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It is shown that in rats exposed to single external irradiation in a dose of  0.5 Gy the 
concentration of  spermatozoa surpasses that of  nonirradiated controls. The level of  vitamin 
B 2 increases in the liver and testes of  irradiated animals. For  the given dose of  ionizing 
radiation, the participation of  angiotensin-converting enzyme in cell maturation during 
spermatogenesis is not observed. Various changes in the content of  antioxidant vitamins at 
different stages of  the experiment are described. 
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Radiation produces a variety of  biological effects on 
mammals and men. Numerous  studies demonstrated 
a dose-dependent effect of  external irradiation on all 
systems of  the organism. However, little is known on 
the mechanisms of  this effect. Organism's response 
to irradiation include the repair processes. The ef- 
ficiency of these processes has been little studied [8]. 

The reproductive system, gonads, and cells of  
spermatogenesis a re  very sensitive to radiation. We 
previously described [3,4] the effect of irradiation on 
the reproductive system in Chernobyl cleanup workers. 
Analysis of  spermograms revealed a rise of morpho- 
logically abnormal spermatozoa and the presence of  
numerous immature cells in ejaculate. At the same 
time, we found elevated activity of  angiotensin con- 
verting enzyme (ACE) in spermatozoa, however, this 
phenomenon  has not been explained. Taking into 
account that the Chernobyl workers were examined 
on average 4 years after irradiation (the mean dose 
in the group was 0.158 Gy), we decided to undertake 
an experimental study for evaluation of  immediate 
effects of  various doses of  radiation. 
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In the present study we explore changes in the 
intensity of  spermatogenesis, ACE activity in sper- 
matozoa, and the content of  vitamins A, E, B 2, and 
B 6 in the testes, serum, and liver o f  mature rats 
exposed to external irradiation in a dose of  0.5 Gy. 

MATERIALS AND METHODS 

Irradiation was performed using an I G U R  apparatus 
(Institute of  Biophysics, Russian Academy of Medi- 
cal Sciences): ~37Co emitter, 2.53 rad/sec power, 0.5 
Gy (50 rad) dose, and 18 sec exposure. Age-matched 
animals served as the control. 

ACE activity was measured as described else- 
where [3]. Spermatozoa were counted as follows: 
epididymis homogenate in 10 ml physiological solu- 
tion was centrifuged at 1500 rpm for 20 min, and 
the resultant sup.ernatant was centrifuged at 2000 rpm 
for 30 min. The sediment was resuspended in 1 ml 
buffer (pH 7.4), and the cells were counted in a 
Goryaev chamber (x200). In parallel, cells suspended 
in buffer containing a detergent phenylmethylsulfonyl 
fluoride were counted. It was shown that detergent 
did not increase ACE activity. 

For characterization of  vitamin metabolism the 
following parameters were determined. Vitamin B2: 
riboflavin content in the testes and liver was mea- 
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sured by titration with riboflavin-binding apoprotein 
[5]. Vitamin B6: se rum contents of  specific coen- 
zymes (pyridoxal phosphate, PP, and pyridoxal, P) 
were measured by high-performance liquid chro- 
matography [9]. Vitamins A and E were measured 
by the same method [10]. 

R E S U L T S  

It has been shown that irradiation in a dose of 50 
rad does not cause sterilization; however, the effects 
of  such an irradiation are less studied than those of 
higher doses [7]. Tissue specimens were obtained at 
different times after irradiation on the basis of  pub- 
lished data [13]. 

All studied parameters rose during a 3-month 
observation period (Table 1). The level of  spermato- 
genesis increased and. considerably surpassed the 
initial and final control  values. Body weight in- 
creased. The mass of epididymis rose 1.5-fold by the 
end of observation, while the concentration of sperma- 
tozoa surpassed 2-fold the initial value. At stage I of  
the experiment (1 week postirradiation), the para- 
meters of  spermatogenesis in irradiated animals did 
not differ from the initial values in the control, while 
at stage IV they were higher than the final values in 
the control rats. 

ACE activity in spermatozoa from rats exposed 
to low dose irradiation remained unchanged through- 
out the observation period and did not differ from 
that in nonirradiated rats: 25+8 U/10  6 cells. It should 
be noted that in rat spermatozoa ACE activity was 
considerably higher than in human  spermatozoa 
(3.1+1.5 U/106 cells) [3]. 

The elevated ACE activity in Chernobyl cleanup 
workers was noted at an average dose of 0.158 Gy, 
which dictates a necessity of varying the ionizing radia- 
tion dose in further studies on experimental animals. 

Ionizing radiation induces generation of  free 
radicals potentiating its damaging effect. Recent in- 
vestigations showed that peroxidation plays a key role 
in etiology of male sterility [ 11,12]. In particular, an 
inverse correlation was found between the intensity 

of reactive oxygen radicals and functional state of 
human sperm. Many vitamins (E, C, and carotenoids), 
and endogenous natural nonenzyrnatic components 
of the antioxidant system exert a protective effect 
against ionizing radiation. This is confirmed by .the 
fact that vitamin deficiency is accompanied by elevated 
sensitivity to radiation [1,6]. I n  v i t r o  experiments 
have demonstrated a protective effect of  vitamin E 
and ascorbic acid against lipid peroxidation [14]. It 
was previously reported that irradiation affects organ- 
ism's saturation with other vitamins; however, pub- 
lished data are contradictory due to the use of dif- 
ferent doses of  ionizing radiation and different times 
after irradiation. 

The contents of  water- and lipid-soluble vitamins 
in some rat organs are presented in Table 2. Serum 
content  of  retinol after irradiation decreased and 
attained the minimum (53% of the control value at 
the start of the experiment) by days 16-22 (stage II). 
This parameter slightly rose (to 64% of  the initial 
level) by days 36-42 postirradiation (stage III) and 
on day 90 postirradiation (stage IV) it did not differ 
from the final values in the control animals. It should 
be noted that in intact animals the content of vit- 
amin A in the serum and testes decreased with age 
(p<0.1 and p<0.05, respectively). In the testes of 
irradiated animals retinol content decreased by 42% 
in comparison with the control animals and remained 
at this level throughout the observation period. 

The total serum content of  tocopherols dropped 
3.5-fold on days 16-22 postirradiation in comparison 
with the control. On day 40, this parameter increased 
to 75% of the control value, while on day 90 it did 
not differ from the control. It should be noted that 
in intact rats the vitamin E content increased by 40% 
with age. In irradiated animals, no considerable changes 
in the total tocopherol content were noted. 

The content of  vitamin B 2 in the liver in both 
groups was about 20 #g/g wet tissue, which cor- 
responded to consumption of  20 ~tg riboflavin/rat per 
day [8]; a full-value semisynthetic ration should 
contain 100 ~tg. Thus, the animals maintained on the 
vivarium ration have an initial vitamin B 2 deficiency. 

TABLE 1. Spermato!renesis, Body Weight, and Weight of Epididymes at Different Times Postirradiation (M+_m, n=9-12) 

Experiment Control 

Stage concentration of I concentration ot body weight of body weight of 
weight, g epididymis, mg spermatozoa, weight, g epididymis, mg spermatozoa, 

106/ml 106/ml 

21 O+34 I 

II 
III 

IV 

199• 

231• 
332• 

336• 

744• 

724• 
1087• 

1183• 

14.8• 

21.4• 
24.5• 

29.4• 368• 

763__.82 
I 

i 

1273+194 

f 

I 23.3+1.9 
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TABLE 2. Content of Vitamins A, E, B 2, and B 6 in the Blood, and Testes at Different Times Postirradiation (M_+m, n=6-14) 

Experiment Control 
Parameter 

I II III IV I IV 

V i tamin  A 

Serum, gg/dl 

Testes, gg/g 

Vi tamin E 

Serum, gg/dl 

Testes, i.tg/g 

Vi tamin  B 2 

Testes, ~tg/g 

Vi tamin  B e 

Serum, gg/dl 

20.5_+4.3 

0.20+_0.05** 

0.20+_0.02 

8.5• 

3.28• 

118.1+_8.9"* 

12.8_+2.7 

0.27• 

0.07• 

10.5+_2.6 

3.78• 

152.9• 

15.5• 

0.24• 

0.18• 

9.1• 

3.70• 

142.0• 

18.2+_2.4 

0.19+_0.04 

0.35+_004 § 

9.5+_0.9 

4.17• **§ 

134.7+_18.3"* 

24.2_+1.9 

0.35• 

0.24• 

10.3• 

3.17• 

163.5• 

19.7_+1.5 

0.26_+0.02* 

0.33+0.03" 

10.2+0.8 

2.84+0.12 

206.5+_8.4* 

Note. p<0.05: *compared with the age in control group; **compared with control group; ***compared with the age in experimental group. 

On days 16-22 postirradiation, we observed a 
tendency towards an increase in the total riboflavin 
content in the testes and on day 90 this parameter 
rose by 27%. A more pronounced rise in the content 
of  riboflavin was found in the liver: on day 90 it 
increased 2-fold. This effect was not age-related but 
most likely caused by  irradiation, since in intact 
animals the content  o f  vitamin B 2 in the studied 
organs remained practically unchanged throughout 
the observation period. 

Seven days postirradiation, the total content of 
pyridoxal coenzymes in rat serum decreased by 28% 
in comparison with the control (Table 2). Starting 
from day 16, this parameter slightly rose and then 
remained at this level during the entire experiment. 
In intact animals the total serum content of  PP and 
P considerably rose and therefore this parameter in 
irradiated animals was far below the control values. 

Irradiation in the chosen dose did not disturb 
spermatogenesis  in r andom-bred  rats. Moreover,  
by the end of  the experiment the concentration of 
spermatozoa in irradiated animals surpassed that in 
the control group. In light of  this, the applied dose 
(0.5 Gy) can be regarded as a spermatogenesis-sti- 
mulating dose. Contrary to our expectations, ACE 
was not actively involved in cell maturation during 
spermatogenesis, this effect was not found. At the 
same time, ACE activity in rat was 8-fold higher 
than in man, which attests to species-specific dif- 
ferences of  this enzyme. 

The content of vitamin E ir~ the testes was more 
than one order of  magnitude higher than the con- 
centration of vitamin A. The contents of  vitamins A 
and E remained practically unchanged during the 
observation period, while in the serum we found a 
decrease in these parameters followed by restoration 

of  the normal. Vitamin E occurring in the cell mem- 
brane interacts with fatty acid radicals. Spermatozoa 
are rich in fatty acids. Taking into account a high 
content of abnormal spermatozoa (especially sperma- 
tozoa with abnormal head) in the spermograms of 
Chernobyl workers, it can be hypothesized that the 
interaction between the antioxidant and radicals occur 
within the cell membrane  

REFERENCES 
1. V. N. Babichev and T. V. El'tseva, Probl. Endokrinol., 39, 

No. 3, 51-55 (1993). 
2. O. A. Vrzhesinskaya, V. M. Kodentsova, and V. B. Spirichev, 

Fiziol. Zh., No. 1, 39-48 (1995). 
3. V. V. Evdokimov, E. N. Atochina, and I. Yu. Sakharov, 

Byull. Eksp. Biol. Med., 115, No. 6, 620-621 (1993). 
4. V. V. Evdokimov, V. I. Erasova, A. I. Detain, and N. V. 

Vasil'eva, Andrologiya, Reproductsiya i Seksual'nye Rasstroist- 
va, 3, No. 2, 5-7 (1994). 

5. V. M. Kodentsova, O. A. Vrzhesinskaya, V. V. Risnik, et al., 
Priklad. Biokhim., 30, No. 4-5, 603-609 (1994). 

6. A. I. Kondrusev, V. B. Spirichev, K. S. Chertkov, T. V. 
Rymarenko, Khim.-Pharm. Zh., No. 1, 4-12 (1990). 

7. V. G. Kondratenko, "Cytophysiological analysis of the effect 
of ionizing radiation on testes in mammals," Author's Synop- 
sis of Doct. Biol. Sci. Dissertation [in Russian], Leningrad 
(1981). 

8. N. P. Lepekhin and I. Yu. Nefedov, in: Radiation Damage 
and Improvement of  Individual Defense Facilities [in Russian], 
Moscow (1992), pp. 73-82. 

9. L. M. Yakushina, E. D. Bender, N. A. Beketova, and L. A. 
Kharitonchik, Vopr. Pitaniya, No. 1, 43-47 (1993). 

10. L. M. Yakushina, L. A. Kharitonchik, and E. D. Bender, 
1bid., No. 3, pp. 51-55. 

11. R. J. Aitken, J. S. Clarekson, and S. Fishel, Biol. Reprod., 
41, 183-197 (1989). 

12. J. G. Alvarez, J. C. Touchstone, G. Biasco, and V. N. Storey, 
J. Androl., No. 8, 338-348 (1987). 

13. Y. Clermont and C. Lebloud, Am. J. Anat., 104, 237-241 
(1959). 

14. P. Singh, D. Chand, and G. C. Georgie, Indian J. Exp. Biol., 
27, 14-16 (1989). 


