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The possible role of LVV-hemorphin 7 in the change of
pain sensation in the offspring from dam rats with
prenatal alcohol exposure
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In our previous study, we demonstrated anti-hyperalgesia effects of
angiotensin IV (Ang IV), LVV-hemorphin 7 (LVV-H7), and oxytocin (OT) at the
spinal level in male rats with intraplantar carrageenan-induced inflammation. We
also found that the anti-hyperalgesia by Ang IV and LVV-H7 was acting through
their blockade on insulin-regulated aminopeptidase (IRAP) to reduce the
degradation of OT. In the present study, we intend to investigate the possible
role of a cryptide, LVV-H7 in the change of pain sensation caused by prenatal
alcohol exposure. LVV-H7 is generated from the cleavage of the beta-chain of
hemoglobin, and serves as an atypical opioid peptide. In the blood, LVV-H7 is at a
high concentration, which can reach micromolar range. Although the detailed
functions are still unknown, LVVV-H7 was reported to be released in the presence
of alcohol by the enzyme cathepsin D in vitro. Therefore, we predict that prenatal
alcohol exposure can change the level of LVV-H7 in the offspring. This
quantitative change may play a role in difference in analgesia, inflammary
hyperalgesia, and neuropathic allodynia, when compared with the offspring from
control dam.

LVV-H7 anti-serum and pepstatin A (cathepsin D inhibitor) will be also used
to examine its involvement in the prenatal alcohol-induced change of pain
sensations, which will be assessed using tail-flick, plantar, and von Frey tests.
Overall, the present study will be the first study to investigate the possible role of
LVV-H7 in prenatal alcohol exposure-induced changes of pain sensation in the
offspring. This shall help to understanding of the physiology of endogenous
LVV-H7, also may have potential for the future development of new drugs in the
treatment of pain in problems caused by prenatal alcohol exposure.
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The present proposal is organized by Dr. Lok-Hi Chow, and Prof. Eagle Yi-Kung
Huang from Dept. of Anesthesiology, New Taipei City Hospital and Dept. of
Pharmacology, National Defense Medical Center, Taipei, Taiwan, R.O.C.,
respectively. The collaboration of this teamwork can integrate the clinical
investigations and basic biomedical research. The project was designed to identify
the possible role of LVVV-hemorphin 7 (LVV-H7), a cryptide from haemoglobin, in
the change of pain sensation caused by prenatal alcohol exposure. The



experiments in this project involve behavioural analysis, biochemical study of
proteins, peptide synthesis, and quantitative measurement of peptides and enzyme
activity. These are all important for our neuropharmacological and
neurophysiological studies. Our teams have a solid experience in protein
chemistry and an expertise in behavioural pharmacology (Chow et al., 2013, 2015,
2016). From the academic point of view, this project will provide important
information on the underlying mechanism of prenatal alcohol exposure on
analgesia and hyperalgesia in connection with LVV-H7. This can help for the
understanding of the relationship between alcohol intake and LVV-H7 in basic
medical research. By knowing the role of LVV-H7 in prenatal alcohol exposure on
analgesia and hyperalgesia, we may design new drugs based on the structure of
LVV-H7 to intervene with alcohol-induced problems of the change of pain
sensation, and probably to discover novel analgesics. This is also useful in the
possible, future clinical application.
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Current state of art including relevant previous work

Our previous studies have been working on the research of drug addiction and pain
for decades. Our recent reports were mostly focus on angiotensin IV (Ang IV) and
LVV-hemorphin 7. Also, we are the first group who discovered the anti-hyperalgesic
effects of these two peptides at the spinal level in rats. These related publications were
all listed in the attached references.

Scientific excellence and originality of the proposal

The present project is the first study to identify the possible role of LVV-H7 in the
change of pain sensation caused by alcohol prenatal exposure. Being an important
cryptide, LVV-H7 was found to produce analgesic and anti-hyperalgesia effects, and
being able to increase dopamine turnover at the mesolimbic terminals (Cheng et al.,
2012; Huang et al., 2016). These were both reported by us as shown in the
publications attached. Therefore, we would like to further investigate the possible
effects of LVV-H7 on the offspring when chronic/subchronic alcohol administration
was given to the dam. Because alcohol can affect the activity of cathepsin D
(LVV-H7 generating enzyme) in vitro, we predict that the level of LVV-H7 will
change at different stages during alcohol administration.



This has been evidenced by our preliminary data, which has shown that the serum
level of LVV-hemorphin 7 increased after alcohol injections. However, it will get
back to the basal level following 2-week daily alcohol administration. During alcohol
withdrawal, the level of LVV-hemorphin 7 will first further decrease to a level lower
than the basal, but reversed to increase back to baseline level after 5-day withdrawal.
We also measured the tail-flick latency to access the pain sensation. We clearly
showed an alcohol-induced anti-nociception and an alcohol withdrawal-induced
hyperalgesia. The behaviour and LVV-H7 level seems to be consistent except the
condition of longer withdrawal. This is interesting and consistent with the others’
reports, although the correlation between the change of pain sensation and LVV-H7
level should require further investigations to confirm.

It is not known whether the change of LVV-H7 level in the dam can affect the pain
sensation of the offspring in rats. However, there were many reports indicated that
prenatal exposure of alcohol can affect pain sensation in the offspring by interfering
the endogenous opioid system. For example, morphine analgesia and opioid
stress-induced analgesia were potentiated in adult rats prenatally exposed to ethanol
(Nelson et al., 1985; Nelson et al., 1986). This does not appear attributable to changes
in number or affinity of mu or delta opioid receptors, or to altered occupation of
receptors by morphine. Thus, we thought that this change may be in connection with
the LVV-H7 level in the offspring since LVV-H7 is the most abundant opioid peptide
in blood. The following report by Kehoe and Shoemaker showed the aberrant
responses of vocalization and analgesia in the prenatal-ethanol-exposed offspring can
be interpreted as failures to respond by opioid release/secretion to appropriate stimuli
in perinatal rats (Kehoe and Shoemaker, 1991).

Taking these together, we hypothesized that alcohol administration in the dam will
activate the enzyme system (cathepsin D) to produce more LVV-H7. This activation
can be passed to the offspring and caused the potentiation of opioid analgesia in adult
rats. However, it could be different in the offspring of perinatal rats. The level of
LVV-H7 could be dropped dramatically after birth and caused a reduction of opioid
response. These points will be investigated and verified in the present study. Overall,
if the results will be fruitful, this project may open a new avenue in alcohol research.
It can improve the understanding of the pharmacology of prenatal alcohol exposure
and analgesia. Moreover, the research on the cryptide LVV-H7 will be prompted.
From the view of this application, our findings should promote the future
development of new drugs for the treatment of alcohol-related problems in pain.
Alcohol addicts may benefit from the new drugs based on LVVV-H7 and analogues.
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(1) Alcohol will be given by voluntary drinking model. Control dam’s drinking
water will be 0.066% saccharin. The drinking water of dam with prenatal
alcohol exposure will be 10% ethanol in 0.066% saccharin.

(2) Using tail-flick test and hot plate test, we will determine the possible
difference of pain threshold and response between the offspring adult rats from
control dam and dam with prenatal alcohol exposure.

(3) Using plantar test in rats with carrageenan-induced hyperalgesia, we will
determine the possible difference of the severity of inflammatory hyperalgesia
between the offspring adult rats from control dam and dam with prenatal
alcohol exposure.

(4) Data analysis: The data were all analyzed with SPSS & Prisma. Paired-t test
was used when two groups were compared. Two-way ANOVA followed by

Bonferroni post-test was used to analyze the data for group comparison with
time domain. P < 0.05 was considered to be significant.
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