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Y R WRAE R, BumEHEHFAR. KR, KR, &=, . RS

ANELL KEATRFAIRAE Zh . # kKB BIm B, BB, F. BT —UCRBUKE O
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: (B &)

Lie+ W KA AT

[ Hi)]

LA BEEE AR5, R I B B 5 IR A 4 838 43 R 40T B S I e B 5
HEIIKR

[ e 0]

EPREMERES ST, YUK NIMABEAE 10 B8 i LR v B 2 AR .
GBI IERE R R ST, S ST IS5 4 2 B A4 58 88 2 S0 80 i 3 1 30 A 6 B2 44
BRI AEA]—3 53 32 BIER AR & 5 | e I & S T2 2% o

[5:3%t %]

R

[958 28h1 ]

EEFARIEM . ARG, Wk, FM,

[t ]

0. 5% iR .

(95508

1. H&EHFMHERE
KB DY JT g — TI4 A E 1T, WS R GO JR 7 BY Wi Sk, ek B R B
shyy, FMMEREREEENIE L, WRVIOGIESIE, A B T 2 B A 26 R .

> Of)-



Wik fm iz kERE T A REARTE”, BDXT RN 2 BAEM A, 10 ~20min [ E#IKE , M
AR R G BRI B, L2 N 4EE 12, X E B

2. EHRLRKE

AN Ik ) F a8 SRR E b, FRAZ, BITER,

[WgmH )

1. BZJ|OER

FH 0. 5% Wi i M UE ARNE 7k (AT — B L, nI5iEixbl kA4 R 5, LK
JaSEEDFTE K v YE . ARG R R BRI B BRAERTE VI IE, BB RR AR B2 (2 BEF A2 ik
WG ARERE) . TFHELHE, FERMRIER HEZERBEONIA L, WERE
A RE S R JE B S 17

2. BAEHENESIER

R — BN ET ERBRNAK R, i RERBRS, RETFzKEEE
P B2 R BT JF 1em KA o MR — 3k L5 26 BEJUL =22 1) 31 5 S Al Ao 468 9 K LB
Wr, FRBRRRIE, WERART R MRS

3. MERIRKRSIThEE

FEGRRAAC T e BRI, hRESIEM S BN L A3, HEHE
ABHERAREREZE, BRI R8O &0 Kk, WEREA R
Esh?

[ 3]

L Wrskmt, BYBTAALERN A, PRUEVIWE 88 A B E R

2. HATPRERZIA], WA RRREIEL B R E v

[ %)

L. {iEH Bz

2. TERHIAr SIS, SHIAALGR? Pk R4

3. SE A SEAG H e USSR S oK e AR L 43 2H AL

(% %)

TR KA AR E 5 R AE

(5 H)

B RIS, IR R ST TP AX TS B B ZEA K

[ S5 AE ]

X RGO R, XS LA B 1 75 sl B B A R, B R R
(LTRSS hRE R A 2% . R P 2 R H IR AREOFRAL, THRELLER T8, MO

WRENPTEWK G, FAHNE RERT IEA YR IEH, T EL & Fh 5254 30 8 B4l i)
RIS, 8T B IHT S5 3h B FELLAFE

- 901 -



N RS IR

[ SEheR4R ]
AR T

[ 52541 ]
EESFORAM ., EEAR . WlJe. RIPLAE. R, BR. BRI, SkBRE . 5.

[ 524250 ]
0. 5% il o

[ 5562 0% ]

1. $l&SMERs

S B T B9 — T A 11, S 5 % 1 7 D W e Sk, %K B R A B
B, FARBREE AR b, AU OO0 ASE, 1 A0 0T I 2 B A R R
WSk AT B BEIATE” , EDXHRIBOR 2 BT, 10 ~20min J5EWIME, I
Bt e R U R B, S22 SRR 1 32, X B R o o ‘

2 EETREE

FAMLIe etk ik ) F AR HEAE SRR & b, SRR, FATER,

[ W25 H |

1. EIR 5

HRA 0. 5% BRARKG/INIEAR 1 B, Wh7Esk IS0 F BERe bk b, AT 00 D e i Ab 4 1L,
HRIRPEREARR 1L

2. RETRAIE

FAMAT 0. 5% BRARHOIEAEH , TIBOREIT— e e ho J2 75 BBk, DAJE RS I 51 3547, i
S TR 46 5 B8 2 2 S e T B P I R T4 Bk B0 o 2 Bk 1 B2 ok
BiRR, RSB R F Rk, TELKR 3 K, HWIERE 3min, KTHHE,
B Ky S

3. AR

IR 3 S 5 e — 0 F BB S BB, SR L o 0 B T 4 R X O R
YERHLBRIS (FREeimfE), Mshdele)a, B0 Bk — F RO e, WEEH
IR

4. B&

(1) ZEI8 W RIBEH H A% 5 BB MU I, 4 e [ — I J A 5%
SERIWIAL B, F645 4 BT BB A B BT . 2440 AT B e e 2 R
ISR, SRJR LARIRERY B T 3R, W) bR A B bk, WRBEILLE SR IMT, K
RSB

(2) BHALEE RA—Awik, L EREFIRES TEgh ik, WEHs T4
R,

5. JEH

U35 R o, 0 I S R o S P ok 5 0 R UL S 422 1 3, ORI

s 5



e,

R AR . RN 1 R B R ST B 4 AT, 36 LAEIR 55
L RA TR,

6. 1

L5 B H LSRR SIS U5 I, SR BE R R B RL AT o 8 R 3 e, 0
SEAERAINCF LR R TR

Q=% 319

IR B R S . AR, TRA L,

2. DAIERRLRIAERS, AR RS AL SURE , WTRES B E EE ), ARG
B AR, TREME E RGN

3. BekE RO R TR — R, LA Bk TR R Bk, S0
L3R RN TS RISRCR

4. Wikb B Bk FIRTRIBN , FIBERE/NT 0. Sem,

5. WA AR, AR AR AL 15ms,

[ ]

L TR AT R KA

2. PR ST FIER S

3. BERSTHRA . . I BB R e e 17

(Efdr)

C i WV DS I e A e

ELAEli5)

TN AR AR T D RE, SRS — /MRS, /D UV K A B A A S K
I B AR .

[ B IR ]

INRRVATIREE SRR EE AR Z —, HAGERFES . FWILEK. Rk
BiEshFHEENME. /MIS KL TS X, KT RAREH ., fESREMEFEAZ
HIBCR , AP RTINS SR RSP A K HR/MESILEKRKETTAER; KB/
fiti 5532 Zh R BT B Bz SRR P 4 G A 5% o /0N ARG 32 48 I ALK T H BB T 3l 2k 9
VTR . 825 8 Kt L AR S R B

[Scden4]

/Mo

[ S5 2541 ]

HFARY, 87, KkeF, BEW. BAAZOHE (200ml) ,

e 2T

V.

<03 s



AKIRE £ IBS TR

Ez2))

1. FRE%

KRN E—RER, NWEERLE, REH/DNRBARENRTS . & EREELUR
CRHER, BBRERARRBY 1 ~2min, FF3hY)rFR 8 HXMEEESIE, WEHH
Bt

2. ¥R

AZEFHHE . IR ERA RS W KB, 5 IE PRy IF LBk, BB
KTHAARNARE, RESE. FAINDNRBERSEE DR, KRE, AT
28), AFRIKHTATFLET Imm, EFPL—NZEIF 2mm LLRIAL) 3mm, K5 LART
JETT IR RBK, AR — /MR . B ARSkEE, T8I0 BBk ki

[Mg25iH ]

L B EH /MRS o \

2. fFNRIERRE, ME/DNRERKFEYE, BAERNTK ISR, SRR mE—
e e s AR

(HEE$)

L RMETRERE, WACBNEAESRK, URIET,

2. SHRIGESE R, VIR, DAGets KAERE.

3. ShYEREWESIA B BAR4L, ATRER MBI /NI SE 4, R R 7E R
RIALLE 55— o

(&%)

L AR/ MR AR A4 Z 3 ) R T D RE

2. —M/ N S Sk AAE sh A AR At A

3. SE R A /N B — /N B K AAE SRR, BETR Al T T BESZ 4 A /N
HRAL?

(Efdx)

¥+t B R A AR R A R

(% Hm]

HRE LR g B B R, RS EIRTIBRAR, 88T R T ok
Ti i E o

E 27 e

B R 08 SR R AR LA AL i RN IE B B A P a5 o TR (A AR B HE SR
el BBRERRAREERMHEMERSS, MEEREEHHK . X% LR3I 5Bk
BAFIHEAK BT, SRt AT AR I b Aot K SR AR B R

.94 .



[ IR ]

Ko

[ SEER28 41 ]

R JEFRBOHEEETT. FAREM . T3,

[ Fz56250 ]

A FERK . NaCl FRifEd . G L2240

[ 452D %)

1. & ERRVIBRFR

KE 16 HEPL A 2 4, B4 8 K, —4 K RYIBRSUU'E bR H sk 4 3R K,
A—HARMBEFR, FARE, KRREEWHEN, 25, MIEEMIE+ &5 M FF 0
1.0 ~2.0cm, ZZHERE, REVEUE, 765 0EAHT BI AT 4R 3] i AR Uy 41 2L 3 ) by fa. ¢
TRAE B, ZHVIRYE EIR, B24EE.

2. kRt EE

5 RIGTFIASCH . SCHOAT 24h, Bk FHER KBl B kK, JE28E 18h, SZHRY, A
ZRIBKEE (5ml/100g) , BEEDHEZ BEBEIRW, & FARBEN, 8% 1 R, 5 30min g
FIRE—WK, FHUEE 3h, 8 RUK fer B E R T R

3. B ER

2 RIS ATCER AR AZEE K, BRI R K Sml, —H 1R, HEZR
G, RIEH 4 RIFMHLK, LR, HEBKES (5ml/100g), FERDHEZS BB R
W, BTRBEN, 8% 1 K, WEHFICHE Sh RE. FFEF BRI 668 I E IR
B, IS sh HEERE ’

[WigemiH )

WP UE =251l o) $op) aw:if:op-A 8

2. WERYIBRE EREXT Na AR R0

[ ERgm])

L. s mREEE IR o
2. B ERTFARIBERFFLERE, Nk —ERNPUER, EEFRFIE.
3. ARJE R BBURAE B K AERF KR8
[2%E]
LB BRI R R A A7
2. dndepiiE BA b ot K ER AT B R e 5 R AR IR BPE A R
(A A)

.95 .



A RRE £ BT

SN T ES et L L ER T

(£ HmM]

FARI AR A AL RERE I B, SRR F %/ BURUBE A 835 1E o

[ SR

AR MR AR SR, BELHEEAEREAERISELE, FE
R E AR E TR 4R, 4 - AETH RSB E S, A L R T e g
B, ATFEPEK S05nm 60 5 HIR KR

[ 54 )

/Mo

[ L4241 ]

HSAs . BAE . K. BLOPL. AT

[ SE%32hhm ]

ALK L IUREI E R &

[ 24020 5% )

1. X7 R EC 5

(1) 0.2mol/L, pH 7.0 B§FR L Z vh  HL 0. 2mol/L Na, HPO, 61ml, 0.2mol/L
KH, PO, 39ml & EI W],

(2) MM AP EILEE 1200U, % LYIAE 0. 6mg, 4 — EEZLH AR 10mg,
BRI 100mg, fnBEARELZE sh & 80ml, 8 pH £ 7.0 £0.1, HABEREMBEME
100ml, PKFEFFREDAREE 2 T H

(3) BHAG KB 100mg ¥ T 100ml Z&1B K

(4) BEMHEEEN B R0 A R iR A B .

(5) HEPHEARMER B D - B APRELEMAE T 80°C 8 4h, B HIE, A TR ZEE
H, FEHAFRE 1. 802g oK D - #i%gHE, LA 12mmol/L R RRIFRIAH, HESZE 100ml 25
B, BISEAREEAR . SCR, AR A6 AW Sml, I 12mmol/L 2K H R
ERRBE A Z 100ml RIS, BIAL Smmol/ L f) R EPFEHRHERL I o

(6) 12mmol/L M RIFM ML 1. 5g K HF IR T 100ml ZE 1K H RIS,

2. FSEREBERHFM

BUNR20 R, BV R 2 4, B4 10 H, —HKE T oA #EEK Sml/kg, 55—
ZH KR S R B R 20U kg, 30min J5, /)N BRUME # BK OB I, K BRI K48 A 37°C KB
20min, 3000r/min B5.034r 5 L7 , B E & 0B & &

3. m#ENE

Fe 3 -2 U E I S L R S R

.96 -



*F3-2 MENEFZE

i PREE ZEAE
M (pl) 20 = _
ME R (pl) - 20 2
RERHR A1 (ml) 3 3 3

RA1E T 37 CAKERIE 1Smin, AZHEREE, K S05nm &k A,
SRR

It & . (mmol/L) =iiﬂlﬁ x5

PRAERE
[WegzmH ]
L. 05 A PRER /K 20 3 W i) i BB VR B2
2. 0 T B I 3R A Sh ) I VR
3. LB S B R BE A 22 57
(&S]
L SR EISIYINIAS R
2. MR R ZN AR AR, AR L
[ 5]
1 e 5 Rl - 7 =R I 7

2. KRGS R M SC e B PR A TR 7
(A A)

B EEFGRoMRW

Lih— #METHEERML, £ (FHK)
AL 28 e 3 1E A, LA e 4 B R OB R SR

(% HAY)

FABKIRALSH . ZESIERNERTTE; WEME - PR E ™4
il . HRNLGAE - IR XN R SR A B R, B EMZ AR R

g8

BB S TR, SURB MG, ORI RH WA —Fh AL
%, FERAQE3 NEALIER: §, BIMELETD R ERIEE A, X
wEERRE R MR L ML T 4% T, DAME - NRELL; K5,
HpnidE g 2 - MU Sk AR i RS2 AL B B LA Bom, 2% - IRGRRRER,

. 97



AR SRR

O

SR B . ASCH A A B HE - B URA, TARSME M RR, WE R
R, B EEL A 0 e S AT UL PR e v b AS [ Jo ) A B R 2 (TR R R

EL P
iR
[SE5R2541]

EER TR, M. BRRE . WUATK At MEmLEERBE . $HES1S

Bt . RM6240 il BF S REA B ARG (K BL -420 AEWHLAELRRL)
[5E5a250]
R 20% H&FH.

[ 5255 0% ]
L $EHETLBEWE - BEARA
(1) BfITER “WUARIARARE” STRIFRABIE, HENRARA S A LR
W B FE L P 4
(2) el AT 2 — R LR AS 0 R B R AR B S L P, 5 B s
8z,
(3) AREMZFHCE FRIBAIC R L, 2 5 b B iFHm
(4) WoMEMm LAY B 2 FLLR I8 S AE 3K H MR RE BRI 1 1 |, 41T B S du b d® A
LA .
2. EEXERE
(1) I HREIEIATAGEIE 1, 10 FHLAIRLE S
(2) HEBILE| S o b 38 2, e LA B
(3) M FEERLE FEPGEBER 3, IEFMETahEdR L,
(4) FFHLS )53 RM6240 £ A B 5 B RAEAN IR R 5
(5) FFEAREMRAE ST LR kB “MBSUBESIESE R SRS . &
d “TH" ot MRS SHELEE LR, FFEITRE.
[ Wg5iH ]
1. TR TSRO, MUAMEEE AL, LAtk
(1) PEFEMRINK, BIE0. 1ms, RIBEREEM 0. 1V FFAEHHY K, UM TIHER
R Abrof, 05 R ‘
(2) 4T B ERIBGRIE, iTREMEREk,
(3) AUTHE AN RIER A, B R IR AL, I RBI BRI
2. BEEARBGRE, SRR,
(1) BN . RoE R EASE LM AR, T T BRI
(2) MEARFRRIBSAE T, 2T ahlEb A% . WUAHM 31 e 5 % LA i
Gl 2k 2 Al B ) 6 R
(3) P BT A g 2 Mz A 28 S 406 el (O . UL 3 442 ol 572 £ 300 JUL A i

- 08 -



£EFTR

i AR I ] 22
(&S]
L SR ATRAME RBR IR AR, fRAEH A
2. ARFERAFMER, BT,
[ )
1. R 22T Al DA B v RIS B A R L A SR 7
2. MARA R BN, METsitER Ak Star
3. T AR LT AESZ BRI RS A BIIUA A i A= B Ft v, 220 T Rseife
(& #)

T S EKEM R, Ok E
B JiE WK 46 #0 F  R R

[ HM]

FAOERBFENBRARLREARMEZSHR AR ELRIORTE; BRECRLE
WgafushfER AL, MR SERCBE (ECG) FONMLE ZBIMER

[ SEu )

O UL B B H 0 UL B % Ay bR s, 0 ULAH B R e # B L A Bl &
A Y — YRR ] Bl (S PR T P (B AR D, S T A A AR E, O LA A
SERAAMU R, MAER 240, KERSH. 8. B5EFHEREz
AR RO HENC SR T 030 E A HoC WU M E 0 3h 7 AR Y B R BRI 2R A el B E R R
OHE B EREE . fEidRARR OB E ALk K M Ee, AR ME
W AR R A0 5% A 0 22 LA S A0 Zh M e 02, T B R M B 7 O B LA B 3h P s L 5
ECG Fo.O WML 48 Z 8] ) K &R o

[ 24

B AR

[ 252841 )

BERF AWM., MABRB RS, KRG, ARG, MBREBENLE. 0.05 ~
0. 1mm 4R 2235 1 AR, BRFEREM . KBS . RM6240 ZEA (G5 REAH RS
(3% BL -420 £ YIHEELRRE) o

[ 5255 ]

{EE# . 3mol/L KCl,

[ S5 0%)

1. HEBROAESTE

HHRZ 1.3 ~ 1. 5mm A GEHEEBERE TREBRPIHE L, PrksRmIME/N T

<« 99 .



KR8] B

O

0.5um, FiK 1. 2em A HIBEML . KR B A 3mol/L KCI VW N F 3h 7o, i
HIBEL Y 10 ~20MQ, R TAHL . Toldk Mot MR BB AR B 15 ~ 20mm, 4§
FEMAR, SRR RN T, EEERAS L, W B S
RO B8k B A S M3

2. BREHH &

(1) WEAREERNAVEBE, 9000 FlEb b,

(2) DARSE P38 G Q0 S i Jk B JUL PR, T O Bt , A AT, 50 o DY
BRI SR

(3) WFFOARE, ZEArRBOME, 3% EURIERRAMAERR, B ik ONE &R T4 .

3 ERTHEE

(1) Beiadoot e S 4 5 1

(2) 45060 Hi H 547 S 376 A 2,

(3) AL T i 3 A

(4) FFHLS /S 5) RM6240 Z38 4 Bi5 5 R IR RS

(5) FREAREERE— S “TR" —®BE BH" — “ONAMESHIER RS .OH
ERFEATR" . @il 3—aE s — kA7, FRick.

[ Wz5iH ]

1. LEERNHRE

BhSkAt GEHESLRM) A A A R0 o P S 006, R I 2 i AR 1T
S ECG,

2. EAAREEB AR R

TEFEME AT B BT R B B S0 8 ~ 10mm &b, FHARZEHRAY/INEDHS H R il — M2k,
YRS AT BB B A 0 FL IR R, AR JRAD SR ST W AR R o T F B L AR R
SHASHER A T INR , JR AR B, VRS B BARACE R, HRR
SAE B O EALREIRRIEE, BT OEIMKGIES, BRI RALEH
SREHAMP, BVATIC BB VE AL, 05 S0 2 T o o A A 4 P 0 o, T 355
RIS, ERIE FRER, —RAT R,

3. DKL EIE SR

55K e B B (e U e FE O B AT SR e A 04, RT3 1050 WU 46 K
ik

[E&EF]

L HEFRANERSRROM, HRBR I OIAL L.

2. HlERERMEE LRI G, CRNHRERREY.

3. RAFH, HERTE.

[ s

1. D LA S L L AT 53 R LA A2 45 B 2 A A B F 2R R A4

2. WA ECC AL AN MBI FE L A, B0 ECG 145 W B I W iy 0 % JUL 40 ML % 3h

< 100 -



A

3. LN SR S PR R B R & A2 At A7

4. SEHUAMRAMMETHEMLL, O F VAR SHIE R ALA TR A7 AR XD
JULE e 48 A T R 7

(% #)
SR= BEEKERBEER
[S£5H]
WU 45 R R X SRAE AR, IESMHTILAEFIALA SR B R AT AR
E )

JRBRYAE LS 3 25K B/AhEREIgd, BEMNESENERK, BhES
EAER WS HEE AR RN X 2L R A N R AR 25 | PR R o3 2R

E2 Py

Ro

[ S£5e2541]

RFRGM. RTFAREG . ShbkEE . BREE (SR EHE) . hbkk. Eh#Hk
REAR . FHE MR, MWK, R, WBCKER @R, JREIKK, E5 88
(1ml, 10ml Jz 20ml) , 10ml &, iCiE#F, RM6240 AWfF SiE R RS (8 BL -
420 A=YIPLEESL KR L) o

[ 5255 ]

25% SHidH | 6% HIRREA (2K 500 ~ 1000U/ml fF3) . 20% Hi%gHE . A= BEEhK
1 :10000 £ ERRE . FARSFIHHR, BRFKR (HIR) . 0. 6% BLLHESHE . 10% NaOH,

[ 52 5%]

L SO BERER. RERIZEK M ERRE

(1) BREESEE RIRE, BEERKEN 25% SH3H (4. 0ml/kg) BRBE, HALF
ETRFAREG L. ERIER, WA I T B 5% 5

(2) iesRRORE X NEERRRE, #50 i BT d s 54 A SR B
Fo ERIPEE, kR ARH (4), Zril (8). ARHE (B), L£FRK
(5%) .

(3) WCERRW TR REBEE T IR E B PR IR

BEE T IRIE . TREAERE ES BRI B — 4em Y01, I 4R BY T IR BE FUBLER,
WORA L ~2em, HRHBEDE, FEBEDEREBIEE ZIESL, 76 B DE R FRHk ) 0 i PR
Rl bRAETEREETT O BBz, PIOUERIRAE B0 F O s — 224 KEpE B8, Z53LIRE,
FERERE AR BT —/NCT, 4 A FE A2 PR K B0 BE BE A 4, IR S5 4L €, 48 R 3} O E
XFE R TT AR IR B DERE , B MR B 5 — R IR AR B A . TR

- 101 -



AR EEFTE

O

B, R B KA 2 AN E

WRE FIRY:: TREEBA BT IE & i B Sem Y10, W ALY I8,
e DB I oh, BB =, FEBE DR IR L BT R, OB, EEEIR
EFHEE2 &L, KA —NERECEENRILE (ERBABERIREN) ; &
ZEFLZ EIBI— V7 T/NO, BT A TR A B K R R SR, RS —4&
LI RAE BARELE . e ERMFEIR T, XS — RS HITIEE . SRR E,
] B JR N A0 S RHE 088 B I HH o R 3 UG A8 1) 5 — D IF 1 3 7 — i,
EEICHNBEBEN, PAREEEARMEBE K AEEY O,

(4) BEHKEE SEZEMF RS BKAA MR EMS, ARSI LT 83K
ki, FABBKI M O, LA T o —/ @0, WASBKIEE, AK%ILE
S, MOTshbkde, MBS IR AT .

2. EEXEKE

(1) DHERESFEE LA, CRoRE,

(2) JE ¥ RE 28 M AN 8 BEIH 2, 10 FBKILE

(3) iCHMALIEACHBARIL, ICRRE,

(4) FFHL5)E3h RM6240 L3l BE S REA RS,

(5) FREA/RBARME— VT &8 S5 | A=Y 38 2 PR S,
BB ELEHRI, FERS 10 ~20ms, SR 3.0 ~6.0V, BT 1.0 ~5. Oms, HIPHIR
30 ~100Hz, JFHAIC.

[MigeniH ]

L EFRERMCHEE ., SFKIEMRRNGZL (FE/min),

2. BUESCIRSME, WBCLELPE . Bk AR B AR A

(1) MEGHp B PR 5T 37°C B9 4= BEER /K 20ml,

(2) #pRkHESS 1 10000 2 H ' FRRZE 0.3 ~0. Sml,

(3) BURW 2 7%, FIFRBHALCIIERBE . RIGE KIS 20% B2 WA 10ml, 75
REFBIMLH, FBURE 2 BRI

(4) #bkEHEERHE2U,

(5) #phkiESinkgEX, I Smg/kg,

(6) HIKIEST 0. 6% BYLLYEWE 0. Sml, IFEFFEATHIT, FEEA 10% NaOH ¥ Wi 5 5%
MCE R . WER A B 2O HEH, 18 NaOH M B 440 €, 8 M3 5 By 20 i 3 JR v
HEH B4 P Rt 1] (SRR SR K, B R RO R ] .

(7) HREKEMZ WA MBIREEMS, FR B L %558 BE 4 bk ob L 3
V6 DT R SCEC A R 3, o o PR 4 R A6 A /K O 40 ~ SOmmHg (5.3 ~6. 6kPa) Smin £ 47,

(8) AyEE—MEEhAK 47 A SR B B Y] O BEAT 45 Rt , s 3 ok o P R
THEZ 5S0mmHg (6. 6kPa) ZA5, WZEREHIAAL, PR AN A BERK o

(&S]

1. BRRETE ST S,
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2. APHERAEZR A RS RBHEE, LRATARERER, EEKRREH
B S %R E A 40 ~50ml K, DA NEER R &

3. AELRTFEREIKAD, NiEBERPREZHIK,

4. FARBMENET, EHEYIOAREA, BaHROHERA,

5. KRHEA TSR H . BT —WSLISESE, fRO ., IR R BB AWK E 5 E it
FFF—TEK,

6. SCIGIF M HER: : 7EIR B IS LR RAE E AT IR B SLRIEH; ERED
IR AT IR S PR AE A SO H . WA IR, AT e TR AR

7. ELHSKE SR SR AR LA, SREERGE X, Y120 R SR

8. TEHT 20% WEWEERE , NAFIARKEIR, LAMEMIREENE .

9. EELXFY, BERADIYHRE.

10. B e 1o RS B v 2 3% B8 % e P VA W o

[R5 ]

1. ki gt 20ml A= FERK, JREAMAEL? HLERAA?
FRIKTEST 20% MA WA W, IREAMAE? PLERAA?
FhkEHERE LREE, REAMZL? A7
kS R K F R BEA ML A
FrkiEHEEREH R IREAMAEL? IA?
I FEF#ARSS IR B I 254k A
- ARSI PR B NERE AT R A R A R S BN AR A 0 R OR 4
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Chapter 3 Physiological experiments

Section 1 Physiological fundamental experiments
Experiment 1 The characteristics of muscle contraction

[ Purpose)

Tostudy the form of the muscle contraction and the influence of the stimulis intensity and
frequency on muscle contraction.

[ Principle ]

Excitability of skeletal muscles innervated by motor nerves is represented as contraction.
When the stimulus is in a rectangle pulse, the lowest stimulus leading to muscle contraction is
called threshold stimulus in proper stimulus duration. The lowest stimulus that could lead to the
highest muscle contraction is called optimal stimulus. The curve of a muscle twitch is composed
of three periods: a short latent period after stimulus application, followed by a contraction peri-
od and a relaxation period. The form of contraction is not only decided by the stimulus, but al-
so decided by stimulus frequency. If more than two continuous suprathreshold stimulus with the
intervals longer than the duration of a complete single contraction is applied, a series of separa-
ted single twitch will happen. Decreasing the stimulus interval, which is longer than the period
of contraction but shorter than the period of relaxation, cause an incomplete tetanus. Decrea-
sing the interval continuously, which is shorter than the period of contraction, cause a complete
tetanus.

[ Experimentalsubjects )

Toads or frogs.

[ Experimentalequipments ]

Surgical instruments for frogs, frog board, muscular socket, tension transducer, RM6240
physiological polygraph system (or BL —420 biological polygraph system) .

[ Reagent )

Ringer’ s solution.

[ Experimental procedures]

1. Preparation of the sciatic nerve — gastrocnemius muscle specimen

(1) Damage the brain and spinal cord Take a toad, grasp it with the left hand and
press the front end of its head with the index finger, making its head lean forward. The right
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hand vertically pierce the probe into foramen magnum, then pierce forward into cranial cavity
and stir around to destroy brain tissue; draw back the probe to foramen magnum and then
pierce backward into spinal canal to destroy spinal cord. If the limbs of the toad turn to be
soft, it suggests that the brain and spinal cord are destroyed completely. Otherwise, the dam-
age process should be carried out again according to the above — mentioned method.

(2) Cut off the upper torso and viscera Cut the spine 0.5 ~ 1 c¢m above the level of sac-
roiliac joints , hold hind legs of the toad with the left hand, press down the sacrum with the
thumb, and at this time, the head and viscera of the toad will prolapse naturally. Then cut off
the upper torso and viscera with big scissors in the right hand along both sides of the body, on-
ly hind legs, hip, spine and the sciatic nerves sent out from it.

(3) Peel off the skin Pull up the broken end of the spine with the left hand, and grasp
the edge of skin on it with the right hand, then peel off all the skin on the hind legs and im-
merse the specimen into the Ringer’s solution in a culture dish.

(4) Clean the hands and all the used surgical instruments, such as scissors,
tweezers, etc.

(5) Separate the two legs Clip the spine with tweezers upon a dorsal body posture, pull
up the specimen and cut off the coccyges protruding upward. Separate the spine along the mid-
line into two parts with a pair of scissors, and then continue to separate the two legs along the
midline of pubic symphysis. Thus the two legs will be separated completely. Immerse the two
legs into the Ringer’s solution in a culture dish.

(6) Dissociate sciatic nerve Put one of the separated legs on the frog board, dissociate
the sciatic nerve along the spine side with a glass dissecting needle. Put the specimen with a
dorsal posture, and cut the piriformis and the connective tissue around it, find the part of sciat-
ic nerve in the thigh along the sciatic nerve gap, and then pull up the sciatic nerve slightly and
cut all the branches dissociating the sciatic nerve to the popliteal cavity.

(7) Make the sciatic nerve — leg specimen Hang the separated sciatic nerve over the
gastrocnemius, cut off all the skeletal muscle of the thigh around the knee joint with a pair of
scissors, and then continue to cut off the upper part of the femoral bone to complete the sciatic
nerve — leg specimen.

(8) Make the sciatic nerve — gastrocnemius specimen Cut achilles tendon of the above —
mentioned “sciatic nerve — leg specimen” after threading and ligation on the achilles tendon.
Dissociate the gastrocnemius to the knee joint, and then cut off the leg just below this joint.
Thus we get the sciatic nerve — gastrocnemius specimen which is composed of the gastrocnemius
attached on the femoral bone and the sciatic nerve innervating the gastrocnemius.

(9) Test the excitability of the specimen Touch the sciatic nerve with a copper zinc bow
rapidly, and if the gastrocnemius contracts apparently, it means that the excitability of the
specimen is good. Then immerse the specimen into the Ringer’s solution in a culture dish for

future use.
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2. Connection of experiment devices

(1) Chose a suitable muscle tonus energy transducer according to the contraction force of
the specimen. Attach the prepared specimen to the stress bearing leaf spring with silk thread.
Regulate the vertical position of the energy transducer and tighten the silk thread to apply a
preload on the specimen. Connect the conductor of the energy transducer with the correspond-
ing input port.

(2) Turn on the computer and start “RM6240 physiological polygraph system” .

(3) Do the following steps to begin the oscillographic operation: Click on “experiments”
—neuromuscular experiments—the effect of stimulus frequency on the skeletal muscle contrac-
tion—regular experiment. Click on “Tools” —coordinates scrolling—regulate the baseline to
the center of the screen.

(4) Insert the plug of stimulator into the stimulating output port, and connect the other
end of the conductor to the electrode on the muscular socket. Regulate the stimulator, choose
positive voltage stimulus, wave width is 6 ms, time delay is 3 ms.

(5) Adjust the gain and the scanning speed according to the mode, speed, frequency,
and strength of the specimen contraction, in order that the whole signal can be clearly dis-
played on the screen. When the specimen function is stable, we can get into the state of “re-
cord” and start the experiment.

[ Observation items ]

1. Find out the threshold stimulus.

Apply a weak stimulus on the specimen at the beginning. Then gradually increase the
stimulus intensity until a single contraction curve on the recorder is observed, and the stimulus
intensity is threshold intensity. Record this stimulus intensity. The stimulus with lower intensity
compared with threshold intensity is called subthreshold stimulus.

Output mode of stimulus: positive voltage.

Mode of stimulus: single stimulus.

Parameters of stimulus: waviness width is 6 ms, time delay is 3 ms, and the stimulus in-
tensity is gradually increased from 0. 01 V.

Scanning speed: 10 s/div.

2. Find out optimal stimulus.

As the intensity of the stimulus increases further, the amplitude of the muscle contraction
curve also increases gradually. However, when the stimulus intensity reaches a certain value,
the amplitude of the muscle contraction curve is not increased any more with increasing the
stimulus intensity. This lowest stimulus intensity inducing the largest contraction effect is called
the intensity of optimal stimulus. Record it.

3. Trace the single contraction curve.

Choose the intensity of optimal stimulus and single stimulus mode, set the scanning speed

as 1. 0 s/div, and trace the single contraction curve.
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4. Trace the composite contraction curve.

Choose the intensity of optimal stimulus and continuous single stimulus mode, stimulus
frequency increases from 1Hz, and then follows the sequence of 1 Hz, 2 Hz, 4 Hz, 8 Hz, 16
Hz, 32 Hz+ - - - - - | set the scanning speed as 1. 0 s/div.

As the frequency of the stimulus increases gradually, trace the zigzag — shaped incomplete
tetanus curve and the smooth complete tetanus curve in turn.

[ Notices ]

1. After each experimental item, we should not begin the next until the specimen has re-
covered its excitability.

2. After the peeling off skin, our hands and all the used surgical instruments, such as
scissors, tweezers, etc. should be cleaned to prevent the influence of toad secretion on the ex-
citability of neuromuscular specimens.

3. Try not to touch the neuromuscular specimens directly with the metal devices.

4. Experimental operations should be gentle to prevent the injury on the neuromuscular
tissue.

[ Questions ]

1. How do we test the excitability of the neuromuscular specimen?

2. Can the neuromuscular specimen be washed by the tap water after being peeled of the
skin? Why?

3. What is the meaning of the “threshold stimulus” and “optimal stimulus” inducing the
muscle contraction?

4. How many contracting forms of skeletal muscle have you learned? What are their re-
spective characteristics?

5. Complete tetanus can happen on skeletal muscle, while it can not happen on cardiac

muscle. Please explain the reason and physiological significance of that.
(Li Gang)

Experiment 2 Observation on the action potential of nerve trunk

[ Purpose]

To observe the basic monophasic, biphasic action potential wave forms of toad’ s nerve
trunk.

[ Principle )

If we apply electrical stimulus on nerve fibers, depolarization will happen on the nerve fi-
ber membrane under the negative electrode. When the depolarization reaches the threshold po-
tential, a rapid and reversible potential change will happen on both sides of the nerve fiber
membrane , which is called action potential (AP) . AP is the objective sign of cell excitation.
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Once the AP happens, it will conduct along the nerve fiber membrane. The point where the
nerve fiber membrane is excited (outside the membrane) is negatively charged compared with
resting point, and the potential of the excited point will recover to resting level after the excita-
tion has been finished.

If two leading electrodes are placed on the surface of the normal intact nerve trunk, when
an excitative wave traverses two electrodes in turn, the electrodes will lead two reverse potential
deflections, called biphasic AP. If the nerve trunk between the two leading electrodes is in-
jured, the excitiative wave can only go through the first leading electrode, but not the second
one, leading to a potential wave of only one direction, which are called monophasic AP. Sciat-
ic nerve trunk is made up of many nerve fibers of different excitability, thus the AP of the
nerve trunk is different from the single nerve fiber, it is composed of the AP of a number of
nerve fiber with different diameter and type. This AP is called compound AP. Within a certain
range, if the stimulus intensity is increased continually, the amplitude of compound AP of the
nerve trunk can turn to be larger accordingly.

[ Experimentalsubjects ]

Toads or frogs.

[ Experimental equipments )

Surgical instruments for frogs, frog board, muscular socket, nerve block box, RM6240
physiological polygraph system (or BL —420 biological polygraph system) .

[ Reagent )

Ringer’ s solution.

[ Experimental procedures ]

1. Preparation for sciatic nerve trunk specimen of toad

The method of preparation is same to “Experiment 1”, but it is not necessary to keep
femoral bone and gastrocnemius. Bind thread on both ends of the nerve trunk line to make it
easy to be clamped during the process of connecting experimental devices and moving the nerve
trunk. The nerve trunk between the two points of binding thread should be as long as possible.

2. Connection of experiment devices

(1) Place the nerve trunk into the nerve block box, in order that the nerve trunk has good
contact to the stimulating electrode, the grounding electrode and leading electrode. The nerve
trunk must be moved by tweezers clamping the binding thread on both sides, and it must not be
clamped directly by tweezers or touched by hands. Cover the lid of the nerve block box to re-
duce electromagnetic interference.

(2) Insert recording electrode into channel 1.

(3) Turn on the computer and start “RM6240 physiological polygraph system” .

(4) Do the following steps to begin the oscillographic operation: Click on “experiments”
—neuromuscular experiments—the AP of nerve trunk. Adjust the parameters of the instru-

ment: time constant of channel 1 is 0. 002 ~0. 02 s, filter frequency is 1 kHz, sensitivity is
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5 mV, sampling frequency is 40 kHz, scanning speed is 0.5 ms/div. Stimulator parameters:
single stimulus mode, stimulus intensity is 0. 1 ~3 V, stimulating wave width is 0. 1 ms, time
delay is 5 ms, synchronized triggering.

[ Observation items )

1. Set the stimulus intensity as 0. 1 V at the beginning. Then gradually increase the stim-
ulus intensity until the AP appears, and this stimulus intensity is threshold intensity. Record
it. ‘As the stimulus intensity changes, the amplitude of AP can change accordingly in a certain
range. However, when the stimulus intensity reach a certain value, if we continue to increase
the stimulus intensity, the amplitude of the muscle contraction curve will not turn to be larger
accordingly. Record it as the intensity of optimal stimulus.

2. Observe the biphasic AP and record it.

3. Observe the monophasic AP: if the nerve trunk is injured between the two leading e-
lectrode by the clamping of tweezers, the second phase of the AP will disappear, and this kind
of AP is monophasic AP. Record it.

4. On the basis of monophasic AP, regulate the stimulus intensity to make it increase from
low to high, and observe the gradually increasing process of AP aptitude.

[ Notices )

1. Be careful not to injure the nerve tissue when dissociating the nerve trunk, in order
that the experimental effect will not be influenced.

2. Keep the nerve trunk specimen moist by adding Ringer’s solution dropwise on the specimen.

[ Questions)

1. How do the biphasic AP and monophasic AP happen?

2. How does the phenomenon of “The amplitude of nerve trunk AP increases in accord-
ance with the increase of stimulus intensity” happen?

3. If the nerve between the two leading electrode is injured, only monophasic AP will ap-
pear. Why?

4. The amplitude and wave width of the upper phase and lower phase of the nerve trunk
AP are not symmetrical, why?

5. What is a stimulus artifact? What’ s the significance of that?

(Li Gang)

Experiment 3 Erythrocyte osmotic fragility test

[ Purpose]
To test the osmotic fragility of erythrocyte.

[ Principle ]

Cell membrane is one kind of semipermeable membrane. Under osmotic pressure, water
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flows across the cell membrane from the hypotonic side to the hypertonic side. Isotonicity is the
presence of a solution that produces no change in cell volume. Hypertonicity is the presence of
a solution that causes cells to shrink. And hypotonicity is the presence of a solution that causes
cells to swell. Erythrocytes rupture and release their contents into surrounding fluid, which
means hemolysis.

Erythrocytes will be added into solutions with different salt concentrations to test the resist-
ance against hypotonicity. The hypotonic saline concentration in which the erythrocytes begin to
hemolysis is called the minimum resistance (about 0.40% ~0.45% NaCl solution) , and the
hypotonic saline concentration in which all the erythrocytes rupture is called the maximum re-
sistance (about 0.30% ~0.45% NaCl solution) . The range between the minimum resistance
and the maximum resistance is called fragility range.

[ Experimentalsubjects ]

Rabbits. \

[ Experimental equipments )

Surgical instruments for rabbits, test tube bracket, 10 pieces of Sml test tube, 2 pieces of
2ml straw, syringe.

[ Reagents ]

1% NaCl, distilled water, 3. 8% sodium citrate.

[ Experimental procedures ]

1. Preparation of hypotonic saline solution

Take 10 pieces of cleaned and dry test tubes onto the test tube bracket after numbering
them. Then put the 1% NaCl solution into the test tubes as the following table (Table 3 —1) ,

then distilled water. Mix up the solutions.

Table 3 —1 Preparation of hypotonic saline solution

number

) 1 2 3 4 5 6 7 8 9 10
1tems
1% NaCl (ml) 1.40 1.30 1.20 1.10 1.00 0.90 0. 80 0.70 0.60 0.50
distilled water (ml) 0.60 - 0.70 0. 80 0.90 1.00 1.10 1.20 1. 30 1.40 1.50

NaCl concentration (% ) 0.70 0. 65 0. 60 0.55 0.50 0.45 0.40 0.35 0.30 0.25

2. Preparation of blood with 3. 8% sodium citrate

Anesthetize the rabbit, common carotid arteries intubation. Put the blood into a beaker
pretreated with 3. 8% sodium citrate solution, the proportion of blood and sodium citrate solu-
tion should be 9 : 1, jiggling the beaker to make the solution uniform.

3. Add the blood

Add a drop of blood into each oftest tube with a syringe, cover the tube mouth with

thumb, and then invert the tube 2 or 3 times, stand for 1 hour at room temperature.
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[ Observation items)

Observe the transparency of each tube to determine whether hemolysis happened. Record
the range of the osmotic fragility. Judge whether there is a hemolysis according to the follow-
ing:

(1) If lower solution is turbid red, while upper solution is colorless or light yellow, there
is not a hemolysis.

(2) If lower solution is turbid red, while upper solution is light red, there is an incom-
plete hemolysis with part of erythrocyte dissolved. This represents the minimum osmotic resist-
ance of erythrocyte.

(3) If the liquid in the tube is completely clear red, and there are not any cells on the
bottom, it is called complete hemolysis. This represents the maximum osmotic resistance of e-
rythrocytes.

[ Notices]

1. Tubes should be numbered and put onto the tube bracket to avoid order confused.

2. Capacity of solution should be accurate when taking distilled water and 1% NaCl

3. To ensure accurate result, the capacity of blood in each tube should be identical.

4. Putting the blood into the tube should be gently to avoid breaking erythrocytes.

5. Observe the result at a white background, and at a light place.

[ Questions)

1. What is the meaning of erythrocyte osmotic fragility?

2. What should be paid attention to at the time of erythrocyte osmotic fragility test?

3. Please explain physiological significance of erythrocyte osmotic fragility test.
(Yu Yang)

Experiment 4 Influencing factor of blood coagulation

[ Purpose]

To observe the effects of Ca”>* and fibrin at the process of blood coagulation, and to under-
stand the mechanism of blood coagulation.

[ Principle)

Afterthe blood vessels are damaged, blood bleeds out and then clots into thrombus in a
short time, which means blood coagulation. The processes of blood coagulation include three
steps: thrombokinase formation, thrombinogenesis and fibrin formation.

[ Experimental subjects]

Rabbits.

[ Experimental equipments )

Surgical instruments for rabbits, beaker, hair — brush.
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[ Reagents )

2% CaCl,, 3. 8% sodium citrate.

[ Experimental procedures ]

1. Anesthetize a rabbit, common carotid arteries intubation and prepare to take blood.

2. Put 0. 5 ml sodium citrate solution into a beaker, then put 4.5 ml blood into the beaker
and jiggle the beaker to make the solution uniform.

3. Put 5 ml blood into the beaker and churn with a hair — brush, filament should appear
and tangle onto the hair — brush until no filament generates anymore.

[ Observation items)

1. Take two pieces of glass slide, put 5 drops of blood with sodium citrate or blood without
fibrin onto the glass slide respectively, filament appearance means blood clotting, observe
whether two kinds of blood coagulate.

2. Put 1 drop of 2% CaCl, into two kinds of blood respectively, observe whether two kinds
of blood coagulate after 15 to 20 minutes.

[ Notices)

1. The beaker should be clean and dry.

2. Observe and record the time of blood coagulation accuratly.

[ Questions)

1. Why is the blood not easy to coagulate after churning with a hair — brush?

2. What is the effect of Ca’" in the process of blood coagulation?
(Yu Yang)

Experiment 5 Counting of erythrocytes and leucocytes

[ Purpose)

To master the method of erythrocytes and leucocytes count and the clinical significance.

[ Principle ]

There is no way to count the erythrocytes and leucocytes directly because there are so
many in the blood. For this reason, the blood should be diluted by adequate liquid and
dropped into the numerical chamber of haemacytometer. The erythrocytes and leucocytes in the
blood dilution of definite volume can be counted through a microscope. Then the results can be
converted to the number of erythrocytes and leucocytes in the 1L blood.

[ Experimental subjects]

Human.

[ Experimental equipments )

Microscope, haemacytometer, glass slides, cover glass, one — time blood collection nee-

dle, disinfected dry cotton ball, small test tube, graduated pipette.
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[ Reagents ]

Erythrocyte diluent (NaCl 0. 5g, Na,SO, 2. 5g, HgCl, 0. 25¢ diluted by distilled water to
100 ml) , leucocyte diluent (acetic acid 1. Sml, 10% methylrosaniline chloride diluted by dis-
tilled water to 100 ml) , 75% ethanol.

[ Experimental procedures)

1. Counting erythrocytes

(1) Blood sampling The earlobe or fingertips are disinfected with 75% . alcohol cotton
ball and punctured by one — time sterile blood collection needle after alcohol volatilization, 2
mm deep. After blood flowing from pinhole, the first drop of blood is wiped away with cotton.
Squeeze gently, making blood form a drop of blood of mung bean size. Operators immerse the
tip of blood taking pipette into the blood with the right hand smoothly and suck blood slowly un-
til 10 pl calibration point. The blood stained with the sucker is wiped off with dry cotton.

(2) Dilution Prepare a clean small tube and drip into the erythrocyte diluent 1. 99 ml
precisely. Add 10 pl prepared blood to the small tube and blend the blood and the diluent,
and then the blood is diluted 200 times.

(3) Pool filling After cleaning the counting board and cover glass, the cover glass is
covered on the counting pool. A drop of blending diluting blood is drawed and dropped into the
bottom edge of the cover glass, and then the blood is filled into the counting pool. Letting
stand for 2 ~3 minutes, the number of erythrocytes will be counted under the low power magni-
fication after erythrocytes completely sinked.

(4) Count Haemacytometer is a piece of thick glass, which is divided into nine big
squares, the area of 1 mm’. The large central square is for erythrocytes count, which has been
divided into 25 squares with doublet. And each box is divided into 16 small squares.

The pool counting is made up counting plate and cover glass, its depth 0. 1 mm. Seek out
the middle bié squares of the counting chamber with the low power microscope at first. Observe
if erythrocytes are well — distributed or not, and adjust them to the middle of the field of the vi-
sion.

Transform the low power microscope to the high power lens, and count the number of e-
rythrocytes in the quadrangle squares and central of the middle big square. It must be in a cer-
tain direction and order when counting, in order to avoid the repeat count of erythrocytes or
leakage. Count the number of erythrocytes in total 5 squares. If the number of erythrocytes in
the middle squares differs from each other by over 20 when counting erythrocytes, which indi-
cate the blood cells are not dispersed homogenously, the dilution should be shaken homoge-
nously and counting should be done again.

Calculation formula is:

The number of erythrocytes/L = the total number of erythrocytes of 5 boxes x5 (erythro-
cytes of 5 squares were converted into the number of erythrocytes of a large square) x 10
(turned into 1 pL) x 200 (200 times dilution) X 10° (turned into 1 L) /L

+ 117 -



AERER EIRF LR

O

2. Counting leucocytes

(1) Blood collection Same to erythrocytes count, 20 wl blood is accurately sucked
through a straw, no bubbles in the middle. The blood on the tube tip and the tube side must be
wiped off.

(2) Dilution 0.38 ml leucocyte diluent is added into a small test tube. Then immedi-
ately the blood is joined into the small test tube gently. The test tube is washed 2 ~3 times with
the supernatant diluent and gently shaked up.

(3) Filling pool According to the pool filling method of erythrocytes, a small amount of
liquid is sucked up from the above — mentioned homogeneous diluent with a small dropper and
then added into the blood count pool. After 2 ~3 minutes’ standing, leucocytes are counted af-
ter they are sinked.

(4) Count Under the low power magnification, leucocytes are round in shape, cytoplas-
mic bright, nuclear atropurpureus in color. The number of leucocytes of four big squares is
counted. If the nmuber of leucocytes in the large square differs by over 8 when counting leuco-
cytes, the dilution should be shaken homogenously and counting should be done again. The
number of leucocytes/L = The number of leucocytes of four big squares/4 (average of every big
squares) x 10 (turned into 1 pl) x 20 (20 times dilution) x10° (turned into 1 L) /L.

[ Notices )

1. Blood clotting should be prevented, and blood must be thoroughly mixed.

2. All the equipments should be clean and dry.

3. Pay attention to prevent the bubbles when filling the pools, and the blood dilution
should not be spilled.

4. The diluents and blood taken should be accurate.

5. Erythrocytes and leucocytes should be well — distributed in the chamber; otherwise the
diluent should be filled and counted again.

[ Questions)

1. Which factors will affect the accuracy of counting erythrocytes and leucocytes? How to
avoid them?

2. What is the significance when the number of leucocytes increases or decreases?

3. Why should certain sequences be followed counting erythrocytes and leucocytes? Why
should the cells be “counted upward and left but not downward and right” ?

(Wei Xiuyan)

Experiment 6 Identification of blood group

[ Purpose]
To study and grasp the method of ABO blood typing.
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[ Principle )

The antigen is mixed with the corresponding antibody, and then they are integrated into
agglutination blocks of different sizes, which means agglutination reaction. There are two ag-
glutinogen (antigen) of A and B on the surface of erythrocytes, and two corresponding kinds of
agglutinin (antibody) in the serum. When erythrocytes and the serum from two different blood
types are mixed, blood agglutination is going to happen. According to agglutination condition of
erythrocytes and standard serum, blood type can be determined. If erythrocytes are agglutina-
ted only with the standard A serum, it is type A; if erythrocytes are agglutinated only with the
standard B serum, it is B type; if erythrocytes are agglutinated with both the standard A serum
and B serum, it is AB type; If no agglutination happens, it is O type. The experiment will in-
troduce slide method for blood typing.

[ Experimental subjects)

Human.

[ Experimental equipments )

Glass slides, capillary pipet, one — time blood collection needle, marking pen, toothpick,
miCcroscopes.

[ Reagents]

Normal saline, A and B standard serum, 75% ethanol.

[ Experimental procedures )

1. Take a clean glass slide and divide it into three cells with crayons, then note the num-
ber. Add a drop of standard A serum and standard B serum in the first and second cell, and
add an equal amount of saline in the third cell.

2. Earlobe or finger tips are disinfected with 75% ethanol cotton ball, and punctured by
sterile blood needle. Add peripheral blood into the three cells respectively with a capillary pi-
pet. .

3. Shake slides gently, and then put slides on the experiment platform static and let
stand.

4. Observe the results with the naked eyes after 10 minutes. It is positive reaction when
erythrocytes agglutinate particles appear; it is negative reaction if they are evenly mixed sus-
pension; if the result is not clear, the slides can be observed under the low power microscope.

[ Notices]

1. It should be strictly sterilized when sampling the blood.

2. Erythrocytes suspension fluid and serum should be fresh and clean to prevent agglutination.

[ Questions)

1. What are the clinical blood transfusion principles?

2. Why does the principle of homotype blood transfusion be adhered to?

3. What is cross — matching of blood and its significance?

(Wei Xiuyan)
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Experiment 7 Observation the frog heart pacemaker

[ Purpose]

To observe the normal heart pacemaker in toad and to compare the autorhythmicity in dif-
ferent parts of heart by means of part heating and deligation.

[ Principle )

In amphibians, the heart pacemaker is the venous sinus. The venous sinus excitation
would conduct from atrium to ventricle in turn, making them systole successively. Only when
the excitation conduction of normal pacemaker is suffocated can the autorhythmicity of other
places with lower rhythmicity be expressed.

[ Experimental subjects ]

Toads or frogs.

[ Experimental equipments ]

Surgical instruments for frogs, frog board, dropper, 15 ml centrifuge tube, stopwatch,
silk thread.

[ Reagents]

Ringer’ s solution, hot water and ice.

[ Experimental procedures]

1. Take a toad and destroy its brain and spinal cord by probe, and place it on its back on
frog board.

2. Cut the abdominal skin from sternum towards clavicle, cut the muscles and sternum to
expose the thoracic cavity. Carefully remove pericardium to expose the heart.

3. Identify the venous sinus, the atrium and the ventricle.

It is the atrium, the ventricle and the atrioventricular sulcus that can be seen through the
ventral aspect of the heart. There is an arterial cone on the upper right of the ventricle, which
is a bulge of the root segment of the artery. The arterial trunk splits into two branches upwards.
Use a glass dissecting needle to turn the heart to the side of head, and then we can see a ve-
nous sinus cause rhythmic pulsation automatically in the extremitas inferior of the atrium. Be-
tween the atrium and the venous sinus there is a white, half — moon shape line which called si-
nus sulcus.

[ Observation items ]

1. Observe the pulsing sequence of the venous sinus, the atrium and the ventricle careful-
ly, and count their pulsing rate in a unit time.

2. Use small centrifuge tubes with hot water (35°C ~40%C ) or small ice cake to touch the
ventricle, the atrium and the venous sinus in succession respectively in order to change their

temperature. Observe and record the alteration of heart beating times in a unit time.
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3. Using a pincette thread a line under the aorta trunk for preparation. Use a glass dissec-
ting needle to turn the apex cordis to the side of head, expose the dorsal surface of the heart,
find the half — moon shape sinus sulcus between the atrium and the venous sinus, and then do
a ligation go along the sinus sulcus by the ready line in order to block the conduction between
the venous sinus and the atrium, which called Straub’ s first deligation. Observe the alteration
of the pulsing rate of different parts of the heart. When the atrium and the ventricle was re-
sumed pulsing, count the pulsing times of different parts of heart in a unit time respectively and
observe if they are pulsing consistently.

4. Thread a line at the atrioventrocular junction, ligate the atrioventricular groove exactly,
which called Straub’s second deligation. Observe the alteration of the pulsing rate of different
parts of the heart. When the atrium and the ventricle are resumed pulsing, count the pulsing
times of different parts of heart in a unit time respectively.

[ Notices)

1. The temperature inside the laboratory should be suitable.

2. Be careful during the operation of exposing heart, in order to avoid damage to the heart
and the vein.

3. When having Straub’ s first deligation, the place of deligation must be accurately. You
must not ligate the venous sinus.

4. Drip Ringer’s solution at any time during the experiment in order to keep the exposed
tissue wet.

5. When using the bottom of small centrifuge tubes to rise or drop the temperature, the
contact places must be accurate, while the contact surfaces should not be too large, the contact
time should not be too long.

[ Questions)

1. What”s the effects of heart different parts on the autorhythmicity if temperature changes?

2. After Straub’s first deligation, what happens to the heart pulsing? Why?

3. After Straub’ s second deligation, what happens to the heart pulsing? Why?

4. How to prove that the normal pacemaker is the venous sinus in amphibians?

(Cui Wei)

Experiment 8 Measurement of arterial blood pressure in human

[ Purpose]

To learn the principle and method of Korotkoff’ s auscultation in measurement of human
arterial blood pressure. To observe the effects of posture and movement on blood pressure.

[ Principle)

Artery pressure is defined as the “lateral pressure reaching above atmospheric pressure ex-

- 121 -



ARSI RS RR

O

erted by the artery blood against the vessel walls” , which is one of the important indexes of he-
modynamics. The most common method of measuring artery pressure is the cuff method of man-
ometry,, which means that using a cuff to press outside the artery and measuring blood pressure
on the basis of changes of vascular sound, also called Korotkoff’ s auscultation. Generally, it is
silent when blood is flowing in the vein. If press outside the artery causing vessel walls col-
lapse, thus a sound would be produced when blood passing through creating an eddy. To meas-
ure the blood pressure, use a rubber ball with screw valve to inflate the cuff around the upper
arm, pressurize until the deep brachial artery can be occluded, and then the blood flow in bra-
chial artery will stop absolutely, no sound of brachial artery can be heard and no pulsation of
radial artery can be palpated by a stethoscope. Soon afterwards, deflate slowly, reduce the cuff
pressure until it was equal to or briefly below the highest pressure of artery, with some blood
spurt through the compressed artery when ventricle contract, access the distal vessel and then
create an eddy, then with a stethoscope we can hear the first sound appear “doom” , the cuff
pressure at this point is termed the systolic pressure (SP) . With deflating continually, the
cuff pressure keeps reducing. The sound can be heard during the whole process of blood flow-
ing through the compressed place of brachial artery. As the cuff pressure is equal to or briefly
below the diastolic pressure, the artery press will be released and the vessel will become totally
open up, thus the eddy of blood could not be created, the vascular sound suddenly becomes
weaken or silent, the cuff pressure at this point is termed the Diastolic Pressure (DP) . Both
number of SP and DP can be read through sphygmomanometers.

[ Experimental subject ]

Human.

[ Experimental equipments )

Sphygmomanometer, stethoscope.

[ Experimental procedures]

1. Understand the structure of sphygmomanometer

A common sphygmomanometer is a mercury sphygmomanometer, involving three parts:
the cuff, the rubber ball, the manometer. Manometer is a glass tube with pressure mark,
which is connected to atmosphere on the top, to the mercury tank at the bottom. The cuff is an
elongated shape pouch wrapped by a cloth bag outside, connected to the cuff and the manome-
ter through rubber tubes. WHO once set up a definite regulation about length and width of the
cuff, which take the length of 120% rounds of upper arm as a standard, the width is 12 ~ 13
cm for adults while is 7 ~8 cm for children. The rubber ball has a screw valve for inflation and
deflation.

2. Check the manometer part of the sphygmomanometer

Before measuring blood pressure, check the manometer part of the sphygmomanometer
firstly to judge whether it is accurate or not, definitely, when the rubber bag in cuff is connect-

ed to air, the fluid level of the mercury column should be at zero. Check about that whether
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the width of cuff is accord with the WHO standard and whether the cuff was air leakage.

3. Measure the arterial blood pressure

(1) Firstly let the subjects sit calmly for 5 ~ 10 min.

(2) Let the subject draw off right side of sleeve, keep his forearm flat on the table, keep
the elbow and heart on the same plane, palm up. Flatten the cuff, exhaust air, and then tie it
on the subject’ s upperarm, the inferior border of the cuff should be about 3cm above the cubi-
tal crease, the degree of tightness should be suitable so that two fingers can be place under the
cuff.

(3) Palpate the pulsation of brachial artery at the inner flank of the cubital fossa by a fin-
ger, then put the echometer chestpiece on the most obvious pulsing place of the brachial artery.

(4) Measure SP  With the echometer chestpiece be pressed in one hand and the rubber
ball in another; twist the screw of the rubber ball clockwise by thumb and fore finger to close
it. And then squeeze the rubber ball repeatedly to fill air into the cuff, making the mercury
column rise until brachial dance stop, pressurize continually to rise 20 ~30 mmHg more. And
then twist the screw anticlockwise to deflate slowly with the mercury column of manometer dive
gradually. Ausculatate carefully, when hearing the first feeble but clear voice, then the mark
of the fluid level of mercury column at this point represent the systolic pressure.

(5) Measure DP Deflate slowly by valve continually, when the sound suddenly disap-
pears, the mark of mercury column at this point is termed the diastolic pressure.

[ Observation items ]

1. Take normal arterial blood pressure (SP and DP) measurement.

2. Let the subjects to change posture from sitting to lying, and then measure arterial blood
pressure.

3. Measure the subjects’ blood pressure after exercise for 5 min.

[ Notices)

1. A quiet room is contribute to auscultation

2. Whatever postures to be used, the measuring place and heart must be kept on the same
plane. The cuff must be around at least 2 cm above the cubital crease; the chestpiece should
be on the pulsing place of the brachial artery and shouldn’t be placed under the cuff for meas-
urement.

3. Generally the aortic pressure could be measured twice consecutively with an interval time
of 3 ~5 min. Before measuring again, the number of cuff pressure must be dropped to zero.

4. The inflating time of the rubber ball should not be too long, especially when the mercu-
ry column is higher than the systolic pressure mark, the pressure should be drop through defla-
tion as quickly as possible, in order to avoid a long time ischemia of the subject’ s forearm,
which may cause odd feelings of tissue hypoxia or numbness.

5. If the blood pressureis out of normal range, let the subject have a rest for 10 minutes

and measure again.

123 -



K] A TR

O

6. It can be a pressure difference about 5 ~10 mmHg (0.7 ~1.3 kPa) between left and
right brachial artery, so during the measurement of blood pressure the cuff should be fixate on
one of the forearms, usually measuring the right brachial artery pressure.

[ Questions]

1. What does SP and DP mean? How about their normal value?

2. What are the principles of measuring artery pressure through Korotkoff’ s auscultation?

3. When measuring artery pressure, why does the echometer chestpiece can not be placed
under the cuff?

4. Why does the measurement of blood pressure cannot be repeated in a short term?

5. Analyze the possible reasons that the variety of the arterial blood pressure after sport

and body position change.
(Cui Wei)

\

Experiment 9 Isolated frog heart

[ Purpose]

To understand the regulation functions of different ions, hormones and neurotransmitters
on isolated heart, and the importance of homeostasis of internal environments to heart.

[ Principle ]

Action potentials of cardiac cells are due to the transmembrane movements of ions such as
Na*, K* and Ca’*. Therefore, the concentration changes of these ions in extracellular fluid
will directly affect the activities of cardiac cells. As for nervous or humoral regulations, neuro-
transmitters or hormones bind to their receptors on cardiac cells to enhance or weaken the car-
diac activities. This lab is to study the effects of some ions, adrenaline and acetylcholine on
cardiac activities in vitro by using isolated frog heart.

[ Experimental subjects]

Toads or frogs.

[ Experimental equipments )

Surgical instruments for frogs, Straub canula, frog heart clip, dropper, frog board,
thread, tension transducer, RM6240 physiological polygraph system (or BL — 420 biological
polygraph system) .

[ Reagents)

Ringer’ s solution, 1 : 10000 adrenalin, 1 : 10000 acetylcholine, 0.65% NaCl, 2%
CaCl,, 1% KCL

[ Experimental procedures ]

1. Preparation of isolated frog heart

(1) Dissection of heart Destroy toad’ s brain and spinal cord by a probe, and place it
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on its back on the frog board. Then cut the abdominal skin from sternum towards clavicle, cut
the muscles and sternum to expose the thoracic cavity. Carefully remove pericardium to expose
the heart.

(2) Insert the Straub canula into the heart Put a piece of thread beneath left and right
aorta and make a slipknot to fix the canula later. Make an incision towards the heart at the root
of left aorta, and then insert the canula with Ringer’s solution into the ventricle. If succeed,
the level of Ringer’ s solution inside the canula would move up and down with heart beat. Then
tie the canula tightly with the prepared slipknot, and flush the ventricle with fresh Ringer’ s so-
lution for several times.

(3) Isolate the frog heart Lift the canula and heart gently, snip all blood vessels con-
nected with heart, and dissociate the heart.

2. Connection of experiment devices

(1) Fix the canula to the iron bracket, clamp the tip of frog heart with a heart clip, and
connect another side of the heart clip by thread to the tension transducer. And then link the
transducer to Channel 1.

(2) Turn on the computer and start the software “RM6240 physiological polygraph sys-
tem” .

(3) Do the following steps to begin the oscillographic operation: Click on “experiments” —
circulation—isolated frog heart. Click on “tools” —coordinates scrolling—regulate the baseline to
the center of the screen. Click on “experiment start” .

[ Observation items]

1. Record the curves of normal heart beat, and measure the amplitude of heart contraction
and frequency of heart beat.

2. After the Ringer’ s solution in canula is all replaced by 0.65% NaCl, measure the
changes of curves.

3. Flush the ventricle with fresh Ringer’ s solution for three times. After the recovery of
curves, add 1 ~2 drops of 1 : 10000 adrenaline into the Ringer’ s solution inside the canula
and measure the changes of curves.

4. Flush the ventricle with fresh Ringer’ s solution for three times. After the recovery of
curves, add 1 ~2 drops of 1 : 10000 acetylcholine into the canula and measure the changes of
curves.

5. Flush the ventricle with fresh Ringer’ s solution for three times. After the recovery of
heart beat, add 1 ~2 drops of 2% CaCl, and measure the changes of curves.

6. Flush the ventricle with fresh Ringer’ s solution for three times. After the recovery of
heart beat, add 1 ~2 drops of 1% KCIl and measure the changes of curves.

[ Notices)

1. Don’t destroy the venous sinus during preparation of isolated heart.

2. Keep the level of Ringer’ s solution inside the canula stable, in order to avoid the
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effects of preload to heart activities.

3. Moisten the isolated heart with Ringer’ s solution frequently.

4. Add more drugs if the effects are not distinct but flush the ventricle immediately when
it’ s obvious lest it does the harm to the cardiac cells. Do next item until the heart beat recov-
ers.

5. Don’t mix up the droppers with different drugs.

[ Questions)

1. How do you tell that the canula is successfully inside the ventricle?

How do you measure the standard curves of frog heart beat?

How do the curves of heart beat change after 0. 65% NaCl? What mechanisms?
How do the curves of heart beat change after adrenaline? What mechanisms?
How do the curves of heart beat change after acetylcholine? What mechanisms?

How do the curves of heart beat change after 2% CaCl,? What mechanisms?

Ny R WD

How do the curves of heart beat change after 1% KCl1? What mechanisms?
(Liu Yudan)

Experiment 10 Nervous and humoral regulation of

cardiovascular activities

[ Purpose]

To learn the direct measurement of arterial blood pressure; to study the effects of some
neurotransmitters and hormones to cardiovascular activities in in vivo state.

[ Principle ]

Cardiovascular activities are regulated by nervous, humoral and autoregulation. In nervous
regulation, the carotid sinus — aortic arch baroreceptor reflex is very important. The afferent
nerve of this reflex is the aortic nerve and the sinus nerve. The aorta nerve in rabbit is an inde-
pendent nerve named aortic depressor nerve and is apt to be separated and observed. The most
important factors of humoral regulation are adrenaline and noradrenaline.

[ Experimental subjects ]

Rabbits.

[ Experimental equipments ]

Surgical instruments for rabbits, operating table, artery cannula, pressure transducer, ar-
tery clamp, syringe, thread, RM6240 physiological polygraph system (or BL —420 biological
polygraph system) .

[ Reagents)

25% urethane, 0. 5% heparin, 1 : 10000 adrenaline, 1 : 10000 noradrenaline.
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[ Experimental procedures)

1. Operation

(1) Anesthesia and fixation Weigh a rabbit, and inject 25% urethane (4.0 ml/kg) in-
to the vein at the edge of ear slowly. Pay attention to the muscle tension, corneal reflex and
pain response to determine the anesthesia extent. Fix the rabbit on its back on the operating ta-
ble. The ventral cervical area is shaved.

(2) Cervical surgery A 3 ~4 cm skin incision is made from thyroid cartilage down the
midline of its neck. And the neck muscles are exposed.

(3) Find the carotid sheath The carotid sheath is found between the sternocleidomastoid
muscle and sternohyoidmuscle by blunt dissection.

(4) Isolation of common carotid arteries and vagus nerves The structures contained in-
side the carotid sheath are common carotid artery, vagus nerve ( thickest), sympathetic nerve
and depressor nerve (thinnest) . The common carotid arteries and vagus nerves bilaterally are
carefully isolated with glass dissecting needle. Supporting the carotid artery using forceps, two
pieces of thread each are passed beneath the carotid artery. Similarly, one piece of thread each
is passed beneath the vagus nerve.

(5) Carotid artery cannulation In reference to the heart, the more distal thread beneath
the carotid artery at one side is tied tightly to occlude blood flowing from the head region. The
proximal thread is tied loosely around the carotid artery. An arterial clamp is placed on the ar-
tery at the proximal side to stop blood flowing from the heart. A “V” shape cut is made using
microscissors into the carotid artery between the two ligatures. A cannula filled with heparin so-
lution is inserted into the carotid artery. The proximal ligature is tightened to prevent dislodge-
ment. The arterial clamp is removed and the cannula is threaded further into the artery to a pre
— determined distance. The proximal ligature is tightened further around the artery and cannu-
la. The ends \of the distal ligature are tied between the cuffs on the cannula for additional an-
chorage.

2. Connection of experiment devices

(1) Connect pressure transducer to Channel 1.

(2) Turn on the computer and start “RM6240 physiological polygraph system” .

(3) Do the following steps to begin the oscillographic operation: Click on “experiments”
—scirculation— the regulation of arterial blood pressure in rabbit. Click on “tools” —coordi-
nates scrolling—regulate the baseline to the bottom of the screen. Click on “experiment start” .

[ Observation items ]

After equipments are properly prepared and the operation is finished, loose the artery clip
slowly, see a littler blood rush to the artery cannula from the common carotid artery. If blood
doesn’ t leak, then observe and record blood pressure.

1. Record the curves of normal blood pressure

Distinguish the first level wave (heart beat wave), the second level wave ( respiratory
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wave) and the third level wave. The first level waves are fluctuations of the blood pressure
caused by constriction and relaxation of the heart. The second level waves are fluctuations of
the blood pressure caused by the dilatation and shrink of the lung in respiratory. The third level
waves may be related to periodic change in cardiovascular center.

2. Common carotid artery occlusion

Lift another common carotid artery and clamp it with arterial clamp, then record the
curves. After about 15 sec, release the arterial clamp and record the trace until blood pressure
recovers.

3. Injection ofnoradrenalin

Inject 1 : 10000 noradrenalin 0.3 ml into ear vein, and measure the changes of blood
pressure.

4. Injection of adrenalin

Inject 1 : 10000 adrenalin 0. 3 ml into ear vein, and measure the changes of blood pressure.

5. Cut one vagus nerve

Lift the thread beneath one vagus nerve, and cut the vagus nerve to measure the changes
of blood pressure.

6. Cut another vagus nerve

Lift the thread beneath another vagus nerve, and cut the vagus nerve to measure the chan-
ges of blood pressure.

[ Notices )

1. Anesthesia speed should be slow and extent should be appropriate.

2. Isolation of nerves should be soft and don’t stretch the nerves too much.

3. Start next item until the blood pressure recovers.

4. Remove the artery cannula until the proximal part of carotid artery is tied tightly.

[ Questions)

1. What happens after common carotid artery occlusion? Why?

2. What are the mechanisms of blood pressure changes after injection of adrenalin or nora-
drenalin?

3. What happens after cutting one vagus nerve? And what happens after cutting another

vagus nerve? And give the reasons.
(Liu Yudan)

Experiment 11 Observation of frog’ s mesenteric microcirculation

[ Purpose]

To observe the frog’ s mesenteric microcirculation blood flow in the vessels and the run-

ning state by using a microscope or image analysis system, and to understand the effect of some
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chemicals on the microcirculatory vascular activation.

[ Principle ]

Microcirculation is distributed in each tissue organ, its main physiological function is to
have material exchange between blood and tissue fluid. Mesenteric microcirculation is presen-
ted at a tree shape, blood flow from the micro artery after arteriole, pre — capillary sphincter,
into true capillaries, and then flows intovenule. True capillary blood flow is mainly regulated
by local metabolites and is also affected by other nervous — humoral factors. The mesentery of
frog is thin and easy to light, which make observation easier for the microcirculatory vasomotor
activity and the state of blood flow by using the microscope and image analysis system.

[ Experimental subjects]

Toads or frogs.

[ Experimental equipments]

Microscopy or image analysis system, surgical instruments for frogs, the porous frog
plate, pin, cotton balls, syringe, glass bell jar or beaker.

[ Reagents]

25% urethane, Ringer’s solution, 1 : 10000 noradrenalin, 1 : 10000 histamine.

[ Experimental procedures]

1. A frog or toad is given with 25% urethane at the dosage of 2 mg/g by subcutaneous
lymph sac injection. After microinjection, frog is put into the bell jar or a beaker cover. And
frogs would come into anesthesia after about 10 ~ 15 minutes.

2. The frog is fixed in the porous frog plate with ventral or dorsal position. We cut a longi-
tudinal incision from the lower abdomen side and gently pull out a small intestine mesentery,
expand and fix it on the porous frog plate by a plurality of pins. The required amount of Rin-
ger’ s solution, but not too much, should be often added into intestine mesentery in order to
keep it wet dliring experiment.

[ Observation items

1. Observation of normal mesenteric microcirculation. Arterioles, venules and capil-
lariesare identified through different diameter or thickness of the wall or the direction of blood
flow or blood flow velocity and blood color at low magnification microscope. The wall of small
vessels is thin; capillary is composed of one layer of cells. The blood of arteries flows fast with
wave shape from the main flow branches into small branches. Small intravenous blood flows
slowly and continuously from small branches into the main branch; capillary is transparent and
near colorless, the blood flow is slow and the diameter is so small that only red blood cells are
allowed to passage in a rank.

2. The changes in vascular diameter and blood flow velocityare observed after noradrena-
line (1 :10000) is dropped into mesentery using syringe. It is usually observed that vascular
bed grows narrowly, the velocity of blood flow slowes down and the number of capillary is fe-

wer. Then it is washed with Ringer’s solution. The changes in vascular diameter and blood
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flow velocity are observed after histamine (1 :10000) is dripped into mesentery using syringe
as the same method.

[ Notices)

1. Force could not be too big when mesentery is expanded. Fixation of intestinal loop can
not be stretched too tight, so as not to break the mesenteric or block blood flow.

2. The required amount of Ringer’ s solution, but not too much, should be often dripped
into intestine mesentery in order to avoid mesentery dry during experiment.

[ Questions)

1. How to distinguish arterioles, venules and capillaries when the microcirculation is ob-
served?

2. Which partsis microcirculation composed of?

3. What are the effects of dripping noradrenaline on the mesenteric vascular diameter and
blood flow velocity impact? Why? S

4. What are the effects ofdripping histamine on the vascular diameter and the blood flow
velocity of microcirculation? What mechanisms?

: ‘ (Gu Yanting)

Experiment 12 Regulation of respiratory movement in rabbits

( Purpose]

To observe the effects of some factors on respiratory movement ( frequency, rhythm and
amplitude ) in rabbits, and analyze mechanisms.

[ Principle )

Respiratory movement is rhythmical and can meet the need of body metabolism, which
could be regulated by respiratory center. This neural activity is triggered by respiratory muscle,
especially diaphragm induced by phrenic and intercostal nerve when central or peripheral
chemo — receptors are excited by various stimulators in vitro or in vivo.

[ Experimental subjects]

Rabbits.

[ Experimental equipments ]

Surgical instruments for rabbits, operating table, tracheal cannula, pressure transducer,
RM6240 physiological polygraph system (or BL —420 biological polygraph system) .

[ Reagents)

Normal saline, 25% urethane, CO,.

[ Experimental procedures )

1. Operation

(1) Anesthesia and fixation Weigh a rabbit, and inject 25% urethane (4.0 ml/kg) in-
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to the vein at the edge of ear. Pay attention to the muscle tension, corneal reflex and pain re-
sponse to determine the anesthesia extent. Fix the rabbit on its back on the operating table.
The ventral cervical area is shaved.

(2) Cervical surgery A 3 ~4 cm skin incision is made from thyroid cartilage down the
midline of its neck. And the neck muscles are exposed.

(3) Tracheal cannulation The trachea is detached from nearby constitutions and thread
is placed under the trachea. The bilateral vagus nerves are separated and then silk thread is
put under each nerve. An inverted “T” shaped incision is made on the trachea 2 cm far from
the cricoid cartilage. After the blood and secretion within the trachea were cleaned out, the tra-
chea cannula is inserted into the airway and fixed with the thread.

2. Connection of experiment devices

(1) Connect pressure transducer to Channel 1.

(2) Tumn on the computer and start “RM6240 physiological polygraph system” .

(3) Do the following steps to begin the oscillographic operation: Click on “experiments”
—srespiratory —regulation of respiratory movement— pressure method. Click on “experiment
start” .

[ Observation items]

1. Record a normal respiratory curve as control.

2. Effect of hypoxia on respiratory movement. The change of respiration movement is ob-
served after hypoxia induced by clipping one side of the trachea cannula for 10 seconds.

3. Effect of high CO, on respiratory movement. The change of respiration movement is ob-
served after the increase the concentration of CO, when a ball filled with CO, is joined with one
side of trachea cannula.

4. Effect of anatomical dead space enlargement on respiratory movement. One side of the
trachea cannulais connected with a rubber tube to increase the anatomical dead space of pulmo-
nary ventilation. Observe and record the changes of respiratory movement.

5. Effect of stimulating vagus nerve on respiratory movement. The changes of respiratory
movementare observed after the unilateral or bilateral vagus nerve is cut off.

[ Notices]

1. Anaesthetic quantity has individual difference, the dosage of narcotic anesthesiais deter-
mined according to the concrete indicators.

2. Pay attention to avoid the hemorrhage caused by vascular damage, when subcutaneous
tissue and the vagus nerveare separated bluntly.

3. Carbon dioxide balloon nozzle should bel c¢m far from the rabbit tracheal side nozzle in
order to guarantee that CO, can not be directly inhaled.

4. The next item could not go on until the curve of respiratory movement recovers.

[ Questions]

1. What is the mechanism of enhancing respiratory movement induced by hypoxia and in-
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creasing CO, concentration during inspiration?
2. What is the effect of anatomical dead space enlargement on respiratory movement? Why?

3. What is the effect of vagotomy on respiration movement? Why?
(Gu Yanting)

Experiment 13 Physiological characteristics of

the isolated small intestine smooth muscle

[ Purpose]

To study the experimental method of mammalian organs in vitro; and to observe the physi-
ological characteristics of mammalian small intestine smooth muscle.

[ Principle )

Mammalian gut smooth muscle has physiological characteristics such as contractibility,
slow and irregular autorhythmicity, extension and susceptibility tochemical, temperature and
mechanical stretch.

[ Experimental subjects]

Rabbits.

[ Experimental equipments )

Constant temperature water bath, Magnus’ bath, infusion set, W — shaped exhaust pipe,
oxygen tank, culture dish, syringe, tension transducer, needle, thread, RM6240 physiological
polygraph system (or BL —420 biological polygraph system) .

[ Reagents)

Tyrode’ s solution, 1 : 10000 adrenaline, 1 : 10000 acetylcholine.

[ Experimental procedures]

1. Preparation of isolated intestinal smooth muscle specimens

(1) Emplace experimental device. Heat the water from constant temperature to 28°C , put
W - shaped exhaust pipe into Magnus’ bath, modify the valve on the oxygen tank to keep the
ventilation rate at 30 ~40 bubble per minute.

(2) Beat the head with a mallet to make rabbit coma, and then open its abdominal cavi-
ty. First, find stomach at left upper quadrant, pylorus and duodenum, take out 2 ~3 cm intes-
tinal segment close to the duodenum. Put the intestinal segment in culture dish with Tyrode’ s
solution. Wash out the content of the segment with Tyrode’ s solution. Threading and ligation
at both end, one end is hung on the hook of W — shaped exhaust pipe. Put the W — shaped ex-
haust pipe and intestinal segment into the Magnus’ bath, and connect the specimen to tension
transducer with the line at the other end. Modulate the position of transducer to fasten the line

in order to get proper preload which is confirmed by height of baseline.
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2. Connection of experimental devices

(1) Connect the tension transducer to channel 1.

(2) Turn on the computer and start “RM6240 physiological polygraph system” .

(3) Do the following steps to begin the oscillographic operation: Click on “channel 1”
— bioelectricity—tension. Click on “tools: —quick zero—click on the icon “quick zero” .

(4) Click on “start record” to begin the experiment when the graph on the screen is sta-
ble.

[ Observation items]

1. Record the movement of intestinal segment in Tyrode’ s solution at 28°C.

2. Influence of temperature

Record the movement of the intestinal segment when temperature increases from 28°C to
38°C, record the movement per 2C.

3. Influence of adrenaline

When the temperature is stable at 38°C , 1 : 10000 adrenaline is taken with a syringe and
dropped into Tyrode’ s solution in the Magnus’ bath, and then observes the movement of intes-
tinal segment. Change Tyrode’s solution after the effect appears, flush the intestinal segment
with Tyrode’ s solution for 3 ~4 times.

4. Influence of acetylcholine

1 : 10000 acetylcholine is taken with a syringe and dropped into Tyrode’ s solution in the
Magnus’ bath when the movement is back to normal. Record the change of contraction curve.

[ Notices]

1. Prepare the Tyrode’s solution (38°C) before adding reagent each time.

2. Tyrode’s solution in the Magnus’ bath should be above the intestinal segment. Keep
the temperature at 38°C when investigate the effect of drug to avoid the influence of the temper-
ature on contractive function and the response of the intestinal segment to reagent.

3. Indicated volume of reagent is a reference; increase the volume if the effect is not obvi-
ous. Don’t add too much because it will induce irreversible reaction.

4. We should have to change Tyrode’ s solution immediately after each experimental item.
Do next item after the movement of the intestinal segment is back to normal.

[ Questions )

1. What are the basic perfusion conditions for keeping good condition of mammalian or-
gans in vitro in perfusion solution?

2. What’ s the change of the movement of the intestinal segment when the temperature of
Tyrode’ s solution is changed? Why?

3. What’s the change of the movement of the intestinal segment after adding Adrenaline? Why?

4. What’s the change of the movement of the intestinal segment after adding acetylcho-
line? Why?

(Chen Xia)
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Experiment 14 Analysis of reflex arc

[ Purpose ]

To observe and analyze the composition of reflex arc, and to investigate the relationship
between integrity of reflex arc and reflex action.

[ Principle )

Reflex refers to an action that is carried out as a result to a stimulus under the participa-
tion of the central nervous system. The structural foundation of reflex is reflex arc. It isa neces-
sary condition for reflex action to keep structural and functional integrity of reflex arc. A reflex
action can not be fulfilled when any part of the reflex arc is destroyed.

[ Experimental subjects]

Toads or frogs.

[ Experimental equipments ]

Surgical instruments for frogs, iron bracket, muscle clamp, beaker.

[ Reagent )

0. 5% sulfuric acid.

[ Experimental procedures]

1. Preparation of spinal frog specimen

While one of ordinary scissors blade insert frog mouth, cut frog head along the rear edge
of the tympanic membrane connections. The frog becomes the spinal animal, and cover spine
section with cotton balls. If appropriate incision, the spinal cord section is circular rather than
oval. After the decollation, this frog will be in a “spinal shock” that does not show any re-
sponse to stimuli, gradually recovered after 10 ~20 minutes. The hind quarter will retract if
you straighten it after the frog recovers.

2. Connection of experimental devices

Clamp the jaw with muscle clamp and hang the frog on theiron bracket. Start the experi-
ment after a while.

[ Observation items )

1. Role of sensory receptor

Flexion reflex occurs when a piece of filter with 0. 5% sulfuric acid is put on one dorsum
of foot. Wash the dorsum with water and make an annular incision on skin of ankle and foot.
The skin of ankle and foot is teared off completely (skin of toe should be teared off clearly) .
Put a piece of filter with 0. 5% sulfuric acid on the naked dorsum after the frog comes down;
observe if flexion reflex still occurs.

2. Transduction of peripheral nerves

Flexion reflex still occurs when a piece of filter with 0. 5% sulfuric acid is put on the skin
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covered foot dorsum. Make a 1 c¢m long longitudinal incision on the skin at the back and inside
of thigh, find the sciatic nerve between biceps femoris muscle and semimembranosus and cut
it, and then stimulate foot dorsum with 0. 5% sulfuric - treated filter, observe if flexion reflex
still occurs.

3. Reflection function of nervous center

Flexion reflex still occurs when a piece of filter with 0. 5% sulfuric acid is put on the skin
of the hip in frog with an integrated nervous system. Destroy spinal cord with a probe into spi-
nal canal, and then stimulate the skin at different parts of the body, observe if flexion reflex
still occurs.

[ Notices)

1. Cutting place should be proper to cut spinal cord without spinal injury.

2. Wash the sulfuric acid - treated filter in time between two experiments.

[ Questions)

1. What is the spinal cord animal?

2. What kind of results will you get in these experiments? Why?

3. What is the composition of the reflex arc of the flexion reflex by experiment?

(Chen Xia)

Experiment 15 The characteristics of the reflex center activities

[ Purpose]

To observe the spinal reflex, and to study the essential characteristic of the spinal reflex.

[ Principle ]

Different parts of central nervous system have different effects of the collective coordination
activities. The more advanced parts embody the more complex reflex function. The spinal cord
is in the lowest part of the central nervous system, andits function is simple. After the decapi-
tation, various tissues and organs of amphibians can maintain normal basic function, and all
kinds of reflex activity are simple spinal reflexes. It is convenient for observation and analysis
of some characteristics of reflex.

[ Experimental subjects])

Toads or frogs.

[ Experimental equipments]

Surgical instruments for frogs, frog board, muscle clamp, stimulator, stimulating elec-
trode, stopwatch, culture dish, iron bracket, beaker.

[ Reagent )

0.5% sulfuric acid.
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[ Experimental procedures]

1. Preparation of spinal frog specimen

While one of ordinary scissors blade insert frog mouth, cut frog head along the rear edge
of the tympanic membrane connections. The frog becomes the spinal animal, and cover spine
section with cotton balls. If appropriate incision, the spinal cord section is circular rather than
oval. After the decollation, this frog will be in a “spinal shock” that does not show any re-
sponse to stimuli, gradually recovered after 10 ~ 20 minutes. The hind quarter will retract if
you straighten it after the frog recovers.

2. Connection of experimental devices

Clamp the jaw with muscle clamp and hang the frog on theiron bracket. Start the experi-
ment after a while.

[ Observation items )

1. Scratch reflex »

Use a small piece of filter paper coated with 0. 5% sulfuric acid, stick on the skin under
the frog abdominal segment, visible limbs to scratch steak here until filter paper is got rid of.

2. Reflex time measurement

Use the filter paper coated with 0. 5% sulfuric acid solution to stimulate the foot dorsal
skin of frog either hind limb. Knees reflection as an indicator to record from stimulus to knees
is the time that it takes. Then quickly erase residues from the frog toe skin, and wipe the water
stains on the toes with gauze. The experiment is repeated 3 times, and after each time rest 3
min, the average of 3 times is the reflex time.

3. Central inhibition

Ditto method to measure the one side of lower limbs reflection, then using hemostatic for-
ceps or fingers pinching force the contralateral leg knee joint as the mechanical simulation
(‘sustained pinch) . Repeat the measurement on the original side after frog becomes quiet; ob-
serve the presence of time extension.

4. Summation

(1) Spatial Summation After two stimulating electrodes all receive a stimulator, respec-
tively contact with two part of skin close to each other. The skin is the part of the same frog
hind limbs. And find the single subthreshold intensity that close to the threshold. If the single
subthreshold stimulus could not cause reaction respectively, and then with the same subthresh-
old intensity to stimulate this two places of the skin at the same time, observe the presence of
reaction.

(2) Temporal Summation Using only one electrode to stimulate the skin by above —
mentioned subthreshold stimulus repeatedly, observe the presence of reaction.

5. After discharge

Stimulate the skin of frog hind limbs with appropriate intensity of electrical stimulus re-

peatedly ; stop this stimulus until flexor reflex appeared. Observe that if the reflex activity could
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be ongoing.

6. Diffusion

Repeatedly stimulate the frog hind limbs with a weak electrical stimulus, observe how its
response site. Gradually increasing stimulus intensity, observe the presence of increased re-
sponse sites under a strong stimulus.

[ Notices]

1. When using sulfuric acid, prevent the spatter to the skin, clothing, and laboratory
bench.

2. Shearing head position should be accurate. If the position is too high, parts of the brain
will be residues. Independent activities may appear. If the position is too low, the spinal cord
will be injured, the reflection of upper limbs will disappear.

3. The part of skin closed to electrode should have certain humidity, in order to avoid that
the skin is too dry to cause resistance increases. It may lead to the decrease of the current in-
tensity, and the stimulating effect will be impacted.

4. When two parts of skin be stimulated at the same time, space between should be less
than 0.5 cm.

5. When repeatedly stimulating, interval time couldn’t more than 15 ms.

[ Questions)

1. What is spinal shock? How dose spinal shock happen? What are the manifestations of
spinal shock?

2. What is scratch reflex? What is reflex time?

3. How to produce the summation, after discharge, diffusion of spinal reflex?

(Wang Jiahong)

Experiment 16 The regulation of cerebellum to somatic movements

[ Purpose)

To understand the regulation of cerebellum to somatic movements, and to observe the
changes of muscle tension, body balance and other physical activities after damage on one side
of mouse cerebellum.

[ Principle )

The cerebellum is one of the important main centers of regulating body movement func-
tion. It can maintain posture, regulate muscle tension, coordinate voluntary movement, and
other important functions. Cerebellum has extensive contact with motor area of cerebral cortex,
reticular formation of brain stem, vestibular apparatus and spinal cord. The vestibular cerebel-
lum is associated with body posture balance, spinal cerebellum is associated with the regulation

of muscle tension, and the cerebellar cortex is associated with the formation and preparation of
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exercise program. If cerebellum is damaged, the body could appear voluntary movement disor-
ders, the reduce of muscle tension, disequilibrium, ataxia and so on.

[ Experimental subjects]

Mice.

[ Experimental equipments )

Direct surgical scissors, tweezers, pins, absorbent cotton, beaker or jar (200 ml) .

[ Reagent)

Ether.

[ Experimental procedures]

1. Anesthesia

The beaker built — in a cotton ball, infunde a suitable amount of ether, then put the
mouse into the beaker, doing light inhalation anesthesia for about 1 ~2 min ( covering the glass
cover to avoid ether volatilization) . When mouse breathes deeply, slowly and have no random
events, then take the mouse out of the beaker.

2. Operation

Hole on both sides of the mouse head by left thumb and index finger, cut the skin of head
along the midline, then do the blunt separation of subcutaneous tissue and muscle layer, and
skull will be exposed. Identify the skull bone seam carefully ( coronal suture, sagittal suture,
lambdoidal suture) . Pierce skull bone 3 mm with a pin by right hand. The pierce place is un-
der the lambdoidal suture 1 mm, 2mm from one side of midline. Then swing the pinpoint be-
fore and after to destroy one side of the cerebellum. Pull out the pin, and place a cotton ball on
the wound to stop the bleeding.

[ Observation items)

1. Observe the activities of normal mouse.

2. After the mouse is awake, observe the balance changes of posture and the muscle tone
change of limbs. Observe whether the mouse rotates or overturns to one side.

[ Notices ]

1. Anesthesia should be moderate, the time that inhaling ether should not be too long, for
fear that mouse dies.

2. The place of piercing the pin should be moderate, too deep will injure the bulbar.

3. If cerebellar damage is not complete, there will be no changes of activity after the
mouse is awake. You need destroy the cerebellum once again.

[ Questions)

1. Try to discuss that the regulation of cerebellum to somatic movements.

2. After destroyed one side of the cerebellum, what will happen about somatic movement? Why?

3. Can you estimate which part of cerebellum has been damaged via observing the body

movement disorders?

(Wang Jiahong)
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Experiment 17 Effect of adrenal gland on
water — electrolyte metabolism in rats

[ Purpose]

To investigate the effect of adrenal gland on water — electrolyte metabolism, and to learn
the method of adrenalectomized operation and detection of sodium with atomic absorption spec-
trophotometer.

[ Principle )

The major hormones secreted from adrenal are known for their important control on life
and normal metabolism. Aldosterone promotes the retention of sodium and the excretion of po-
tassium. Moreover, corticosteroid also could increase water discharge. The adrenalectomized
animals appeared loss of sodium and low — ability of water discharge. According to the above
point, the effect of adrenal on water — electrolyte metabolism is investigated.

[ Experimental subjects]

Rats.

[ Experimental equipments )

Metabolic cage, atomic absorption spectrophotometer, surgical instruments for rats, injector.

[ Reagents)

Normal saline, sodium chloride standard solution, pentobarbital.

[ Experimental procedures]

1. Adrenalectomized operation

Sixteen rats are divided into two groups (8 per group) : one group animals are operated
to cut adrenal gland, and the others are control group. The anesthetic rats are fixed on the
operating table. Dissect the skin beside medium line 1 to 2 cm from the front to rear. Look
for the adrenal gland ahead of kidney, ligate and excise it. Sew up the muscle and skin one
by one.

2. The detection of water metabolism

Feed the adrenalectomized rats with normal saline for five days before experiment. Then
change saline to water and fast the rats for 18 h. Rats are oral administrated with distilled water
(5 ml/100 g) and evacuated urine. Put rats into metabolic cage (only one per cage) , collect
the urine and detect the volume every 30 min lasting for 3 h. To evaluate the effect of adrenalin
on water metabolism according to the volume percentage of water load.

3. The detection of electrolyte metabolism

Feed the adrenalectomized rats with normal saline for two days before experiment. Then
change saline to water and feed rats with salt — free forage. The saline is intraperitoneal injec-
ted to rats until the end of experiment (5 ml, once daily) . The experiment begins at the
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fourth day after the operation. Rats are oral administrated with distilled water (5 ml/100 g)
and evacuated urine. Put rats into metabolic cage (only one per cage), collect the urine and
detect the volume at 5 h. Evaluate the effect of adrenalin on electrolyte metabolism by the con-
tent of sodium detected by atomic absorption spectrophotometer.

[ Observation items]

1. Observe the effects of adrenal gland on water load in rats.

2. Observe the effects of adrenal gland on sodium metabolism in rats.

[ Notices)

1. The animals should not be anesthetized too much.

2. The operation should be done under the sterile environment, and inject antibiotics to
animals after operation. Pay attention to the breeding environment.

3. Feed the animals with normal saline after operation to keep metabolism balance.

[ Questions)

1. What is the effect of adrenalin on water — electrolyte metabolism?

2. How to identify which hormone to regulate the water — electrolyte metabolism?

(Zang Linghe)

Experiment 18 Regulation effect of insulin on blood glucose in mice

[ Purpose]

To detect the content of blood glucose by glucose oxidase method and investigate the effect
of insulin on blood glucose.

[ Principle ]

Glucose oxidase is aerobic dehydrogenase, it can catalyze glucose to glucanic acid and hy-
drogen peroxide. Hydrogen peroxide releases oxygen activated by peroxidase, and makes 4 —
aminoantipyrine and phenols oxidation condensation, the product that is quinone imine dye ap-
pears red. The absorbance could be detected at 505 nm.

[ Experimental subjects)

Mice.

[ Experimental equipments )

Injector, capillary, thermostat — controlled water — bath, centrifugal machine, visible
spectrophotometer.

[ Reagents)

Normal saline, blood glucose assay kit.

[ Experimental procedures]

1. Preparation of reagents

(1) 0.2 M phosphate buffer (pH 7.0)  Mix the 0.2 M Na, HPO, 61 ml and 0.2 M

- 140 -



¢ Chapter 3 Physiological experiments

KH, PO, 39 ml

(2) Enzyme reagent Glucose oxidase 1200 U, peroxidase 0. 6 mg, 4 — Aminoantipyrine
10 mg, sodium azide 100 mg, add phosphate buffer 80 ml, regulate pH to 7.0 +0. 1, and
then add phosphate buffer to 100 ml. The solution will be stable under 4°C for two months.

(3) Phenol reagent Add 100 mg phenol to 100 ml distilled water.

(4) Enzyme phenol mixed reagent Mix equal enzyme reagent and phenol reagent.

(5) The glucose standard solution Put D - glucose into dryer lasting for 4 h under
80°C , wait for its cooling, and put it into vacuum dryer until constant weight. Dissolve the a-
bove powder (1. 802 g) in benzoic acid (12 mmol/L) solution, and make volume to 100 ml to
prepare glucose storage solution. Put 5 ml glucose storage solution into volumetric flask , make
volume to 100 ml with benzoic acid solution (12 mmol/L) . This solution is glucose standard
solution (5 mmol/L) .

(6) Benzoic acid solution (12 mmol/L) Dissolve the 1.5 g benzoic acid in 100 ml
distilled water.

2. Insulin injection and blood collection

Twenty mice are divided into two groups (10 per group) : one group animals are injected
with normal saline (5 ml/kg) , and the othes are injected with insulin (20 U/kg) . After 30
min, take blood from orbital vein, put the blood into water bath keeping 37 °C for 20 min,
then serum will be collected by centrifugal separation (3000 r/min) . Detect the content of
glucose in serum.

3. Detection of glucose

Operate the steps following by table 3 —2.

Table 3 —2 The method of detecting the glucose

Test tube Standard tube Control tube
Serum 20 pl - -
Glucose standard solution = 20 pl =
Enzyme phenol solution 3 ml 3 ml 3 ml

Mix the solution and keep it in 37°C water bath for 15 min, and then detect the absor-

bance at 505 nm, reset zero using control tube.

A
Glucose content (mmol/L) =-—2ott_y 5

ASlnndard tube
[ Observation items)

1. Detect the glucose content in mice treated by normal saline.

2. Detect the glucose content in mice treated by insulin.

3. Compare the difference of blood glucose between insulin group and control group.
[ Notices]

1. Animal should be fasted before the experiment.
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2. Prevent the blood from drastic jolting to avoid hemolysis.
[ Questions)
1. How dose insulin regulate the blood glucose?
2. Which factors could affect the experiment results?
(Zang Linghe)

Section 2 Physiological comprehensive experiments

Experiment 1 The simultaneous recording of
nerve trunk action potential, many ( group)

myocytes action potential and muscle contraction

[ Purpose)

To learn the experimental methods of multi — parameter, multi — signal recording from
specimens in vitro; and to observe the basic physiological processes such as the excitement gen-
erating, transmission, skeletal muscle excitation — contraction coupling and muscle contraction
in the neuromuscular junction to understand the relationship between them.

[ Principle ]

The motor nerve transmits excitability to the skeletal muscle to induce skeletal muscle con-
traction, which is the most common type of physiological phenomenon mainly including three
basic physiological processes: Firstly, the motor nerve fibers generate excitement after receiv-
ing the threshold stimulus, excitement conducts along the nerve fiber following the local current
and saltatory conduction mechanism to reach the neuromuscular junctions; Then, excitement
transmitted to the myocytes by the neurotransmitters and receptors in the neuromuscular junc-
tions; Finally, after excitation — contraction coupling, excitement causes muscle contraction.
In this experiment, stimulus in vitro is applied to the sciatic nerve — gastrocnemius muscle sam-
ples to observe the relationships of skeletal muscle electricity changes of excitement and muscle
contraction in the above different physiological processes.

[ Experimental subjects]

Toads or frogs.

[ Experimental equipments )

Surgical instruments for frogs, frog plate, iron bracket, tension transducer, gastrocnemius
fixed shielding box, needle — shaped guiding electrode, RM6240 physiological polygraph sys-
tem (or BL —420 biological polygraph system) .

[ Reagents)

Ringer’ s solution, 20% procaine.
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[ Experimental procedures)

1. Preparation and fixing of the sciatic nerve — gastrocnemius specimen

(1) The specimens production is the same as that of “Characteristics of muscle contrac-
tion” , then immerse the prepared specimen into culture dish containing Ringer’ s solution for
reserve.

(2) Put the femur stump of prepared sciatic nerve — gastrocnemius muscle specimen into
fixing hole, tighten the screws.

(3) Place the sciatic nerve on stimulation and recording electrodes, maintaining good
contact between the nerve and electrode.

(4) Fixing gastrocnemius tendon ligature to the force chip of tension transducer, insert
the needle — shaped guiding electrodes into the gastrocnemius.

2. Connection of experimental devices

(1) Link the tension transducer to channel 1.

(2) Connect the gastrocnemius guiding electrode to channel 2.

(3) Connect the action potential guiding electrode for nerve trunk to channel 3.

(4) Turn on the computer and start “RM6240 physiological polygraph system” .

(5) Do the following steps to begin the oscillographic operation: Click on “experiment” —
“nerve sarcolemma action potential and muscle contraction” . Click on “tools” —coordinates
scrolling—regulate the baseline to the center of the screen—start recording.

[ Observation items ]

1. The simultaneous recording of nerve trunk action potential, myocytes action potential
and muscle contraction.

(1) Select a single stimulus, 0. 1ms pulse width, the stimulus intensity gradually increases
from 0. 1V. Take the nerve trunk action potential as a standard to measure threshold stimulus.

(2) Give stimulus intensity on the threshold and recording each curve.

(3) Increase stimulus intensity on the threshold, observe the changes of various curves
and find the maximum stimulus intensity.

2. Select the maximum stimulus intensity, and then change the stimulation frequency.

(1) Observe the single muscle contraction, incomplete and complete tonic contraction
and record the relevant stimulation frequency.

(2) Observe the relationship between the nerve trunk action potential waveform, myo-
cytes action potential waveform and the muscle contraction curve under different exciting fre-
quency.

(3) Measuring the time difference from nerve trunk action potential starting point and
myocytes action potential starting point to muscle contraction starting point at the exciting fre-
quency of 2 Hz.

[ Notices]

1. Make the specimens moist during experiment, maintain its excitability.
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2. Control various factors effectively to prevent interference.

[ Questions)

1. What are the basic conditions of electrical stimulation needed to make the nerve fibers
excited?

2. How does the nerve trunk action potential change when the muscle tetanic contraction
occurs? Why?

3. Analyze these experienced events during the physiological process that from nerve fi-

bers received stimulation inducing action potential to muscle contraction.

(Zhang Zhou)

Experiment 2 The simultaneous recording of myocardium

group cells action potential, ECG and contraction

[ Purpose ]

To learn the electrophysiology experiment technology of organs in vivo and multi — parame-
ter electrophysiology experiment recording methods; to record the ventricular myocytes action
potential directly, and observe the relationship between ventricular myocytes action potential
the body surface ECG and myocardial contraction.

[ Principle ]

The action potential of myocardial cells is a sign of myocardial cells excitation, and it is a
rapid and reversible inversion and recover of both sides of membrane potential that happened at
the resting potential based on myocardial cell membrane. The action potential of myocardial
cells not only has the long time course, but also can be divided into multiple phases; its forma-
tion is related to the transportation across the membrane of some ions, such as sodium, potassi-
um and calcium. On the ECG axis, body surface ECG recorded the projection which is from
the voltage instantaneous integrated vector produced by electrical activity in myocardial cells
during the cardiac cycle. Record the body surface ECG and myocardial contraction tension, at
the same time, recording the action potential of ventricular myocytes in vivo by using floating
glass microelectrodes technique, then the relationship between ventricular myocytes action po-
tential, ECG and myocardium mechanical contraction can be indicated intuitively.

[ Experimental subjects)

Toads or frogs.

[ Experimental equipments ]

Frogs surgical instruments, microelectrode amplifier, electrical shielding workbench, iron
bracket, microelectrode manipulator, a 0. 05 ~0. 1 mm silver spring, electrode filling bottles,
tension transducer, RM6240 physiological polygraph system (or BL —420 biological polygraph

system ).
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[ Reagents)

Ringer’ s solution, 3 mol/L KCL

[ Experiment procedures )

1. The drawing and filling of glass microelectrode

Place the 1.3 ~1.5 mm in diameter glass tube blank that with core onto a microelectrode
puller, and drawn into a microelectrode with tip diameter less than 0. 5 um, neck length about
1.2 em. The microelectrode is placed into 3 mol/L KCI solution for automatic filling, made in-
to a microelectrode with 10 ~20 M() resistance, tip no bubbles and no crystallization. Leave
15 ~20 mm at the end of silver spring fixed on the manipulator, coated with silver chloride,
and the head welded to the lower end of the copper bar. The other end of the fine copper and
the input of the microelectrode amplifier probe are connected by thin.

2. Preparation of specimens

(1) Destroy the frog brain and spinal cord, fix the back to the frog board.

(2) Cut the skin and muscle from the medioventral part to the both sides of the shoulder,
scissor the lateral clavicle and cut off the soft tissue and collarbone through transverse from jaw
and neck.

(3) Scissor pericardium, exposed the heart fully, and then covered with cotton balls ab-
sorbed enough Ringer’ s solution to prevent the surface of heart being dry.

3. Connection of experiment devices

(1) Connect the microelectrode wire to the channel 1.

(2) Insert the full —lead ECG cable plug into channel 2.

(3) Link the tension transducer wires with the channel 3.

(4) Turn on the computer and start “RM6240 physiological polygraph system” .

(5) Do the following steps to begin the oscillographic operation; Click on “experiment” —
“circulation” — “synchronous recording of the cardiac myocyte action potential and ECG” .
Channel 3— “bioelectricity” — “tension” —start recording.

[ Observation items)

1. Observation of ECG

Insert the wire — connected pin into the frog’ s body as the lead of ECG. Channel 2 will be
used to record ECG belong to the lead of the second standard.

2. Recordance of ventricular myocytes action potential

Saw the well - filled glass microelectrode gentlyat 8 ~ 10mm from the tip with a small
grinding wheel on the ampoule cutter, then break it off with thin rubber hose — setted tweez-
ers. Put the broken microelectrode onto the end of silver spring. Plump the tip of the micro-
electrode and adjust the manipulator to the lowest position, so that the electrode tip can be con-
tacted to ventricular tissue surface and gently pressed. With ventricular contractile activity, the
electrode tip can penetrate the cells on the surface of ventricular tissue, and then the action po-

tential can be recorded. If the puncture is failed or the electrodes slide out from the cells, lift-
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ing up the manipulator again and penetrating the cells more quickly will always be helpful.

3. Recordance of systolic curve

Grip the apex cordis with a clip attached to the tension transducer during ventricular dias-
tole. Channel 3 will be used to record the changes of systolic tension.

[ Notices)

1. Expose the heart fully and try to minimize the damage to the myocardium during speci-
men processing.

2. The key to the success of the experiment is the preparation of suspension microelec-
trode. Keep the electrode vertical when recording.

3. Insure that the instruments are well — grounded to eliminate interference.

[ Questions)

1. How many phases can ventricular myocytes action potential be divided into? What’ s the
ion foundation of each stage?

2. Compare ECG with ventricular myocytes action potential and indicate the changes of
ventricular cells activity reflected on each wave on ECG.

3. Does ventricular myocytes action potential happen simultaneously with mechanical con-
traction? Why?

4. What are the characteristics of ventricular myocytes action potential when compared

with skeletal muscle cells and nerve fibers? How do these features impact cardiac contraction?
(Zhang Zhou)

Experiment 3 Factors influencing urine formation

[ Purpose]

To observe the factors which can influence uropoietic and analyze the mechanism of ac-
tions, and to familiarize the bladder and ureter cannulation.

[ Principle )

For urine formation, there are three steps: glomerular filtration, reabsorption of tubular
and collecting duct, secretion and excretion of tubular and collecting duct. Any factor which
can influence these processes will vary the volume or characteristic of the urine.

[ Experimental subjects ]

Rabbits.

[ Experimental equipments )

Surgical instruments of rabbits, rabbit operating table, artery cannula, bladder cannula
(or ureter cannula) , artery clamp, pressure transducer, needle electrode, stimulating elec-
trode, shielded electrode, infusion device and triple valve, Tes — Tape, syringe (1 ml, 10 ml

and 20 ml), 10 ml measuring cylinder, drop recorder, RM6240 physiological polygraph sys-

- 146 -



¢ Chapter 3 Physiological experiments

O

tem (or BL —420 biological polygraph system) .

[ Reagents )

25% urathan, 6% citrate sodium (or 500 ~ 1000 U/ml heparin) , 20% glucose solution,
normal saline, 1 : 10000 noradrenaline, pituitrin, frusemide ( nicorol) , 0. 6% phenol red in-
jection, 10% NaOH.

[ Experimental procedures ]

1. Electrocardiogram ( ECG) recording, urinary volume measurement and carotid
artery cannula

(1) Anesthesia and fixation ~Weigh a rabbit, and inject 25% urethane (4.0 ml/kg) in-
to the vein at the edge of ear slowly for anesthesia. Fix the rabbit on its back on the operating
table. The ventral cervical area, left lumbar and lower abdomen are shaved.

(2) Shave the hair on ankle joint; insert the needle electrode subcutaneously into the an-
kle joint. Lead wire method: right front (red), left front (yellow), right back (black), left
back (green) .

(3) Urine collection Bladder or ureter cannulation.

Bladder cannulation; The abdomen was cut open from the superior margin of pubic sym-
physis upwards for 4 cm. The abdominal wall and peritoneum was cut open along the linea al-
ba, find out the bladder. The bladder was turned over outside the abdominal cavity, find out
the bilateral ureters and the opening of ureters in bladder at the bottom of bladder. Prepare a
thread under bilateral ureters respectively. The bladder was turn upwards to ligate the urethra,
and then cut a little opening on the top of the bladder. Insert a bladder cannula filled with sa-
line, and then the bladder cannula and bladder were ligated and fixed with thread. The flare o-
pening of cannula should be directly facing to the ureters opening and close to the bladder wall,
the other side of bladder cannula should connect to drop collector of the drop recorder. After
the operation, bondage with warm saline was used to cover the incision on abdomen.

Ureters cannulation: The abdomen was cut open from the superior margin of pubic sym-
physis upwards for 5 cm. The abdominal wall was cut open along the linea alba, the bladder
was turned over outside the abdominal cavity to expose the bladder triangle. Find out and sepa-
rate the bilateral ureters at the bottom of bladder. Prepare two threads under each side of ure-
ters. One of them ligate the end proximal to bladder (the urine cannot flow into the bladder) ,
cut a “V” shape opening above the ligation, insert a ureter cannula filled with saline, and then
the ureter and cannula were ligated by using the other thread. The other side of the ureters
were inserted, ligated and fixed in the same way. The urine will discharge from the plastic tube
drop by drop. Bilateral cannulas were fixed together with thread and connect to the glass tube
of drop recorder. After the operation, bondage with warm saline was used to cover the incision
on abdomen.

(4) Common carotid artery cannulation Separate the left common carotid artery and the

right vagus nerve. The end which proximal to head of left common carotid artery was ligated
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with thread. The end which proximal to heart was occluded by using artery clamp. Cut an ob-
lique opening below, the ligation then insert the artery cannula. The artery and cannula were
ligated and fixed with thread. Release the clamp to observe the wave of artery blood pressure.

2. Connection of experiment devices

(1) Insert the full —lead ECG cable plug into channel 1.

(2) Connect the tension transducer to the channel 2.

(3) Insert the drop recorder input line to jack socket.

(4) Turn on the computer and start “RM6240 physiological polygraph system” .

(5) Do the following steps to begin the oscillographic operation: Channel 1— “bioelec-
tricity” , Channel 2— “pressure” — “kPa” . Stimulator parameter: continuous single stim-
ulus, interval 10 ~20 ms, stimulus intensity 3.0 ~6.0 V, wave width 1.0 ~5. 0 ms, stimulus
frequency 30 ~100 Hz. Start recording.

[ Experimental items ) ‘

1. Record the normal ECG wave, blood pressure curve and urine volume (drop/min) .

2. Chang the experimental conditions and observe the alternation of ECG, blood pressure
and urine drops.

(1) i.v. 37C saline 20 ml.

(2) i.v.1 :10000 noradrenaline 0.3 ~0. 5 ml.

(3) Take 2 drops of urine and do the qualitative experiment of glucose in urine. Then
i.v. 20% glucose 10 ml, observe the change of urine volume. When urine volume increased
markedly, take the urine and do the qualitative experiment of glucose in urine again.

(4) i v. pituitrin 2 U.

(5) i v. frusemide 5 mg/kg.

(6) i.v.0.6% phenol red 0. 5ml, then reckon by time. A culture dish fill with 10%
NaOH was used to collect urine. If phenol red was excreted from the body, it will turn red
when it mixed with NaOH. Calculate the interval between injection and excretion of
phenol red.

(7) Electrical stimulus of the vagus nerve: Cut off the right vagus nerve and medium in-
tensity of impulse current was used to give interrupt stimulation to the peripheral end to keep
the blood pressure around 40 ~50 mmHg (5.3 ~6. 6 kPa) for 5 min.

(8) Separate one femoral artery: insert a plastic cannula or cut opening to bleed. Then
the artery blood pressure drop down to 50 mmHg (6. 6kPa) suddenly. Observe the alternation
of urine volume then supply saline immediately.

[ Notices )

1. Anesthesia should be slow.

2. Raise enough vegetable or irrigate 40 ~50 ml water to rabbit’ s stomach after anesthesia
to make sure the rabbit can excrete enough urine during the experiment.

3. The auricular vein should be protected carefully.
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4. The surgery should be handled gently, but the incision should not be too big to affect
uropoietic.

5. The items should be done successively. The following item should be done after the last
test item recovered.

6. The test sequence arrangement is shown as below; the obliguric experiment should be done
on the basis of hydrouria and the promoting urinary formation experiment should be done on the ba-
sis of oliguresis. The glucose experiment should be done, if anuresis after cannulation.

7. During observation of urine alternation by electrical stimulus, the intensity should be
appropriate but not intense.

8. After injection of 20% glucose, the urine should be collected in a new container to ex-
amine the glucose in urine.

9. In winter, keep the animal warm.

10. During bladder cannulation, the solution remained in bladder should be as little as possible.

[ Questions ]

1. What is the alteration of urine volume after i. v. 20 ml saline? What mechanisms?
What is the reason for hydrouria after i. v. 20% glucose? *

What is the alteration of urine volume after i. v. noradrenaline? Why?
What is the alteration of urine volume after i. v. frusemide? Why?

What is the alteration of urine volume after i. v. pituitrin? Why?

AT B 0 O

What is the alternation of urine volume after blood pressure falling down? Why?
7. In this experiment, which factor affects the rate of glomerular filtration? Which factor

affects the reabsorption and excretion of renal tubule and collecting tubule?
(Zhang Hong)

. Experiment 4 Comprehensive observation of

circulatory, respiratory and urinary system

[ Purpose]

To understand that human body is an organism but not a single organ or system to internal
and external environment change.

[ Principle )

The organism is a complex organic integrity. The functions of the organ and system are
regulated and controlled by nervous system, humoral factors and autoregulation and they con-
nect, restrict, coordinate and cooperate to integrate as a whole body. The stimulus on organism
can affect not only the function of a single organ, but also that of many systems.

[ Experimental subjects]

Rabbits.
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[ Experimental equipments )

Surgery instruments for rabbits, rabbit operating table, artery clamp, artery cannula,
pressure transducer, bladder cannula, carbon dioxide gas bag, shield electrode, drop record-
er, RM6240 physiological polygraph system (or BL —420 biological polygraph system) .

[ Reagents ]

25% urathan, normal saline, heparine, frusemide ( nicorol), 1 : 10000 adrenaline,
1 : 10000 noradrenaline, 1 :10000 acetylcholine, 20% glucose, pituitrin.

[ Experimental procedures]

1. Operation

(1) Anesthesia and fixation Weigh a rabbit, and inject 25% urethane (4.0 ml/kg) in-
to the vein at the edge of ear slowly. Fix the rabbit on its back on the operating table. The ven-
tral cervical area and lower abdomen are shaved.

(2) Separate the right cervical vagus nerve, depressor nerve and carotid artery A 3 ~4
cm skin incision is made from thyroid cartilage down the midline of its neck. And the neck
muscles are exposed. The right carotid sheath is found between the sternocleidomastoid muscle
and sternohyoidmuscle by blunt dissection. The structures contained inside the carotid sheath
are common carotid artery, vagus nerve ( thickest), sympathetic nerve and depressor nerve
(thinnest) . Prepare a thread under the vagus nerve, suppressor nerve and carotid artery re-
spectively and make a running knot far away from the vessel and nerve.

(3) Cannulation in left carotid artery Separate the left carotid artery as long as possi-
ble. Prepare two threads under the artery, make a knot close to the headend and make the sec-
ond knot beneath the first one about Smm. Clip the centripetal part by using artery clamp to
block blood flow transiently. Then cut a “V” shape incision approach to the second knot about
5mm with microscissors. Insert the artery cannula and connect with pressure transducer to the
artery in centripetal direction and ligature with a thread to fix it to the cannula.

(4) Bladder cannulation The abdomen was cut open from the superior margin of pubic
symphysis upwards for 4 cm. The abdominal wall and peritoneum was cut open along the linea
alba, find out the bladder. The bladder was turned over outside the abdominal cavity, find out
the bilateral ureters and the opening of ureters in bladder at the bottom of bladder. Prepare a
thread under bilateral ureters respectively. The bladder was turn upwards to ligate the urethra,
and then cut a little opening on the top of the bladder. Insert a bladder cannula filled with sa-
line, and then the bladder cannula and bladder were ligated and fixed with thread. The flare o-
pening of cannula should be directly facing to the ureters opening and close to the bladder wall,
the other side of bladder cannula should connect to drop collector of the drop recorder. After
the operation, bondage with warm saline was used to cover the incision on abdomen.

(5) Record the respiratory movement Connect the muscle tension transducer to the rab-

bit’ s xiphoid, and record the alternation of respiratory movement.
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2. Connection of experiment devices

(1) Connect the pressure transducer to channel 1, and link the tension transducer to
channel 2. Then insert the drop recorder input line to jack socket.

(2) Turn on the computer and start “RM6240 physiological polygraph system” .

(3) Do the following steps to begin the oscillographic operation: Channel 1— “pres-
sure” , Channel 2— “tension” . Click the “set up” item in recording condition, then select
“dropper interval” in the pull down menu and select 10s in the chose box. Then click OK.

(4) Stimulator parameter continuous single stimulus, interval 0. 05 ms, stimulus inten-
sity 3.0 ~5.0 V, wave width 1. 0 ms, stimulus frequency 30 ~50 Hz. Start recording.

[ Experimental items ]

1. Record the normal blood pressure and respiratory fluctuation curve to analysis the rela-
tionship between blood pressure fluctuation and respiratory. Record the urine drop numbers.

2. Chang the experimental conditions and observe thealternation of blood pressure, respir-
atory and urine drops.

(1) Pull the end of left carotid artery with fluctuation for 15 ~20 s.

(2) Clip the right carotid artery with artery clamp for 15 ~20 s.

(3) Increase the concentration of carbon dioxide in inhaled gas.

(4) Increase the dead space (the 50 cm length rubber tube was connected to the end of
trachea) .

(5) i. v.37C saline 20 ml.

(6) i.v.1 :10000 noradrenalin 0. 3 ml.

(7) i. v. pituitrin 0. 3ml

(8) i.v. 1:10000 adrenaline 0. 3 ml.

(9) 1. v.20% glucose 10 ml.

(10) i v.1:10000 acetylecholine 0. 3 ml.

(11) i v. frusemide 5 mg/kg.

(12) Electrical stimulate the depressor nerve for 15s.

(13) Ligature and cut off the right vagus nerve.

(14) Stimulate the peripheral end of right vagus nerve with moderate intensity electrical
stimulus for 15s.

[ Notices)

1. Before cannulation, the cannula should be filled with anticoagulant agent. The incision
should be washed with anticoagulant agent before cannulation (1 ~2 drops) . The tee —valve
should be in the right direction during cannulation. Before pulling out the artery cannula, the
carotid artery should be ligated.

2. Pull the bladder out of the abdominal cavity and avoid wounding the bladder. When li-
gating the ureter, don’t ligate the urethra. The surgery should be done gently, and do not clip

the urethra with clamp to avoid wounding the urethra.
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3. The next test item should be done after blood pressure, respiratory and urine volume re-
covered.

[ Questions)

1. What is the alternation of artery blood pressure after clipping common carotid
artery? Why?

2. What is the effect of adrenaline and noradrenaline on circulatory and urinary system?
What mechanisms? What is the difference between them?

3. What is the mechanism for hydrouria caused by intravenously injection of 20% glucose?

4. What is the alternation after intravenously injection of frusemide? Why?

(Zhang Hong)

Section 3 Physiological exploratory experiments
Experiment 1 Determination of circulatory blood volume

[ Purpose]

To search a simple experimental method to determinate the circulatory blood volume.

[ Principle ]

Blood filling volume affects directly the blood pressure and other physiological functions in
cardiovascular system. The determination method of circulatory blood volume helps to duplicate
certain pathological model and select experimental indexes. Based on that, the experiment is
designed to determinate the blood volume.

[ Experimental cue]

Blood is mainly composed of plasma and blood cells. The qualitative and toxic — free dye
such as Even’s blue is injected into animals vein. After dye is well — distributed, the concen-
tration of dye is tested in blood, and then the blood volume is calculated.

[ Experimental design ]

An experimental design should include the following items:

1. Experimental animals

Name, strain, weight, gender, feed condition, origin, qualification number, pre — trea-
ted method, et al.

2. Experimental equipments

Surgical instruments, fixation box, devices for determination.

3. Reagents

(1) Anesthetic: name, usage and dosage, preparation, administration route, pack, ori-

gin, et al.
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(2) Even’s blue: concentration, dosage, administration route, pack, origin, et al.
4. Experimental procedures
Operation, installation of devices, calculation method for blood volume.
5. Observation items.
6. Notices.
(Xu Jinghua)

Experiment 2 Effect of blood glucose on urine formation

[ Purpose]

To test theurine formation and its influencing factors.

[ Principle )

Based on theunderstanding of renal glucose threshold and osmotic diuresis, the experiment
is designed to test whether the urine volume changes or not when the blood glucose exceeds re-
nal glucose threshold.

[ Experimental cue]

The urine glucose is positive and the urine volume increases when the patients suffered
from diabetes mellitus. ‘

[ Experimental design ]

An experimental design should include the following items:

1. Experimental animals

Name, strain, weight, gender, feed condition, origin, qualification number, pre — trea-
ted method, et al.

2. Experimental equipments

Surgical instruments, fixation box, devices for determination.

3. Reagents

(1) Anesthetic: name, usage and dosage, preparation, administration route, pack, ori-
gin, et al

(2) Glucose: concentration, dosage, administration route, pack, origin, et al.

(3) Reagents for blood glucose, test paper for urine glucose.

4. Experimental procedures

Operation, installation of devices.

5. Observation items.

6. Notices.
(Xu Jinghua)

- 153 -



I S

—. XRHYNERENFHIE

Mgkl HEAXRIMH—LEEREY
£t N PN | KR ) H PN
EHAE (kg)  0.018~0.025 0.12~0.20 0.3~0.5 1.5~2.5 2-~3 5~15
#Ffw (4F) 1.5~2.0 2.0~2.5 6~8 5~7 6~10 10 ~15
HRBER (H) 1.2~1.7 2~8 4-~6 5-~6 10 ~12 10 ~12
4 (H) 20 ~22 21 ~24 65 ~72 30 ~35 60 ~70 58 ~65
SERER (C) 37.4 38.0 39.5 39.0 38.81% L 1385
MR (K/5Y) 216 ~236 100 ~ 150 100 ~ 150 55 ~90 25 ~50 20 ~30
DE (K45 400 ~ 600 250 ~400 180 ~250 150 ~220 120 ~180 100 ~200
fifk (ml/100g fkE) 7.8 6.0 5.8 7.2 7.2 7.8
M2 HERAXEIWIERMEE
Bk (1) ML} (kPa)
e HH (8/9) Sl W4 SFIKIE
12 PN 3 14.93 (12.66 ~18.13) 7.46 (13.06 ~16.00)
% 22 Rz 19.86 (14.40~25.19)? 13.33 (10.00 ~16.26)
w# . HmO 15.13 (12.70 ~18.93) 9.33 (4.67~11.33)
1918 RETE i 17.20 (8.93 ~28.80)
" 208 9 IER 5::) 16.13 (8.26 ~26.66)
5H® 32 N 3. 14.66 (12.66 ~17.33) 10.66 (8.0~12.0)
2350 8 RELZH, L8 10.26 (3.73 ~18.66) 6.27 (2.13 ~12.00)
124 S L2 17.20 (11.73 ~24.53) 12.13 (7.73 ~19.33)
S 100 PN 13.06 (10.93 ~16.00)
9 L% S W 15.06 (12.66 ~16.66) 10.8 (8.9 ~12.0)
e 19 TR 14.8 (12.06 ~18.40)
&R S R (16.00 ~22.66)
X 5 EH% 1.73 11.33
g e (14.00 ~19.33)
ﬁﬁ@ ............ (4.00 ~7.33)

I OBERIT2NE. QAR IBSBK 17. 86kPa (13.33 ~23.33kPa) . @Bk IR FTI, 535k,
PABERS 4y 11. 33kPa; YREERTN 14.0kPa, DRRM G (FBhhk. S L ZHIRRAE) 4 3h 0 3. 87kPa; 1d
7 4.4kPa; 3d % 4.8kPa; 10d 3 6. 13kPa; 17d 3 7.2 kPa, @¥FizIKkS % (4.0 ~8.0kPa) ,

- 154 -



o}
MiR3 WM AMREERTE. IR E N D E
MBS (% NaCl) LAYIREEE (mm)
LK FHY) BB (s)
BU/MERT Bk EHUIE 1h 2h 10h  24h
I 0.62~0.52 0.44~0.38 0.62~0.38 40 ~70
4 0.74~0.64 0.46~0.42 0.74~0.42 0.5~1.5
R 0.46~0.43 0.36~0.35 0.46~0.35 2 4 10 6.5~9.0
L 0.52 0.50 0.52 ~0.50 4 10 7~20
i 0.46 ~0.42 0.34~0.32 0.46 ~0.32 1~3 2.5~4 25 ~50 7.5~10.2
¥ 0.80~0.76 0.50~0.46 0.80~0.46
KR 0. 42 0.31 0.42 ~0.31 1.8 3 20
PN | 3 4-~5 10
/R 24 ~40
% 0.86~0.78 0.48 ~0.42 0.86 ~0.42 o
#9: 23 ~34
L2123 0.13 30

&4 FERAXEIYMESHAER

TiH By N KRR R JR B ) Lt i}

EAR: ] ) x10*/mm® 6.7~12.5 5.0~12.0 3.0~10.0 3.0~7.0 4.0~8.6 1.25~4.50 1.50~9.00
MLTEH g/100ml 10.2~16.6 11.1~18.0 10.0~20.2 11.2~18.1 9.3~19.3 7.0~18.6 9.0~12.7

LT AR
31.0~62.0 44.5~69.0 54.5~78.5 61.0~98.0 57.0~90.0 100~139 49.0~59.0

At (MCV)

LT 4R
pg 9.20~20.8 12.0~24.5 15.4~26.8 22.5~28.5 16.0~31.0 25.0~48.0 13.0~17.0

A (MCH)

XL 4R
MAFEAEKE « % 2.0~355 21.6~42.0 26.5~37.4 28.0~39.0 22.0~38.7 20.0~34.0 24.0~30.0

(MCHC)

LT EAR
- % 32.0~54.0 36.0~59.0 36.0~59.0 37.0~51.0 30.0~53.0 23.0~55.0 34.0~46.0
JiiiRi7A mm/h  0.00~1.00 0.50~2.00 0.21~1.00 0.00~2.95 0.90~3.70 0.50~6.50 0.50~7.30

I/ x10°/mm® 150 ~500 140 ~600 300 ~680 225 ~800 120 ~800 130 ~230 100 ~500
SE:0) x10°/mm® 5.40~16.0 3.00~15.0 2.55~11.6 5.90~18.0 2.00~15.0 9.00~32.0 11.0~20.0

rhR A % 8.00~42.9 4.00~50.0 3.00~42.0 20.0~60.0 10.0~85.0 15.0~50.0 10.0~82.0
R AN % 0.00~2.90 0.00~4.00 0.00~4.36 0.00~8.00 0.00~8.00 0.00~16.0 2.00~11.0
TR % 0.00~0.15 0.00~0.04 0.00~0.42 0.00~0.30 0.00~0.75 0.30~2.60 0.00~0.20
WRE 40 % 55.0~95.0 40.0~95.0 50.1~95.7 37.0~81.0 25.0~950 290.0~84.0 15.0~48.0
L 2] % 0.00~8.00 0.00~8.00 0.00~4.90 1.00~9.00 0.50~16.0 0.05~7.00 1.00~9.00

T PORRRT AR, SRR . BRERE TR, FrABRER R ORI S B AR e 4R

<155 -



MRS A B

—. BYXREREEESROVRDFEHTSE
MES # R ER B SRR

45 1000ml fr i &
R4 B fk
Wk AR K fERHE R =180 TR TR R TR
Saline Ringer’s | Ringer — Locke’s | Tyrode’s Krebs’ De — Jalon’ s
NaCl 9g 6.5g 9g 8g 6.9¢g 9g
1.4ml 4.2ml 2.0ml 3.5ml 4.2ml
KCl 10%
(0. 14g) (0. 42g) (0.20g) (0.35g) (0.42g)
2. 6ml 2.9ml
MgS0, + 7H,0 10%
(0.26g) (0.29¢g)
0.13ml 1.3ml
NaH, PO, - 2H,0 5%
(0.0065g) (0.065 g)
1.6ml
KH, PO, 10%
(0.16 g)
NaHCO, : 0.2¢ ° 0.5g 1g 2.1g 0.5g
1. 08ml 2.16ml 1. 8ml 2.52ml 0. 54ml
caCl, 1M
(0. 12g) (0.24g) (0.20g) | (0.28g) (0.06g)
HEbE 2g g 1g 2g 0.5g
A 5 0, 0,255 |0, +5%C0,| 0, +5%CO,
FWA | HFRRF
. WHAESE | HTEHX fﬁ?%ﬂ%&\)ﬁ?ﬁ?L}ﬁ .
G kAt wH fiESE K% B s N
HIBFHEAL | ] B s

P 1L AHEBRBEREKA—. KK EZHHE The Staff of the Department of Pharmacology, University of Eding-
burgh: Pharmacological Experiments on Isolated Preparations, Livingstone, Edingburgh and London, 1970.

2. el &AL HEIA, DAL RIER, TOMEE, REA SRS AE RS,
75 T 7T R O RR B S B RR S LI AT HH o
3. WEBERLAEE FRTIA , AR KA

=. FRNETINES. AR

WHRPEER KRB =2 —LR¥A 5, HERM. FREM _ 2N
BR_%, HEAMERSEF, fRhesEREr. BEAEFLNEEY.
HENEYHR, WFR, HER DM HIERENEE, Abts. F=KNET
A, FOR YRR B 1k Mg

1. ¥¥#E 3 (Sodium citrate)

HIGRRENE TIK, A TEE, ATEIEAERR, ST 03 ~Smg, HTA40H
UUREFRMSE . 2 30mg/ml MIHHERRATA | 63, IO 3 LBliRa, BIlfE il ABER

R, P FAMRRIEY pH 820 7.0, FF& B MAMER Y 56mg/ml, i
R Smg/ml FIHEEHE 29me/ml, FRONE TR MAITESR, AT &MY ERELE
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(1) HIBkER =% (Trisodium citrate) A BIRIES fK & BAR KRS, —FE
2Na,C,H 0, - 11H,0, H5 MK MEBWKE N 3.8% ; 5 —Fhj& Na,CH,0, - 2H,0, 5
MR BFEBWER3.2% (2.5% ~4.0% ), ¥R, MBI 585 1E A A AT
BHEEY, MHI 2. 5% BWEt, pH R 7.5, BARKPIBEERER 0.2% , —MRAEIM]
IR AR BER K 0. 4% ~0.6% , 2t ALK E PR il R HTEER .

(2) HIFR—41 (Disodium citrate) FEHEFFTHRKEMERE T, B TRMENH
BN, 3. 5% VAW pH S 4.5, HARSR: 4k T EHlIRAF W i 4k Ty B e il 45
B 1k FETH A A A I AR IR S, (BEE R ESMET , HIMKBR BRI BB ™ A B RN o

2. BE#$R (potassium oxalate) FIEEER$A (sodium oxalate)

EREE TR, R TR, RARMEXR, VBERBRORES, KNSR 1ml
MBE AR 1 ~2mg, MERKH MBS, AIACHK 20mg/ml HFH, WATREFTE,
F 100mg/ml ERREAEBIIARE D), FHEREREFE, & OCHMM T, FiR
BRYA 0. 1ml (A4 FE{A 10mg) WTPHHT Sml i R BE [, HEHE IR BE 25 RS 80°C, I ff
TR AR AR BT R R PUBEE . A TERANBERSMBNNSE TSN
AEYERRRES TR L M %E, $E 8. S MAEANREH/EMDUEER . AL, FRRE XY
FLRR SR . PRYEWERRES S bk Bt A MHITEA .

FERAPIEER SRR, A TEROEFUE;, AHTFSM. 5K
K,

3. ZZRRIUZEE 4 (disodium ethylenediamine — tetra — acetate, EDTA —2Na)

LR TK, BIET. 5BE4E LMgmesE 10 5, &g
B, HKIEWR pH 298 5.3, (RSMLBEREL 1% %W, B EDTA -2Na 1g, SHALEN
0.7g, fnzEtEsK 100ml, it 385 B

4. =X "% (sodium trihyroxy glutarate, C;H,0,Na,)

RN BRI RRE, PN, T% WA pH N 4.3, WEANHYET
2% ~3.5% MIMGRRERIE W . HA B OV, W1 40 Jfd 5 o s AE A o

5. FF%& (Heparin)

FER—FRRERZRE, HHHEM. 8. 8, S8 TK, RETEZMAEIER.
A3 110°C H K 30min; LA R &K P IRF

JFE/EA M HEE BN, HIEMARE, 2% HALSSHER . 4iFEK 100mg
AEPLEE 65 ~ 125ml I .

MO, EEAYERNEHFRFTINEG

TESLH B — 2225, X SE2 YK ISR PR AR E o Xl LUR T
7 L BL ] S R AF

1. S Z AR

AR 5 KR8, (B R7E pH 4 BRI WP LB E, TLIA Se/dl i
NaH,PO, AL AL 1mg/ml ZEA WAL ZBERRSR, /M, BHIFEKBERE, 4
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O

AIRFFZGRL 1 4R B A B KB 2 Tk .

2. HERE FIRR

BB 58RI, EREERPBIAESR, BRABBKHRERS, A~
BELMERRER & KRB, 3T EIRZOMER— B R RAFERUN, WfEEBT
A (10 *mol/L) #AFK C, W B EREHEEH,

3. BEERZHRR

A FHE KW P 5 AE R, By w2 RENERE, 705 BEk BT
2, LA S5g/dl 9 NaH, PO, BRIl ORAFR, I FHATLAAE BRER KRB 2 TR E .

4. EFERBEERHE

A STEKER T 5 A AR, BANLL 0. 25% Mk R v 1 e il i 45 25 T A 4 7 B sl
FRFH R IU MIFR, /RS, EHEEKEPACELRE (RERK),
HnT R FE2% 3 AN A o AT A B KRR ZEFT T RE, WA BUTRE A
ATH. .
(B wets)
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