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c#t What is the most abundant cndogenous opioid
peptide in the body?

e What is the physiological function, pathological
implication, and pharmacological potential of this
peptide in the body?
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Hemorphins

e3 In 1986, Brantl et al. first reported a group of novel
opioid  peptides derived from  hemoglobin:
hemorphins.

e’ Hemorphin-4:  YPWT

cit Cytochrophin-4:  YPET

¢ B-Casomorphin-4:  YPFP
e Hemorphin-5:  YPWTQ
o Cytochrophin-5:  YPFTI
cq B-Casomorphin-5:  YPFPG

ot In 1992, Piot et al. isolated two hemorphin peptides,
LVV-hemorphin 7 {(LVV-H7) and VV-hemorphin 7
from bovine hemoglobin hydrolysate.

e LVV-hemorphin 7: LVVYPWTQRF

o VV-hemorphin 7 VVYPWTORE

et LVV-HT is indeed abundantly present in the brain,
namely approximately 2 nmole of peptide per gram
of sheep brain tissue (Karelin et al., 1994; Moeller et
al., 1997).

14




2 The hemorphins constitute a family of small
multifunctional peptides from 4 to 10 amino acids
long, which are released in the organism during
physiological or psychopathological proteolytic
cleavage of p-hemoglobin (Brantl et al, 1986;
Clamsta et al, 1991, 1992, 1993; Makinen et al.,
1996,Duethman et al., 2000).

2 LVV-H7 and VV-hemorphin 7 are most
hyvdrophorbic and able to cross blood-brain barrier.

«® Hemorphin producing enzyme: cathepsin D and
cathepsin B

<2 Hemorphin degrading enzyme: dipeptidyl peptidase
IV (DPP4) and angiotensin-converting enzyme (ACE)

15




Hemoglobin Molecule

«chain

red blood cell

helical shape of the
polypeptide molecule

(http.//www.med.unipi.it/patchir/bloodl/bmr-it.htm)

Decreased level of
hemorphin-7

2 Breast cancer
(Due to increased plasma proteosomal activity; Anti-

cancer effect of VV-hemorphin 5 through mediating
cytolysis of tumor cells)

«’ Diabetes

(Like Ang IV, LVV-I17 may bind to IRAP to help
GLUT4 translocation to cell membranc)

¢ Obesity

16
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Increased level of
hemorphin-7

c2 Abdominal aortic aneurvsm

e Cerebrovascular bleeding (increased level of LVV-
H7 in CSF)

«® Posterior cranial  fossa pediatric  brain  tumors
(increased level of LVV-H7 in CSF)

«® Hemorphins or hemorphin containing peptides are
also found in a variety of mammalian tissues
(hypothalamus, pituitary, spinal cord) or fluids
(plasma, cercbrospinal fluids) (Glamsta et al,, 1991;
Maikinen et al., 1992; Barkhudarvan et al., 1992, 1992,
1993). '
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Targets of LVV-H7

er Opioid receptors (agonist) {(delta and kappa opioid
receplors]

o Angiontesin-converting enzvme (ACE) (inhibitor)
e Insulin-regulated amino peptidase (IRAP) (inhibitor)

ea MAS-related -~ G protein-coupled  receptor X1
(MRGPRX1) (agonist)

IRAP

B,
Zings H
i
PRE Iy
binding
§ £
motif g Extraciilulart
intralimenal
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bt Domala
3
A
8
é Transmembrane
v Domain
0
E
€ .
o Cytoplesmic
€ in
£ Domai
]
3
Hog
E

18




R IRAP has been shown to cleave a number of
neuropeptides including vasopressin, oxvtocin, lys-
bradykinin, met-enkephalin, somatostatin  and
dynorphin A (1-8) in vitro (Herbst et al., 1997,
Matsumoto et al., 2001).

2 Both angiotensin IV (Ang IV) and LVV hemorphin-7
inhibit the catalytic activity of IRAP in vitro (Moeller
et al., 1997; Albiston et al., 2001).

The cleavage of angiotensin
(Ang) Il into Ang IV

Angiotensin 11
AspoArg-Val-Tyr-He-His-Pro-Phe

Angiotensin 11
Arg-Nal-Tyr-le-His-Pro-Phe

5 pCIS

Val- Ty r-lle-His-Pro-Phe

Ang-(4-8) and other fragments of Ang IV

19




«r Angiotensin IV mediates important physiologic
functions in the central nervous system, including
blood flow regulation and processes underlying to
learning and memory (Kramar et al. 1997; Albiston et
al. 2001).

crAng IV has been thought to an important
endogenous  peptide to  enhance learning  and
memory in the hippocampus.

Hippocampal LTP
recording

), &

\”L*; ' _Q"‘”' ~
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Protocol

HFS  AngIV/LWH7/aCSF  rs

A ell B8 |
| | LTP I t ' LTP I
min 0 |10 10 130 | 140 240

U4l baseline —l

10 ms & —3k

HFS £l % 200 me “' A

i 5740

74 N A I P S
R L o

0 200 400 800 800 1000 1200 1400 1600 1800 2000

Amplitude of EPSP (% of basal value)

200+

+ bepabte of gecond LTP recorang
—v basehoe of fey

g — GOmn aer secon HFS
— €0mmun afler fus!

180+

160

1404

120+

100-;(4 --------------------------------------------------------------

80

T T T T T L L T T L] 1 | - L] T LI T T L L T 1
0 10 20 30 40 50 60 70 80 90 100110 130140150160 170 180 190 200 210 220 230 240
min

Two sequential HFS could induce two sequential LTP,
although the second LTP was lower.
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Amplitude of EPSP (% of basal value)

200
| HFS <o B o aon LT ecording
-1 bossing of st LTP recording a — B0nun after second HES

— 80mmn after bast HFS

180+

1604

1404

1204

1004

80

e, —r——r— 71—t
0 10 20 30 40 50 60 70 80 90 100410 130 140 150 160 170 180 190 200 210 220 230 240
min

The second LTP was not potentiated by 1 uM of Ang IV.
However, the EPSP was potentiated in response to 1 uM of Ang IV.

Amplitude of EPSP (% of basal value)

200~ fi f— w"tW'AA ,.:“‘.n: S
<~ basekne of first LTP recording
1804 — G0N st frsd HES = /.”—*-

160 . 08 mv S l Sms

ul i,
Ll “ t

100 AP = = = = = = e e o mm oo o m e m e a e

o | N 1”

1204

80

0 10 20 30 40 50 60 70 80 90 100110 130140150 160 170 180 190 200 210 220 230 240
min

The second LTP was not potentiated by 1 uM of LVV-H7.
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Ang IV attenuated LTD in the CA1 region of hippocampus.
The attenuating effect may not be through the blockade of IRAP to increase

the activation of oxytocin receptors.
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fEPSP amplitude (% of baseline)

110
100Lna"' =)

904
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v e Wﬂ
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LTD was not affected by 1 uM of LVV-H7.

LVV-H7 in memory

a2 Although LVV-H7 and Ang IV can both act on IRAP
as inhibitors, the role of LVV-H7 in the regulation of
memory could be of less importance in the
hippocampus.

@ However, LVV-H7 did show certain positive effects
on the enhancement of memory in many behavioral
models.
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e Are the drugs (e.g. anabolic androgenic steroids;
AAS) regulating the amount of hemoglobin able to
affect the level of LVV-H7 in blood?

e Is there any connection between LVV-H7 and opioid
addiction?

« Is nandrolone-induced increased susceptibility to
morphine dependence related to LYV-H7 increase?

2 Nandrolone-induced a significant increase of LVV-
H7 concentration in the serum.

e’ LVV-I7 was significantly increased from 0.41 * 0.08
pM (Day 0) to 0.65 £ 0.08 pM (Day 9) in the
Nandrolone (15 mg/kg, i.m., q.d.) group.
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Effect of LVV-H7 on
conditioned piaw preterence

Cannulation

Ceonditioning L'L""'-”?f
fopxgh no2-D7 ﬁ?g&.’:}men e
l G fwhitgphamban)
i & & & 1
-5 -2 -1

LVV-H7
{checkered chamber)

Y-

|

L83

T
|

PP conditioned place preference test; L locomoter activiry test: S saline adiministration

et LVV-H7 (0.5 and 1 pg, 1.cv ) did not induce anv CPP,
which could be due to the reduction of locomotor
activity,

et We proposed that LVV-H7 may also induce reward

but the expression of CPP behavior is masked by its
sedative effects.




Etffect of nandrolone pretreatment on
morphine-induced
conditioned place preference
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The absence of effect by the coadministration
of LVV-H7 anti-serum with nandrolone in
potentiating morphine-induced CPP
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LVV-H7 in drug
addiction

2 LVV-H7 may play an important role in the
regulation of drug dependence, including opioid
dependence, but it is with no connection with the
pretreatment of AAS-induced increased
susceptibility to morphine dependence.

R LVV-H7 may play an important role in alcohol
dependence according to our preliminary results.

Hyperalgesia

(a) 104 Hyperalgesia
8 | / " Narmal
: . Pam
G - njury esponse
T ;
£ |
& | _
/ = Allodynia /
3 ;
Q

Stmulus intensity
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Plantar Test

Paw withdrawal latency (sec)

14

121»\%

—e- Saling {n=11}
~LVV-H7 13.8 nmole (n=11)
s LYV-H7 27.2 nmole (n=11)

L

10 @ £z

6- 0y i*

4

2.

0 1 ——

[ SR S
401 2 34 5 67 822 24 26 28 30 3

Time after intraplantar
carrageenan injection (hour)

LVV-H7 attenuated inflammatory hyperalgesia at the spinal level.
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—e— Saline (n=11)
—e— LVV-H7 27.2 nmole (n=11)
Naloxone 5.0 nmole (n=11)

—e— Naloxone 5.0 nmole +
LVV-H7 27.2 nmole (n=9)

Paw withdrawal latency (sec)

T I D S | T T T T i

b= NS =N
101234567 82224 26 28 30 3

Time after intraplantar
carrageenan injection (hour)

The effect of LVV-H7 to attenuate hyperalgesia may be not mediated by opioid
receptors at the spinal level.

—e— alineg (n=1)

(a) 14 -a- LVV-HT7 6.8 nmole (n=13)
— . 4 i1 Ang-IV 12.8 nmole in=16}
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H
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012 3 456 7 8222426 28 30 32
Time after intraplantar
carrageenan injection (hour)

LVV-H7 attenuated inflammatory hyperalgesia at the supraspinal level.
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-e— Saling (n=8)
- LVV-H7 6.8 nmole (n=13}
~#= Naloxone 2.5 nmole (n=8)

(

z
|
-]

=g Naloxone 2.5 nmole +
LVV-H7 6.8 nmale (n=8})

Paw withdrawal latency {sec)

°© m > @

I i % H 3 H 7 H 7 H i +
012 3 45 6 7 82224 26 28 30 32
Time after intraplantar
carrageenan injection (hour)

The effect of LVV-H7 to attenuate hyperalgesia is mediated by opioid
receptors at the supraspinal level.

Paw volume (ml)

35 #—Galine (n=8)

—e— L VV-H7 27 .2 nmole (n=8)
3.0+ —e— Ang 1V 25.8 nmole (n=8)
2.5+
2.0+

1 i
1.5 AR e ms s s T S s

T T ¥
4012 3 45 6 7 822242628303
Time after intraplantar
carrageenan injection (hour)

intrathecal injections of LVV-H7 and Ang IV did not show
any-effect on paw edema.
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Time after intraplantar
carrageenan injection (hour)

The anti-hyperalgesia effect of Ang IV could be mediated through the
blockade of IRAP to reduce the degradation of oxytocin.

LVV-H7 in inflammatory
hyperalgesia

e LVV-H7 can attenuate inflammatory hyperalgesia at
both supraspinal and spinal level.

e At supraspinal level, LVV-H7 acts through the
activation of opioid receptors to induce anti-
hyperalgesia.

e At the spinal level, LVV-H7 did not act through
opioid receptors to induce anti-hyperalgesia. Because
Ang IV was known to act through IRAP inhibition to
induce anti-hyperalgesia, LVV-H7 may also act on
IRAP to cause anti-hyperalgesia.
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LVV-H7 in allodynia
caused by neuropathy

-~ Sham + vehicle

-& PSNL + vehicle

=0- PSNL +25.8 nmole Ang IV
-4~ PSNL +27.2 nmole LVV-H7

Paw withdrawal threshold (g)

Basal -30 5 35 65
Time after i.t. injection (min)

Male mice underwent partial sciatic nerve ligation

=)

_'g 10 -e- PSNL+AnglV+Atosiban (ipsi)

L 8 -O- PSNL+AnglV+Atosiban (contra)
g - PSNL+LVV-H7+Atosiban (ipsi)
= 6 O PSNL+LVV-H7+Atosiban (contra)
% 4 =+ PSNL+ 0.5 nmol Atosiban (ipsi)
o5 =& PSNL+0.5nmoal Atosiban (contra)
£

= 2

% 0I L ) 1 L

Q. Basal -30 5 35 65

Time after i.t. injection (min)

Male mice underwent partial sciatic nerve ligation
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-~ Sham + vehicle

& PSNL + vehicle

-0- PSNL +25.8 nmole Ang IV
=& PSNL +27.2 nmole LVV-H7

Paw withdrawal threshold (g)

T
Basal -30 5 35 65
Time after i.t. injection (min)

Female mice underwent partial sciatic nerve ligation

Long duration of LVV-H7-induced
anli-allodynia which is similar to
that induced by oxytocin

o]

-8~ PSNL + 1.25 nmole oxylocin
- PSNL +25.8 nmole Ang IV
-O- PSNL + 27.2 nmole LVV-H7

L

(=]
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N
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L
asal 0 60 120 180 240 300
Time after i.t. injection (min)

Paw withdrawal threshold (g)
P
[]

T o

Male mice underwent partial sciatic nerve ligation
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i Intrathecal oxytocin, LVV-H7 and Ang IV showed a
significant mmn}lhadvnm effect inonvce aoderwent
partial sciatic nerve ligation (PSNL) (Chow et al,
2018).

o2 Anti-allodynia caused by intrathecal LVV-HY could
bealso thmuv‘h its blockade on [RAP.

ez LVV-H7-induced anti-allodynia showed a c¢lear sex
difference, which is as same as that of oxytocin-
induced anti-aftodynia (Chow etal, 2016).

et This suggests that LVV-H7's anti-hyperalg,
allodynia effects may be cross-species,

esia/anti-

t_

Future studies on LVV-HY7

s What is the possible role of LVV-HT7 in sepsis? Is it
able to reduce DIC?

ca What is the possible role of LVV-H7 in beta-
thalassemia, especially in correlation with pain?

taWhat 18 the possible role of LVV-H7 in 2-
butoxvethanol-induced toxicity?

ot What is the possible role of LVV-H7 in cancer pain?

¢t What is the possible role of LVV-H7 in diabetes-
induced neuropathy?
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