 5,)

2EEMREAE (1) RERRICL2MBEEOTI L EYOLBELF V. EYORKICHEZERY 2,)

S HEMEERE (2) EIXBHRRICL ZESEEDRS E BENOFEE 2V, BYORKCHEEERT 2, S50, #
BEICERT2EYICOVWTHERT Z,)

AREMRIERE (FENEHE & AEESHROBEICNT 2EYOZED L IC, BFMEE & REMEHMBEEICOWTE
Y 5,)

5 hiRREAERR (EROEREIHFRER. ADRR. RERICL > THAINATVS, W, ADWRIEPEHR TR
BEIND, EEBFTRYLME - AW - REBEBICOVWTERT 5.)

6. RIBEBRS & USRI FEE (PRERICERT 2 R AERRTF £E L TV 5. KRG PEHEFRED
F % BT B AL RS B.)

TAHRERERE (1) (PREERICETIEEDE - ZRE - (3 Fr 2LOBRED LI, PERBREAREVE
RO AERER 2 B2 5.)

8. HhRMEIEMAE (2) (EHRE - #RE (WHE. TRE) - \IARE - 15 2EIOWTERT 2,)

9. PARMIRIEREE (3) (PIEMAMER - MTANAE - FREMEEREE - JEMEUEBERICOVWTERT 5, £HEYKE
fiE - FEERE - 70— VRTFIE D BERICOWVWTERT 5,)

10.PARMHREFAZE (4) (RERPEREE - HENAKRRERREE (=% VR - FAaL 7y —ICO0WTERY
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1R AR B AERE (MERES (P - BB - <LETHM - AL - BEEL - SRMEEE) - 7LV NI —
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ToRBRES L VBREAEEZERET 5.)

14 ELBRFAE (2) CELEFRLEVICE 2B EREOREIEEEL L L (C. TR - BE - BEERSORE L RREICD
WCERY 5.)
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The purpose of this class is to understand the basis of pharmaceutics including physical pharmaceutics and
pharmacokinetics in a comprehensive manner. This course will also explore the relationship between the drug
formulations and the biological properties of absorption, distribution, metabolism and elimination (ADME). Small test will
be given in each lecture to evaluate the achievement of understandings.

- EROERRIFICE L TEE. BERE BBREEZHATESL LS LS,
CEYPEESRTLICOVWTERATES LS 1Tk B,
B OENBEEFELEZ D ERICOVWTHEATES LIRS,
FEOERR Upon completion of this course, a student should be able to:
-Explain characteristics, production methods, and quality test of drug formulations
-Explain drug delivery system
-Explain the fate of drugs and various factors affecting absorption, distribution, metabolism, and excretion in the body

1 Rk AP © A & RS RS

2 T Y0 EEER

3 FE EHY D SHLERIX

4 FE BEYOELFEE

5 K Y DB

6 FKH YO FFRE - 186 L PEEBHE
7 R BHEM & A HEH

8 M Ef&H]

9 Eh FEFRE

10 H RIRELH

11 Hh EEEF

12 B WA O REEE L WEIHR, REM
13 H BEY ORI & Bk

14 Hep EYpERES R T L1

15 A EYPERIES R T L2

1 Akita Introduction to Pharmaceutics

2 Akita Biomembrane transport

3 Akita Drug absorption

4 Akita Protein binding

5 Akita Tissue distribution

6 Akita Drug metabolism and First pass effect
7 Akita Renal and biliary excretion

8 Tanaka Solid formulation

9 Tanaka Semi-solid formulation

10 Tanaka Liquid formulation

11 Tanaka Sterile formulation

12 Tanaka Quality control, pharmaceutical test, stability
13 Tanaka Solubility and kinetics

14 Tanaka Drug delivery system 1

15 Tanaka Drug delivery system 2

B SHE % TR (10%) RUERABOKE(90%) 1 & - T HENICTHES 2,



Students are evaluated on their points from all the small tests (10%), and the midterm and regular examinations (90%).
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BERMRNZE
Getting basic knowledge on each topic using the text books and references above as a pre-study and Trying several
practice problems as a review
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Organic Chemistry 4 represents the final part of the basic organic chemistry lecture series in the undergraduate program.
Building on the earlier studies, students will learn about (1) chemistry of carbonyl groups, which represents the most
important functional group in organic chemistry (contd from Organic Chemistry 3), (2) chemistry of nitrogen-containing
compounds (amines), which play critical roles in medicinal chemistry, (3) transition metal-mediated C-C bond forming
reactions, which are indispensable tools of modern synthetic chemistry, and (4) pericyclic reactions, which are
outstanding organic reactions involving concerted bond reorganization of unsaturated compounds. Throughout these
topics, students will develop a systematic understanding of the overall framework of organic chemistry, while fostering
their problem-solving skills.
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JGICDWTER, INHZBL T, EREFOLEREERNICERL, AN LHERRENEZES,

Organic Chemistry 4 represents the final part of the basic organic chemistry lecture series in the undergraduate program.
Building on the earlier studies, students will learn about (1) chemistry of carbonyl groups, which represents the most
important functional group in organic chemistry (contd from Organic Chemistry 3), (2) chemistry of nitrogen-containing
compounds (amines), which play critical roles in medicinal chemistry, (3) transition metal-mediated C-C bond forming
reactions, which are indispensable tools of modern synthetic chemistry, and (4) pericyclic reactions, which are
outstanding organic reactions involving concerted bond reorganization of unsaturated compounds. Throughout these
topics, students will develop a systematic understanding of the overall framework of organic chemistry, while fostering
their problem-solving skills.

ARV E ZOFEROME, Kb, BLUOEKICOWTHBETES L5128 5, IS, K7 VILVBBRREICDOWT
L L HICRIGEBZRBTED L5104 5,
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After successfully completing this course, students will be able to:

» Explain the property, reaction, and synthesis of carboxylic acids and their derivatives, with special emphasis on
nucleophilic acyl substitution.

» Explain the mechanism and synthetic utility of enolate-based reactions such as a -functionalization reactions and
condensation reactions.

» Explain the property, reaction, and synthesis of amines.

« Explain the outline of important transition metal-mediated C-C bond forming reactions such as Suzuki-Miyaura
coupling and Mizoroki-Heck reaction.

» Explain the mechanism of electrocyclic reactions, cycloaddition reactions, and sigmatropic rearrangements.
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1. Yoshikai/Kikuchi; Carboxylic Acids and Derivatives (1): Nomenclature, structure, and property of carboxylic acid
derivatives (acid chlorides, anhydrides, esters, and amides)

2. Yoshikai/Kikuchi; Carboxylic Acids and Derivatives (2): Nucleophilic acyl substitution reaction and its application in
the interconversion between carboxylic acid derivatives

3. Yoshikai/Kikuchi; Carboxylic Acids and Derivatives (3): Nucleophilic acyl substitution in various contexts (lipids, soap,
antibiotics, natural/synthetic fibers, biological reactions) and chemistry of nitriles

4. Yoshikai/Kikuchi; Enols and Enolates (1): Keto/enol tautomerism, generation, structure, and reactivity of enolates

5. Yoshikai/Kikuchi; Enols and Enolates (2): Alkylation of enolates and its application in malonic ester synthesis and
acetoacetic ester synthesis

6. Yoshikai/Kikuchi; Carbonyl Condensation (1): Aldol reaction between two carbonyl compounds: Mechanism, inter- and
intramolecular variants, and synthetic applications

7. Yoshikai/Kikuchi; Carbonyl Condensation (2): Ester condensation reactions such as Claisen reaction and Dieckmann
reaction, Michael reaction between enolate and unsaturated carbonyl and its application to Robinson annulation

8. Yoshikai/Kikuchi; Summary of Carbonyl Chemistry: Summary of the chemistry of carbonyl compounds

9. Yoshikai/Kikuchi; Amines (1): Nomenclature, structure, property, and synthesis (by nucleophilic substitution) of
amines

10. Yoshikai/Kikuchi; Amines (2): Synthesis of amines (reduction and reductive amination), reactivity of amines as bases
11. Yoshikai/Kikuchi; Amines (3): Reactions involving amines, such as Hofmann elimination and synthesis and reaction
of diazonium salts

12. Yoshikai/Kikuchi; C-C Bond Formation (1): Organotransition metal-mediated C-C bond forming reactions such as
organocuprate reactions and palladium-catalyzed cross-coupling reactions

13. Yoshikai/Kikuchi; C-C Bond Formation (2): Carbene-mediated C-C bond forming reactions such as cyclopropanation
of alkenes and alkene metathesis

14. Yoshikai/Kikuchi; Pericyclic Reactions (1): Molecular orbitals of (conjugated) alkenes, thermal- and photo-mediated
electrocyclic reactions and their underlying principles.

15. Yoshikai/Kikuchi; Pericyclic Reactions (2): Thermal- and photo-mediated cycloaddition reactions and sigmatropic
rearrangements and their underlying principles
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E-MAIL: naohiko.yoshikai.co@tohoku.ac.jp (F#), jun.kikuchi.e8@tohoku.ac.jp (i)
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Most pharmaceuticals are organic compounds. Therefore, researchers in the field of pharmacy—whether in synthetic or
biological sciences—must have a solid understanding of the structures of small organic molecules and the
physicochemical properties derived from them.

In the first half of this course, students will learn the principles and analytical methods of various instrumental
techniques used for structural determination of organic compounds, including mass spectrometry (MS), infrared
spectroscopy (IR), nuclear magnetic resonance (NMR), and ultraviolet-visible spectroscopy (UV-Vis), through lecture-
based instruction. In the second half, students will be divided into small groups of approximately 40 and engage in
exercises that involve cross-analysis of various spectra to determine organic compound structures. Through these
lectures and exercises, this course aims to develop students’ ability to identify and confirm organic compounds using
instrumental analysis.

MS, IR, NMR, UV-visOERFEBAERE L., INODOT—RICEDWTEDTERILAENOD TEEEHET DL LN TED
£k B,

Students understand the fundamental principles of MS, IR, NMR, and UV-Vis spectroscopy and develop the ability to
determine the molecular structures of small organic compounds based on their spectral data.
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4 FEEG) 4 - AL KL
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5 3% (5) : NMR9¥%(1)
SIS (NMR) 2XEICE I 2EAWL, bRV 7 b, BLBT T FILOBDREDRARY FILERITOEEZ PR,
6 3% (6) : NMRHJEH(2)
IHNMRZRZ fILIZHE T B T FILDORHEEL VA Yy 7Y Y TERIZOVWTREY, ART VBT O EE DS,
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1 Lecture 1: Mass Spectrometry

Students learn about mass spectrometry techniques used to determine the molecular weight, molecular formula, and
partial structures of organic compounds.

2 Lecture 2: Infrared Spectroscopy (1)

Students study the principles of infrared (IR) spectroscopy, which is used to identify functional groups in organic
compounds.

3 Lecture 3: Infrared Spectroscopy (2)

Students Learn about characteristic IR spectra observed for different functional groups.

4 Lecture 4: Ultraviolet-Visible (UV-Vis) Spectroscopy

Students study UV-Vis spectroscopy as a tool for analyzing organic compounds with conjugated structures.

5 Lecture 5: NMR Spectroscopy (1)

Students learn the fundamentals of nuclear magnetic resonance (NMR) spectroscopy, including shielding effects,
chemical shifts, and signal integration.

6 Lecture 6: NMR Spectroscopy (2)

Students study signal splitting and coupling constants in *H NMR spectroscopy and learn methods for spectral analysis.
7 Lecture 7: NMR Spectroscopy (3)

Students explore advanced NMR techniques, including **C NMR and two-dimensional (2D) NMR spectroscopy.

8 Lecture Summary and Midterm Exam

Students review the principles of mass spectrometry, IR spectroscopy, NMR spectroscopy, and UV-Vis spectroscopy,
along with their applications in organic structure determination.

9 General Exercise Overview

Students gain an understanding of how to combine mass spectrometry, IR spectroscopy, NMR spectroscopy, and UV-Vis
spectroscopy for organic structure analysis.

10 Exercise 1: Structural Analysis of Aliphatic Compounds

Students practice determining the structures of aliphatic compounds using mass spectrometry, IR spectroscopy, and
NMR spectroscopy.

11 Exercise 2: Structural Analysis of Aromatic Compounds

Students learn methods for determining the structures of aromatic compounds using mass spectrometry, IR
spectroscopy, and NMR spectroscopy.

12 Exercise 3: Structural Analysis of Alcohols and Phenols

Students apply mass spectrometry, IR spectroscopy, and NMR spectroscopy to determine the structures of alcohols and
phenols.

13 Exercise 4: Structural Analysis of Aldehydes and Ketones

Students learn to determine the structures of aldehydes and ketones using mass spectrometry, IR spectroscopy, and
NMR spectroscopy.

14 Exercise 5: Structural Analysis of Carboxylic Acids and Their Derivatives

Students practice structural determination of carboxylic acids and their derivatives using mass spectrometry, IR
spectroscopy, and NMR spectroscopy.

15 Exercise 6: Structural Analysis of Amines

Students learn methods for determining the structures of amines using mass spectrometry, IR spectroscopy, and NMR
spectroscopy.

FEB L OERRER 70%). BLOFER (30%) THET 5,

Evaluation will be based on the midterm and final examinations (70%) and class performance (30%).

EEHA H kAt HARE ISBN/ISSN ERHER
J. G. Smith 2, L& - - _ S
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First Half: Students should read the relevant sections of the textbook before each lecture. Additionally, they should solve

the textbook exercises as a review to reinforce their understanding.
Second Half: Students must complete the assigned exercises in advance and submit their answers via Google
Classroom. After the exercises, they should review the material to deepen their understanding.
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The purpose of this course is to learn polymeric biomaterials containing polymeric aggregates and micelles, colloids,
hydrogels, thin films, liposomes, emulsions, microspheres and microcapsules, rheology, and powders.

104 FCEAFMROFHEE TN O Z2AVWDFERE. N FETLVOMA, FEOSFROFEAEL ZORH. B
FUINODEE - WEPADOSHEEICOVWTERREBE &b ICRTOMRE M ZERET 2,

This course is designated to help students understand the basics and applications of colloid biomaterials, polymer
biomaterials for pharmaceutical sciences and engineering.

1. BERDE AT Thermodynamics of condensed system
FERE BT 2-OICRBLRIANFITOVWTHGRT 5,
a7AhY :Cl1-(2)-@-2,5,6,7 C1-(2)-®-2

2. DBk an4 K1 Dispersed system and Colloids (1)
HERELTOIBA FMROBEGKG & Z DR, Y4 XL, BLORAMBE L TCOEERICOWTERET 2,
a7AY E5-(1)-®-2 E5-(1)-@-2 E5-(1)-@-3

3. HERE 304 K2 Dispersed system and Colloids (2)
A0 FMBEORENEEHDBERERICOVWTERT 2,
a7AhY 1 E5-(1)-3®-3 E5-(1)-®-3

4. SREEMAIL Detergents 1
BRERAEEUEFOCEEEORHME ABRPICE T 2YELCZHOUEICOVWTERT 5,
aA7AY 1 E5-(1)-®-1 E5-(1)-3-4

5. RESEEHF2 Detergents 2
REEUFIODFESE (2tL) EREZORNES L UREMEE L TOFBICOWTERT S,
a7AhY 1 E5-(1)-3-4

6. /x4 FA4 Ll Polymers and hydrogels 1
B FMROERAES L CFIEICDOWLTES,
a7AY :E5-(1)-O-2

7. N4 Fa4 L2 Polymers and hydrogels 2
ENTFMREERL L1241 FETFLOBHICOWLWTERES,
a7AhY :E5-(1)-0-2

8. /N4 FA#4 L3 Polymers and hydrogels 3
N FRFILOEFMELE L TORBIZDOWTHRS,
a7AY 1 E5-(1)-D-2

9., LFAAaY—1 Rheology1
YIE O ENRIREEIE 2 & N FRFIEIC D WL TES,
a7AhY 1 E5-(1)-@-1

10. L4#B8Y—2 Rheology 2

LA B Y —DREADEAICOWVTES,
a7 AV :E5-(1)-@-1



11. ¥k Powders
WERDOFAR EKED T, ZTNoOFHEAE, B ELURAAOFBIZOVTES,
a7FAY L E5-(1)-O-1

12, HFEEL Thinfilms 1
HAOFECIHFRORNSE BESL0HOBY, ZoMBICOVWTERYT S,
a7Ahy E5-(1)-3-1

13, #F#EEKE2 Thin films 2
SvyIa7— 7Ry bME BESLIUYEOEBYE, TOFMBICOWTERT S,
a7 AV E5-(1)-G-1

14, YRy —L+-IT<)¥a>r Liposomesand emulsions
VRY —LBLUPTVLY a v 0REAE BES LY, HAANOHBALEICOVWTERT 5,
a7HhY L E5-(1)-3-2

15, 2s0A7+1L- 220X 7x7 Microsphere and microcapsule
I/OATELBLPIIORT 2 TOREAE, BESLOEY, RE~OFAREICOVWTERET S,
a7 AHY :E5-(1)-3-2

EHAAER (BO%TEE) LFESR (Q0%RE) ICESVWTHHET 5,

FHERTAT A R
Students are evaluated on the small tests (20%) and final test (80%).
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Students are required to read the textbook for the next class.
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Analytical chemistry in pharmaceutical sciences is an essential basic science in drug discovery and ADME researches
(pharmacokinetics and pharmacology for "absorption, distribution, metabolism, and excretion). This course covers the
basic knowledge and applications of spectroscopy, chromatography, and mass spectrometry. The aim is to help students
understand basic instrumental analyses. Qualitative analyses and purity tests for organic/inorganic compounds in
Japanese Pharmacopoeia, 17th Ed. (JP17) are also introduced.

HHNA BRI EDE R, BARERORBLZHAL., EEDTOBRT~DIGEBICOVWTEHBETE S, FE/AY ST 7
1 —DEFE, ZTNZNORHME DS, BULON2RERMNBREEZMBATES L LD, JATMZ 74 —2AWVT
RENBCEYE LGB - DI TED, £/2. BAERHTHERRORRAR. MEARL L TALVLNIEBEREKE
R, EETFERSETZEL, TORBEHRBETES, S50, BENTEOBE, 1+ b, €—JD@EE, XRJ b
DFHERATE, AR MLERITTE 5,

Better understanding of ultraviolet-visible spectroscopy, fluorescence spectroscopy, chromatography, and mass
spectrometry to make it possible to explain each theory, to interpret the spectra/data, and to apply to use practically.
Better understanding of each confirmatory test and purity test in Japanese Pharmacopoeia (JP) to make it possible to
explain.

EMEAOITEER  Introduction: qualitative analysis of drugs
. BAEIERLERIEE  Ultraviolet-visible spectroscopy

S EE  Fluorescence spectroscopy

JBax b7 4 —0OERE | Basics of chromatography |
JA~X I 774 —OEREI  Basics of chromatography Il
A~ I Z7 74 —0OEREEI Basics of chromatography |l
Ja% T 74 —DEREIV  Basics of chromatography IV
AT T 74 —DEREV Basics of chromatography V

9. HHRESRHFER | Validation test for organic compounds |
10, At resRaER 1| Validation test for organic compounds Il
11, AtresRstE Il Validation test for organic compounds |l
12, E%AF > 0EMSRE  Qualitative inorganic analysis

13. BE/NMiE| Basics of mass spectrometry |

14, BE/HHEI Basics of mass spectrometry 11

15, BEHMEI Basics of mass spectrometry 11l

00 ~NO O WN -

ERHABREEICTHET 2 (100%),

Based on the written exam
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In this course, students systematically learn the fundamentals of radiation and radiopharmaceuticals as they relate to
radiolabeled drugs used in life science research, drug discovery research, and medical diagnostics. Students will learn
basic knowledge of the fundamental properties of radiation, measurement methods, applications to radiolabeled drugs,
types and uses of radiopharmaceuticals, biological effects of radiation, and radiation safety. Students will also learn the
fundamentals of nuclear medicine diagnostic procedures and internal radiation therapy using radiopharmaceuticals.

BEREDAEZERE L. BEROBREEFH. 2 L THELOBEEFRICOVWTERY 5, RAROMNERE & MESEIC
DWTRCEREY 5, MEMREDER. 8. BiEE BEHEICOVWTERT 5, EHRIPEHRCRIZERTICE T 2 K5
HEYD P L —Y—& LTORBEICOVWTERY 5, REEEEROENEF £ EET 2, BEHRICL2EYPNTED
ANZZXLIZOWTEREIRD, RETIRME & OREZERET 2,

To understand the nature of radioactivity and the types and characteristics of radiation and their interaction with
materials. To understand the principles and methods of radiation measurement in depth. Understand the types,
characteristics, production methods, and labeling methods of radionuclides. To understand the use of
radiopharmaceuticals as tracers in life science and drug discovery research. To understand the mechanism of medicinal
use of radiopharmaceuticals. To understand the mechanisms of biological effects of radiation and its relation to radiation
protection.

. BT ErETEE  Atomic nucleus and radioactivity

. EHR &8 & DEEMER() Interaction between radiation and materials (1)
. EHR &8 & DEEMERD  Interaction between radiation and materials (I1)
EHRBIEE() Measurement of radiation (1)

. EHERIE ) Measurement of radiation (11)

. REERIE 0BG L iZH#ik S Production of radionuclides and radiolabeled compounds

. BEMHEERSR() Radiopharmaceuticals (1)

. ETHEEZES () Radiopharmaceuticals (11)

9. METMHEEZESUI) Radiopharmaceuticals (I11)

10, MEMEZERIV) Radiopharmaceuticals (IV)

11, HMEMYEOEPHEGA~DIGHE) The applicability to the pharmaceutical territory of the radioactive materials (1)
12, BmEHEpEoRZEHEA~DEAI)  The applicability to the pharmaceutical territory of the radioactive materials (I1)
13, WEROER~DFE() The effect of the radiation on human body (1)

14, BMEROEER~DFEZ() The effect of the radiation on human body (11)

15, MERops#EEL EE  Radiation protection and safety control

00 ~NOoO O wWwN

ERABROMME (100%) IC& VEHET 3,

Students are evaluated on a written examination (100%).
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Preparation and review using textbooks and handouts.
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This course provides students with basic knowledge of intermolecular interactions forming structures of biomolecules
and the principles and concepts of a variety of spectroscopic methods for measuring biomolecular structures. The
spectroscopic methods treated are X-ray diffraction, UV-Vis absorption, fluorescence, circular dichroism, IR, Raman,
NMR, and ESR. Students are recommended to have finished "Physical Chemistry 1" and "Chemistry-A" before taking this
course.

- A FEEEERICEYT 2 EANAFHEBELR L OBRZRATE S,
cBABDIEDRBIIONT, REMEOHREFROBRNCEEL, HATE S,

- BA B IEORFHE RN, PFBEICOVWTEDL I BIFRIEONDIHZHBTE S,
L BNEE RN EORBROBERITICICAT 2752 BENICHRATE 5,

This course is designed to help students explain (i) the basic properties of intermolecular interactions and their
relationships with the formation of biomolecular structures, (ii) the principles of a variety of spectroscopic methods from
the point of view of light-matter interactions, (jii) the structural information obtained from each spectroscopic method,
and (iv) the application of spectroscopic methods to analyze structures of biological and functional molecules.

1. RN AERINS I UV-Vis Absorption Spectroscopy |

KoWE, MELKR (BEER) & OBEERAZAVEBERTORE. Lambert-Beerfll, Ry <ot

Properties of Light, Concepts of Structural Analysis Using Interactions of Molecules with Light (Electromagnetic Wave),
Lambert-Beer Law, Boltzmann Distribution

2. BATTEIRINSF UV-Vis Absorption Spectroscopy I
LATRRINDBHENEFE— X >~ b, Franck-CondonEF, ZiRA
Transition Dipole Moment, Franck-Condon Factor, Selection Rules

3. EATRRUND N - EHHHI  UV-Vis Absorption Spectroscopy I, Fluorescence Spectroscopy |
BATERINR T bV EBWR /80 E - ZEOEEMF. Jablonski diagram
Structural Analysis of Proteins and Nucleic Acids Using UV-Vis Absorption, Jablonski diagram

4, @S HKIL Fluorescence Spectroscopy Il
HtEFa, HAEFIE, BHE LOCBEFENRETH
Fluorescence Lifetime, Fluorescence Quantum Yield, Radiative and Non-Radiative Rate Constants

5. @HHHEI Fluorescence Spectroscopy Il
HAEDTF - EHX VSV EOEGRZEADIGH
Application of Fluorescent Molecules and Proteins to Biological Science

6. ¥REH K| Vibrational Spectroscopy |
DFIRB O T3V F — L ERBNBIHBUCE Y 2 RN

Basic Concepts of Energy Levels and Wave Functions of Molecular Vibrations

7. ¥=EDFI Vibrational Spectroscopy |
FRANRINE 7~V EEL OB & IS F
Principles and Applications of IR and Raman Spectroscopy

8. s - AR =& Midterm Examination, Circular Dichroism
TEXSE - ARAZEEZ AW EEDFOBIEMR

Optical Rotatory Dispersion, Structural Analysis of Biomolecules Using Circular Dichroism



9. XigfE RS/l X-Ray Crystallography |

ERBEDHEE. I 78 77 v /0K XIREIH/ X — I & B iEREERTOER

Classification of Crystal Structures, Miller Indices, Bragg's Law, Fundamentals of Crystal Structure Analysis Using X-Ray
Diffraction Pattern

10. XipfFESREERRNT  X-Ray Crystallography Il
MRS L CEERXIRET O G

Application of Powder and Single Crystal X-Ray Diffraction, Structure and Properties of Inorganic Compounds

SRl NMR I
?@%E%éﬁ;txey\&@xayuﬁﬂtéﬁﬁﬂ@%%—xyh\ﬁﬁﬁﬁ,m$97h
Magnetic Moments Arising from Electron Orbital Motion, Electron Spin, and Nuclear Spin, Shielding Constant, Chemical
Shift

12, BKHABI NMRI
REY - REVEEIHEINMRY T HLORH, B —N—NIHF—HhRODAD=Z L
Splitting of NMR Peaks Arising from Spin-Spin Coupling, Mechanism of Nuclear Overhauser Effect

1 3. BEESEEREIL NMR I, ESR
NMRIC & 2 £ 49 F OEERNT, ESROKRELIGA
Investigation of Biomolecular Structures Using NMR, Basic Concepts of ESR

HFHEMEELEA!  Intermolecular Interactions |
ﬂX’ﬁi%{— AV b AFUEE. DFOBE, FENBFE—X Vb
Permanent Dipole Moment, lonic Bond, Molecular Polarizability, Induced Dipole Moment

SFHEMEELEAI  Intermolecular Interactions Il
7k§‘f:. A. Van der WaalstEE{ER. Lennard-Jones’ K7 > ¥ v /b, BUKMBEEIER
Hydrogen Bond, Van der Waals Interaction, Lennard-Jones Potential, Hydrophobic Interaction

HREEER (~30%) &EHHR (~60%) O#E. BEOI=FTX b (~10%) TIHHET %,

PRAERFIE T3 5 Students are evaluated on their points from the midterm examination (~30%), the term examination (~60%), and mini
tests (~10%).
BREBLUVSESE
4 EE4 H kAt HARE ISBN/ISSN ERER|
1bF - £HRIFERD® | R, ChangZ®, HE2HEA s P
DY 3R RR{LZERA 2003 S5EE
EEDFHHFEAM BB - EBH X HI7HAR 1992 SEE
EFAZFL /N EE—BB HE 1990 e
. - . D. A. McQuarrie, J.D.
(AN N
PRIUFZDTEOT T Simonz, FESE M | ERIZREA 2000 5%
A—F (k) (F) R
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Biochemistry is a molecular understanding of chemical processes in cells. In this class, This course explores how cells
synthesize and break down carbohydrates and other biomolecules within their various organelles. Students will discover
how these metabolic pathways interconnect and how these molecular interactions ultimately shape organism function

and survival.
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Upon completion of this course, students will be able to:

—Compare and contrast intermediary metabolic pathways in plant and animal systems
—Explain the molecular mechanisms by which organisms extract energy from nutrients
—Analyze the interconnections between different metabolic pathways in living systems

—Evaluate how metabolic disruptions contribute to the development of diseases
—Apply knowledge of metabolic processes to understand pathological conditions

1 R#OEE~E1L & Bt~ Overview of metabolism — catabolism and anabolism
2 f@#E (1) Glycolysis (1)

3#ME (1) Glycolysis (1)

4 o T VY A 2 L Citric acid cycle

5 EF=ES Electron transport chain

6 B1LH9 Y ~ 1L Oxidative phosphorylation

770 a—47 v RE L ERBORIFEE Glycogen metabolism and pentose phosphate pathway

8 TxILF—HK#H (I) Energy metabolism (1)

9 TxILF—HK#H (1) Energy metabolism (Il)
10 A& AL Photosynthesis

11 RSB Fatty acid metabolism

12 3L 27 0 — /L Cholesterol metabolism
13 YR& >/ & Lipoprotein

14 #4EEI4EAEE Bioactive lipid

15 2{kD1EE Summary of the course

EHEER (80%) &TFER (20%) & VEHET 2,

BEATEDRLSICHD,

Evaluation is performed based on class performance including the final (80%) examination and the class performance

(20%).
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Pharmacology is summarized in the interactions between medicines and biological functions. Students lean the clinical
application, therapeutic and side effects of medicines through those biological actions. Pharmacology 3 focuses on
medicines and its clinical application acting on cardiovascular system, kidney, urinary, genital organs. Pharmacology 3
also focused on therapeutics for metabolic diseases and cancer.
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Students understand the molecular basis in drug actions of therapeutics. In addition, students deepen their
understanding of the pharmacological mechanisms underlying the main and side effects of medicines.

. EERSERELH
. BEEBERE (1)
. ERBIERE (2)

Introduction of cardiovascular pharmacology
Cardiovascular therapeutics (1)

Cardiovascular therapeutics (2)

. {EERR1EREE (3) Cardiovascular therapeutics (3)

TEER2{EAE (4) Cardiovascular therapeutics (4)

. DVERIEEE - BNIEZEIREEER  Coronary and cerebral thrombosis therapeutics
PRI S L OBE/EAZE  Mid-term examination, and renal therapeutics
JERZSVEFZER  Urinary organ therapeutics

9. 4TERRERZE Genital organ therapeutics

10, RBMEBARERE (1) Metabolic disease therapeutics (1)

11, RBMEBREE (2) Metabolic disease therapeutics (2)

12. 5 - IBRLAEEE  Eye and skin disease therapeutics

13. fin'AZ (1) Anticancer therapeutics (1)

14, fintAZE (2) Anticancer therapeutics (2)

15, = Drug-induced suffering
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hEEER (45%). EEIHER (45%). FE= (10%) TFHiT 5,

Mid-term examination (45%), examination (45%), class performance (10%) and so on.
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BERRANEE
Students are required to prepare knowledge of target organs for drugs and pathology related to content of the class
using internet and books.
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Health Chemistry is the research field to understand the essential nutrients for human and to find the method by which
protect human from various types of stress including environmental stress, chemicals, and drugs, leading to maintenance
and increase of human health and prevention of human diseases. Therefore, the important theme is changed by the
needs of the times. In this course, students can especially deepen their understanding of digestion and absorption of
nutrients, energy metabolism, relationship between essential nutrients and human health, dynamics of nutrients and
chemicals in internal body, toxicity of chemicals, safety evaluation method of chemicals.

1. RIB. LEYWE, EPLEERRETE X L RITOWTERT 2,
2. REROEL - RRC IR KRB, DARBREBRISOVTERT 5,
3. LEMEOFABE, Eit. R2EFmERHICOVWTERT 5,

1. Understanding of various types of stress caused by environment, chemicals, drugs, and so on.

2. Understanding of digestion and absorption of nutrients, energy metabolism, relationship between essential nutrients
and human health.

3. Understanding of dynamics of nutrients and chemicals in internal body, toxicity and safety evaluation method of
chemicals.

REROBL - TR (1) ZRREBERTHIEE - BE - 20 BITOWTEET B, D1-(3)-@-1,23

1.
2. RBEZROHEL -RIX (2) REZOHE - RINOEHEARICOWTERET 3, D1-(3)-®-1,2,3

3. RBEZOKNER REFZWEFEDLSICLTHERTERSNZ O, #HE - 58 - 2/ EOEFERERICOVWTE
e

D1-(3)-@-1,2,3
4, RBEZOFTE - A - BELHE  ZARBROFELAM. BEZHR, TRLF-RHFICOVTREYR,  D1-(3)-
®-1,2,3
5. 23V (1) ZAREZLAORBERELT, KBEERZIVIZOVWTEET S, DI-3)-®-1,23  C6-(2)-
®-1
6. £x3I>v (2) ZRREZFUNDORBRE LT, BAEERZIVIIOVLWTEET S, D1-3)-D-1,2,3 C6-(2)-
®-1
7. IxTL  EZE-WMEIXINIOVWTEET S, D1-(3)-®-1,2,3  C6-(2)-@-1
8. B - IERBEZE AP L UBYEHUNOERERICOVWTEET S, DI-(3)-0-4

9. REBLEBE-HF (1) REZOBAEPIILF-—RKRBLEFKLEOBEDLY ., BYENELECRLEE - BFEBOEL
ICOWTERT 5,  D1-(3)-0-56,7,8
10, RELERE - TR (2) BEISE - REFHEBRAD - RELOEHLY 2B L, BRERERVCEERERERIC

DUVTER, D1-(3)-®»-5,6,7,8

11, tEHEORE  CEVECEYORFICOVLTEREZIED B, D2-(1)-@-1

12, t2WE0OEME (1) (CEYECEYPOSHEICL > THEEINDE, RAPADAHAZILIZOWTERT S,  C6-
(N-@-1 C6-(M-®-1,2 D2-(1)-®-1,2,3

13, tEHEOHME (2) CEMECEYDOEEICL > THEEIND, BREZTOXH =X LICDOWTERT S,
D2-(1)-®-2,3,4  E1-(4)-1,2,3

14, bEHEOHHE (3) b bORBBRICEEERIZTTEE - BEMECASB, CEUEPEREICOVWTERL, F
B ZONE, EYMELAICDOWVWTER, D2-(1)-®-3,4,5,6,7

15, {b2WE O LR tEYEOLRLMTM, BLCRHEELERZRICOVWTEET %,
®@-1,2,3,4,5

D2-(1)-

1. Digestion and absorption of nutrients (1)
and proteins. D1-(3)-®-1,2,3

2. Digestion and absorption of nutrients (2)
nutrients. D1-(3)-™-1,2,3

3. Delivery systems of nutrients

Students learn the three major nutrients such as carbohydrates, lipids,
Students understand the mechanisms of digestion and absorption of

Understanding of delivery systems of the three major nutrients. D1-(3)-®-1,2,3
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4 . Storage, utilization, and interconversion of nutrients Understanding of storage, utilization, and interconversion of

the three major nutrients, and energy metabolism. D1-(3)-®-1,2,3

5. Vitamins (1) Students learn water-soluble vitamins as important nutrients except for the three major nutrients.

D1-(3)-@-1,2,3  C6-(2)-®-1

6. Vitamins (2) Students learn fat-soluble vitamins as important nutrients except for the three major nutrients.

D1-(3)-®-1,2,3 C6-(2)-®-1

7. Minerals Students learn minerals required in trace or large amounts. D1-(3)-®-1,2,3 C6-(2)-@-1

8. Dietary fibers and non-nutrients Students learn dietary fibers and non-nutrients. D1-(3)-D-4

9. Effect of nutrients on human health and diseases (1) Students understand the relationship of human diseases

with deficiency and excess of nutrients or energy metabolism, and the change of dietary reference intakes, dietary life,

and dietary habits. D1-(3)-»-5,6,7,8

1 0. Effect of nutrients on human health and diseases (2) Students understand the relationship of food ingredient

and nutrients with increase of human health and prevention of human diseases, and learn health food and food for

specified health uses. D1-(3)-®-5,6,7,8

1 1. Metabolism of chemicals Students deepen their understanding of metabolism of chemicals and drugs. D2-

(D-@-1

1 2. Toxicity of chemicals (1) Understanding of the mechanisms of carcinogenesis induced by chemicals and drugs.
C6-(7)-@-1 C6-(7)-®-1,2 D2-(1)-®-1,2,3

1 3. Toxicity of chemicals (2) Understanding of the mechanisms of tissue damages induced by chemicals and

drugs. D2-(1)-®-2,3,4 E1-(4)-1,2,3

1 4. Toxicity of chemicals (3) Students understand the effect of endocrine disruptors and inorganic or organic

substance on human health, and learn their toxicity, methods of detoxification, and drug abuse. D2-(1)--3,4,5,6,7

1 5. Safety evaluation and restriction of chemicals Understanding of safety evaluation, restriction, and toxicity

testing methods of chemicals. D2-(1)-@-1,2,3,4,5

FRHBR (75%) L FER (256%) =EICFHET %,
Students are evaluated on the final examination (75%) and the class performance (25%).
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The purpose of this course is to apply the physical pharmacy and basic pharmacokinetics given by Pharmaceutics 1 for
the design of dosage regimen in human. This course will help students understand pharmacokinetic models, moment
analysis, mechanisms and kinetics of drug-drug interaction, various factors affecting pathological changes in
pharmacokinetics and individual differences, and therapeutic drug monitoring (TDM). Small test will be given in each
lecture to evaluate the achievement of understandings.

caAVAS— XY MNEREEBRL, RMPATEDLILSICHD,

CEYEEREERE LANEBELZER L. EYMEEFREEZHATESLLSICHS,
cRERFAOREBEERL, RERFTOERETASL5I1CH 5,

s TDMRUE—=X Y MEWTICOWTEHATE S L5 ICA S,

Upon completion of this class, a student should be able to:

-Explain the concept of pharmacokinetic models such as one-compartment model and physiologically based
pharmacokinetic model

-Explain the mechanisms and kinetics of drug-drug interactions

-Explain the principle of clinical dosage regimen and apply for selecting a route of drug administration and determining
the dose and frequency of administration.

-Explain moment analysis and therapeutic drug monitoring (TDM)

22 23— K @ kwl5cnj

1RKE 2> /8— b X > NBROBER & B
2FE AV /= b XY FEROGH

3 HH EYZESERETER(L)

4 ThH BT S HRETER2)
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11 A FERFRE R

12 B ANEREOEHER

13MEAB ARV v LR 2L —Y 3y

14 FRE EYWEEFROEER SR (1)
15 FRE YR EER OEER L iR (2)

1 Akita Compartment models-1

2 Akita Compartment models-2

3 Akita Design of dosage regimen-1

4 Akita Design of dosage regimen-2

5 Akita Moment analysis

6 Tanaka Population pharmacokinetics
7 Tanaka Practice: PK models-1

8 Akita Tanaka Practice: PK models-2
9 Akita Physiologically based pharmaco- kinetic models
10 Akita Clearance theory

11 Akita Nonlinear pharmacokinetics



12 Tanaka Pathological changes and inter-individual differences
13 Tanaka Special population

14 Akita Drug-drug interaction-1

15 Akita Drug-drug interaction-2

BB (10%) RUELABROMIE(0%) 1 5. FAKNICFHET 5.

FiCHE ATl 75 7%
Students are evaluated on their points from all the small tests (10%), and the midterm and regular examinations (90%).
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Getting basic knowledge on each topic using the text book and references above as a pre-study and Trying several
practice problems as a review
Z Dt
fwE

1BMOFRERBIE, 45KBHAOFBELELTINETE > THERTZI L2 ZELLTVWET, 1BUOBRICLELLI2ZBREACBERIE. [#E -
B ISV TIE L 5~ 3 0 BEICRES SURERBAZE (F8 - BE8AL) 30~158M, [ER EFRUER] ICO2LWTIE3 0~4 5 KHOE
EBLORERHEANRE (FE - BEBLY) 15~0BHTY,




B4
HRFHR - HE
BERS
EARE—

fEH - Bk
B

BLHE

EH - REAEE
BB Yo
EREE

AT 4 TRERE
FERERE

REOHK - MERUER 77
EE

FEOEERR

RENR - AIECEETE

EFEmLF 1
EFRHE
BiRwE
5EXRH—
RNEE2/R
1EfL

=¥ A RE AKX

YAL-PHA228)

HAEE

O

EERDZ L FERCEYTHY . ZEERIIZOEHREEYE L TOEDEBEIKRET 5, FRFRTRELENS
F. EOICBAEOHEEBICEDSEKR I Z2EBERICOVT, ARILENRRL OBRZRD 2,

Most drugs are organic compounds, and their pharmacological activity depends on the chemical structure of the drug as
an organic compound. In this lecture, students will deepen their understanding of drugs and target molecules, as well as
pharmacological activities based on the interaction between the two, from the viewpoint of organic chemistry.

CRAIEOMEEFATEDLIICAD,
CEFEEICE DLW TEREEEEER - BRTELR LIRS,
- EYBHELBRLCPERD OHRBTEDL L5128,

- Students can provide an overview of drug discovery.
- Students can consider and understand pharmacological activity based on chemical structures.
- Students Students can explain pharmacokinetics from the viewpoint of organic chemistry.

BAIFE &), REHAK (B)., sHME GH)
Yoshiharu Iwabuchi, Shota Nagasawa, Kazuhiko Miyata

1. AIEENBEE (BH - &2 C4-(3)-0-1, C4-(3)-@-1)
Drug Discovery Chemistry Thinking Process
L KHMONEFEDFRER SO FEE L EEDORERE. ALFEE->TFEET 5,
Students will learn the relationship between chemical structure and function of well-known biomolecules and organic
compounds using organic chemistry.

2. AIELFOERE (EH - K2 C4-3)-0-1, C4-(3)-@-1)

Basics of Drug Discovery Chemistry
RIEOBEZZR, KA BFEOBENH > THOTCRIENERRT S L2 BBETILEHIC. TNHLDEDFREREL
L CRIEBRZMEML. BIECFOIHMEZIEIET 2,
Learn the overview of drug discovery. Students will understand that drug discovery is realized through the collaboration
of various disciplines, and will gain a bird's eye view of the drug discovery process and grasp the position of drug
discovery chemistry based on the knowledge of these peripheral disciplines.

3. b L EEEML (BH - B2 1 C4-(3)-@-1, C4-(3)-@-1)
Chemical Structure and Pharmacological Activity (1)
RIEAFORBNERE LT, EYEENSTFOEEEROBER LIS L ODBEFHREZ RN,
Students will learn the organic and physicochemical principles of drug-target molecule interactions as a theoretical
background for drug discovery.

4, {eiEE L EEEM2 (BH - RIE  C4-(3)-O-1, C4-(3)-@-1)
Chemical Structure and Pharmacological Activity (1)
Y EENDFOREERICH T2 LAYD=ZRTBEDEZREICOVWTEET 2,
Students will learn about the importance of the three-dimensional structure of compounds in drug-target molecule
interactions.

5. &2y BEORELSE (EH - KE C4-(1)-0-1,2, C6-(2)-®-1)

Organic Chemistry of Proteins
EOBENDFTHDI A VNV BOEARANZBECHEZ., BRECZICEOVWTERT 2, I0IC. 2/ X\VEDOBENLEE
BMEICOWTER - BfFT 5,
Students will understand the basic structure and properties of proteins, the target molecules of drugs, based on organic
chemistry. In addition, the structural flexibility of proteins will be discussed and understood.

6. EVMEBEOFELSE (B - RiE: C4-3)-0-2)
Organic Chemistry of Pharmacokinetics



TENEERT B,
Furthermore, they will consider how structural transformation can improve the pharmacokinetics of drugs.

7. MFEL LCoE (A : B-(2)-@-1, B-(3)-@-3, E5-(2)-3-1, G-(2)-1,3)
Drugs as Intellectual Property
M EFR L FTHEOBEEL RN,

Students will learn Intellectual property rights and the significance of the patent system

8 HeoweHB (&H - &%)

Summary and Examination

ERER(80%) & FHEm(20%) 1 £ V) FHET .

PRAERFAE % Evaluation is performed comprehensively based on the class performance (20%) and the final examination (80%).
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Z DRI & IR R gy B85, 8T & R & 2008 9784621080559 SEE
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THRD SBEET (K ;ﬁf \é\%m”th BE R sy z9s 2006 9784860260408 BEE

HEXAD) c

REBRNFE HREEZFEL TREICHEDI L, BERE1 >EERICOVWTENES THEEBNICAIEREOREZHARD Z L,
ZDfth

E-mail% % W3 Google Classroomh HHERFER % Z 1T 117 %,

Make an advance appointment via e-mail or other means.
fwE

E-mail: y-iwabuchi@tohoku.ac.jp
E-mail: shota.nagasawa.d8@tohoku.ac.jp

1EMOREMBIE. 45KHOPELZLELETINBTEL > TBRT DI L 2BELLTVET,
EB] 1LV TIE 1 5~ 3 0EICEES SRERENZE (F8 - B84L) 30~158M, [ER EERUER] ICO2LWTIE3 0~4 5 KHOE

EBLURERMANRAE (FB - BBLE) 15~0KHTY,

EYMEBEEEDCEBEICEDSERMCENERL»OFET S, SHI0, BERBICL > TLHIC L TEOBAEIEZ EE

Students will study pharmacokinetics from an organic chemistry perspective based on the chemical structure of drugs.

1 BEOERICLEE &2 HESHOBRIE, [#E -
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F) 220V T, ZTOHE, All. RIGZEZER, £/, BET 2LV RT Y FEECIPHLORBEZITOVTHER,
BT, EERABICBLVTERZLAREZRLL L 2EREBEELEYIC OV, BE, Ea. RUE. BLU0EK
BRI L L TOBEZFR,

This course complements the chemistry of the limited elements (such as oxygen, nitrogen, and halogens) primarily
covered in previous “Organic Chemistry” courses by focusing on the chemistry of organoheteroatom compounds and
organometallic compounds. In the first half, students will learn about the properties, synthesis, and reactions of
organoheteroatom compounds (such as sulfur, phosphorus, and silicon), which are widely used as components of
bioactive molecules as well as reagents and intermediates for pharmaceutical synthesis. The lecture will also cover the
reaction chemistry of related Bronsted bases and radicals. In the second half, students will explore the structure,
reactivity, and catalytic roles of organotransition metal compounds, which play a crucial role in pharmaceutical synthesis.

cBEATATRECEYOUE. A, BPLURIGHEICOWTHHATES L5 1C% 5,

- TLyRTy FEEOWE, RIBE., BLUCFREICOVWTHBETES L5110k,

- BEREBREREYOERNLEE, Fa. RIS, BLUMEL L ToBMEICO>VWTEHBTEL LI 1Tk,
After successfully completing this course, students will be able to:

« Explain the properties, synthesis, and reactivity of organoheteroatom compounds.

« Explain the properties, reactivity, and applications of Brensted bases.

 Explain the structure, bonding, reactivity, and catalytic applications of organometallic compounds.

FElE BEYEF EE~TOTHELCZER EEATOTELCZOEKEERES 5, C1-(1)-O-1,2,3 C1-(3)-D-5,7 C3-
(3)-@®-1

FE2E BYUBEF RE-~ATATERES RE-1FVEE RKEF-VVREAOUELERT S, C1-(1)-D-1,2,3 C4-
(2)- -1

#£30E EYNEH FEASTVEVOER BEAFTVLEMOEREIIOVWTERT S, C3-(3)-®-1 C4-(2)- D-1
FEamE EYUBEF BERALTVEAEYVORE L BEAFIEYORIBICOWVWTERT S, C3-(3)-0-1 C4-(2)- D-1
#oM BEYEH ABEAFTVEEVORE2 BHEAF 7IEEMORISICOWTERT 5, C3-(3)-6-1 C4-(2)- D-1
#Fom BYEH FESARCEVORE AETAZCEDORIGICOWTERT S, C3-(3)-G-1 C4-(2)- @-1
F70E EYEH JLURTy FMEEORIE 7L YRTy FMEEZRWAERT O b AMLEBEIRIGICOWTERT 3,
C3-(3)-®-1 C4-(2)- ®-1

$£8[E EYEH giFEdoFiHidHiE AEATOTHCFOERLEET S,

FEoE BUEWM, A /v i0 - BREEHFOBELES 1 AUEBERELRZOEEN, BBELEH*OBELFES
%BiET 3, C1-(1)-D-1,2 C1-(3)-D-5,7 C3-(5)-D-1,4,5

FE10@E BYEHEK &K BBELEHAOBELEESG2 BBEE#EFOMELEAEERT S, C1-(1)-D-1,2 C1-(2)-
®-4 C1-(3)-@®-7 C3-(1)-®-5,6

F11E BYER, 48 BEBEE#EOZRG ] BEBEEHEOEEAZRICE ZTOHEEAERT 5, C2-(2)-@-1
C3-(5)-®-4

F£120E EBYER X BBEEHEEORZRRIG2 BBEEHEAOEELZXIGL ZOHEEZERET 5, C2-(2)-@-1
C3-(5)-®-4

F130 BYER X BREEHEEMBELTIEEAN ] BBEEHRGEZME L TIERARRGORE L £6%
BRY 3, C3-(5)-0-4

E14m@ BEYER X BELEHAELME L TI2AEARK?2 BELEHEAZMIE L T2EERARRISORE & E26%
BRY 35, C3-(5)-0-4

#1650 BLEHER X BBSEHEEZMELTI2EHAM3 BRESEMERSO TR & RIGHEE ORI O WTIERRE
33, C1-(3)-®-5,7 C2-(2)-@-1

Term 1. Lecturer: Shigeno. Theme/Contents: Introduction to heteroatom chemistry. Outline of organoheteroatom

chemistry.
Term 2. Lecturer: Shigeno. Theme/Contents: Carbon-heteroatom bond. Nature of carbon-heteroatom bonds.



Term 3. Lecturer: Shigeno. Theme/Contents: Synthesis of organosulfur compounds. Synthesis of organosulfur
compounds.

Term 4. Lecturer: Shigeno. Theme/Contents: Reaction of organosulfur compounds 1. Transformation of organosulfur
compounds.

Term 5. Lecturer: Shigeno. Theme/Contents: Reaction of organosulfur compounds 2. Synthetic reactions using
organosulfur compounds.

Term 6. Lecturer: Shigeno. Theme/Contents: Reaction of organosilicon compounds. Synthetic reactions using
organosilicon compounds.

Term 7. Lecturer: Shigeno. Theme/Contents: Reaction of Bronsted base. Transformation of deprotonative
functionalizations.

Term 8. Lecturer: Shigeno. Theme/Contents: Summary and middle examination. Summary of organoheteroatom
chemistry.

Term 9. Lecturer: Yoshikai, Kanemoto. Theme/Contents: Introduction/structure & bonding 1. Importance of
organotransition metal chemistry/structure and bonding of transition metal complexes.

Term 10. Lecturer: Yoshikai, Kanemoto. Theme/Contents: Structure & bonding 2. Structure and bonding of transition
metal complexes.

Term 11. Lecturer: Yoshikai, Kanemoto. Theme/Contents: Elementary reactions 1. Elementary reactions of transition
metal complexes and their mechanisms.

Term 12. Lecturer: Yoshikai, Kanemoto. Theme/Contents: Elementary reactions 2. Elementary reactions of transition
metal complexes and their mechanisms.

Term 13. Lecturer: Yoshikai, Kanemoto. Theme/Contents: Metal-catalyzed organic reactions 1. Principles and
applications of transition metal-catalyzed organic reactions.

Term 14. Lecturer: Yoshikai, Kanemoto. Theme/Contents: Metal-catalyzed organic reactions 2. Principles and
applications of transition metal-catalyzed organic reactions.

Term 15. Lecturer: Yoshikai, Kanemoto. Theme/Contents: Metal-catalyzed organic reactions 3. Prediction and
mechanistic interpretation of transition metal-catalyzed organic reactions.

5% Rdiipabss RIEER(40%). HAREER(40%). THH(20%)
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RERRNFEE
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(B LREREAZE (FE - BERE) 15~0KMTT,
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EHERNOEYOER, SNEEEHHEICIBIEY 5 2 &3, EEROBNNE L RDMEOHERCENENERNT 2 2 0 -8 EMR
WNCEYOBEFERICBEVWTELDOTEETH D, —H. FEBICEHOERNCT 54V VBPRTF PR EDEGSF
DT, BIERROLB S TEGRPARICEVTCORARE LD, FHETIE, 5 LAEEBNICALWONZ ZESH L
CICBREMTEDREBEE RBEZERT L L 2BNET 5,

Drug analyses for ADME (absorption, distribution, metabolism, and excretion) research are essential to keep the safety
and proper use of drugs. Protein analyses in biomarker discovery are also essential for drug discovery and diagonosis.
This course covers recent practical strategies for advanced separation technologies and highly sensitive analytical
technologies for above purposes.

BRI AR CE DR EHMFRL NICBRARAR TRV O RERN LI ORBAZHACTE, BRICAL ZEFEER O]
B NIV FEWATE S, £/-. BEHNMELZAVIERLFOEEL EMOERZER L. £EDFRT~DICHS
ICOWTEHRATE %,

Better understanding of recent analytical approaches in drug research, basic research, and clinical research to make it
possible to explain practical analytical strategies for biomolecules including handling/clean-up of biological samples,
qualitative/quantitative use of chromatography/mass spectrometry.

SRR Introduction: clinical analytical chemistry  C2-(6)
. ERERoEY L Handling of biological specimens  C2-(6)-@-1
. DT — K2 DIEFEME  Reliable analytical data  C2-(1)-1-2,3; C2-(6)-D-2
Bl FIMIE  Clean-up for biological specimens C2-(6)-D-1
. BERKI A~ 757 4— 1 High performance liquid chromatography |  C2-(5)-®-1,3,5; C2-(6)-D-1
. BERKI B~ 75 74— 11 High performance liquid chromatography Il C2-(5)-1-1,3,5; C2-(6)-®-1
774 =ZT4—Y A< I Z 74— Affinity chromatography C2-(5)-@-1
. BXUKEE | Electrophoresis | C2-(5)-2-1; C2-(6)-2-3
. BRKEEI Electrophoresis Il C2-(5)-@-1
10, BE9¥E | Mass spectrometry | (advanced) C2-(4)-3-1; C2-(5)-D-5; C2-(6)-@-1
11, BE29¥EIl Mass spectrometry |l (advanced) C2-(4)-®)-1; C2-(5)-D-5; C2-(6)-@-1
®-1
-@-1

00 ~NOo s WwWwN

©

12, 2y EERITE | Proteomics | C2-(4)-3)-1; C6-(2)-
13. &Zv/808fEMEI Proteomics Il C2-(4)-3)-1; C6-(2)
14, %&E8EE] Immunoassay | C2-(6)-@-2,3
15, ®&EBEEI Immunoassay Il C2-(6)-@-2,3

SEEAREEICTHET 2 (100%),

Based on the written exam

EE4 H AR iR E ISBN/ISSN BRIER|
BEIE—. FILEE mLE 2010 sEE
Fp F M AF | EILIE 2021 sEE
b F - MK AF EIE 2021 sEE
EEE REE)IEE 2009 sEE
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The purpose of this course is to learn polymeric biomaterials containing polymeric aggregates and micelles, colloids,
hydrogels, thin films, liposomes, emulsions, microspheres and microcapsules, rheology, and powders.

104 FCEAFMROFHEE TN O Z2AVWDFERE. N FETLVOMA, FEOSFROFEAEL ZORH. B
FUINODEE - WEPADOSHEEICOVWTERREBE &b ICRTOMRE M ZERET 2,

This course is designated to help students understand the basics and applications of colloid biomaterials, polymer
biomaterials for pharmaceutical sciences and engineering.

1. BERDE AT Thermodynamics of condensed system
FERE BT 2-OICRBLRIANFITOVWTHGRT 5,
a7AhY :Cl1-(2)-@-2,5,6,7 C1-(2)-®-2

2. DBk an4 K1 Dispersed system and Colloids (1)
HERELTOIBA FMROBEGKG & Z DR, Y4 XL, BLORAMBE L TCOEERICOWTERET 2,
a7AY E5-(1)-®-2 E5-(1)-@-2 E5-(1)-@-3

3. HERE 304 K2 Dispersed system and Colloids (2)
A0 FMBEORENEEHDBERERICOVWTERT 2,
a7AhY 1 E5-(1)-3®-3 E5-(1)-®-3

4. SREEMAIL Detergents 1
BRERAEEUEFOCEEEORHME ABRPICE T 2YELCZHOUEICOVWTERT 5,
aA7AY 1 E5-(1)-®-1 E5-(1)-3-4

5. RESEEHF2 Detergents 2
REEUFIODFESE (2tL) EREZORNES L UREMEE L TOFBICOWTERT S,
a7AhY 1 E5-(1)-3-4

6. /x4 FA4 Ll Polymers and hydrogels 1
B FMROERAES L CFIEICDOWLTES,
a7AY :E5-(1)-O-2

7. N4 Fa4 L2 Polymers and hydrogels 2
ENTFMREERL L1241 FETFLOBHICOWLWTERES,
a7AhY :E5-(1)-0-2

8. /N4 FA#4 L3 Polymers and hydrogels 3
N FRFILOEFMELE L TORBIZDOWTHRS,
a7AY 1 E5-(1)-D-2

9., LFAAaY—1 Rheology1
YIE O ENRIREEIE 2 & N FRFIEIC D WL TES,
a7AhY 1 E5-(1)-@-1

10. L4#B8Y—2 Rheology 2

LA B Y —DREADEAICOWVTES,
a7 AV :E5-(1)-@-1



11. ¥k Powders
WERDFAR ENED T, ZTNoOFHEAE, B ELURAAOFBICOVTES,
a7AY L E5-(1)-O-1

12, HFEEL Thinfilms 1
HAOFECIAFREORNSE BESL0YHOBY, Z0oMBICOVWTERYT S,
a7Ahy E5-(1)-3-1

13, #HF#EKE2 Thin films 2
SvyIa7— 7Ry bME BESLUYEOEBYE, TOMBICOVWTERT S,
a7 AV E5-(1)-G-1

14, YRy —L+-IT<)¥a>r Liposomesand emulsions
VRY —LBLVPTVLY a v 0REAE BES LY, RHA~NOFBALEICOVWTERT 5,
a7HhY L E5-(1)-3-2

15, 2s0A7+1L- 220X 7x7 Microsphere and microcapsule
I/OATELBLPIIORT 2 TOREAE, BESLOEY, RE~OFAREICOVWTERET S,
a7AHY :E5-(1)-3-2

EHAAER (BO%TEE) LFEA (Q0%RE) ICESVWTHHET 5,

FHERTAT A R
Students are evaluated on the small tests (20%) and final test (80%).
BHRELLUSEE
£ EEL H kRt H AR ISBN/ISSN ERER|
N—2y U EPYMES
V—X PELE (B2 | RHEFE LZERA 2018 978-4-7598-1628-0 SZE
&)
S =15 35— N
SAAZTITATAT BT AR R e eemA 2018 978-4-8079-0906-3 28

VR B2

BEH, AR—E

REFEAZE

BEEBSSORERICRGENE 7Y Y FEEZRAVWTTFE - 8821752 &,

Students are required to read the textbook for the next class.
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EBZ2IEKICBLIITENOEE, T ALLERBEREMEL. BXRENONE2FERT 22HTH S, 7. KB
BAEREICEFOBEEMRT 2FZHTHLH D, KFERTIE, BEYWAEEZEZ S L TCARAURLBEBER L EFEEE L OBEESY
BT LI EEBMNET S, EEF 1, EEF2HLU0EBFIOANRICKEIT T, BBF 4 TlE, ADWMR, MR - &M
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Pharmacology is a discipline which explores an interaction between drugs and a human body. It also explores the
mechanism of a wide variety of human body functions through the analysis of drug action. The main objective of this
course is to better understand an interaction between drugs and a human body which is great necessary for considering
the actions, adverse effects and contraindication for any given drug. In this Pharmacology 4, students learn about the
physiological/pathophysiological roles of various hormones, blood, inflammation and immuno-system and understand the
mechanism of the actions, adverse effects and contraindication for related drugs. Students also learn about the
classification, morphology and structure of pathogenic microbe and understand the mechanism of the actions, adverse
effects and contraindication for several agents to treat infectious diseases such as antibiotics, synthetic antimicrobial
agents, anti-tuberculosis drugs, antifungals and antivirals.

EYREOER L RDMBB L PZDOZEZAFICOVWTERY 5, 7o, AMBFR, ME - EMIRFR. KE - RERICERT
BEMICOVWTERL, EYICL2FRBORRNRN’ENDHEAEEBHT 5, S50, WERECEREICOVTERL,
ZNDICHT ZRBEICOVWTHATE, ZOEYFRAREEEZS LN TES,

The purpose of this course is to help students learn the basic knowledge and the point of view of the pharmacotherapy.
Also, students understand the mechanism of actions and adverse effects of drugs that act on endocrine, blood,
hemotogenesis and inflammation/immuno-system. Students also understand the pathogenic microbe and infection and
develop the ability to consider and to explain the mechanism of agents to treat infectious diseases.

1. FALEVEZEY (1) Hormone and drugs (1)
SBOs: C4-(3)-@-6, C7-(2)-@-1, C7-(2)-M-1,2, E2-(5)-@-4,5
2. FILEYEEY (2) Hormone and drugs (2)
SBOs: C4-(3)-®)-3, C7-(2)-00-1, E2-(3)-B)-7, E2-(5)-@-2,3
3. FILEVEEY (3) Hormone and drugs (3)
SBOs: C4-(3)-@-6, C7-(2)-®-1
4. BARESE (1) Anti-inflammatory drugs (1)
SBOs: C6-(2)-@-1, C7-(2)-®-1, C7-(2)-®-1, C8-(2)-M-1, E2-(2)-D-1,2,3, E2-(2)-@-3
5. A (2) Anti-inflammatory drugs (2)
SBOs: C4-(3)-®-2, E2-(2)-1-1,2,3, E2-(2)-@-1, C8-(2)-D-4, C8-(2)-D-5, E2-(2)-2-2
6. MKs L OEMEREAZE (1) Hematology and drugs (1)
SBOs: C7-(2)-®@-1, E2-(3)-@-3,4,5
7. MERH L EMRMEAZE (2) Hematology and drugs (2)
SBOs: C7-(2)-®@-1, E2-(3)-@-2,4,5
8. MEH L EMREAE (3) & FhEEE Hematology and drugs (3) and midterm exam
SBOs: C7-(2)-©-1, E2-(3)-@-1
9. RMEREZE (1) Treatment of infectious diseases (1)
SBOs: C8-(2)-@-1, C8-(2)-®)-1, C8-(4)-D-1,2
10, BRPAEREE (2) Treatment of infectious diseases (2)
SBOs: C8-(3)-@-1,2,3,4,5,6, C8-(4)-@-3,4,5,6,7
11, BPAERESE (3) Treatment of infectious diseases (3)
SBOs: C8-(3)-@-1,2,3,4,5,6, C8-(2)-®-1,2, E2-(7)-D-1,2, E2-(7)-@-1, E2-(7)-®)-1
12, REAERESE (4) Treatment of infectious diseases (4)
SBOs: C4-(3)-@-5, E2-(7)-1-1
13, BRPAEAEE (5) Treatment of infectious diseases (5)
SBOs: C4-(3)-@-6
14, BRPAERESE (6) Treatment of infectious diseases (6)
SBOs: C4-(3)-@-3, C4-(3)-®-4, C8-(3)-@-1,2, C8-(4)-@-8,9, E2-(7)-®-1,2



15, BPEREE (7) Treatment of infectious diseases (7)
SBOs: C4-(3)-@-1, C8-(2)-3-1, C8-(3)-®-1, C8-(4)-@-1,2, E2-(7)-®-1,2,3,4,5

TR (50%) L EAKRAER (50%) & > CFHEY 5.

FRAE SIS &
Students are evaluated on the midterm (50%) and final (50%) examination.

HREBLUVSESE

£4 EEL H kRt H AR ISBN/ISSN B RHER

N 2 SER A p:d

SIPTRRTERE geum - sins | me s

HEBEFT XX b R BNIEE SEE

B AP WIEIBT mblE SEE

77XV IR mmn e s

HE

VT IVEYFE B OEM - /R [Eapancd SEE

NewZEIB 5 HYTETF - InEkE— [Eapand 5EE
OB ERIB[BEOEBBERVT Y INIICEHINTVWEIREDREICOVWT, HoHMLHFELTHEL, HREZH
WTEEY %,

RERRNZE
Students are required to prepare knowledge of target organs for drugs and pathology related to content of the class
using internet and books.
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Environmental health science is a discipline which explores methods for maintenance of the human health and
prevention of disease caused by environmental pollutants. In this course, students will understand methods to grasp the
human health condition and the actual situation of the disease, the investigation method of the primary cause (mainly
environmental risk) of the illness and actual methods for the disease prevention. Students also learn about pollution and
purification treatment of water and air which are the most important factors in maintaining health.

FEOEERR

1. MAT -2 E%2RICL T, BEEHORBREZ MM 2552 BRT 5,
2. KPEI[BEDREW EFRNKELEHET D,
3. REBRICL 2RERELMHCAHELERT 2,

The purpose of this course is to help students better understand the methods for maintenance of the human health and
prevention of disease.

BRENR - HELEEFE

. AREEZ LI Overview

. BERTEM@E  Environmental factors
. REEfFEET  Health statistics

. &% Epidemiology

. ERETE L EERERE  Prevention

. BEYEOREFERE Pollutants 1
EREEYE LEE  Pollutants 2

8. BMEEYWE L#E Pollutants 3

9., HIIRIEIRIEME  Global environment

o Ol WN

-

10. Kkof%E Water 1

11, /KEEE Water2

12, ZRREOHEE  Air

13. K&REZE  Air pollution

14, EXE#E4E Occupational health

15, EIEMBEEZOXE  Health administration

ERHABROME (FRH40%. EHL0%) BLUFER (20%) zd &ICFHET 2,

PRAERFIET3 % Evaluation is performed comprehensively based on the midterm examination (40%), the final examination (40%) and
class performance (20%).
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EXEROMEIX, ZEEAOALAZLST, BFAXRICLERERSET2ILh 0. TNEERISHUET 2 2 L3, BEDOQOL
DERINOLEDHTERLL D, AP FERB TR, EXRORBEBRLRARA, WP PERICZERYT 2 EEE%
HEBRL. TORBZERT DL EHIC, BEYB L OEFRD OERNEEL EEBRZDENTF TRDH DN 5 EEDT DOER
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[General Training in Analytical Chemistry]

The purity of drugs not only affects the pharmacological activity, but also could cause adverse effects. Therefore,
accurate and reliable analytical approach is necessary to keep better patients’ QOL. In this training, students can
experience typical volumetric analyses based on chemical equilibrium in order to acquire basic theories and skills of
typical quantitative analyses. For this training, comprehensive knowledge (including physical, inorganic, and organic
chemistries) is required. Through this course, students are expected to learn not only for concept of analytical chemistry,
but also the scientific way of thinking.

[General Training in Physical Chemistry]

Physical chemistry serves as an important base for various methods which are utilized in pharmaceutical research
studies. In this course, students will learn about the principles and measurements of several spectroscopic and
electrochemical techniques. This course trains students to be able to determine various kinetic and equilibrium
parameters such as the rate of a chemical reaction, and analyze the molecular structure.
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[General Training in Analytical Chemistry]
The principles and operation procedures of volumetric analyses in Japanese Pharmacopoeia, 16th Ed (JP16) are studied
in order to perform the analyses practically.

[General Training in Physical Chemistry]

(1) The purpose of this course is to help students understand the principles and operations of instrumental analysis
methods.

(2) Students will be able to find an appropriate method for solving their own specific analytical problem.
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[General Training in Analytical Chemistry]

This training aims to help students learn basic knowledge of chemical equilibrium and covers the preparation of standard
solutions, standardization of the solutions by primary or secondary standard reagents, quantification of drugs by
standardized standard solutions, the judgment of equivalent point/titration end-point by indicator’s color-change, and
calculation of the contents/concentrations.

(1) Acid-base titration: Learning about acid-base reactions in aqueous solution, the titration curves, difference between
equivalent point and titration end-point, and color-changing mechanism of indicator. Also, performing quantification of
aspirin (analgesic) for better understanding of the theory and procedure.

1) Preparation and standardization of 0.1 mol/L NaOH solution

Learning about the procedure for the preparation of NaOH solution and the standardization using sulfamic acid and HCI
solution as the primary standard reagent and secondary standard reagent, respectivery.

2) Quantification of aspirin

To understand back titration in acid-base titration, aspirin is analyzed.

(2) Chelatometric titration: Learning about chelation between metal ion/multidentate ligand and color-changing
mechanism of metal indicator. Also, performing quantification of calcium pantothenate (vitamin B5, Ca salt) for better
understanding of the theory and procedure..

1) Preparation and standardization of 0.01 mol/L EDTA solution

Learning about the procedure for the preparation of EDTA solution and the standardization using zinc as the primary
standard reagent

2) Preparation and standardization of 0.01 mol/L MgCI2 solution

Learning about the procedure for the preparation of MgClI2 solution and the standardization using EDTA solution as the
secondary standard reagent.

3) Quantification of calcium pantothenate

To understand chelatometric titration, calcium pantothenate is analyzed as calcium ion.

[General Training in Physical Chemistry]

General training in physical chemistry consists of 6 courses described below. An instructor of each course works with a
small group of students up to 15. Students make an original project based on the general training courses and perform it
at the final stage of the training.

(1) lon-selective electrode: Students will learn about the constitution and principle of ion-selective electrodes. Students
can deepen their understanding of the properties and operations of electrodes by determining solute concentration in a
test sample.

(2) Buffer: Students will learn about the theory and preparation of a pH meter and buffer solutions. Students perform
neutralization titration and understand the buffer capacity and the working pH range by analyzing the obtained titration
curve.

(3) Acid dissociation constant: Students will learn about the principles and operations of a UV-visible spectrophotometer.
Students will be able to determine the acid dissociation constant of dye molecules from the pH dependence of the

absorption spectrum.

(4) Fluorescence spectroscopy: Students will learn about the principles and operations of a fluorescence

J— 771 —



spectrofluorometer. The fluorescence spectrum of a protein is applied for the estimation of the environment of
tryptophan residues in protein molecules.

(5) Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of proteins: Students will learn about the
methods for determinations of molecular weight and concentration of proteins using SDS-PAGE and UV absorption,
respectively.

(6) Infrared absorption spectroscopy: Students will learn about the operations of an infrared spectrometer and the
preparation of samples for spectral measurements. To obtain information on the molecular structure from the infrared
spectrum, students understand why the frequency of molecular vibration is altered by the isotope substitution or
hydrogen bonding.
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PR 7% [General Training in Analytical Chemistry]
Based on the attendance, attitude/activity in the laboratory, and the final report.
Submitting report is mandatory.
[General Training in Physical Chemistry]
Submission of all the reports is required. Evaluation is performed from the submitted reports.
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Students are required to prepare for each training session using the training manual.
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This course provides practical training in the basic techniques of the standard organic chemistry laboratory, such as
separation and characterization techniques. Experiments involving the synthesis and reaction of simple organic
compounds are introduced. Fieldwork in the Experimental Station for Medicinal Plant Studies is also included in this
course.
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Students will develop their skills in the organic chemistry laboratory as well as their ability to interpret the spectra of
organic molecules.
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Lecture:
Introduction to organic chemistry experiments and structure analysis of organic compounds

Laboratory training:

1. Introduction of basic techniques

(1) Extraction and drying, (2) Distillation and recrystallization, (3) Melting point determination, (4) Qualitative analysis,
(5) Glasswork techniques, (6) Spectroscopic analysis

2. Reaction and structure determination of organic compounds
(1) Electrophilic aromatic substitution reaction

(2) Functional group transformation

(3) Reactivity of organometallic reagents

(4) Identification of organic molecules
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3. Fieldwork in the Experimental Station for Medicinal Plant Studies

(1) Observation of medicinal plants

(2) Component of medicinal plants

(3) Intended purpose, pharmacological action, and used part of medicinal plants

FEa (60%). HEE (20%). R/ — b (10%). EYEEE (10%) &Y FHET 2,

BRESME & Evaluation is performed comprehensively based on their level of class participation (60%), the final examination (20%),
the submitted report (i.e., the submitted laboratory notebook) (10%), and fieldwork in the experimental station for
medicinal plant studies (10%).
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In continuation of General Training in Organic Chemistry 1, the first half of this course continues to provide practical
training in the basic techniques of the standard synthetic organic chemistry laboratory. The second part of this course
provides practical training in the basic techniques of the isolation, derivative synthesis and characterization of natural
products. Fieldwork in the Experimental Station for Medicinal Plant Studies is also included in the second part.
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Students will develop basic skills in the organic chemistry laboratory and natural product chemistry, and their abilities
necessary to interpret spectra of organic molecules.
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Lecture:
Introduction to organic chemistry experiments and structure analysis of organic compounds

Laboratory training and fieldwork:

1. Reactions and Synthesis of Organic Compounds

(1) Reactions of aromatic compounds

(2) Pericyclic reactions

(3) Synthesis of optically active compounds

(4) Multistep synthesis of protoberberine-type compounds

(5) Synthesis and physicochemical properties of dihydropyridine derivatives

2. Isolation of natural products, Analysis of biosynthetic enzymes, and Structure determination
(1) Isolation of rutin

(2) Analysis of biosynthetic enzymes

(3) Structure analysis of rutin

3. Fieldwork in the Experimental Station for Medicinal Plant Studies

(1) Observation of medicinal plants

(2) Component of medicinal plants

(3) Intended purpose, pharmacological action, and used part of medicinal plants

ARILFEEE (67%) HLUEE - RAYMFEEDR (33%) ICEVFHET 2, 72720, £¥E - RAMLEEB2ZHEL BV
BRFAEKET 5, ARLERRICOVLTE, FER (60%). HER (30%). RB®/ — (10%) IC& VEHlid 5, &% - X
RYMFEERBICOVTIE, FHR (60%) LAR— b (40%) IC& YT 2,

Grades will be determined based on performance in Synthetic Chemistry Laboratory (67%) and Pharmacognosy &
Natural Products Chemistry Laboratory (33%). To pass th