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Abstract—Zinc complex of L-carnosine (L-CAZ; generic name Polaprezinc) is the first drug for oral administration in
which zinc plays an essential role. L-CAZ was approved as an anti-ulcer drug of membrane protection type.
Characterization of L-CAZ was achieved by various spectroscopic methods along with elemental analysis. Zinc ion coor-
dinates with L-carnosine to form a quadridentate 1:1 complex of polymeric nature in order to maintain low strain of
chelate rings. L-CAZ can remain in stomach juice without rapid dissociation and adhere to ulcerous lesion specifically,
after which L-carnosine and zinc are released to heal the ulcer. L-CAZ exhibited high efficacy in clinical use without any
serious side effect. L-CAZ exhibited an inhibitory effect on Helicobacter pylori. Physicochemical aspects on carnosine,
zine, and zinc complex can explain favorable features of L-CAZ as a drug.
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We will present chemical and biological properties
of zinc complex of L-carnosine (L-CAZ; generic name
Polaprezinc) and the advantageous features of this drug
as an anti-ulcer drug of membrane protective type and
compare it with other drugs of the same type. In addi-
tion, the possibility for the development of new drugs by
the combination of zinc, an essential trace metal element
of wide significance, with some appropriate ligands,
including L-carnosine, will be discussed.

We have developed a unique anti-ulcer drug, com-
posed of L-CAZ [1], and it has been in wide clinical use
in Japan since 1994. Studies on L-carnosine have been
carried out actively from various points of view for
many years, and recent progress of this line of study will
be presented in this issue. However, research on metal
complexes of L-carnosine has not been actively carried
out so far. L-Carnosine is a dipeptide composed of -
alanine and L-histidine; it forms stable complexes with
some metal ions of biological significance, such as zinc
and copper.

Our aim of the study on the metal complexes of L-
carnosine is to investigate the applicability of these com-
plexes for clinical medicine based on the chemical, bio-
logical, and pharmacological features of both metal ions
and L-carnosine or other ligands. Further, synergistic
effect and advantageous properties are expected from
complexation. The importance of the presence of a histi-
dine residue in the ligand for complexing with zinc in liv-
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ing systems is clearly shown in Table 1, which shows
main chemical forms of zinc present in model human
plasma. Accordingly, L-carnosine is regarded as one of
the most promising ligands with zinc for application in
medicine.

ZINC-L-CARNOSINE (L-CAZ)
AS AN ANTI-ULCER DRUG

Discovery. L-Carnosine reacts with zinc acetate in
methanol in the presence of sodium methoxide to form
white powdery insoluble L-CAZ [1], which presents a
sharp X-ray diffraction pattern owing to high crys-
tallinity.

Table 2 shows the healing efficacy of L-CAZ along
with those of other zinc complexes against water-immer-
sion stress ulceration in rats. The inhibitory effect was
greater than that of cimetidine, which is renowned as an
anti gastric ulcer drug all over the world. We have also
investigated other metal salts (K, Na, Ca, Mg) of L-
carnosine, but no significant effect was observed with
those salts or with free L-carnosine. The comparison of
the inhibitory effect of L-CAZ, D-CAZ, and cetraxate
hydrochloride, which is an approved cytoprotective anti
gastric ulcer drug in Japan was also investigated (Table
3). L-CAZ dose-dependently inhibited the formation of
gastric ulcers, and the pharmacological activity seems
attributable mainly to zinc ion, presumably transported
effectively into the ulcer by means of L-carnosine
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Table 1. Main chemical forms and prevalences of com-
plexes of trace elements in model human plasma (results
calculated under the conditions: pH 7.4, ionic strength
0.15, temperature 37°C)

Table 2. Inhibitory effects of zinc complexes on gastric
ulcers induced by water-immersion stress in rats

Complex Prevalence, %
Cu®" complexes [2]
Cu(CysSSCys)(His)~ 21
Cu(H)(CysSSCys)(His) 17
Cu(His), 11
Cu(His)(Thr) 8
Cu(His)(Val) 5
Cu(H)(His)(Lys)" 5
Cu(Ala)(His) 4
Cu(His)(Ser) 4
Cu(His)(Phe) 3
Cu(Gly)(His) 3
Cu(His)(Leu) 2
Cu(Glu)(His)" 2
Cu(Gln)(His) 2
Cu(H)(His)(Orn)* 2
Cu(His)(Pro) 1
Cu(His)(Ile) 1
Cu(His)(Trp) 1
Fe?* complexes [2]
Fe(citrate)(OH) 99
Fe(citrate)(salicylate)** <1
Fe(citrate)(Glu)* <1
Fe(citrate)(oxalate)* <1
Mn?* complexes [2]
Mn(HCO;) 24
Mn(citrate)* 10
Mn(CO;) 2
Mn(oxalate) 2
Mn(HPO,) 1
Zn*" complexes [3]
Zn(Cys)3” 40
Zn(Cys)(His)~ 24
Zn(His)* 4
Zn(H)(Cys)* 3
Zn(Cys) 2
Zn(His), 2
Zn(H)(Cys)(His) 2
Zn(Cys)(Gln) 2
Zn(Cys)(CysSSCys)* 2

Compound Dose?, Inhibition, %
mg/kg

L-Carnosine 310 -2
L-CAZ 100 96%***
(L-Hcar)Zn - 2H,0° 100 62
(B-Ala-L-Ala)Zn - H,O 100 72%*
(B-Ala-Gly)Zn - 2H,0 100 86**
(Gly-Gly-Gly)Zn - H,0 100 67%*
(Gly-Gly)Zn - 2H,0 100 31
(Gly-L-His)Zn - H,0O 100 28
(L-Val-L-His)Zn - H,0 100 26
(Gly)2Zn - 3H,0 100 50%
(L-Glu)Zn - 2H,0 100 65%*
(L-Asp)Zn - 3H,0 100 59
(Stea),Zn® 100 8
ZnSO, 100 13
Cimetidine 100 76

a Oral administration.
b L.-Homocarnosine complex.
¢ Stearic acid salt.
* p < 0.05.
#k p <0.01.
#xx p < (0.001; here and below the significance of differences from
control was determined by Student’s ¢-test.

Table 3. Inhibitory effects of L-CAZ, D-CAZ, and
cetraxate hydrochloride (CET) on gastric ulcers induced
by HCl-ethanol in rats

Compound Dose (per o0s), Inhibition, %
mg/kg
L-CAZ 3 42%*
10 TGk
30 Qg
D-CAZ 3 -17
10 -4
30 34
CET 30 26
100 7T EEE
*p <0.05.
*kk p <0.001.
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Fig. 1. Structure of L-CAZ.

together with the action of L-carnosine itself.
Interestingly, D-carnosine with zinc did not show signif-
icant anti-ulcer effect, suggesting that non-natural
carnosine is not capable of acting as a carrier for the
transportation of zinc.

Structure elucidation. Characterization of L-CAZ
was achieved by elemental analysis and spectroscopic
methods, such as IR, solid-state '3C- and ’N-'H-cross-
polarization (CP)/magic angle spinning (MAS) NMR
[1]. These data consistently suggested that L-carnosine
coordinates to zinc ion as a quadridentate ligand giving
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Fig. 2. Valence tautomers of the imidazole moiety.

a 1:1 complex (Fig. 1). However, the simultaneous bind-
ing of those four coordination sites with the same zinc
ion as a coordination center should be impossible due to
high chelate ring strain, suggesting that L-CAZ is pres-
ent in polymeric state. Interestingly, the solid state '*C-
CP/MAS NMR shows that valence isomerization of the
imidazole moiety occurred upon complexation (Fig. 2).
The solid state *C-CP/MAS NMR absorption of the
three carbons in the imidazole ring of the histidine moi-
ety was clearly classified in two patterns corresponding
to the two valence isomers (Fig. 3). Comparing the
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Fig. 3. Solid-state '*C-CP/MAS NMR spectra of L-carnosine and L-CAZ.
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absorption patterns of imidazole carbons with those of
the related compounds, it was revealed that L-CAZ has
a N'-H form, different from the N3-H form of free crys-
talline carnosine [4]. Such valence tautomerization
occurs presumably in order to form energetically
favored five- and six-membered chelate rings. The struc-
ture of L-CAZ was thus determined definitely as shown
in Fig. 1, taking into account thermodynamic stability of
the chelate rings. The solid-state "N-CP/MAS NMR
also supported the structure of L-CAZ.

Mechanism of action. The slow dissociation rate of
L-CAZ in gastric juice due to the polymeric character is
essentially important because the prolonged existence in
the stomach maintains the healing effect for a long time.
Two Japanese research groups [5, 6] found strange spe-
cific adherent and penetrative characteristics of L-CAZ
to the ulcer lesion by staining zinc with dithizone or
Timm solution. We assume that such specific adherence
of L-CAZ at the ulcer lesion is attributed to the forma-
tion of new chemical bond between zinc and body com-
ponents, i.e., albumin or other proteins to form mixed
ligand complexes. L-Carnosine is considered to still bind
with zinc at this stage. These body components oozing
from the ulcer site can bind strongly to zinc ion with
functional groups such as sulfhydryl or imidazole. Via
the stage of the mixed ligand complex, L-carnosine,
which has wound healing ability due to the anti-free-
radical property [7], is released on the ulcer lesion by
complete ligand exchange reaction with a body compo-
nent capable of forming a complex having a larger sta-
bility constant than that of the complex formed from L-
carnosine. Simultaneously, zinc, which has a protective
effect on membranes, is captured completely by the
body component and penetrates into the ulcer to ease
inflammation. Such ligand exchange reaction was con-
firmed by the detection of L-carnosine in supernatant or
solution when we mix L-CAZ with various materials
such as homogenate taken from stomach of rat, rat
serum, albumin, and amino acids with sulfhydryl
groups. As the ligand exchange reaction proceeds, insol-
uble L-CAZ gradually dissolves in water. A simple mix-
ture of L-carnosine and zinc presented less anti-ulcera-
tion effect, especially on free-radical induced lesions [8],
presumably due to rapid diffusion of L-carnosine and
zinc ion in the whole stomach. The stability constant of
the complex composed of L-carnosine and zinc [9] is
inferred to be suitable for the ligand exchange with body
components, giving L-carnosine a characteristic proper-
ty of an excellent carrier of zinc into the living body.
This aspect was also confirmed by a study concerning
the absorption of zinc from the intestine, as mentioned
below [10].

Pharmacology. Many pharmacological investiga-
tions of L-CAZ in animals have been made, such as
wound healing actions [l11], membrane stabilizing
actions [12], cytoprotection and promotion of mucous

MATSUKURA, TANAKA

defense mechanism [13], and anti-ulcer effects on vari-
ous types of experimental ulcer models [14-17] including
superoxide radical-induced ulcer. From these results, it
was concluded that L-CAZ maintains homeostasis of
the gastric mucosa by prostaglandin-independent cyto-
protective effects due to anti-oxidative membrane stabi-
lizing actions and promotes the repair of damaged tis-
sues by wound healing action.

Clinical studies [18, 19]. Excellent improvement with
good compliance was proved in numerous clinical stud-
ies by the use of L-CAZ at 150 mg per day administra-
tion. Endoscopic healing rates were 27.3 and 64.5% after
4- and 8-week treatments, respectively. The “remarkable
improvement” rates of subjective and objective symp-
toms were 61.3 and 72.0% after 4 and 8 weeks, respec-
tively. Global evaluation of improvement indicated
54.3% “remarkable improvement” and 77.3% including
“moderate improvement”. The safety recognition rate
was 98.2% and total usefulness rate was 52.9% of “very
useful” and 76.5% including “useful”. No symptomatic
side effect was reported in 691 cases of clinical trials,
indicating the toxicity of L-CAZ should be very low.

Pharmacokinetics. Intestinal absorption of L-CAZ
was studied in rats by Sano et al. [20] using '*C- and
65Zn-labeled compounds. They suggested that L-CAZ
dissociates to its components, L-carnosine and zinc, dur-
ing intestinal absorption. They found that the accumu-
lated excretion rates of L-CAZ after a single administra-
tion using "“C-labeled L-CAZ to rats are 4.1% in urine,
13.3% in feces, and 38.8% in exhalation, and those using
Zn-labeled L-CAZ are 0.3% in urine and 85.0% in
feces. The absorption rate of zinc was accordingly esti-
mated to be about 11%.

It has been noted that protein-rich diet accelerates
zinc absorption [21], which presumably implies that
amino acids or peptides with low molecular weight may
carry zinc into the blood stream via complexation. A
cysteine-rich protein was found in the mucosa of intes-
tine and characterized to be a zinc-carrier protein [22].
In the course of our study as to the healing mechanism
of L-CAZ on gastric ulcers, we have been convinced that
L-carnosine should act as a good transporter of zinc into
the living body.

To evaluate the ability of zinc transportation, vari-
ous compounds capable of chelation with zinc along
with L-carnosine were tested [10]. We employed
intraduodenal administration of the mixture of zinc
acetate and test ligands in rats. Serum zinc concentra-
tions were determined over seven hours after adminis-
tration at dose of 10 mg zinc/kg body weight. By com-
paring the time-dependent serum zinc level with those
obtained by intravenous administration (1 mg of zinc
acetate), the bioavailabilities of zinc for the test mixtures
were calculated.

As shown in Table 4, values of bioavailability of
zinc in the presence of L-carnosine, L-homocarnosine,
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Table 4. Bioavailabilities of zinc from intraduodenal
administration of zinc acetate and various compounds

Compound Compound/ | Bioavai- [Zn] 0

Zn lability' | pg/ml’
Zn(OAc), only — 0.086 4.13
L-Carnosine 1 0.127 5.68
D-Carnosine 1 0.091 4.69
L-Homocarnosine 1 0.123%:%* 5.82
L-Anserine 1 0.122 #** 5.02
L-His-B-Ala 1 0.087 3.65
L-Histidine 2 0.116%** 5.06
D-Histidine 2 0.085 3.56
-Alanine 2 0.112 4.10
L-Cysteine 2 0.105* 3.73
Picolinic acid 2 0.124%** 4.12
L-Val-L-His 1 0.093 4.26
Phytic acid 1 0.000 —

a Bioavailability was determined from the area under the curve
(AUC) of serum zinc concentration versus time after intravenous
(i.v.) and intraduodenal (i.d.) administration using the following
equation: Bioavailability = AUC (i.d.)/AUC (i.v.).

b Maximal concentration of zinc in serum.

* p <0.05.

wxx p < 0.001.

and L-anserine were found to be greater than those
obtained with other compounds, except picolinic acid.
The optical antipode of L-carnosine did not show any
significant effect, which was consistent with the anti-
ulcer effect. From these results, it was also confirmed
that L-carnosine is a good carrier of zinc into the living
body.

ZINC COMPLEX OF L-CARNOSINE
AND OTHER LIGANDS AS PROMISING
COMPOUNDS FOR CLINICAL USE

Features of zinc as an essential element. On one
hand, the versatility in biological functions and low
toxicity of zinc have been made clear by the results
obtained in a wide range of study. Before discussing the
possibility of the development of new drugs based on
the complexes formed from zinc with L-carnosine and
its related ligands, physiological features of zinc as a
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counterpart of the ligand and its complexes should be
described briefly here. Functions of zinc in living sys-
tems may be summarized as follows: 1) formation,
growth and metabolism of cells, healing of wounds; 2)
activation and secretion of hormones; 3) maintenance
of neurotransmission system and ability of memory; 4)
maintenance of normal carbohydrate metabolism; 5)
maintenance of normal lipid metabolism; 6) stabiliza-
tion of cellular membranes; 7) maintenance of skin sta-
bility; 8) maintenance and activation of immune sys-
tem; 9) maintenance of sensitivity in taste and smell;
10) maintenance of stability of retina and crystalline
lens; 11) maintenance of normal alcohol metabolism;
12) reduction of hazardous effect of heavy metals. In
these functions, zinc plays an essential role as zinc-con-
taining enzymes in many cases or complexes formed
with some components in biological systems. In con-
clusion, the significance of zinc in living systems is rec-
ognized to be the maintenance of balance and the
adjustment of various physiological reactions in deli-
cately controlled homeostatic systems, as in the human
body. We can obtain a general view of recent progress
on the study of zinc through some reviews [23, 24]. Zinc
is regarded as an essential trace metal element that
shows particular importance among other essential
trace elements, such as Fe, Cu, Co, Mn, Mo, V, and Cr.
These trace elements generally play their own specific
role in living systems. On the contrary, the nature of
the functions of zinc is different from those of other
elements and related closely to wide varieties of physi-
ological reactions.

Advantageous features of zinc in the above-men-
tioned functions, and hence favorable aspects in appli-
cations for medical use are well explained by the follow-
ing physicochemical basic aspects of the character of
zinc ion and its complexes. 1) Zinc ion has a small radius
and acts as a Lewis acid and hence zinc ion can play an
advantageous role as a catalyst in hydrolysis reactions.
2) The stability of zinc complexes with some ligands,
those present in living system, is satisfactorily high but
not too high, so that zinc is reactive in complexation.
This means high probability of ligand-exchange reac-
tions in zinc complexes in living systems. Irving—
Williams stability order, that is proved applicable to var-
ious divalent metal complexes with common ligands,
shows physicochemically that the stability of zinc com-
plex is generally lower than that of copper and is com-
parable to that of nickel and much higher than that of
calcium or magnesium. 3) The bivalent state is stable
because of the fully occupied 3d-orbital, and it is main-
tained even in highly oxidizing and reducing environ-
ments. 4) Fairly high affinity is shown to the main coor-
dination atoms, such as sulfur, nitrogen, and oxygen.
This means high flexibility in the structure, coordination
mode, and coordination number of the complexes pro-
duced.
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These physicochemical features are particular to
zinc and its complex. Consequently, these features
shown by zinc and zinc complexes are firmly regarded as
the bases of the versatility of zinc in biological systems.
In addition, these features give rise to easy excretion,
namely, prevention of the accumulation of zinc in a liv-
ing system, and its low toxicity can be well explained by
these features. In the human body, generally 2-3 g of
zinc is present and about 15 mg per day is necessary for
the maintenance of healthy condition.

Applicability of zinc complexes to clinical use. We
have attempted to develop new drugs by the application
of zinc and appropriate ligands, taking advantage of the
above-mentioned favorable features of zinc and its com-
plexes. Polaprezinc (L-CAZ) is our first success. In recent
years, in connection with the hazardous effect of
Helicobacter pyroli to gastrointestinal ulcer and its
potent relation to cancer, combinations of some drugs
aimed at its eradication from the stomach have been very
actively studied. The fact that Polaprezinc (L-CAZ)
shows an inhibitory effect against the growth of
Helicobacter pylori deserves great attention [25]. The
mechanism of this effect has not been clarified.
Considering the effect of zinc on urease [26], which is
excreted from Helicobacter pylori for its growth under
the strongly acidic conditions in the stomach, the follow-
ing inference is possible. It is well known that the active
center of urease contains nickel ion, which is indispensa-
ble to the enzymatic activity. If nickel is replaced by zinc,
urease is substantially inactivated. We can presume that
the replacement of nickel by zinc occurs considering the
comparable complex-forming ability of these two metal
ions, and inactivation of urease may cause the inhibition
of growth of Helicobacter pylori.

There have been few attempts to find applications of
zinc complexes in medicine so far. Recently, zinc chelates
synthesized from some sulfur-containing ligands were
found to exhibit high affinity to lipid-rich regions and the
possibility for the treatment of ischemic heart disease
using these complexes was shown [27]. Special attention
has been given recently to zinc gluconate lozenges for the
relief of common cold symptoms. Further study is needed
to clarify the role of zinc in this treatment [28, 29]. Roles
of zinc in neurological, immunological, and endocrino-
logical systems have been studied actively in recent years
[30, 31]. The relation of zinc to Alzheimer’s disease has
been one of the interesting problems, although the effect
of zinc compounds is still ambiguous [32]. In connection
with aging, zinc is the most interesting trace metal element
[33-36]. This means the complex of zinc with L-carnosine,
which is effective in the control of aging, should be stud-
ied from various points of view. On one hand, remarkable
low toxicity of zinc has been confirmed in clinical use of
L-CAZ. Wide survey of examples of hazardous effects of
zinc shows that the appearance of toxicity is limited to
accidental ingestions of large amounts, and in most cases
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the toxicity was found to be reversible [23]. Judging from
these reports and relevant findings in clinical use of rather
large amounts of zinc, unfavorable side effects can be
practically avoided by careful monitoring in general med-
ical treatment.

Considering the advantageous features of L-carno-
sine and its complexes formed with zinc mentioned
above, we will continue the study for the development of
new drugs using these promising materials.
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