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Experimental Studies on the Hemolytic Action of Phenothiazine Derivatives

Sang Wu Lee, M.D.

Department of Pharmacology, College of Medicine, Pusan National University

(Director: Prof. Sang Tae Kim, M.D.)

The author studied the hemolytic action of phenothiazine derivatives such as promazine, prochlorper-

azine, perphenazine and thiethylperazine on rabbit erythrocytes, and obtained the following results:

1. Promazine, prochlorperazine, perphenazine and thiethylperazine caused hemolysis in vitro in the

following order:

Thiethylperazine> perphenazine>> prochlorperazine > promazine.

2. Cholesterol inhibited the hemolytic action of prochlorperazine, perphenazine and thiethylperazine,

but had no effect on promazine hemolysis.

3. Dextrose, albumin and blood plasma protected erythrocyies against promazine, prochlorperazine,

perphenazine and thiethylperazine.

4. The intravenous injection of promazine, prochlorperazine, perphenazine and thiethylperazine caused

hemolysis in the same order as they did in vitro.
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Table 1. Chemical structures of chlorpromazine and the phenothiazine derivatives employed in this

investigation
. , Molecular
Generic name Structure C,—atom Cy/-atom weight
OO0
@
Chlorpromazine N \N/ N/ \Cl —Cl dimethylamino 318.9
| 3" /CH3
CHZCHZCH2~~N\CI_I3
YN
Promazine N NN N —~H | dimethylamino | 284.4
| /CHs
CHZCHZCHZ—N\
CH,
YN
Prochlorperazine | M NN/ M N\el —ci | Amethylpiper g7 6
| /N
CH,CH,CH,—N N—CH;
N
OCY
i NNy NN 4-2’-hydroxy-
Perphenazine N N cr —Cl . : 404.2
| / N 2" ethylpiperazinyl
CH,CH,CH,—N N—CH,CH,OH
200
) VAN .
Thiethylperazine N/\/\SOz"“E_z_gs —80,—C,H; 4;;:11;‘15hy1p1pera- 399.6
N
CH,CH,CH,—N N—CH,
NS

ol deiyirt. zel=R pH & BIESIA 4L AHia
KR st

4, Albumin ¥ : Albumin from bovine serum(Sigma
Chem. Co.)-& pH 7.4 4B REK BT RAolch

5. Cholesterol $R¥&¥& : Cholesterol(Armour Labs.) 100
mg 3} arabic gum 100 mg & F RN A ERE SIS
A10 ml ¢ (b2 pH 7.4 9 £EHPHAHKE st 1%
suspension & {ERsl9l v},

6. Dextrose 7&¥% : Dextrose(Corn Products Co.)& pH
7.4 9] £EBGEEK BHET Aotk

7. I¥E : EEETY BEARES LR R B B
Hiel PORERZA heparin & ¥RIN BAI % @O
#Este] o2 P38 heparin ififfel =}, ol MRS FMEET
aell = pH 7.4 9 AEPHAEKE FHGAS.

8 MMIRSEWR : Lit s kst wEs FKin
e pH 7.4 9 AFEPBEEAKEA 3H S B A
pH 7.4 8] ABEPBEEKE sty FEoKme® =k

Aolel,

9. Hemoglobin % : Hemoglobin #I7%E-& cyanmethe-
moglobin 3£ 2 o {&#E3le] Coleman Junior Spectropho-
tometer & ffiH st} BIESHS

—EER JAAE ARPBoE BRAEE B
A=t

H o EREM, 4 REREEI,
f1, —:5E&s el f= A

+ el B B

M. RERAA

A. Phenothiazine $§:E88°| Fin{ER

4 phenothiazine S5 1,000 {2 LS 10 A4 /1t
Bigel EEHESAT. & BEKEY WES 2.0 mle
=}, ROFREWE 0.1 ml & & BEE meld Ba
Stk ol AL 4~6°C o] Kol WEST FrEkRiel
% RBEY BOAES RGO R ettt &R
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Table 2. Hemolytic action of promazine on

erythrocyte suspension from rabbits

‘\’I‘imegf.ter o
Ju- Mg 5y 2 1305|716
No. [Dilution of min,| hr. | hrs.| hrs.| hrs.| hrs.| hrs.
promazine ™~ !

1 Lo 1,000 | Af [ H | H || HH | H
2 0 12 2000 o b H L H
3 12 400 |—|—|— ||+ +|+
4 1: 8000 | —|—i{—|+|+|++
5 1: 16,000 @ — | — | — |+ |+ 4]+
6 1032000 | —|—|—|—|4+|4++
7 1: 64,000 | —|— | —|—|—|—1+
8 1:128,000 | — | —| — | — | —

9 1:256,000 | —|—|—— | —| — | —
10 1:512,000 | — | —|—|—!|—|—|—

+: Complete hemolysis,
+: Slight hemolysis,

+: Incomplete hemolysis,
—: No hemolysis.

Table 3. Hemolytic action of prochlorperazine on

erythrocyte suspension from rabbits

Time after|
Tu- mixing|

be ™~ b
No. Dilution of min.| hr. | hrs.| hrs.
prochlorperazine

1: 1,000 |4
1: 2,000 |4
1: 4,000 | 4|
1: 8000 |-+
1: 16,000 |—
1: 32,000 |—
1
1
1
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Promazine 2] AMIEM- H 250 A4 Bx nle} 7o)
157 #ell = 1,000 {50 A, 1E:RE #o1= 2, 000 &) A
SEEYEMe] ool it

Prochlorperazine ol 9l e} A & 15 4 %ol 4, 00043, 1
e o] 8,000 £%, 5ERME el = 16,000 fBo A 227
#oulie] olol ket (5 339,

154 % 4,0004%, 108 #%
8,000 1%, 3H:H 4% 16,000 Bl 4 Lol doh (38 4 30,

Perphenazine 78 fi1-&

Table 4. Hemolytic action perphenazine on

erythrocyte suspension from rabbits

h Time after|

\min. hr. | hrs.| hrs.| hrs. hrs.}} hrs.
i

No. Dilution of ™
perphenazine \

1: 1,000 |
1: 2,000
1t 4,000
1: 8000
1: 16,000
1: 32,000
1
1
1
1
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Table 5. Hemolytic action of thiethylperazine on
erythrocyte suspension from rabbits
T Time after! ) \ [
Tu- - mixing 15| 1 l 3157
No. Dilution of | min, .Jhrs. hrs.| hrs.{ hrs.
Ithiethylperazine \
1: 1,000
1 2,000
1 4, 000
1 8, 000
1: 16,000
1: 32,000
1
1
1
1
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Thiethylperazine & ¥EM{EM-& 4 Fh /M3 a0
w, 15204l 16,000 59l 4, 2B kel &= 128, 000 f%
A EREe] Wi ukut(E 5 #E).

552 Bl A BUMsE vk} Aol
samol 1,000 /% Yok pH 4.801geH, pH 7.0 B L
Sl A BEaEEe] iz pHE BEsA 4L
Bk R HEsldch K pH Y Bl wixE ¥
o HWEts}ly] B3] Sorensen phosphate buffer & {3
At pH 4.4 ¥ 5.28 ABWPBAEAKE (BRI 57
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ethylperazine & in vitroel| A Mm-S do et 21 %
IfifEfS] 7RE -+ thiethylperazine>> perphenazine>> proc-
hlorperazine>> promazine &) JiEfro] 41},

(ii) ©] € phenothiazine FFEMES] HFM-& Wik &
pH 4. 8¢ ZEWE= Aol ohiglieh

B. Phenothiazine 538882 £M0l A|X|= choleste-
rol, dextrose, albumin 2 Mm#Ee| EE

Phenothiazine 580 #Einel ¥[8+ cholesterol, dext-
rose, albumin ¥ [mi%e] ES BT B el Al
= —H&3$lod promazine 1:2, 500, prochlorperazine 1:10,
000, perphenazine 1:10,000 M thiethylperazine 1:25,
000 RS AT, T Hle ol%F BB 1
el STARENE dov = RAMREY 7tEelch

(1) Chlesterol & gz

1% cholesterol fREW%S- pH 7.42] HHHREKEZ
sty 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 &
0.9% MRS nbee] % 1.0 ml & No.2 2 % No.
106 ol 24 9AS PhEal EAstE No.l FLlgol
= pH 7.4 9 ABPEEKE AT, sl 1,250
f& promazine, 5,000 1% prochlorperazine, 5,000 {Z pe-
rphenazine, ¥i= 12,500 1% thiethylperazine FEW 0.9
mi 5 #F sk kol ARMBRIEHEIK 0.1 ml &
whnste Bastg e, a"=s 249 BEL 2.0ml
o] iz, phenothiazine FEE S BIEE #5252 FiEs4
cholesterol ¢} EEE ol FEFIE BES 1/20] =4
b ol A& ERol 6046 HES B RBOEst
E¥&35¢] hemoglobin BEE JiE3+4 vk, cholesterol &
GHFA F BRE Nold HbES 10002 sl
% BERY BOEsEE Rdsh B 1E #ng

1001
Elod
801
Tor
601
50+

40+ o---—-o Promaczine

Hemolysis (%)

30+ e——s Prochiorperazine
2cr o—o Perphenazine
10F s&——a Thiethylperazine

Soline 0.05 0.1 0I5 02 025 03 035 04 045
Cholesterol (%)

Fig. 1. The effect of cholesterol on hemolytic action
of the phenothiazine derivatives.

% phenothiaizine FH¥LESS] Bili HHE-L FREE =
e RMEREEES FEHAstY A—3% HBE 3~400
Rigste -2 WiE SR THfEe] o

o EHBEHES 1B R whek 7o) cholesterol
£ promazine(1:2, 500D % e ¥t v %Y BES
ZF# o] stgl 3L, prochlorperazine(1:10,000), perphen-
azine(1:10,000) ¥ thiethylperazine(1:25,000) ZIm-&
cholesterol &] &EE7L gl whel ffRel M= oo

(2) Dextrose 9 s

Dextrose(H;0) 6.16 g-& 7RIHK 100 mlo| st
5.6% dextrose I (FRFK) & FEGEET, oA & pH
7.4 9 AEGEEKE st 0.56, 1.12, 1.68, 2.
24, 2.8, 3.36, 3.92, 4.48 % 5.04% dextrose K&
Aegvh. 1049 AT No.ldl+= pH 7.49] H£H
Mok 1.0 ml & AT No.2 2 3 No.10e o]
2L 9kY FdlE EiE 4% dextrose K 1.0 ml & ¥
Astgch vh&ol phenothiazine %EEES] BN 0. 9mk
o} FMBPIEW 0.1 ml & K45 st AT
JHER & FY WES 2.0 mlo]a phenothiazine 3%
Epeo] PR 4 2{FE FES R dextrosed BEE
el FwHla S 1/2¢] =Hgich

toor o-----©0 Promazine
spt ——o Prochlorperazine
80} o——o Perphenazine
$ 701 &—= Thiethylperazine
» 60f
<. sof
o
£ 40|
ar
T 30
20r oo
[Relg

Saline 028 056 084 112 140 168 198 2.24 252
Dextrose (%)

Fig. 2. The effect of dextrose on hemolytic action of
the phenothiazine derivatives.

HAh BIE-2 1 ik vket 2

#2EA A 2Eulel o] promazine(l:2,500), pro-
chlorperazine(1:10, 00) @ perphemazine(1:10, 0004 {&
3 PRifu-& dextrose o] f&ste] #NI=l=, dextrose d] &
K7L sl =heb 1 il S A, 1.68%LL
kol 4% dextrose o] MEIfER] AL BAHA ol
gith. thiethylperazine(1:25, 000)#210-S (KBRS dext-
rose o) {kale] [HEFRY Z¥s) WS = 1 4 dextrose
BEL Est = 2 0T 2ol ghent, 1.68%LL
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Lol A @I el el dextrose &) HIHIIEA &
Ele] Wik RS g

D B8 EERRIES 2 X o} dextrose = phenothiazine
BEpEel e Bt MEpme s FRATS o4
et

(3) Albumin &] ##

w17 bovine alumin & pH 7.4 9] AHpAHEKE &
B3t 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4 % 1.6
%) WEWE PR & WHE 1.0 ml g No.2
2 8 N.104| o] 2% 94 IBE HEASTZ Nol
& pH 7.4 9] AEMHEEA L0 mlE LA o
45| phenothiazine 2589 FHIEWE 0.9 ml ok  Fimkk
HiE% 0.1 ml & & &) et BEsrdsh oEl=
E £ Y HEL 2.0 mlol phenothiazine FFE AL ]

100
O-=="= © Promozine
90r
®——=e Prochiorperazine
80k
I o——0 Perphenozine

= 70 it .
¥ \\ &———6 Thiethylperazine
» 60F \‘.\
s i
> 50
fa |
& 40r )
T \

30

20r

10}

: T T . T T T ;
saline0DBOI 02 03 04 05 06 07 08
Albumin (%)

Tig. 3. The effect of albumin on the hemolytic action
of the phenothiazine derivatives.

BEE 22 HESY albumin g BEE ¢ ESIR
wEEe] 1/2¢] Hgich Hfb BfFe 518 ke b
S e}, o BEEES Bnsk 3 E 2t

#HIE A 2% vlel 7] promazine(1:2,500), pro-
.chlorperazine(1:10, 000), perphenazine(1:10, 000) il
thiethylperazine(1:25, 000)¢] ¥EM{FA-& ERES] albu-
mindl kst Eal ME=E g, 0.2%5 B8 albumin
P gLl A 7 3% phenothiazine FHEHS] il
BHEAE 2 ot 993, thiethylperazine & i
HAS albumin &) BEST BNl =uk Zelel #]
&K

(4) fuiEs] e

7% heparin fif-¢ pH 7.4 9 AEHABKE 10,
20, 30, 40, 50, 60, 70, 80 ¥ 90% MIEFHEWKS

1o (S .
o----0 Promozine
90 A .
\ e——= Prochlorperazine
80 .
\ o——-—o Perphenazine
3 Tor Y . ,
K . a——= Thiethylperaz! ¢
o 60 ‘
%)
2 s0r )
o A
£ a0 i
T
200
201
1o P S P,
= % 3

Saline 5 IO 15 20 25 30 35 40 45
Ploesma (%)

Fig. 4. The effect of plasma on hemolytic action of
the phenothiazine derivatives.

feEte & LOmlE 9K WlEd EAST & 1
el = pH 7.4 ¢ AHMAREK L0 ml§ EAS St
th-2o)| phenothiazine ZFiEato] W 0.9 ml o Jrifuzk
B 0.1 ml & & Bl fustd BEegsh 8=

24 % WE-L 2.0 mlo]l 1 phenothiazine FHERESY

WEE 2F2 AR, g BEE Sd #ET
B 1/2¢) =gk
o ERRES HAEGA 2t ke el I5%UT

o) M¥EYEH-S phenothiazine 7588 WMIER-& il
wetd e, o DLk BE QA= mIRRES) B
nskel = HEIER-S @AsHA ohiskgeh ZElZ &
PEES) migel fka HHIEA-S  promazine(1:2, 50007
el ¢lels 2} prochlorlorperazine(1:10, 000D, per-
phenazine(1:10, 000) 2 thiethylperazine(1:25, 000) 7 fil
o g4 o-& E@staeh

C. Phenothiazine &80 £¥A FmiER

2.0 ke fosts] BREFES WLE FEEST OB
o= 2y i 2.0 ml g e 2 —fe Z&0R
hemoglobin EERE FAsHE, U —e &b
Wskel [iERe] homoglobin f#Hie] 148 RIS
o}, olwlel] W% hemoglobin WS TEHRT ZMA
hemoglobin & & L9 th

ohgol AFRfEEIKE FEY & phenothiazine i
BE 500 {2 MBS BEE ke 5 ml B, 10 mg/kg ¥
Esiiy Eaetash. o Bpe —EBiRe ERsl
B4 150 1 mlo HER &%) EHgch 2dx
MR TES, 30, 60, 120, 180 R 300 4l LS %
wEe mE 2 mlRg EWREg T ol MEE EL
Jsre] [P hemoglobin PEEE JESHS
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E -3 e v AEPHREKE mEsc A
5.6% %%3E dextrose 7AW 2.2 3 phenothiazine 3%
EE2 10 mg/keg & 4 LR AT HHBe 73
Ak,

MBS HREGHES 69 7R F 5 H 6EN X
R ukel b}, EEAY BOESEE &% 3T H
& (A L THfEel o

Table 6. The Hb content of the plasma (mg/100 ml)
of the rabbits which were injected intraveno-
usly with 10 mg/kg of phenothiazine deriva-
tives diluted with saline

Phenothiazine Time after injection
derivatives Imme-] 30 60 120 {180]300
diately] min. | min. | min. |min.,jmin
Promazine 18 \ 28 18 9 4 3
Prochlorperazine | 102 | 64| 52| 21| 20 20
Perphenazine 281 1 216 | 198 | 176 | 130 127
Thiethylperazine | 370 l 354 | 285 | 180 1451‘ 134

Table 7. The Hb content of the plasma (mg/100 mD)
of the rabbits which were injected intraveno-
usly with 10 mg/kg of phenothiazine deriva-
tives with 5.6% dextrose

Time after injection

Phenothiazine
derivatives Imme-| 30 60 | 120 |180 l 300
diately! min. | min. min min./min,
Promazine \ 15 10 ] 5 ! 3 | 3
Prochlorperazine 72 48 | [ 24 13 13 6
Perphenazine 109 76 l 4
Thiethylperazine | 33 | 27 9 | 7 5|5

i

5% 6ENA 2 ulel ol ABEMGAEAE MK
#2321 phenothiazine 584 5 513 |, promazine o] A
= 18mg, prochlorperazine o] A= 102mg, perphenazine

o] 4= 281mg, 18] 3 thiethylperazine ol A& 370mg®]
hemoglobin o] JESIE# Mg HEsEE, FHfdel &
Bl wel irn Al BREE #Ed 23k
5.6% dextrose B 2 FESt phenothiazine FHEFEE
S oo = FEE#% promazine o] A= 15mg, pro-
chlorperazine o] 4 &= 72mg, perphenazine of 4 & 109mg,
%3 thiethylperazine off 4 & 33mg ¢} hemoglobin o]
MmEEFel M=, o % Eiel FSBTl ek KR
3] L= 9o

LLES] B o2 ¥.o}, phenothiazine FHiEpES] 5
s AR A ELE 4o7¢ & F gon, 2 Bl

©-----0 Promozine

H
8

»——a prochlorperazine
©——>o Perphenazine
a——= Thiethylperazine

5]
<

:

Hb content of the plasma {mg/i00mi}

8
?/

% 30 60 120 180 230 300
Time aofter injection (min.)

Fig. 5. The Hb content of the plasma (mg/100 mly
of the rabbits which were injected intraveno-
usly with 10 mg/kg of phenothiazine deriva-
tives diluted with saline.

3% Immediately

200F 0----0 Promazine
*—— Prochlorperazine
o——o Perphenazine

a———a Thiethylperazine

100F

O

RS s ———

* 30 6 120 180 240 300
Time after injection {min.)

Hb content of the plasma (mg/i0omi}

Fig. 6. The Hb content of the plasma (mg/100 ml)
of the rabbits which were injected intaveously
with 10mg/kg of phenothiazine derivativer
with 5.6% dextrose.

% Immediately

fERS] BT BB WMol glejA st o] Thieth-
ylperazine > perphenazine”> prochlorperazine>> promazine
o) JiEfze] $ ek

= AEBARKAS 45 dextrose BIRS BWHEE ¥
wlo = 1 AR BMmIEA BEEs MflsE gk

. #E % ER

FE A FRE Bt AL BUES BIEStaL ofel
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BELE skl vhEslk g

(1) Phenothiazine 35#4% promazine,prochlorperazine,
perphenazine % thiethylperazine & in vitroell 4] P2
+ BEs e o BfEAY BEE des 2o g
fizel et

Thiethylperazine™> perphenazine>> prochlorperazine>>
promazine

= ol & T BFHE £V o) #453 chlorpro-
mazine 8] 21715} st obg JEfze] 9 vk

Thiethylperazine>> Chlorpromazine>> perphenazine>> pr-
ochlorperazine>> promazine

Phenothiazine F#ELS] (LE ik} o BomfE AR
= —ER MR e A 2ol Az B

i) Promazine 5} chlorpromazine -2- #j3%7} phenothia-
zine 3}, & side chain & 73 ¢}, chul #E
= Cy—atomo] —H %y —Cl& Figacl. agems
Cy—atom & ClE#-L ElfEf< LA Z chn 2lokst
Zlet. = prochlorperazine, perphenazine = C,—atom ol
—Cl& Prast, ol &9 WIMfEAS promazine vt}
#EH v

ii) Prochlorperazine 3} thiethylperazine o] Sle] A=
W& 7} phenothiazine %3}, [{—3t side chain & Pk
gkeh, oiuk 5K E Cy—atomo] —Cli&s —S0,—C,Hj;
£ B 2822 Co—atom ®] —SO,—C,H; Bt
& prochlorperazine &} ¥EM{ER& BWibAlZl Aol obyl
7k A A

iii) Chlorpromazine =} prochlorperazine [iij¢] fh.22HEs
o] 2R §i%E Side Chaine] dimethylamine & g
St3, #3E= methylperazine & FiAatvh, HE 7S %
MmPERS ZRE oldl HEEaE el oldsl A=l

iv) Prochlorperazine 3} perphenazine [59] {LE2jEi%2)
#R: perazine ¢ —CH; & —CH,—CH,0H & &g
A¥olvr, v}k WHEY RmIEA-L BHE 282 »
A=k

(2) Cholesterol -2 promazine ¥ifisl] %eted & M5:2]
FES R 9o}, prochlorperazine, perphenazine 2
thiethylperazine ¥inel #sted = MEpmo= (EMEEY
o}

4>V 2. cholesterol o] chlorpromazine #[fie]] %3l

Z PSS FA ¢S5 sty el Cholesterol ¢} sapo-
nin 3+ {LEBHo = F5i45te] saponin M-S HgIE-e
EEane] ZHEEolvl . Cholesterol o],
side chain © ® %}3 promazine % chlorpromazine 2]
BIIERA = B2 FX 43, piperazine-g side
chain 2 2 3}3 phenothiazine $5iEaH -4 e = 34
e fEASEE FES Ak E M8

dimethylamine -&-

(3) Dextrose @ albumin -2 {5EE A promazine,
prochlorperazine, perphenazine @ thiethylperazine &} ¥

< pHs ek

v}l thiethylperazine ZEfiiel] %8l dextrose @ albumin
ol MEIER-S EEEY dextrose B albumin o] 435k
=36 FaE gk 1AL S5 PIRE B ME
ol v},

(4) Ii¥E-e promazine, prochlorperazine, perphenazine
4l thiethylperazine 9| ¥Fiel #ste] B MHERE
e gl v

Like] (3) 2 (4032 chlorpromazine ¥orfiol %iste
dextrose, albumin ¥ [i#fdl ksl #klE e &0 9
ek —FEeh

(5) Promazine, prochlorperazine, perphenazine & thie-
thylperazine ¢ #FHIENESE in vitro Fifiel gle] A ¢}
F—a JEfZE £BARGA i Hestdeh. Az
REKE WHE S it 9 dextrose BES B
2 & wde 2 Fife BEEs BURE gtk

| #8382 47 o] chlorpromazine -2 ffFfisle] L&
EEpES 5548 —BEke, phenothiazine FHEME &
HFEAT A EEF o ¥ st A4

V. & &

3 phenothiazine 7544 promazine, prochlorpera-
zine, perphenazine % thiethylperazine ¢] F{Ef-&
Hazete] ek 2 fiRe A9tk

1. Promazine, prochlorperazine, perphenazine ¥ thi-
ethylperazine -2 in vitro ol A JEfi-& FHEddsh 1 &
MmERS BEe vhash A& R givh
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