
In 1970 Najiar’s discovery of the endogenous

tetrapeptide tuftsin (Thr�Lys�Pro�Arg, fragment 289�292

of the CH2 domain of human immunoglobulin G (IgG)

H�chain) which has both immunostimulatory and neu�

rotropic activities [1�4], provided the motivation for the

search for other bioactive peptides of the same origin. In

1980 Julliard et al. found adrenocorticotropic hormone�

like and β�endorphin�like sequences in the IgG H�chain

[5]. The tetradecapeptide SLTCLVKGFYPSDI corre�

sponding to the β�endorphin�like sequence of IgG (frag�

ment 364�377 of the H�chain CH3 domain) was synthe�

sized by Houck et al. and shown to compete with 125I�

labeled β�endorphin for binding to rat brain membranes

[6]. We have synthesized the decapeptide SLTCLVKGFY

corresponding to the sequence 364�373 of human IgG H�

chain (referred to as immunorphin) and found it to inhib�

it 125I�labeled β�endorphin binding to mouse peritoneal

macrophages (Ki 5.9 nM) [7] and T�lymphocytes from

human blood (Ki 0.6 nM) [8, 9]. Studies on the specifici�

ty of the binding sites, which bind both β�endorphin and

immunorphin, revealed that they are insensitive to natu�

ral opioid peptides [Met5]enkephalin and [Leu5]en�

kephalin as well as to the antagonist of opioid receptors

naloxone, that is, they are non�opioid ones. We also

showed that β�endorphin and immunorphin stimulate

concanavalin A (Con A)�induced proliferation of human

T�lymphocytes in vitro [10]. [Met5]enkephalin and nalox�

one tested in parallel were inactive. Naloxone did not

inhibit the stimulating effect of β�endorphin and

immunorphin on T�lymphocyte proliferation. We then

prepared 125I�labeled immunorphin (232 Ci/mmol) and

shown that it binds to human T�lymphocytes with high
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Abstract—We synthesized linear and cyclic pentapeptides corresponding to the sequence 369�373 of human immunoglobu�

lin G heavy chain—VKGFY (referred to as pentarphin and cyclopentarphin, respectively). The effect of pentarphin and

cyclopentarphin on phagocytosis of Salmonella typhimurium virulent 415 strain bacteria by mouse peritoneal macrophages in

vitro was studied. Control experiments showed that macrophages actively captured these bacteria, but did not digest them: the

captured microbes were viable and continued to proliferate inside the phagocytes; within 12 h all macrophage monolayer was

destroyed (incomplete phagocytosis). If 1 nM pentarphin or cyclopentarphin was added to the cultivation medium,

macrophage bactericidal activity was significantly increased and they digested all captured microorganisms within 6 h (com�

plete phagocytosis). To study the receptor binding properties of pentarphin and cyclopentarphin we prepared 125I�labeled pen�

tarphin (179 Ci/mmol specific activity). The binding of 125I�labeled pentarphin to mouse peritoneal macrophages was high�

affinity (Kd = 3.6 ± 0.3 nM) and saturable. Studies on binding specificity revealed that this binding was insensitive to nalox�

one and [Met5]enkephalin, but completely inhibited by unlabeled cyclopentarphin (Ki = 2.6 ± 0.3 nM), immunorphin (Ki =

3.2 ± 0.3 nM), and β�endorphin (Ki = 2.8 ± 0.2 nM). Thus, the effects of pentarphin and cyclopentarphin on macrophages

are mediated by naloxone�insensitive receptors common for pentarphin, cyclopentarphin, immunorphin, and β�endorphin.

Key words: phagocytosis, macrophage, β�endorphin, tuftsin, naloxone, immunoglobulin G, peptides, receptors, immune sys�

tem
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affinity (Kd 7.4 nM) [7, 8]. The binding of the radiola�

beled immunorphin was naloxone�insensitive and com�

pletely inhibited by unlabeled β�endorphin (Ki 1.1 nM)

[11]. Studies on the inhibition of 125I�labeled β�endor�

phin binding to T�lymphocytes by synthetic immunor�

phin fragments demonstrated that the pentapeptide

VKGFY (fragment 6�10, referred to as pentarphin) was

the shortest active fragment of immunorphin [8].

The aim of the present study was to investigate the

effect of pentarphin and cyclopentarphin on phagocytosis

of S. typhimurium virulent strain 415 bacteria by mouse

peritoneal macrophages in vitro as well as the binding of
125I�labeled pentarphin to these cells.

MATERIALS AND METHODS

The chemicals used in this study were:

[Met5]enkephalin, β�endorphin, naloxone, tuftsin,

1,3,4,6�tetrachloro�3α,6α�diphenylglycoluril (Iodogen),

cell cultivation media, and fetal calf serum (Sigma,

USA); L�glutamine and Hepes (ICN, USA); penicillin

and streptomycin (Gibco, USA); agarose, sucrose, BSA,

EDTA, EGTA, Tris, phenylmethylsulfonyl fluoride

(PMSF), and sodium azide (NaN3) (Serva, Germany);

scintillator Unisolv 100 (Amersham, England). tert�

Butyloxycarbonyl derivatives of amino acids were pre�

pared as described elsewhere [12]. N�Methylpyrrolidone,

diisopropylcarbodiimide, 1�hydroxybenzotriazole, and

thioanisole were obtained from Merck (Germany). All

other chemicals were purchased from domestic compa�

nies and additionally purified before use.

Peptides were synthesized on Applied Biosystems

430A and Vega Coupler C250 automatic peptide synthe�

sizers (USA), using Boc/Bzl peptide chain elongation

technique. Pentarphin was synthesized on phenacy�

lamidomethyl (PAM) polymer by the in situ method [13].

2�Chlorobenzyloxycarbonyl and dichlorobenzyl groups

were used for the protection of lysine and tyrosine,

respectively. At the completion of protected polypeptide

chain synthesis, the end product was relieved with simul�

taneous detachment from polymer, using anhydrous

hydrogen fluoride in the presence of scavengers.

Protected cyclopentarphin was synthesized on poly�

mer�bound oxime [14]. For cyclization, the protected

linear peptide was treated with acetic acid in dimethylfor�

mamide in the presence of diisopropylethylamine. The

protected cyclopeptide was precipitated by ether, filtered,

dried to constant weight, and treated with anhydrous liq�

uid hydrogen fluoride.

Both peptides were purified to homogeneity by

preparative reverse�phase chromatography (Gilson chro�

matograph, France) on a Waters SymmetryPrep C18 col�

umn (19 × 300 mm; Malva, Greece), 7 µm, 10 ml/min

flow rate, elution with 0.1% trifluoroacetic acid, 10�40%

acetonitrile gradient within 30 min). The peptides were

characterized by analytic reverse�phase HPLC (Gilson

chromatograph) on an XTerra RP18 column (125 Å, 3.9 ×
150 mm; Malva), 5 µm, 1 ml/min flow rate, elution with

0.1% trifluoroacetic acid, 10�40 and 20�40% acetonitrile

gradient within 16 min for pentarphin and cyclopen�

tarphin, respectively), amino acid analysis (6 N HCl

hydrolysis, 24 h, 110°C; amino acid analyzer LKB 4151

Alpha Plus, Sweden), and fast atom bombardment mass

spectrometric analysis (Finnigan mass spectrometer,

USA).

The virulent Salmonella typhimurium 415 strain with

typical morphological and functional properties was used

in phagocytosis studies. The LD50 was approximately 100

bacterial cells per mouse injected intraperitoneally. S.

typhimurium was grown in Hottinger’s broth for 4�6 h at

37°C, then transferred to beef�extract agar and incubated

at 37°C for 18 h.

Mouse peritoneal macrophages were isolated and

cultured as described in [15]. Phagocytic activity of

macrophages was determined as we previously described

[16]. Macrophage monolayers on cover glasses were

grown at 37°C in sterile glass test tubes in medium 199

supplemented with streptomycin and penicillin

(100 µg/ml each) and 5% inactivated fetal calf serum. In

24 h macrophages were infected with S. typhimurium 415

(108 bacterial cells/ml) in medium 199 supplemented

with serum. After 2 h, the contact between the bacteria

and macrophages was interrupted by replacing the infec�

tious medium with fresh one supplemented with antibi�

otics. To prevent the recapture of bacteria released from

broken cells by other phagocytes, the culture medium was

replaced with fresh medium every hour. The macrophages

on cover glasses (in triplicate for every time point, in 1, 2,

4, 7, and 12 h) were fixed in methanol for 3 min. Then the

preparations were stained with 0.1% aqueous azure

II–eosin for 5 min. Cells (300 per cover glass) were exam�

ined under a light microscope (×1350) and analyzed for

the following parameters: phagocytic activity (PA), the

percentage of macrophages participating in phagocytosis;

bacterial cytocidal activity (BCA), the percentage of

phagocytes destroyed by intracellular bacteria; and

phagocytic number (PN), the average number of bacteria

per macrophage.

Pentarphin (10 µg) was labeled with 125I using 1 mCi

Na125I and Iodogen [17]. The labeled peptide was purified

by gel filtration on Sephadex G�10 (0.9 × 10 cm column,

50 mM phosphate buffer, pH 7.4, 5 ml/h). The volume

corresponding to the labeled peptide was determined in

control experiments using unlabeled peptide.

Radioactivity was counted using a Mini�Gamma Counter

(LKB, Sweden). Fractions with the maximum radioactiv�

ity at the positions corresponding to those of the unla�

beled peptide peak in control experiments were pooled,

and the total as well as the specific radioactivity of the

preparation were determined. The purity of the labeled

peptide was tested by TLC on aluminum oxide glass in n�
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butanol–CH3COOH–H2O (4 : 1 : 1 v/v) solvent system,

followed by autoradiography. The specific activity of

labeled pentarphin was 179 Ci/mmol.

The binding of 125I�labeled pentarphin to mouse

peritoneal macrophages was assayed in medium 199 con�

taining 25 mM Hepes, 20 mM NaN3, and 0.6 mg/ml

PMSF, pH 7.4, as follows: 100 µl labeled peptide (con�

centration range 10–10�10–7 M, each concentration point

in triplicate) plus 100 µl medium (for total binding) or

10–4 M unlabeled peptide (for nonspecific binding) were

added to 800 µl cell suspension (107 cells) and incubated

at 4°C for 60 min. Then the samples were filtered through

GF/A glass fiber filters (Whatman, England) to separate

cell�bound labeled peptide from non�bound (free)

labeled peptide. Filters were washed three times with 5 ml

ice�cold saline. Radioactivity was counted using the

Mini�Gamma counter (LKB). The specific binding of
125I�labeled pentarphin to macrophages was determined

as the difference between total and nonspecific binding.

The latter was measured in the presence of 10–4 M unla�

beled peptide (1000�fold excess). To determine the char�

acteristics of labeled pentarphin specific binding to

macrophages (the equilibrium dissociation constant Kd

and the binding capacity n—number of binding sites per

cell), the profiles of the ratio between bound (B) and free

(F) labeled pentarphin molar concentrations as a func�

tion of bound labeled peptide molar concentration (B)

were plotted. Binding capacity (n) was estimated from the

equation: n = (R0⋅A)/N, where R0 is the molar concentra�

tion of the receptors, A is Avogadro’s number, and N is

cell number per liter [18].

To test the inhibitory effects of cyclopentarphin,

immunorphin, β�endorphin, naloxone, and [Met5]en�

kephalin on the specific binding of 125I�labeled pen�

tarphin to macrophages, 107 cells/ml were incubated with

1 nM 125I�labeled pentarphin and one of the potential

competitors at various concentrations (10–10�10–6 M,

each concentration point in triplicate) as described above.

The inhibition constant (Ki) was calculated using the

equation: Ki = [I]50/(1 + [L]/Kd) [19], where [L] is the

molar concentration of 125I�labeled pentarphin, Kd is the

equilibrium dissociation constant of the 125I�labeled pen�

tarphin/receptor complex, and [I]50 is the concentration

of the competing ligand giving half�maximal inhibition of

125I�labeled pentarphin binding. [I]50 was estimated

graphically from the inhibition curve (plot of the inhibi�

tion (%) as a function of inhibitor molar concentration).

The Kd value was determined in a preliminary experiment

as described earlier.

Statistical significance was analyzed using the

Microsoft Excel MS 2000 electronic table system. The

data are presented as the means ± SEM of at least three

independent experiments.

RESULTS

Synthesis of pentarphin and cyclopentarphin. The

peptides were synthesized with automatic synthesizers

and purified to homogenous state by preparative reversed�

phase chromatography. The synthesized compounds were

characterized by preparative reversed�phase high per�

formance liquid chromatography (HPLC), amino acid

analysis, and mass�spectrometry. The characteristics of

the peptides are presented in Table 1. Pentarphin and

cyclopentarphin yields were 33 and 10%, respectively.

Effects of pentarphin and cyclopentarphin on the
activity of mouse peritoneal macrophages in vitro.
Pentarphin and cyclopentarphin stimulated peritoneal

macrophage bactericidal activity against S. typhimurium

415 bacteria in vitro. Tuftsin served as a positive control.

The values of the main phagocytosis characteristics (PA,

PN, BCA) in the absence (control) and in the presence of

pentarphin (0.1, 1, and 10 nM) or cyclopentarphin (0.1

and 1 nM) are given in Table 2. The results of control

experiments showed that macrophages captured actively

bacteria of this strain: in 2 h, more than 2/3 of the total

number of macrophages participated in phagocytosis

(PA = 72.67 ± 1.07%), and each phagocyte contained an

average of 10 microorganisms (PN = 10.17 ± 0.18). But

captured microbes were not digested. Moreover, they

continued to proliferate inside of phagocytes, as PN

increased from 10.17 ± 0.18 to 15.50 ± 0.34 between the

2nd and 7th hours of the process. The macrophage

monolayer was infected for 2 h, then the infection medi�

um was replaced by fresh cultivation medium, and thus,

beginning from this moment, the growth of PN can occur

only by multiplication of previously captured microbes.

Peptide

Pentarphin

Cyclopentarphin

Table 1. Main characteristics of the peptides

Molecular mass, 
daltons

613.4 (calculated value
613.33)

595.4 (calculated value
594.32)

Amino acid analysis data

Gly 1.04; Val 1.00; Tyr 0.96; Phe 1.00; Lys 0.96

Gly 1.04; Val 1.06; Tyr 0.98; Phe 1.00; Lys 1.16

Purity, %

>99

>99

Elution
time, min

10.52

8.37
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By 7 h of phagocytosis, macrophage destruction on a

mass scale was observed (BCA = 66.67 ± 0.62%), and

within 12 h all of the macrophage monolayer was

destroyed (BCA = 100%). Thus, in control, the interac�

tion between bacteria and macrophages resulted in

phagocyte destruction (incomplete phagocytosis).

In the presence of 1 nM pentarphin or cyclopen�

tarphin the character of bacteria–macrophage interac�

tion changed completely: the phagocytic capacity of

macrophages was augmented to the extent that by 12 h of

phagocytosis they digested all captured microbes (BCA =

2.35 ± 1.21% and 0% in the presence of pentarphin and

cyclopentarphin, respectively) (Table 2). A comparison

between phagocytosis characteristics of pentarphin and

cyclopentarphin shows that the latter is much more

active. For instance, in the presence of pentarphin, by 7 h

of phagocytosis BCA was 10.24 ± 1.17 and by 12 h this

index decreased to 2.35 ± 1.21, whereas in the presence of

cyclopentarphin, at a phagocytosis period from 1 to 7 h,

BCA did not exceed 2.5%; by 12 h there were no

destroyed cells in the monolayer and the macrophages

were free of digested microbes.

Peptide

Control

Pentarphin (0.1 nM)

Pentarphin (1 nM)

Pentarphin (10 nM)

Cyclopentarphin (0.1 nM)

Cyclopentarphin (1 nM)

PN, n ± SEM

3.90 ± 0.13

10.17 ± 0.18

11.17 ± 1.03

15.50 ± 0.34

—

4.09 ± 0.17

9.39 ± 0.19

10.08 ± 1.24

14.05 ± 0.51

—

7.11 ± 0.15

9.29 ± 0.74

6.02 ± 0.56

1.03 ± 0.24

0.66 ± 0.12

7.44 ± 0.13

10.02 ± 0.87

6.43 ± 0.72

1.03 ± 0.24

0.48 ± 0.18

4.45 ± 0.19

10.11 ± 0.79

11.05 ± 1.71

14.19 ± 1.57

—

7.78 ± 0.39

8.81 ± 0.27

5.32 ± 0.51

0.27 ± 0.20

—

Table 2. Effect of pentarphin and cyclopentarphin on phagocytosis of S. typhimurium virulent 415 strain bacteria by

mouse peritoneal macrophages in vitro

BCA

1.33 ± 0.67

13.67 ± 0.69

35.67 ± 1.41

66.67 ± 0.62

100

2.04 ± 1.15

12.04 ± 0.71

32.88 ± 1.90

58.42 ± 0.86

100

1.08 ± 0.71

1.55 ± 0.65

9.32 ± 1.32

10.24 ± 1.17

2.35 ± 1.21

1.62 ± 0.93

1.73 ± 0.50

9.08 ± 1.61

9.77 ± 1.24

2.61 ± 1.29

2.26 ± 1.24

12.67 ± 1.35

35.57 ± 1.66

59.11 ± 1.18

100

1.25 ± 0.64

1.06 ± 0.49

2.13 ± 0.60

2.22 ± 1.31

0

PA

65.33 ± 1.11

72.67 ± 1.07

62.33 ± 1.29

29.00 ± 0.89

0

64.98 ± 1.32

78.66 ± 1.23

64.26 ± 1.38

27.64 ± 1.45

0

84.08 ± 2.12

89.15 ± 1.78

66.82 ± 1.14

23.31 ± 0.84

3.73 ± 0.64

87.41 ± 3.19

90.39 ± 1.94

68.91 ± 1.22

25.36 ± 0.58

2.24 ± 0.33

69.99 ± 1.48

75.12 ± 1.56

67.24 ± 1.42

29.69 ± 1.58

0

87.81 ± 3.14

91.33 ± 2.19

57.43 ± 2.01

1.74 ± 0.44

0.81 ± 0.39

Phagocytosis
time, h

1

2

4

7

12

1

2

4

7

12

1

2

4

7

12

1

2

4

7

12

1

2

4

7

12

1

2

4

7

12

% ± SEM
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Tuftsin tested in parallel also enhanced phagocytic

capacity of macrophages, but its active concentration was

100 times larger than that of pentarphin or cyclopen�

tarphin. As evident from Table 3, in the presence of

100 nM tuftsin the number of phagocytes destroyed by

intracellular bacteria by 7 h of phagocytosis was half less

than that of control (BCA = 31.46 ± 1.23 and 66.67 ±

0.62%, respectively). By 12 h of the process, BCA was 7.64 ±

1.38% and approximately 10% of the phagocytes con�

tained an average of 1.36 ± 0.86% non�digested microor�

ganisms. Thus, the activity of tuftsin was at least 100 times

lower than that of pentarphin and cyclopentarphin.

Binding of 125I�labeled pentarphin to mouse peritoneal
macrophages. 125I�labeled pentarphin is able to bind specif�

Fig. 1. Dependence of total (1), specific (2) and nonspecific (3) 125I�labeled pentarphin binding to mouse peritoneal macrophages on incu�

bation time (a) and peptide concentration in the medium (b). Specific binding was calculated by subtracting nonspecific binding from total

binding.
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Peptide

Control

Tuftsin (10 nM)

Tuftsin (100 nM)

PN, n ± SEM

3.90 ± 0.13

10.17 ± 0.18

11.17 ± 1.03

15.50 ± 0.34

—

3.74 ± 0.97

9.47 ± 0.88

10.19 ± 1.17

12.62 ± 1.28

—

5.84 ± 0.27

7.31 ± 0.25

6.29 ± 0.48

3.32 ± 0.56

1.36 ± 0.86

Table 3. Effect of tuftsin on phagocytosis of S. typhimurium virulent 415 strain bacteria by mouse peritoneal

macrophages in vitro

BCA

1.33 ± 0.67

13.67 ± 0.69

35.67 ± 1.41

66.67 ± 0.62

100

2.19 ± 1.14

11.52 ± 1.27

29.56 ± 1.51

56.32 ± 2.12

100

1.41 ± 0.27

8.12 ± 0.99

29.34 ± 0.75

31.46 ± 1.23

7.64 ± 1.38

PA

65.33 ± 1.11

72.67 ± 1.07

62.33 ± 1.29

29.00 ± 0.89

0

67.18 ± 2.33

70.44 ± 1.92

63.59 ± 1.74

31.21 ± 0.96

0

66.07 ± 1.82

74.11 ± 1.42

61.97 ± 1.18

38.48 ± 0.23

9.31 ± 0.29

Phagocytosis
time, h

1

2

4

7

12

1

2

4

7

12

1

2

4

7

12

% ± SEM
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ically to mouse peritoneal macrophages. Figure 1a shows

the values of total (curve 1), specific (curve 2), and non�

specific (curve 3) 125I�labeled pentarphin binding to

macrophages at 4°C as a function of incubation time. It is

evident that the labeled peptide–receptor system reached

dynamic equilibrium in approximately 1 h and this state

was kept at least for 2 h; therefore, to assess the equilibrium

dissociation constant (Kd), the reaction of 125I�labeled pen�

tarphin binding to macrophages was carried out for 1 h.

Saturation curves (binding isotherms) showing the values

of total (curve 1), specific (curve 2), and nonspecific (curve

3) 125I�labeled pentarphin binding as a function of its con�

centration are presented in Fig. 1b. The fact that curve 2

flattens out indicates that the labeled pentarphin specific

binding is saturable (the number of sites for peptide specif�

ic binding on the cell surface is limited). Scatchard analy�

sis of 125I�labeled pentarphin specific binding to

macrophages (linear plot, Fig. 2) indicates that these cells

possess only one type of binding site (receptor) for this

peptide. The Kd value (3.6 ± 0.3 nM) suggests that pen�

tarphin binds to the receptor with high affinity. The num�

ber of binding sites for the labeled peptide specific binding

per macrophage (receptor density) was 28,000 ± 3,000.

To characterize the specificity of 125I�labeled pen�

tarphin specific binding to macrophages, competition

experiments were performed using unlabeled cyclopen�

tarphin, immunorphin, β�endorphin, naloxone, and

[Met5]enkephalin as potential competitors. The results

are presented in Table 4. It is obvious that cyclopen�

tarphin, immunorphin, and β�endorphin actively inhibit�

ed 125I�labeled pentarphin specific binding (Ki values are

2.6 ± 0.3, 3.2 ± 0.3, and 2.8 ± 0.2 nM, respectively).

Naloxone and [Met5]enkephalin were inactive (Ki >

100 µM). Thus, the receptors revealed using 125I�labeled

pentarphin bind cyclopentarphin, immunorphin, and β�

endorphin with high affinity, and do not interact with

naloxone and [Met5]enkephalin.

DISCUSSION

Phagocytosis of both opsonized and non�opsonized

bacteria includes their binding, capture, and digestion by

macrophages and neutrophils [20]. It was shown that

opsonized bacteria bind to the following receptors on

macrophages: IgG Fc�receptors, receptors for C3b�com�

ponent of complement and, probably, IgM receptors.

Nonspecific capture of non�opsonized bacteria is also

preceded by their binding to phagocyte surface, but the

receptors participating in this binding are not identified

yet. A bound microorganism is embraced by pseudopodia

which are formed near the binding site. The intracellular

system of contractile proteins becomes activated and pro�

vides pseudopodium elongation until the bacterium is

inside the phagosome. The phagosome fuses with gran�

ules and lysosomes containing proteolytic enzymes to

form a phagolysosome, in which the microorganism is

digested.

The most important consequence of phagocytosis is

increased macrophage secretory activity. Activated

macrophages produce and secrete into the milieu a wide

spectrum of bioactive compounds and in this respect they

have no equal among other cell types. For macrophage

activity regulation, synthesis and secretion of active oxy�

gen forms, such as superoxide anion (O2
–), hydrogen per�

oxide (H2O2), and hydroxyl radical (OH•), nitrogen

oxide (NO), and prostaglandins (PGE1, PGE2, PGD2,

PGF2, 6�keto�PGF1α) are of most interest [20].

At present there is incomplete understanding of the

mechanisms of macrophage phagocytic activity initiation

and regulation. The results of numerous investigations

indicate that at least three interrelated regulatory systems

participate in these processes: Ca2+�dependent, cAMP�

Fig. 2. Scatchard analysis of specific 125I�labeled pentarphin

binding to mouse peritoneal macrophages. B and F are molar

concentrations of bound and free labeled peptide, respectively.

B/F

0.0 0.1 0.2 0.3

0.12

0.08

0.04

B, nM

0.00

Ligand

125I�labeled pentarphin

Cyclopentarphin

Immunorphin

β�Endorphin

Naloxone

[Met5]enkephalin

Kd, nM

3.6 ± 0.3

—

—

—

—

—

Ki, nM

—

2.6 ± 0.3

3.2 ± 0.3

2.8 ± 0.2

> 105

> 105

Table 4. Inhibition of 125I�labeled pentarphin binding to

mouse peritoneal macrophages by unlabeled peptides

and naloxone
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dependent, and cytoskeletal systems. There is much spec�

ulation that the system controlling Ca2+ concentration in

macrophage cytoplasm plays the central role in initiation

and regulation of phagocytosis [20�28]. Actually, the

ionophore A23187 that transports Ca2+ inside the cell,

initiates the production of active oxygen forms, an

increase in cytoplasmic cAMP concentration, and syn�

thesis and secretion of prostaglandins [29�31]. Changes in

Ca2+ concentration within physiological range modulate

the activity of NAD(P)H�oxidase localized in phagosome

membranes and plasmatic membrane vesicles [32]. It

seems that superoxide production is a calmodulin�

dependent reaction, as it is inhibited by trifluoperazine—

an inhibitor of calmodulin�stimulated processes [32]. The

prostaglandin synthesis key enzyme—phospholipase A2—

is Ca2+�dependent [33]. Aggregation/disaggregation of

microtubules is also a calmodulin�dependent process

[34].

The phagocytosis of Salmonella typhimurium virulent

strain 415 by mouse peritoneal macrophages in vitro was

used as a model for selective influence of peptides on

phagocytic activity of macrophages. The tetrapeptide

tuftsin (Thr�Lys�Pro�Arg, 289�292 fragment of IgG CH2

domain) served as a positive control. It has been reported

to stimulate the bactericidal activity of macrophages

against Staphylococcus aureus, St. londres, Listeria mono�

cytogenesis, Leishmania parasites, Escherichia coli, and

Serratia marcescens [4]. The phagocytosis characteristics

of mouse peritoneal macrophages against S. typhimurium

415 in the absence and presence of tuftsin are presented in

Table 3. A comparison of the characteristics obtained in

the presence of 100 nM tuftsin and control values indi�

cates that this peptide enhances the macrophage ability to

digest captured microbes. By 12 h of phagocytosis in the

presence of tuftsin there were approximately 10% of

phagocytes with one or two non�digested bacteria, and

the number of destroyed phagocytes did not exceed 8%.

The pentapeptides tested in parallel with tuftsin also

stimulated the macrophage ability to digest virulent

microorganisms, but at lower concentrations compared

to tuftsin. In the presence of 1 nM cyclopentarphin or

pentarphin, macrophages virtually completely digested

all captured microorganisms by 7 or 12 h of phagocytosis,

respectively (Table 2). Thus, cyclopentarphin demon�

strated higher activity than pentarphin, and both were

about two orders more potent than tuftsin.

Previously, we showed that the decapeptide

immunorphin, which encompasses the pentarphin

sequence, binds with high affinity to non�opioid β�

endorphin receptors on mouse peritoneal macrophages

and thymocytes [7], human T�lymphocytes [8�11], and

rat brain synaptic membranes [35]. The results of the

present study demonstrate that 125I�labeled pentarphin

binds with high affinity to murine peritoneal

macrophages (Kd = 3.6 ± 0.3 nM). The analysis of bind�

ing specificity revealed that this binding was not inhibited

by naloxone or [Met5]enkephalin, but was completely

inhibited by cyclopentarphin (Ki = 2.6 ± 0.3 nM),

immunorphin (Ki = 3.2 ± 0.3 nM), and β�endorphin

(Ki = 2.8 ± 0.2 nM). Thus, the effects of pentarphin and

cyclopentarphin on macrophages are mediated by nalox�

one�insensitive receptors which also bind immunorphin

and β�endorphin with high affinity. β�Endorphin is

known to interact with both µ (morphine) and δ
(enkephalin) opioid receptors [36] as well as with non�

opioid receptors. In contrast, immunorphin, pentarphin,

and cyclopentarphin inhibit β�endorphin binding only to

non�opioid receptors and are unlikely to interact with

other receptors, thus they may be considered as selective

agonists of non�opioid receptors for β�endorphin.

The most effective currently available approach to

the treatment of infectious diseases is the use of antibi�

otics. The last generation antibiotics are highly potent

and have relatively low toxic and allergenic properties.

Nevertheless, their use (especially prolonged) may cause

a number of serious complications. The microorganisms

may acquire resistance even to “strong” antibiotics. Thus,

antibiotic therapy inevitably leads to the decrease or loss

of sensitivity to them. This continuous “arms race”

results in constant need for novel, more potent drugs.

The encounter of the immune system with antigens

is a determining factor for its maturation and proper

functioning. The persistence of bacteria in the body is

tonic for the immune system. Therefore, the intestinal

dysbacteriosis inevitable in oral administration of antibi�

otics leads to the weakening of immunity that opens the

way for viral infections and allergies.

The results of this study demonstrate that pentarphin

and cyclopentarphin are potent stimulators of phagocyto�

sis. Our previous studies have shown that in the physio�

logical concentration range both peptides are non�

immunogenic and non�toxic (LD50 > 2500 mg/kg admin�

istered intraperitoneally to mice) [37], and catabolism of

the peptides yields amino acids. Thus, their use in combi�

nation with antibiotics is likely to provide the possibility

to decrease the therapeutic doses and, hence, the negative

side effects of the latter.
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