Preclinical Study for Imaging of Multidrug
Resistance of Malignant Tumor Using Hexakis
(2-methoxyisobutylisonitrile) Technetium-99m
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enT-MIBI) % FIVCTHEF L7, MIIZERIE P388 v 7 A MR FUMRMIL D PoE & » /37 (P-glycoprotein, P-gp) #FH L Tw
% S HIH R (P388/ADR) B & USERBIO KRR (P388/S) & Hwv 7. 9 " TeMIBI DOREEBAE L BB L RET 5
- P388/S % MG HEHEH T *TeMIBI & 4 ¥ % 2 X— ¥ 7 ¥ ¥ 5 B KGR L Hllfgs} " Te-MIBI s b, EEEN
OEEE R L. KSRE 24 CIZHRE L4 Tid P388/S d *"Tc-MIBI DFEESEIZN0% TH-7225, 0CTIEHL ~
3% & L WD A SN, F -Milast *"Te-MIBI B % LA 8¢5 EMIlgR O *"Te-MIBI EELILFALTEAEL, faf
WHRS ol Zhb XY ESMIE0 *Tc-MIBI DR SAAILSEIESIc L B EERZ LN, MRS /37 L EIE
RAE L2\ & bz A, ZOMBPERE 230 S O RBIIERFBE LT 5 eHEZ LN TlAF Ty RLVHE
AR HHEESIOBE LRI L 25, " Te-MIBI DELY AAEI Py FYTEERCKRELTBY, 22 M) LIRS
BEICIBDDEEZLNE. DTWT P-gp ORBEIEHMILD *"Tc-MIBI OIY A A B & BT EE TR L.
P388/ADR B L UF P388/S %KW H T *"TeMIBI & 1 ¥ FaN—- 3~ L7-& 2 % P388/ADR OHLY AA (1 %~ 3 %) i&
P388/S (40%) IZHRTELCEL, it L3 P388/S IZHRTHERHTH o7, A rFaX—T 3 > DB LRI
SIREHI TS BT /83 L (verapamil) % iEIIT 5 & P388/ADR @ *"Tc-MIBI MR Y A& AR L, 100M DHRETH
P388/S L &M D haE R L. EEMICBVTIE, WHKEEEICP388/ADRES & U'P388/SEBML X — FYVAD
w0 MIBI {4 A — 3 > & T P388/ADR & P388/S & T *TcMIBl OERIZ L o/, ELX—FF TR 2B 5 *Te-
MIBI D4 K547 TlE, P38S/ADR & P388/S IZH~RTEE L 0 HU) AARHERMETH OBV L LERMTHD, HBRE
MR ER L —F L RS R, BEX ) TeMIBL 2 X B EHA 42—V~ ZIEIEE O SR % IR A Y
B ERTICL, ALEEEO 7D b o VSR wRERH OB RHEIC DA AR EREREL IBEERLNI.
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Abbreviations ; CCCP, carbonylcyanide-m-chlorophenylhydrazone; IAA, iodoacetic acid; 1Cs, 50% inhibitory
concectration; ID, injected dose; PBS, phosphate-buffered saline; P-gp, P-glycoprotein; »o .. MIBI, hexakis (2-

methoxyisobutylisonitrile) technetium-99m




¥ Te-MIBI 12 & 5 BEHENEE 0 £ KT 4% 0 5E4 .

HEIFEAROT B 71 2 @EEtitk (P388/S) B & Uit
#H#: (P388/ADR) % W7z, Witttk 7 FUT AL v v
(adriamycin) 2 &H T HHEEHERT TRV ELBATEZ L TH
LR, FRENOMEKIZBITIBET ) 774> D50%kE
£ (50% inhibitory concectration, ICs) CFH{E + RHE(RE)
1% P388/S #520.412.4Tdh - 72D 2% L P388/ADR 139090
600C&H 1), P388/ADR OF F 1) 7= 4 ¥ Ik BiitMEATE
BINTWAE. £/-¥ 7T AF  (vinblastine), ¥ 7 1) A
# 3 (vincristine), = M R K (etoposide) IZ3t3 5 IC, 16D
P388/S ASENEN2.0+2, 1.240.2, 225+1.1THAEDITHL
T P388/ADR TI357%2, 141411, 13200£600Ta 1,
P388/ADR D& HIM AR EN TV 5. P388/ADR (25T 5 P-
ep PHEBIEH Pgp vV AT/ Z 0 —FLHE C219
(Centocor, Malvern, USA) &7z 70 —44 kA ) —@
(flow cytometry) 12 & DR E N T W32,
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1) R

2RO RERIA 107 H % 4 ~ 6 BB 4 O CDFL <
w A (A7 SLC, ) MG L, 1#EBICHER 0.1ml
PRI L, BRILLZIEKE pH7.4 OV ¥ kR4 M AR
(phosphate-buffered saline, PBS) (HAKRIE, HI) TLOMEICH
L, #00.2ml %KD CDF1 w7 AZEBERFS L. X
BEOMYETABILE, T—FUVRETCHELLD 2Tl
AERE L7, BAMALZ PBS T, .08 (1000rpm,
54, 5[ L TEEIZHW.

2) BRNEE

¥ FIREEIRAE D P388/S B L U P388/ADR % F M Fh 3 X 10°
o4 ~6HEON 4 DM BALB/c X — F3 2 A (XK
SLC) DRMEEBRE TIZiEA LEREEE TV &M Lz, Dig
DHIBHEIOR BICERET LEELMA L, SR0ICH
FbL7z—#% bo oy I — 12 TRILD X — K= ARBE R T
INE: 2 AR
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B P388/S B & U P388/ADR # [fl—D X — FY 7 ADJE
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VAT A b= TS LV L8 2 R F o A8 b
U7 L ("Tc) ¥ 370MBq (2ml) % it 2 T99°C T155 Rz L
0L, 155 MG L.
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TM-127 (F—E= 2 A, WEK) TREMMH L. BUSHER,
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) LT hiExRELRE, d— by VBl e y—
ARC-380 (7 2%, HE) T *“Tc-MIBL & *“*TI OHLEE & st
BERE L. Y4 ¥ FYiEid “Tc Tt 110~170keV, ™TI1
TIid 60~90keV I2BEL, HH2LORDTHBV AT v »
ANVEDEL Y DEA ("Tc:03%, ®T1 :27%) THIEL,
WE L7z, HRITRIMERS i3 2 MR Aot &4
(% bound) TEH L 7=,
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Hifast *"Tce-MIBI #ixd & DZEILIZ & » THBMB O *Tc-
MIBI D AABEWED LI IZERT 205257017,
P388/S # *"Tc-MIBI & A ¥ F 2 N— 3 g o AEIZHER T
IS F &F RIBEOIEERH O MIBI (cold MIBI) %L, 10
53, 303 T *Tc-MIBI O EFELWE L. FIMT 5 cold
MIBI ##iE MIBIL 5 v b8 72 AT E A L Cism
L7zb oz Ay, s 55381+ o *"Te-MIBI AT 0.83 uM
W 249uM 0B K AITTHB L. hBMOFRIZER]L I
w7,
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#"Te-MIBI O JESHINE~ O T8+ LB IRTE 2 M+ 2
7202 BTEREH © H Vv CEEMTEO *"Te-MIBIL BUY Ak D%
LE2BELL. BulHEAS L URHKBEEL Na /K"
ATPase [HER|TH B 7,34 > (ouabain) (Sigma, St. Louis,
USA) 100xM, I b2y N 7TEBFLERMEERCTHL T/
> (rotenone) (Sigma) 10,M, I P2 F1) TEBEMSBEE
HNTHBEINVAZ N, T N m-2Z7 03722V FFV
(carbonylcyanide-m-chlorophenylhydrazone, CCCP) (Sigma)
5uM, RYERMBEHRTH LI — FERE (odoacetic acid, 1AA)
(Sigma) InMT& 5. o DOHERIOFEET TI05EH &
LHTLA v FarR- a3y LAOLERIEL LR S
4, 3047, 6047 T "™ Te-MIBI 8 & TF *'T1 > P388/S ~D iz
BEETHELA. SHRIAAIIPWTIET LA ydan—-1
3 v OREMEEL CHEOEAEOEILEZBE L.

2. ""Tc-MIBI OEHERMMICB LI1ZT Pgp BROEED
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1) P-gp BBIOHMI & 2 EEMIZO ""Te-MIBL B Y & &
DAHE (EBR4)

P388/ADR, P388/S {22\ T24CT?D “Te-MIBI & *'T1 &
B0 AR % JBR 1 I2HE U THRES L 7.

2) Pgp BEDHMIZ L 2 EEANEH O ""Te-MIBI Ok
Wl Lo (FEBR5)

SR 118 LT ™ Te-MIBI & *'T1 23R L 72 ¥y il T
P388/ADR # X 1F P388/S 224 CT60H M1 v Fax—a
L 7o, HR3e 28t L CHifRs @ ""Te-MIBI & *'T1 % Brd:
L7z, k& DRI/ 2RI, "Te-MIBI & *'T1 DA
fatE aHateE e L, oML,
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Bk BBERDTA v Fax—arFrBIINRgI N
(verapamil) (Sigma) ™" DEAREED 1 M~100,M 1255 £
WRHBL, 3043, 604 T *Tc-MIBI OENEZEE 1 ICHEL
THIE L 7.
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(pentobarbital sodium) (Nembutal®, Abbott, North Chicago, . #EHERAR

USA) 0.75mg BEIEPI% 512 TREBLE, KRBOE LICHF— 7T HEHRATIZE T FREEIT> T, H9HD L &3 Student ©
Lo EEL, ®T111L.1MBq # B#IR & 0 &5 L T205 &2 ST 2 FEAH tBRE, BB L &3 Welch O t#E %L v,
51805 F TRIEFMIZS »F L —Y 3 ¥ X T Sigmadld (TH fEE s BUTEb o THEEL L.

) THRIEL. RBETHR, EFVX—FTy2%5 &S

& LV L% F *ToMIBI 185MBq & REIR & b #5 L, & ’*ﬁ
o] L EREICIRE L. BoNniA A-VIRARI A UL 1. *Tc-MIBI O EBEIRHRAIES & CEBRET O
74NV A667 (AARAET T AN, B L. 1. BECHE (ERL)
5) #— 3 VAT T 74— (FERS) 24°C TliZ "Tc-MIBL @ P388/S ~ Dk & 3 ILRER 118
MEIERHE X — N2 &2 *"Te-MIBI 185MBq % BE#HR & b % L, 60 C#40% DT T b —IzE LD, 0 CTTORHERIRE
5L, 155HkIcT— FOVREE L RICER L, S LUER SHIT 1 ~ 3 %I S (U 1A). 7 O'T1 A%l
YR FREL 2. O. C. T. 2 ¥ s%% » ¥ TISSUE-TEK UCT2~5%THobOHF0TTL~3%IHHE
(Miles, Elkhart, USA) # BV TIRINL AN 70 v 7 Z1E (X 1B).
gL, 7U+RA¥ v b HMB05E (B— Vv 74 A, WE) I2& 2. ML *Te-MIBI ik O F %8 (EER 2)
DEE 20um DA A AEREERLZ. HONLAT 1R { ¥ ¥ a~—1a »BiRk105 0 P388/S Miltd “"Te-MIBI
KE A A=Y 7T L— b BASSR2025 (L7 1 V4, HR) HULY A MR # Te-MIBI i85 0 & IZPE - TIRIZEMAIC
IZ3EMELSE, NAF A A=V T TF T 4F— BAS- HL, AETHZ 249, M F CRIGMIZBRE SN aho
5000 (BE+7 4 Wa) 2k F—FUEL, 77— & @iFiE 72, L7 L3055 TiE 83 M MLETF 5 F—Thh, Fhilk
—v ) ary¥a—4%— Power Macintosh 8500/120 (Apple DT, 1090E L ) B EVEE R LA (M 24).
computer, Cupertino, USA) 3 & U4 7 b7 7 MacBAS — 201 TIO B Y A AT HIAL “ Te-MIBL iBED LA & & b 12
Ver. 23 (B+7 4 LAY R T L, 415,M L ETIda Y bE— 1 D30~40%T7 7 b —
6) EHFRDH (EBR9) (23 L7e (% 2B).
fEB B X — F< 7 212 ®T1 74kBq & ""Te-MIBI 444kBq 3. BHEHEFOWE (EER3)
BAWERERE VS L7z, %58155, 605, 120050 T MIBI O MEBAIRAFE 3T F / >~ 10 uM FF1ET T30
KEETERENION, 6L, 8% T—F VAREOHKIZHIE Tay ha—VD75.2%, 605 T71.6% LIEFETARDLN
L, DB E b iEges CRILER L7z, 5l &FVTh, AR, M, 7z. F 72 CCCP 5 M 7£4E T T304 T54.1%, 6059-T51.5%¢L
S5 O %, M, T, EE, BB COEHERHLL B6h BEETABD LN, —FF, 77234 100pM FHETTE
EROBERTHE LE, SEROKRGEEF -y 304-T114%, 605 T104%TH b, TL b T AFEN LA
BMyr<anmyy—CHELR. LBLEN~0EFHELEZE T 5 EAAR b N7, TAA ImMAFEAE FCTid3045Ti3114%, 60
BL, ERRCBERA>SUN L CEORMRTNELT, HT217% T, TAA 12 & B *Te-MIBI OFIILHE & IHER RO
S HETEE (njected dose, ID) 2B RICHE - 1o BgTRER Z L 5] B ORER I R TEBILS Z EATRE N (D 34).
WCHIEL, TR 5 £ 1g H7: 0 ORSTRD O DREEEHINEEE AE T T84 Y OFFEFET TIE304T70.7%,
S A5E14 (percent of injected dose/g wet tissue, %ID/g) %K 609 T63.9% LIESIRTARD LN, B F ) YOFET T
Wiz 2O, HEEEBEORSEOES O EERIRO Y 304 T99.5%, 6043 T91.8% , ¥ 7z CCCP MFELE T TId305T
VUDEENEICL - THIEL7:. 111%, 605 T100% & 15 A 7 RS b 7z, 1AA
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Fig. 1. Effect of temperature on radiotracer cellular uptake by P388/S cells expressed as a percent of the total dose added. (A) *"Tc-MIBI
uptake. (B) ™T1 uptake. A, 24°C; O, 0°C. Each point represents X £=SD of three experiments. Error bars not shown are within- the
symbol. .
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% bound

Cellular #*mTc-MIBI uptake
(mmol/5X 108 cells)
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Fig.2. Effect of the extracellular concentration of *"Tc-MIBI on radiotracer uptake by P388/S cells. (A) *"Tc-MIBI uptake expressed as
cell bound *"Tc-MIBI per 5% 10° cells. (B) *'T1 uptake expressed as a percent of the total dose added. Each point represents X £5D of
three experiments. Error bars not shown are within the symbol. O, 10 min; A, 30 min.
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Fig.3. Effect of ion transport or metabolic inhibitors on radiotracer uptake of P388/S cells after 1h preincubation with each inhibitor
expressed as a percent of the control binding. (&) *"Tc-MIBI uptake. (B) **T1uptake. [], 3¢ min; B, 60 min.
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Fig.4. Effect of IAA on radiotracer cellular uptake by P388/S cells at 60 min after several preincubation time expressed as a percent of the
control binding. (A) *"Tc-MIBI uptake. (B) *T1 uptake.
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Fig.5. Curves of radiotracer cellular uptake by two P388 cells expressed as a percent of the total dose added. (A) *"Tc-MIBI uptake. (B)
=] yptake. O, P388/ADR cell line; &, P388/S cell line. Each point represents X +SD of three experiments. Error bars not shown are
within the symbol.
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Fig.6. Curves of relative washout rates of radiotracer from two P383 cells expressed as a percent of initial binding. (A) *"Tc-MIBL (B)
o) O, P388/ADR cell line; 4, P388/S cell line.
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Fig.8. In vivo imagings of *"Tc-MIBI and *'T1 in the same

Fig. 7. Effect of verapamil concentration on 99mTc-MIBI nude mouse. P388/ADR cells had been transplanted to the left
uptake by P388/ADR cells expressed as a percent of the total thigh (arrow), P388/S cells to the right thigh (arrow hef\d)~ A
dose added. [, 0 M; B, 1. M; I, 104 M; E, 100 » M. Fach ®7] (20 min); B, ®*Tc-MIBI (20 min); C, ®*T1 (180 min); D,

data represents X=£SD of three experiments. . " Tc-MIBI (180 min)




*mTe-MIBI (2 & 2 BEAPENESE D % FIT 4 O #EAil 77

OFAET TIE3057Tl316.9%, 60%-C6.32% & 5 il & L7z
(% 3B).

S5 IAA TR T LA Y Fan—Ya vBEEELLTHL
Ao T O] OFE S RIIEPLDIMET L7z (1 4B). — % *Te-
MIBI DAL DTV oAITR% E T LR Ld £ 131F
HSMIZETL, 1205 Tt 8 % F THIHI S hre (M 44).

1. “Tc-MIBI DEEEEEICH LT P-gp REOFED

R

1. Pgp RBLOF D L 5 EHMIEO “"Te-MIBI B A&
OHE ERR4)

%Ex 1 Tik<72 & B 1) 24°CTO P388/S O “Te-MIBI I b 34
AIE605THIL0% DT 5+ —I25% L2 A%, P388/ADR DILY
AAGBELZTRTORMTI ~5% MO TRETH >

B

Fig.9. Autoradiographic images of *"Tc-MIBI at 15 min after
injection. A, P388/ADR tumor; B, P388/S tumor; C, a
metastatic lymph-node of P388/ADR; D, a metastatic lymph-
node of P388/S.

99m,

Table 1. Biodistribution of

7z (B 54). F 72 ™T1 Oy AAiE P388/S T2 ~5%,
P388/ADR T4~11%T# - 7= (I 5B).

2. Pgp HHOFHEI L 2B 5O " Te-MIBI D%
W LOME (S8R D)

P388/ADR #lllfg 3 & U P388/S #Mifas & @ ®Te-MIBL & *'T1
DV L BB SIRE R O AT T B SR To
WA HMEHED EH 5% (% remaining activity) THE L 7.
P388/S A6 *Te-MIBI @ ¥t Lik154, 305, 604, 90
STEFNFNSE2, 72, 68, 61% ThHol:. FRIIHLT
P388/ADR Tix#h#h59, 51, 39, 29% T P388/S 12 Lt~
HaA 5 @ ™ Te-MIBI O HANERL»TH B Z LATRENT (M
6A). —7F Tl O LIZDwTid P388/ADR & P388/S T
BB 22 1E 7 {3057 F TRBUE IS, Zhllkizs L e
50% D75 =il b E V.

3. ZHIT M FEARSER D% F (25 6)

BEARMEA SN T8I VAL T 1M OBREIZT S &
P388/ADR Hifgod "™ Te-MIBI LY 5AA 13304, 6053 & bNF
NINEMRA Ao 7BE0B L2228l (N7). &
BIZNRT NI VMR 10uM, 100pM 12 EH €TV LE
AL - T P388/ADR il “Te-MIBI O b AAILHE L <
BHL, 100 M T3 AHRAB05T38%, 60 TI3% L%,
P388/S Ml & MRENHARE R T HIZE o 2.

4. HIEA A=V Y7 (ERT)

W] 4 A= ¥ 7 TIERMENIC R4 L 72 P388/ADR JE#H &
P388/S MEH~DERHICH L B RO O N2l o7. —F
W Te-MIBI A A — ¥ 7 Cla #4204 T P388/ADR ~ 0
i3 P388/S ICIRTHELIMBARTH »72. 2DHKI1805 I T
FREFRYICIRIE L 7245, EOBS T3 P388/ADR ~0 “"Te-MIBI
DEFEIE P38Y/S I TRER CTH - 72 (10 8).

5. A= 3 VAT 71— (EHS8)

[ 9A |Z P388/ADR, [ 9B iZ P388/S O+ — M I V4 &

5 W%, %719 9C |2 P388/ADR, [X 9D iz P388/S Dk 1) »

Tc-MIBI in tumor-bearing nude mice

% of injected dose of *™Tc-MIBI/g wet tissue ( x =SD)

Time after injection of *"Tc-MIBI (min)

Organ
15 60 120

(n=10) (n=6) (n=8)
Blood 0.22%0.16 0.07£0.04 0.02+0.01
Heart 10.29£5.77 4.61%£1.90 453£1.77
Lung 1.65+0.86 0.54%0.43 0.25£0.12
Liver 8.19£5.59 2.59%1.26 1.87+0.40
Spleen 2.10£1.53 0.23£0.11 0.13£0.06
Stomach 4.69£2.61 1.55%£0.69 1.61£0.67
Intestine 16.12+8.12 - 541+1.87 321%1.93
Kidney 35.98£27.06 7.20£2.36 545%3.12
Muscle 1.47£0.96 0.70£0.46 0.77+£0.47
Bone 0.97£0.47 0.48+0.34 0.2240.20
Tumor (P388/ADR) 0.54£0.35 0.07£0.02 ] " 0.06£0.03 ] -
Tumor (P388/S) 0.78+£0.47 0.3140.19 0.202£0.10
LN (P388/ADR) 0.64+0.33 0.09£0.04 0.06£0.06
LN (P388/S) 1.214+0.71 0.150.03 0.11£0.06

LN, lymph-node. *p<0.05, **p<0.01
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Table 2. Biodistribution of **"TI in tumor-bearing nude mice

% of injected dose of *'TI/g wet tissue ( x £SD)

Time after injection of 2ty (min)

Organ
15 60 120
(n=10) (n=6) (n=8)
Blood 0.38+0.09 0.36+0.12 0.28+0.06
Heart 33.29+7.17 13.83+3.80 8.84+1.57
Lung 17.861+5.62 7311243 5.32+1.28
Liver 5.611£2.49 6.49+1.71 5.6411.00
Spleen 6.671+2.21 5.35%x2.17 5.2940.89
Stomach 7.621+2.65 7.5910.78 7.841+0.94
Intestine 14.32+5.41 14.91+6.51 11.461+2.87
Kidney 34.48£15.09 36.57+15.52 50.71110.01
Muscle 6.581+-4.88 5.16+2.96 5.10%1.63
Bone 4881231 445%2.19 3.82£1.50
Tumor (P388/ADR) 2.560.86 2.57+1.35 3.4740.37
Tumor (P388/S) 3.24+1.42 4441243 3.88+0.77
LN (P388/ADR) 2.16+1.38 19141.26 2.5041.00
LN (P388/S) 2.02+1.72 2.43+1.05 3.261+2.10

LN, lymph-node.
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Abstract

To evaluate noninvasively the sensitivity of tumor tissues against carcinostatics, hexakis (2-methoxyisobutylisonitrile)
technetium-99m (*"Tc-MIBI) was examined. Two cell lines of P388 murine monocytic leukemia were used, one a multidrug
resistance cell line, P388/ADR that expresses P-glycoprotein (P-gp), and the other a drug sensitive P388/S. At first, ™" Te-
MIBI uptake by P388/S cells were determined in vitro in different temperatures and extracellular *"Tc-MIBI concentrations to
investigate the affinity for the tumor cell and the mechanism of tumor cellular uptake. By lowering the temperature from 24°C
t0 0°C, the cellular *"Tc-MIBI uptake was restricted from 40% to 1 ~3%. The tumor cellular ""Tc-MIBI uptake was directly
proportional to the extracellular concentration of " Tc-MIBI and no saturation was observed at the concentrations used. The
consequences indicate that the mechanism of ™" Tc-MIBI passage through the plasma membrane is by passive diffusion but the
cellular retention is energy-dependent. The study using several ion transport or metabolic inhibitors proved that the cellular
""Tc-MIBI uptake is dependent upon the mitochondrial activity and that this mechanism is different from the *'Tl uptake. To
investigate the effect of P-gp expression on the cellular " Tc-MIBI uptake, P388/ADR and P388/S were compared in terms of
their *"Tc-MIBI uptake in vitro. The tracer uptake by the former cells (1~3%) was significantly lower than the latter {40%).
It also demonstrated that “"Tc-MIBI was washed out from P388/ADR more quickly than from P388/S. *"Tc-MIBI uptake of
P388/ADR was remarkably promoted by adding verapamil; at the concentration of 100 xM, *"Tc-MIBI uptake of P388/ADR
was identical to that of P388/S. For in vivo study, nude mice implanted with the two cell lines to the bilateral thighs were
prepared. On the imaging study using “"Tc-MIBI, compared to the P388/S tumor, the P388/ADR tumor was not clearly
visualized. The biodistribution study of *"Tc-MIBI showed that the uptake ratio of the P388/ADR tumor was less than that of
the P388/S tumor at an early stage, and that the clearance of *"Tc-MIBI from the P388/ADR tumor was more rapid than from
the P388/S tumor. It is concluded that tumor imaging using *"Tc-MIBI would make possible a noninvasive imaging
technique for multidrug resistance of tumor: it could provide the crucial informations on decision making about the
chemotherapeutic protocols and be a diagnostic indicator for the effects of reversing agents.



