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sue of the disease) the content of cytochrome P- 
450, a heme-contairdng protein, changes markedly 
in rats with HDR, whereas the activity of NADPH- 
cytochrome P-450 reductase does not differ from 
that in healthy animals. However, it should be 
mentioned that these alterations manifest themselves 
far later than changes in the heine-free components 
of the microsomal membrane and are evidently as- 
sociated with the activation of compensatory processes 
in the damaged tissues. In the rats with HDR the 
content of hemoglobin, a soluble heine-containing 
protein, is unchanged throughout the studied post- 
natal stages. On the whole, our findings corroborate 
our previous data that in this disease it is precisely 
the rnicrosomal fract ion of target tissues where 
changes in iron-containing proteins occur. 
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Administration of  methyl ester to ovaxiectomized rats is shown to lower cholesterol and 
normalize the serum lipoprotein spectnma. 6-Oxa-D-homo-8-isoestrone also reduces the 
serum cholesterol level, but does not normalize the hpoprotein spectrum. Neither the 
cholesterol content  nor the serum hpoprotein spectrum is affected by estradiol. 
Key Words: cholesterol; lipoproteins; ovariectomy; estrogen analogs 

There are published data indicating a marked de- 
crease in total serum cholesterol (Ch) and, corre- 
spondingly, low-density hpoproteins (LDL) with a 
simultaneous increase in a -Ch  and, accordingly, 
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high-density lipoproteins (HDL) in postmenopausal 
women and women  who have undergone an ova- 
riectomy in accordance with medical indications 
[8]. At the same time, the concentration of serum 
triglycerides (TG) rises in such patients, posing an 
independent risk factor of the development of ath- 
erosclerosis and coronary artery damage [3]. In 
view with this, several studies are underway to seek 
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estrogen analogs which possess sufficient hormonal 
activity and at the same time have an ameliora- 
tive effect on  serum lipids, notably without stimu- 
lating the product ion of TG-rich very-low-density 
lipoproteins (VLDL). 

A number  of estrogen analogs are synthesized 
at the Department  of Chemistry of Natural Com- 
pounds of  St. Petersburg University, among them 
6-oxa-D-homo-8-isoestrone (compound I) and its 
methyl ester (compound II). 

The objective of the present investigation was 
to study the effect of the above compounds on the 
spectrum of serum lipoproteins (LP) and on the 
content of Ch and TG in blood serum and in the 
liver of intact  rats during the development  of 
postovariectomy hyperlipidemia (HLP). 

MATERIALS AND METHODS 

Compounds I and II were synthesized after Torgov 
[6] and their structure was verified by UV-, IR-, 
and PMR-spectroscopy. The experiments were car- 
ried out on male rats weighing 180-200 g and 
female rats weighing 35-45 g. In female rats HLP 
was induced by bilateral ovariectomy [2]. The test 
compounds  were administered daily 45 days post- 
operation during 10 days either intramuscularly or 
per os in 0.1-0.2 ml vegetable oil. In experiments 
on male rats the compounds  were administered 
daily during 10 days per os in 0.2 ml vegetable 
oil. The content  of  total Ch, cz-Ch, and TG in 
b lood  se rum was d e t e r m i n e d  using an AA-II  
Technicon analyzer (USA). The content of  Ch in 
the liver was determined after the lipids were ex- 
tracted after Folch [7]. The content of TG was 
measured as described previously [10]. The data 
were processed using methods of variational statis- 
tics [1]. The serum LP spectrum was studied by 
analytical ultracentrffugation, which was carried out 
at 26~ and 52,000 rpm in a Beckman centrifuge 
(model E) equipped with a standard optical sys- 
tem. The flotation rate distribution of LP F~ 
and S r was evaluated from the results of  correc- 
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Fig. I. Effect of compounds  I and II on the content  of Ch 
in b lood serum of ovar iec tomized  rats. 1) ovar iec tomy;  2) 
compound  II (0,05 mg/kg);  3) compound  II (0.I mg/kg);  4} 
compound  II (0.2 mg/kg) ;  5) c o m p o u n d  II (0.5 mg/kg) ;  6) 
compound I {0.05 mg/kg); 7) estradiol (0.01 mg/kg); dark bars: 
administration per os; open bars: intramuscular injection. * -- 
p<0.05,-- - p<0.01. 

tion of  the schlieren pattern recorded after 8, 14, 
and 52 min of analytical ultracentrifugation of the 
total LP fraction [2]. For determinat ion of the 
acute toxicity compounds I and II were adminis- 
tered per  os to male mice  weighing 18-20 g. 
However, we were unable to determine LDs0 for 
these compounds,  since they exhibited no toxic 
effect in a dose of 200 mg/kg (which surpassed 
the dose used in further experiments 100-fold) [4]. 

RESULTS 
Table 1 and Fig. 1 summarize the data on the 
effect of the test isoestrone analogs (compounds I 
and II) on the serum Ch concentration in ovariec- 
tomized rats. 

Compound II in a dose of 0.1 mg/kg reduced 
the level of  serum Ch virtually to the normal  
value (Fig. 1). It should be noted that compound  
I exhibited a more pronounced hypocholesterolemic 

TABLE I. Content of Ch and TG in Blood Serum and in the Liver of Ovariectomized Rats Treated with Test Compounds 

Scnn'n hpids, retool/liter Liver hpids, rng/g 
Group of animals, dose 

Ch TG " Ch TG 

Intact rats (n=8) 1.72--0,16 0.62• 2.2• 9.2• 

O v a r i e c t o m y + c o m p o u n d  I (0.05 m g / k g )  (n----l l)  I075•  0.55---0.07 3 .1 •  7.2---0.6 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . : : : : : : . :  : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  . : : :  . . . . . . . . .  

O v a r i e c t o r n y + e s t r a d i o l  (0.01 m g / k g )  (n----t1) 1091-----0.06 0 .46•  3 .0 •  6 .8•  

Note.  * -- p<0.05 in comparison with the control, ~ - p<0.01, and *~ -- p<0,05 in comparison with ovariectomy. 
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Fig. 2. Dis t r ibu t ion  of to ta l  f ract ion of b lood serum LP of 
ovar iec tomized  rats  du r ing  analy t ica l  u l t racent r i fuga t ion .  1) 
ovariectomy; 2) in tac t  rats; 3) o v a r i e c t o m y + c o m p o u n d  I] (0.1 
m g / k g ) ;  4) o v a r i e c t o m y + c o m p o u n d  I {0.05 mg/kg} ;  5) 
ovar iec tomy + estradiol  (0.01 mg/kg}. 

effect than compound  II; in a dose of 0.05 mg/kg 
it reduced the level o f  serum Ch 16% (p<0.01) 
(Table 1), while compound  II in this dose had no 
hypocholes terolemic effect (Fig. 1). The mode of  
administrat ion did not  affect the activity of the 
preparation. In a dose of  0.5 mg/kg compound  II 
led to a considerable reduct ion of  the level o f  to-  
tal serum Ch (Fig. 1). The optimal dose for com-  
pound  II is evidently 0.1 mg/kg,  since it lowered 
the concent ra t ion  of  total serum Ch to the nor-  
mal value. Figure 2 illustrates the results of ana- 
lytical ultracentrifugation of blood serum from ani- 
mals in this experimental  series. As is seen f rom 
the figure, ovar iectomy resulted in an increased 
concentrat ion of  l ipoprotein particles in the flota- 
t ion interval corresponding to nascent  H D L  or 

H D L c  [9]. Estradiol in a dose o f  0.01 mg/kg did 
not normalize the spectrum of serum LP. While 
compound  I reduced  the level o f  total serum Ch 
and elevated the concentration of  HDL,  it did not 
normalize the serum LP spectrum (Fig. 2). More-  
over, the number  of  particles in the flotation in- 
terval corresponding to nascent  H D L  was even 
higher in animals t reated wi th  c o m p o u n d  I in 
comparison with ovariectomized animals. Adminis- 
tration of  c o m p o u n d  II in a dose of  0.1 mg/kg 
resulted in both a reduction of total serum Ch and 
normalization of  the  serum LP spectrum. 

The second experimental series was performed 
on male rats receiving the test compounds  orally 
in 0.2 m l  vegetable oil. In intact  animals estra- 
diol considerably changed the LP spectrum: an 
increased concentration of H D L  and its accumula- 
tion in the flotation area corresponding to nascent 
H D L  (Fig. 3). At the same time the content  of  
total serum Ch was elevated 30% (p<0.01), prob-  
ably due to a 35% rise of  a - C h  (p<0.01) (Table 
2). Compounds I and II lowered the concentration 
of  the total fract ion of  LP, particularly in flota- 
tion intervals corresponding to V L D L  and L D L  
(Fig. 3), however without  the appearance of  na-  

Fig. 3. Dis t r ibut ion of total  f ract ion of b lood serum LP of 
ovar iec tomized rats  t r ea ted  with es t rad io l  and c o m p o u n d s  I 
and II. I) in tact  rats; 2) estradiol (0.01 mg/kg) ;  3) compound  
II (0.2 mg/kg) ;  4) c o m p o u n d  I (0.1 mg / k g ) .  

TABLE 2. Content of Ch and TG in Blood Serum and in the Liver of Intact Rats Treated with Test Compounds 

Serum lipids, mmol/qiter Liver lipids, mg/g 
Group of animals, close 

Ch a-Ch TG Ch TG 

Intact rats (n=9) 1.43---0.05 0.97---0.12 0.68---0.03 2.0---0.1"" 5.1• 
....... ................. ::::. .......... :...: ::, ::~::: ..... :: :.:~: : .~ ....... ::. ~:~: : .  ,, ...... .:.: :~..: ...... , :  ~ : ~ : :  

C o m p o u n d  II (0.2 m g / k g }  (n---9) 0.88---0.09" 0.90---0.06 0.83---0.06 2 .5 •  5.6---0.1 
. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - * * . . . : : : : 2  . . . . . . . . . . .  : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

~ t r a ~ m } . .  O 0 I  m t ~  . . . . .  z ~ - . 8  .................................................. , . . ~ 8 7 - - 0 , t 6 .  : 0 . 9 0  0,.09.......l~O~-O,~.~.....l. 2 21 0~.1 ....... [ . . . . .9..9.~.I. I  . . . .  

N o t e .  * - p<0.01, ** - p<0.02, and *** -- p<0.05 in comparison with the control.  
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scent HDL. The content of total serum Ch drop- 
ped by 38% (p<0.01) and by 41% (p<0.01) after 
the administration of compound II and compound 
I, respectively. However, the level of c~-Cli did not 
drop, and in the case of compound II it even rose 
22%, i.e., the drop of total Ch occurred due to 
LDL and VLDL Ch. Both test compounds in- 
creased the content of Ch in the liver, whereas 
accumulation of TG was observed only in the case 
of compound I (Table 2). 

Thus, the effect of compounds I and II on 
serum LP and on the content of Ch in blood 
serum and in the liver surpasses that of estradiol, 
which does not normalize the LP spectrum in 
ovariectomized animals and even alters it adversely 
in experimental animals. Compound II possesses a 
less pronounced hypolipidemic activity in compari- 
son with compound I; however, its effect on the 
serum LP spectrum is more favorable. 
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Effect of Tuflsin on the Functional Activity and 
Intracellular pH of Murine Peritoneal Macrophages 
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V. N. Kalikhevich, and A. A. Kamenskii UDC 577.352.465:577.112.6:612.112.3 

Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 117, N o- 3, pp. 265-267, March, 1994 
Original article submitted August 4, 1993 

The effect of tuftsin and its tripeptide analog in various concentrations (from 0.001 to 
10.0 lxg/rnl) on phagocytosis and on the intraceUular pH is studied in murine perito- 
neal macrophages. Tuftsin causes a uniform dose-dependent increase of these two pa- 
rameters in the cells. This effect is maximally pronounced at concentrations of the 
peptide close to its physiological level (about 0.3 tag/ml) and gradually decreases as its 
content in the incubation medium is lowered or raised. On the other hand, the 
tripeptide analog of tuftsin does not exhibit such an effect on the cells and under the 
same conditions suppresses phagocytosis and acidifies their intracellular medium. 

Key Words: tuftsin; phagocytosis; intracellular pH; macrophages 

Recently, increasing attention has been paid to the 
mechanism of action of the biologically active pep- 
tide regulators. Tuftsin, an endogenous tetrapeptide 
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with a pronounced phagocytosis-stimulating activ- 
ity, is among these. Despite a rather long history 
of studies, the molecular mechanism of its action 
upon the cell is far from clear [8]. A powerful 
tool for solving this problem is an analysis of the 
effect of the peptide on the major regulatory sys- 
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