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It is commonly known that aldehyde dehydrogenases (ALDHSs) are a promising therapeutic
target in many diseases. Bui et al. —the authors of the paper | am discussing here (Biosci
Rep (2021) 41(5): BSR20210491 https://doi.org/10.1042/BSR20210491) —point that there
is a lack of research on the use of spices and herbs as the sources of naturally occurring
modulators of ALDH activity. In order to carry out this type of research, the authors prepared
ethanolic extracts of 22 spices and herbs. The main objective of the study was to investigate
retinaldehyde dehydrogenases (RALDHSs), of which retinal is the main substrate and ALDH2,
the mitochondrial isoform, having acetaldehyde as the main substrate.

The obtained results indicated that the tested extracts exhibited differential regulatory ef-
fects on RALDHs/ALDH2 and some of them showed a potential selective inhibition of the
activity of RALDHs.

Commentary

Bui et al. in their interesting paper [1] focus their attention mainly on retinaldehyde dehydrogenases
(RALDHs), which are enzymes converting retinal into retinoic acid (RA). The authors emphasized the
need for the search for the compounds having an influence on the activity of these enzymes because of
their potential use in cancer therapy.

The retinoid family (retinoids) comprises vitamin A (retinol) and its natural derivatives such as reti-
naldehyde, RA and retinyl esters, as well as many synthetic derivatives [2]. Retinoids are essential in a
variety of biological processes. Retinol is a 20-carbon alcohol that consists of a cyclohexenyl ring and side
chain with four double bonds (all in trans configuration), hence the name all-trans-retinol. All-trans reti-
nal is formed in a reversible oxidation reaction of retinol catalyzed by retinol dehydrogenase (EC 1.1.1.300;
RDH). 11-cis-Retinal is produced from the form all-trans via complex enzymatic mechanisms. 11-cis Reti-
nal is a component of rhodopsin, a protein found in the retina of the eye and involved in the process of
vision.

All-trans-retinoic acid (atRA) is the most active, natural derivative of vitamin A. It is produced by the
irreversible oxidation of all-trans retinaldehyde. This process is catalyzed by one of three retinaldehyde
dehydrogenase enzymes (RALDH1, RALDH2, RALDH3). These enzymes were identified as members of
the aldehyde dehydrogenase (ALDH) family of proteins.

The mammalian aldehyde dehydrogenases (ALDH; aldehyde:NAD* oxidoreductase, EC 1.2.1.3) are
a family of enzymes that catalyze the oxidation reactions of aldehydes which are generated via the
metabolism of alcohols. The substrates for ALDH also include aldehydes derived from metabolism of
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Table 1 Selected modulators of enzymatic activity of enzymes from the ALDHs family and their pharmacological potential

Some pharmacological
(biological) properties tested

Compound Mode of action or/and used Some references
Disulfiram Inhibition (irreversible) Anticancer; antimicrobial [4,5]
Nitroglycerine Acts as a substrate for ALDH2 Anticancer [6]
Coprine Inhibition (irreversible) Displays mutagenicity and gonadotoxicity [7]
Daidzin Inhibition (reversible) In ancient Chinese medicine in the [7]

anticancer prevention and as the
antidipsotropic agent

Ampal Inhibition (irreversible) Anticancer [8]
Gossypol Inhibition In ancient Chinese medicine as a male [7,9]
contraceptive; anticancer
Pargyline Inhibition (irreversible) In the past as an antihypertensive agent; [7,10]

neurodegenerative diseases such as
Parkinson’s and Alzheimer’s diseases

Citral Inhibition (reversible) Antidiabetic; anti-inflammatory; [11]
anticancer; antimicrobial
Alda-1 Activator Reduce injury caused by acute [4,12]
myocardial infarction (Ml) and
ischemia/reperfusion
Histamine Activator Bone loss due to increased [4]
osteoclastogenesis
Tamoxifen Activator Bone protective effects, anticancer [4,13]

biogenic amines, drugs and other xenobiotics, as well as aldehydes in the foodstuff. The oxidation of aldehydes to
their corresponding acids catalyzed by ALDHs is an irreversible process. It is commonly known that ALDHs are a
promising therapeutic target in many diseases. The selected modulators of enzymatic activity of enzymes from the
ALDHs family and their pharmacological potential are shown in the table below (Table 1).

Analyses of the ALDH gene superfamily conducted so far have revealed that the human genome contains 19 pu-
tatively functional genes and three pseudogenes. There are three general classes of ALDHs: class 1 (ALDH1), class
2 (ALDH2) and class 3 (ALDH3). ALDHI1 contains cytosolic proteins, class 2 includes mitochondrial proteins and
class 3 comprises tumor-related proteins. The inhibitor of ALDHs, disulfiram (also known as Antabuse, DSF) inhibits
the activity of all ALDH isoenzymes regardless of the Ky value. DSF has been used in the treatment of alcohol de-
pendence, as it causes ethanol intolerance due to acetaldehyde poisoning. Acetaldehyde is approximately ten-times
more toxic than ethanol. The oxidation of acetaldehyde to acetic acid is catalyzed by the members of ALDH1 and
ALDH2 of the ALDH family of proteins. Cytosolic ALDHI is present in many tissues, including the brain, but the
affinity of this enzyme for acetaldehyde is relatively low (Ky; approx. 50 utM). Much greater affinity for acetaldehyde
is shown by mitochondrial ALDH2 (K < 5 pM). Thus, the mitochondrial isoenzyme ALDH2 plays the major role
in biotransformation of acetaldehyde.

ALDH2 gene is composed of 13 exons. Exon 12 contains a G-to-A missense mutation, which causes that glutamate
(Glu) at position 504 is replaced by lysine (Lys). The Glu®*Lys point mutation in the ALDH2 gene, common among
the population of East-Asian ethnic origin (approximately 50% of the population), causes production of a low-activity
form of the enzyme, with heterozygotes Glu®*Lys (ALDH2"1/2) having approximately 6% of normal ALDH2 activ-
ity and homozygotes Lys*** (ALDH2"2/2) lacking its activity (rs671 polymorphism). It causes that people bearing a
low-activity mutant of ALDH2 exhibit significantly lowered alcohol tolerance due to adverse effects of acetaldehyde
accumulation. On the other hand, the case-control studies indicate that the deficiency of ALDH2 activity affects the
risk of cardiovascular and neurodegenerative diseases. Mei et al. [3] showed that the presence of ALDH2* 2/2 (rs67)
variant was related to the reduction in the risk of essential hypertension (EH). The authors even put forward the thesis
that this variant of ALDH2 could be an attractive candidate for genetic therapy of EH [3].

At this point, it is worth recalling that ALDH2 plays also a significant role in the bioactivation of nitroglycerin (glyc-
eryl trinitrate; GTN) to nitric oxide (NO) through a mechanism involving its esterase activity [14]. GTN belongs to a
class of potent organic nitrates used for almost a century to treat myocardial ischemia that induces coronary vasodila-
tion by an NO-dependent mechanism [15]. The available literature data indicate that during the reaction of hydrolysis
GTN to 1,2-glyceryl dinitrate and nitrite (NO, ™), ALDH2 undergoes oxidative inhibition, causing down-regulation
of this enzyme which is associated with GTN tolerance [16]. Thus, in the opinion of many authors, ALDH2 activity
is a useful marker of cardiovascular oxidative stress, but the concept is still under discussion [17].
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Additionally, ALDH2 is involved in the oxidation of 3,4-dihydroxyphenylglycoaldehyde (DOPGAL) and
3,4-dihydroxyphenylacetaldehyde (DOPAL) in the central nervous system (CNS). DOPGAL is an intermediate prod-
uct of the metabolism of the neurotransmitter noradrenaline (NA), and DOPAL is the metabolite of the major brain
neurotransmitter dopamine (DA). According to the ‘catecholaldehyde hypothesis, DOPAL, the DA metabolite pro-
duced in the monoamine oxidase (MAO)-catalyzed reaction mediates DA toxicity in vivo, which indicates that
DOPAL plays a role in the pathogenesis of Parkinson’s disease (PD) [18]. So, it is not surprising that many authors
have shown that ALDH2 polymorphisms may be associated with the risk of the most common neurodegenerative
disorders that are Alzheimer’s disease (AD) and PD. In 2000, Kamino et al. indicated in the Japanese population a
significant association between an increased risk of AD and the carriage of the ALDH2"2/2 allele [19]. In the case
of PD, the available literature data are not unambiguous. Increased levels of aldehydes in the substania nigra (SN)
in patients with PD are associated with the loss of gene expression of ALDHIALI form (rather than ALDH2 form)
causing the loss of enzyme protein and activity [20]. The meta-analysis based on 5315 individuals, mostly from East
Asian countries, including China, Japan and Korea indicated that the polymorphism locus of ALDH2 rs671 G>A
may be a potential risk factor for AD but not for PD in the East Asians [21]. On the other hand, research by Li et al.
published in 2019 showed that PD patients with allele rs671 (A) were more likely to have excessive daytime sleepiness
and might tend to have difficulty maintaining sleep. In those authors’ opinion, the results obtained by them suggest
that ALDH2 may modulate the accumulation of monoamine neurotransmitters and hence, the non-motor symptoms
in patients with PD [22]. Recent studies by Yu et al. have shown the detrimental effect of single nucleotide polymor-
phism (SNP) of catechol-o-methyltransferase (COMT)—COMT rs4680 SNP on the motor symptoms of PD patients,
as well as the authors found that ALDH2 rs671 SNP moderated the impact of COMT rs4680 (A) for the symptom of
‘hand movements’ [23]. It should be reminded that the ALDH?2 isoenzyme is also involved in removing the products
of lipid peroxidation triggered by oxidative stress, like 4-hydroxy-2-nonenal (4-HNE) and malondialdehyde (MDA).
It has been shown that 4-HNE concentration increased in the brain tissue of the ALDH2"2/2 transgenic mice in an
age-dependent manner [24].

Williams et al. found elevated levels of 4-HNE in from post-mortem samples of the hippocampus collected from
patients with AD [25].

It is also worth noting that a close relationship between the presence of ALDH2 SNPs and many types of can-
cer has been reported. It has been shown that ALDH2 SNPs are associated with higher levels of smoking-DNA
adducts in blood [26] with higher rates of esophageal cancer [27] and with lung cancer in smokers [28]. It is pos-
sibly related to the DNA damaging effects of acetaldehyde [29]. On the other hand, in bladder cancer research,
Andrew et al. showed that among people with the ALDH2 rs2238151 genotype variant, alcohol consumption was
associated with a longer time to cancer recurrence [30]. It is also known that DSEF, an inhibitor of ALDH2, reduces
the risk of bladder cancer in rats exposed to nitrosamines [31]. Paradoxically, enhancing the activity of ALDH2 by
N-(1,3-benzodioxol-5-ylmethyl)-2,6-dichlorobenzamide, commonly known as Alda-1 inhibited the cancer stemness,
proliferation and migration, leading to minimization of DNA damage in lung adenocarcinoma cells [32]. I encourage
the readers, who are more interested in the relationship between the activity of ALDH2 and the metabolism of cancer
cells, to read a very good paper entitled ALDH2 and Cancer Therapy’ by Wang and Wu. In that paper, the authors
have collected many interesting clinical and translational studies on ALDH2 variant and cancer therapy [33].

Thus, ALDH2 is a promising therapeutic target in many diseases. Compounds that either inhibit or activate the cat-
alytic activity of ALDH2 are continuously sought after. The most famous inhibitor of ALDH2 the already mentioned
above, DSF was used as early as in the 1940s in the treatment of patients addicted to alcohol (ethanol). The history of
ALDH?2 activators is much shorter. The above-mentioned compound Alda-1 was the first reported specific activator
of ALDH2 [32,34]. The numerous studies have demonstrated that Alda-1 could reduce cardiac ischemic damage,
cerebral injury and has the protective effect against the development of neurodegenerative diseases [35]. At the end
of this thread, it is worth adding that Alda-1 in humans both activates wildtype ALDH2 and has the ability to restore
the inactive forms of ALDH2, i.e. ALDH2*1/2 and ALDH2*2/2 [36]. Similar results were obtained by Hirohashi et
al. in mouse studies [37]. Therefore, it is also considered—which may cause a smile and to sound a little funny—to
clinically use Alda-1 after alcohol drinking in patients with mutant ALDH2. Therefore, clinical use of Alda-1 after
alcohol drinking in patients with mutant ALDH2 is also considered, however paradoxical it may sound.

In turn, ALDHI enzymes are primarily localized in the cytosol of cells from various tissues. ALDHI1 subfamily
includes enzymes able to oxidize retinal and aliphatic aldehydes.

They show also high activity for oxidation of aldophosphamide to carboxycyclophosphamide. Aldophosphamide
is the metabolic product of cyclophosphamide, which is a commonly used anticancer drug. Cyclophosphamide is
one of the most commonly used cytostatics. Thus, high activity of ALDH1 enzymes results in cyclophosphamide
resistance in the cancer cells [38].

(© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 3
License 4.0 (CC BY).



Bioscience Reports (2022) 42 BSR20211522

[ ]
’... FF:F? E%ELAND https://doi.org/10.1042/BSR20211522

The ALDH1 subfamily contains three members: aldehyde dehydrogenase 1 family member (ALDH1A1), aldehyde
dehydrogenase 2 family member (ALDH1A2) and aldehyde dehydrogenase family member (ALDH1A3). These en-
zymes use retinal as the main substrate, so they are retinalaldehyde dehydrogenases (EC 1.2.1.36; RALDHs), alterna-
tively known as: RALDH1, RALDH2 and RALDH3, respectively. The general scheme for the reaction catalyzed by
these enzymes is shown by the equation:

Retinal + NAD" + H,O — Retinoicacid + NADH + 2H™"

RA is present in the form of three geometric isomers: atRA, 9-cis RA and 13-cis RA. The RALDHs have a high
specificity for the NAD* oxidation of all-trans- or 9-cis-retinal to atRA or 9-cis RA, respectively. Of the three geo-
metric isomers, atRA is the molecule that mediates most biological functions in the body. The form atRA regulates
gene expression by activating their cognate nuclear receptors, i.e. retinoic acid receptors (RARs) and retinoid X re-
ceptors (RXRs) [39]. Owing to this, atRA exerts potent effects on cell growth, differentiation and apoptosis of normal
and neoplastic cells [40]. Thus, atRA is essential in the immunological function, reproduction and embryonic devel-
opment of the body. In other words, it is a molecule necessary for proper embryonic development and adult body
homeostasis [41].

A large part of the current research concerns the role of atRA and RALDHs in cancer development, as well as in
cancer prevention and treatment. It has been shown that overexpression of RALDHs correlates with poor prognosis
and tumor aggressiveness and is associated with drug resistance in traditional chemotherapy for cancer treatment.

Thus, identification of modulators of several RALDHs/ALDHs may offer new therapeutic options for patients with
cancer [42].

The authors of the paper I am discussing here point out that although research related to the search for compounds
affecting the activity of RALDHs/ALDHs has been conducted for a long time, however, there is a lack of research on
the use of spices and herbs as the sources of naturally occurring modulators of RALDHs/ALDHs activities. To find
phytoderived selective modulators of these enzymes, the authors prepared ethanolic extracts of 22 herbs and spices
(juniper berry, star anise, mace, shallot, turmeric, chervil, cumin seed, dill seed, dill weed, celery seed, fennel seed,
caraway seed, anise seed, marjoram, oregano, rosemary, sage, thyme, cinnamon, laurel, clove and horseradish). The
results obtained by the authors showed that most of the tested spice and herb extracts affected the activity of the
tested enzymes. Overall, an inhibitory effect (less than 50% activity remained) on the activity of RALDH1, RALDH2
and RALDH3 was shown by 15, 18 and 17 out of 22 of the tested extracts, respectively. The activity of ALDH2 was
inhibited by 12 out of 22 tested extracts.

Several extracts showed selective inhibitory effects on two or three out of four tested enzymes. The activity of
RALDHI1 was most strongly inhibited by the sage and clove extracts (1 and 2.7% activity remained, respectively).
Cinnamon and thyme extracts turned out to be the most potent inhibitors of the activity of RALDH2 (0.6 and 4%
activity remained, respectively). Next, thyme and star anise extracts inhibited the activity of RALDH3 most strongly
(1.2 and 2.7% activity remained, respectively). Interestingly, while in the presence of star anise extract, RALDH3
was almost completely inhibited, RALDHI1 was in fact stimulated (133% relative activity) and RALDH2/ALDH2
still remained active at 54.3 and 87.3%, respectively. The authors emphasize that well-known compounds, such as
monoterpene trans-anethole (ANE) present in star anise did not inhibit the activity of RALDH3. It suggests that
the target compound(s), which may be a potent and selective RALDH3 inhibitor(s), are present in star anise only in
trace amounts. It is worth noting that thyme extract also strongly inhibited the activity of ALDH2 (4.34% activity
remained). It is impossible in such a short comment to discuss all the results obtained by the authors, so to end
this thread I would like to draw your attention to shallot and caraway seed extracts, which very strongly increased the
activity of ALDH?2 (143.2 and 229.6% relative activity, respectively). The results obtained by the authors are interesting
and extremely promising, nevertheless, the problem requires further, in-depth research, not least because in a few
cases large dispersion of test results was observed. This is evidenced by the high values of the standard deviation, for
example: 229.6 £ 125.1 or 143.2 £ 112.0, which may indicate a lack of statistical significance.

However, I can agree with the authors that their research proposes a promising workflow to find selective modu-
lators for RALDHs and suggests potential sources of selective modulators which are derived from medicinal plants
including herbs and spices. Importantly, the results obtained by the authors may not only broaden our knowledge but
also provide a basis for the practical applications.
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CNS, central nervous system; DA, dopamine; DOPAL, 3,4-dihydroxyphenylacetaldehyde; DOPGAL,
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