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SUMMARY

The aim °f this study was t° investigate p°ssible
differences in bl°°d gluc®se levels between male and
female rats immediately after acute b°ut °f f°rced
swimming exercise. Adult male Wistar rats (weight 3 00-
350 g) were divided int® tw® gr®ups by gender: males (n
=8) and females (n=8). All the rats were given standard rat
ch® w and tap water ad libitum and were housed at 25+3° C
on a 12-hour dark/light cycle. B°th gr°ups ° f rats were
exp®sed t° f°rced swimming stress daily, f°r 6 days.
Durati°n °f each swimming sessi®n pr°gressively
increased fr° m 5 minutes ° n the first day t° * 0 minutes °n
sixth day, all® wing adaptati®n t® swimming c° nditi® ns.
The rats were f°rced t° swim in plastic tanks (90 cm wide,
120 cm deep) c®ntaining tap water (temperature ca. 25
degrees C). The depth © f water was 40 cm. Seventh day we
perf® rmed acute b°ut ° f 40 minutes swimming exercise.
Animals were fasted 12 h°urs bef°re start °f last
swimming sessi® ns t° ° btain fasting bl° ° d gluc® se levels.
Preexercise bl° ° d samples were taken immediately bef° re
last swimming sessi®n (7" day) and p° stexercise samples
immediately after the last swimming sessi® n fr° m rat's tail
vein. Gluc®se levels in bl°°d were determined using
Optium Xceed™ Diabetes M° nit° ring System (Abb°t).
Bef® re last swimming sessi® n male rats had slightly 1° wer
gluc® se levels in c® mparati®n with female rats, but this
difference was n°t statistically significant (*.77vs4.64
mm° I/1). Acute b®ut ° f f* rced swimming exercise raised
bl°®° d gluc® se level and established values in p° stexercise
peri®d were significantly higher in b°th study gr’up in
c®mparati®n t° values bef’re exercise. Male rats had
greater p° stexercise gluc®se bl°°d levels (11.85 mm° I/1)
in c®mparati®n with female rats (6.26 mm°l/1). Our
findings d° cument the existence ° f gender impact °n the
gluc®se p°stexercise c®ncentrati®ns c°nfirming the
differences in the energy substrates utilizati®n and
gluc’® se metab® lism regulati® n during and after exercise.
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SAZETAK

Cilj ° ve studije bi® je istraziti m® guée razlike razine
gluk®ze u krvi izmedu muskih i zenskih $tak®ra ° dmah
nak® n akutn® g ° pterecenja vjezb® m f° rsiran® g plivanja.:
Odraslih muski Stak®ri s®ja  Wistar (pr®sjecne mase
300-* 50 g) su bili p°dijeljeni u dvije skupine p°® sp°lu:
muski (n= 8) i zenski (n = 8). Svi §tak®ri su d°bili
standardnu, k°mercijalnu hranu za $tak®re i v°du iz
slavine ad libitum, a bili su smjestenina?5=+3 °* Cna 1%-
satn® m tamn® / svijetl® ciklusu. Obje skupine Stak® ra bila
su izl°Zene vjezbama f°rsiran®g plivanja,dnevn® u
trajanju ° d 6 dana. Trajanje svake sesije plivanja p° stupn®
se p°vecaval® sa 5 minuta prv°g dana d° 30 minuta
Sest®g dana , ¢ime se p°stigla prilag®dba ziv°tinja na
usl® ve plivanja. Sedmi dan sm° izveli akutn® ° pterecenje
40 minutn®g frsiran®g plivanja. Stak°ri su plivali u
plasti¢nim spremnicima (90 c¢cm Sirine, 120 cm dubine)
k°ji su sadrzavali v° du iz slavine (temperature priblizn®
25 stupnjeva C). Dubina v°de izn°sila je 40 cm.
Ziv° tinjama nism® davali hranu 12 sati prije p°&etka
p°sljednje sesije plivanja kak® bi d°bili razine gluk®ze u
krvi nataste. Uz°rci krvi za °© dredivaje gluk® ze uzeti su
nep®sredn® prije p°sljednje sesije plivanja (7.dan) i
nep® sredn® nak® n p° sljednje sesije plivanja iz repne vene
Stak®ra. Razine gluk®ze u krvi utvrdene su p°m°cu
Optium ™ Xceed Dijabetes sustava pracenja (Abb°t) . U
uzetim uz’ rcima krvi nep® sredn® prije p°sljedenje sesije
plivanja utvrdene su nes$t° nize razine gluk®ze k°d
muskih uusp® redbi s Zenskim Stak® rima, ali tarazlika nije
bila statisticki znacajna (*.77vs4.64 mm°1 /). Akutn®
°ptere¢enje vijezb®m f°rsiran®g plivanja p°digl® je
razinu gluk®ze u krvi i srednje vrijedn®sti u uz®rku
uzet® m nep® sredn® nak®n p°sljednje sesije plivanja bile
su znacajn® viSe u °bje skupine u usp°redbi s
vrijedn® stima prije vjezbanja. Muski §tak°ri imali su
znacajn® vecu razinu gluk®ze u krvi (11,85mm°1/ L) u
usp®redbi sa zenskim $tak®rima (6,26 mm°1/ L). Nasi
rezultati ukazuju na uticaj sp° la na razinu gluk® ze nak®n
fizick® g °pterecenja p°tvrdujuéi sp°lne razlike u
isk®riStavanju energetsk®g supstrata i i1 regulaciji
metab® lizma gluk® ze u t° ku i nak® n vjezbanja.

Kljucne rijeci: gluk® za, sp° 1, vjezbanje, Stak® ri
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INTRODUCTION

Exercise, as b® dily m° vement pr® duced by skeletal
muscle, results in ¢® rresp® nding cal® ric expenditure. This
energy utilizati°n lead t° weight 1°ss °r weight
maintenance, which isan imp°rtant fact’r in preventi® n
and management °f many diseases, am°ng the m°st
imp°rtant are °besity, heart diseases and diabetes
mellitus. It impr®ves glycemic c®ntr®l, decreases the
ather® genic lipidic pr°file, and reduces weight and
cardi® vascular risk (18). In designing any type ° f exercise
prescripti®n pr fessi® nals need t° take in c®nsiderati®n
general status ° f subject as well as many physi°®1° gical,
s®cial and behavi®ural fact®rs. This fact’rs are m°stly
c®nditi® ned by gender differences. It is well kn® wn fact
that there are gender differences in the prevalence and
pr° gn°sis ° f the many disease where exercise c®uld be
used t° m°dify risk °r as therapeutic pr®cedure (15).
S°me studies als® sh®wed gender differences in b°®dy
physi®1° gical systems resp®nse after exercise
prescripti®n (10,1?). The basis °f this difference may
underlie in existing differences between males an females
in type ° f muscle fuel st®res and fuel utilizati®n during
exercise (16). Previ® us data sh® wed that during exercise
°f submaximal intensity, w°men °xidize a greater
pre p°rti®n ° f lipid relative t° carb® hydrate than men (4).
There is n° clear data ab®ut differences in p° stexercise
utilizati®n, but established differences in intramuscular
fuel utilizati® n during exercise and quantity ° f glyc® gen
intramuscular st’res, c®uld affect p°stexercise gluc®se
utilizati® n differently in men and w°® men.

The ©°ther fact’r that c®uld influence gender
differences in p° stexercise gluc® se bl°°d level is insulin
acti’®n. Impr® ved insulin acti® n is an imp° rtant metab® lic
c®nsequence ° f b° th acute and chr® nic exercise. Greater
insulin sensitivity has been ° bserved in w° men c® mpared
with men at rest (1°), during exercise (? ), and after a meal
(14). Butitis still unkn® wn if this differences c® ntribute in
insulin acti®n and bl°° d gluc® se level immediately p° st-
exercise

The aim °f this study was t° investigate p°ssible
differences in bl°°d gluc®se levels between male and
female rats immediately after acute b°ut °f f°rced
swimming exercise.

METHODS

Experimental animals

Adult male Wistar rats (weight *00-*50 g) were
divided int® tw® gr’ups by gender: males (n=8) and
females (n=8). All the rats were given standard rat ch®w
and tap water ad libitum and were housed at 25+3° C on a
12-hour dark/light cycle.

All the experimental pr® cedures were perf® rmed at
Medical faculty Sarajev®, Department ° f Physi®1° gy and
previ®usly appr® ved by the Ethic C° mmittee ° f Medical
Faculty Sarajev® .

Exercise protocol

Bef® re we perf® rmed acute b® ut ° f f* rced swimming
exercise we exp®sed rats t° daily swimming sessi’n
aimed t° the acclimatizati®n t° water c®nditi®ns and
swimming, as type °f exercise. On that way we av®id
impact ° f additi® nal, stress fact®rs °n gluc® se resp® nse.

B°th gr’ups °f rats were exp®sed t° f°rced swimming
stress daily, between 10.00 AM t° 11.00 AM, °r 6 days.
Durati°n °f each swimming sessi®n pr° gressively
increased fr° m 5 minutes ° n the first day t° * 0 minutes °n
sixth day. The rats were f°rced t° swim in plastic tanks
(width 90 cm, depth 120 cm), c®ntaining tap water
(temperature ° f=2 5°C). The depth ° f water was 40 cm. A
maximum °f tw° rats, same sex, were all®° wed t° swim
t° gether.

Seventh day we perf® rmed acute b° ut ° f swimming
exercise. Rats swam 40 minutes till exhausti® n at the same
c®nditi® ns as in peri® d ° f adaptati® n. Animals were fasted
12 h°urs bef®re start ° f last swimming sessi® ns t° © btain
fasting bl® ° d gluc® se levels.

The b°dy weight °f each rat was measured bef®re
starting °f acc®mm°®dati®n peri®d and after the last
swimming sessi’ n.

Blood collection

Pre-exercise bl°° d samples were taken immediately
bef®re last swimming sessi®n (7" day) and p° st-exercise
samples immediately after the last swimming sessi’n
fr°m rat's tail vein. The tail was th°r®ughly washed
with warm water and dried with aclean t°wel bef®re
the sample was taken.
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Glucose blood level measurements

Gluc®se levels in bl°°d were determined using
Optium Xceed™ Diabetes M® nit° ring System (Abb°t).
After cutting the t°p °f the tail vein with sciss®rs, freely
fl°wing bl°°d dr°p was putted °n Optimum BI°°d
Gluc® se electr® de. B1°°d gluc® sa level was displayed °n
m°nit°r.
Statistical analyses

Data are presented as mean + standard deviati®n
(SD). Analysis was perf® rmed using SPSS package 16.0
(SPSS Inc., Chicag®, Illin®is, USA). Values ° f measured
parameters bef® re an after exercise were c® mpared using
n° n-parametric equivalent t® paired t-tests, Wilc® x° n test.
Differences in mean values between gr® ups were assessed
using the Mann-Whitney test. A tw® -tailed p value < 0,05
was c® nsidered significant.

RESULTS

There were statistically significant increase in b° dy
weight measured after swimming peri®d, c® mpared with
values at the beginning ° f the experiment, in b° th study

gro ups.

Tablel. B°dy weight in swimming and c°®ntr®1 gr®up,

bef’re exercise and after last swimming

sessi’n

Tablical. Tjelesna masa plivajuée (eksperimentalne) i
k°®ntr® Ine grupe $tak®ra prije i nak®n treninga

plivanja
Weight Weight
befogre aftgr p-value
Males (N=8) | 329.7447.7 [*5°.8+51.9 <0.05
Females (N=8) | 229.2+19.7 [249.4+19.6 <0.05
p-value <0.05 <0.05

Values are means £SD; N- number ° f rats
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Table?. BI°°d gluc®se levels in swimming and c° ntr® 1

gr® up, bef® re and after last swimming sessi® n

Tablica?. K°ncentracija gluk®ze u krvi k°d plivajuce
(eksperimentalne) grupe i k°ntr®lne grupe
prijeinak® ntreninga plivanja

Gueose | Glicose | prvatue
Males (N=8)| °3.8+0.6 11.9+1.8 <0.05
Females (N=8)| 4.6+0.3 6.2+0.1 <0.05
p-value NS <0.05

Values are means +SD; N- number ° f rats
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Figure 1. BI1°°d gluc®se levels in male and female rats,
bef® re and after last swimming sessi®n
Slika 1. K°ncentracija gluk® ze u krvi k® d muskih i Zenskih

Stak®ra prije i nak® n treninga plivanja

Bef® re last swimming sessi®n (preexercise) male rats had
slightly 1° wer gluc® se levels in ¢® mparis® n with female rats, but
this difference was n°t statistically significant (>.77vs4.64
mm° /1) (Table 2). Acute b°ut °f f°rced swimming exercise
raised bl° ° d gluc® se level and established values in p° stexercise
peri®d were significantly higher in b°th study gr’up in
c®mparis® nt° values bef® re exercise.

Gluc®se levels measured in bl°°d samples taken
immediately after last swimming sessi®n sh® wed pr®n®unced
gender differences. Male rats had greater p° stexercise gluc®se
serum levels (11.85 mm°1/1) in c® mparati®n with female rats
(6.26mm° /).

100

DISCUSSION

Gender differences in energy utilizati® n in rest and during
exercise are well kn®wn but data °f the studies perf®rmed °n
humans and animals are inc®nsistent (1,%,14). Very few
investigati®ns have established the gluc®se resp®nse during
rec® very fr° m endurance exercise. The aim ° f present study was
t° investigate p°ssible differences in bl°°d gluc®se levels
between male and female rats after f°rced swimming exercise
(p° stexercise).
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Our results sh®wed that acute b°ut °f f°rced swimming
exercise raised bl°°d gluc®se c®ncentrati®ns and established
values in p° stexercise peri® d were significantly higher in b°th
study gr’up in c¢®mparis®n t° values bef° re exercise. Gluc® se
c®ncentrati® ns measured in bl°°d samples taken immediately
after last swimming sessi® n sh® wed greater abs® lute increase in
male rats in c®mparis®n with female rats. We als® f°und
significant increase in b®dy weight measured after swimming
peri®d, c® mpared with values at the beginning ° f the experiment,
in b° th study gr° ups.

Our results regarding p° stexercise gluc®se resp®nse are
similar t® results ° f earlier investigati® n fr® m ° ur lab® rat®ry (9)
that °utlined the serum c® ncentrati® ns in trained male athletes
during rec® very fr° m a * 0 minutes exercise °n cycle erg® meter
at 50% VO? max f° 11° wing an ° vernight fast. When ¢® mpared t°
resting levels, and with values measured at the end ° f exercise
(® 0.minute), p° st-exercise ¢’ ncentrati®ns ° f gluc® se increased
but the level °f gluc®se in all measurements was in reference
range (*.>-6° mm°l/l). There are limited number °f
investigati®ns °f  p°®st-exercise gluc®se resp®nse in
experimental animals. Ivy et al. (8) were am®ng the first t°
describe gender differences in fuel utilisati® n during exercise in
rats. They sh® wed that males had significantly higher resting
muscle glyc®gen levels. Exercise resulted in significant
glyc®gen depleti®n in b°th sexes but males utilized
appr® ximately 50% m°re glyc® gen during the exercise b°ut
(running f°r 5 min at 1.7 mph at a 17% grade) than females.
Auth®rs c® nsider that the greater glyc® gen utilizati® n in red and
white fast-twitch muscle during exercise by males c°uld
represent a true sex difference but c®uld als® be attributable in
partt® the males having perf® rmed m° re w° rk as a result ° £2 0%
greater b° dy mass. N° sex difference was ° bserved in the rates © £
muscle glyc® genrepleti® n after exercise.

We als® c®ncern that gender differences in p° stexercise
bl°°d gluc® se levels underlie in different fuel utilisati® n during
exercise that have reflecti®n °n gluc®se levels at the start °f
rec® very peri®d. In acc® rdance with this are the results ° f m® st
recently study °n rats which c® nfirmed previ®us findings that
during exercise females (rats and humans) preferentially utilize
fat and males carb® hydrates (6). H°rt°n et al. (7) c®nducted a
study t° assess gender differences in fuel metab®lism during
1°ng-durati®n exercise. Fuel °xidati®n was measured using
indirect cal®rimetry and bl°°d samples were drawn f°r
circulating substrate and h° rm° ne levels. Results indicated that
females expended m° re t° tal energy fr® m fat ° xidati® n (50.9%)
than that °f men (4°.7%), but less t°tal energy fr°m
carb® hydrates (45.7% f°r w°men and 5°.1% f°r men). In
additi®nt® differences in fuel metab® lism, males als® had higher
circulating levels ® f catech® lamines.

Additi® nally, gender differences c®uld be partly pr® v° cate
als® by different peripheral insulin sensitivity. Aer® bic training
lead t° increase peripheral insulin sensitivity and ability °f
insulin t° suppress end®gen’us gluc®se prducti®n (3).
Anat®mic and bi° chemical changes in trained skeletal muscle
lead t° increase ° f gluc® se uptake like enhanced bl°°d f1° w and
transl® cati®n° f GLUT4 vesicles t° cell surface membranes (16).
Results ° fs° me studies sh® wed that w° men with greater insulin
sensitivity in rest have less capacity t® impr® ve insulin acti®n
during exercise (11).

Our results are in acc®rdance with results °f H°rtn et
al.(14). Auth®rs c®nducted °ne °f the few studies rep®rting
h® rm° ne and substrate resp® nses during tw® h°®urs ° f rec® very
fr°m a pr°1°nged exercise b®ut (cycling, > h, 40% VO: ,,,) in
c®mparably trained males and females with similar fitness
capacities (64.4 and 55.5 mL-kg™''min!, respectively). N°
gender differences were ° bserved in the substrate resp® nses (i.e.
FFAs, lactate), but greater gluc®se c°ncentrati®ns at all time
p°ints in males. Gender differences were als® n°ted f>r p°st-
exercise insulin levels which increased in males but decreased in
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females. N° differences were °bserved in the p°st-exercise
c? rtis® I resp® nses f° r males and females.

Insulin levels increased t° c®unteract elevated plasma
gluc®se levels, but it is unclear fr°m which °ccurred first. In
c®ntrast t° this results are the results °f Tarn® p®lIsky et al (17)
wh® identified gender differences in the pr° 1° nged p° st-exercise
resp® nse f°r plasma gluc® se, FFAs, insulin, and GH in trained
male and female runners c®mpleting a 15.5 km run at 65%
VO: .- These researchers °bserved increases in gluc®se and
insulin levels 15 min p° st-exercise in females, with n° changes
°bserved in males.

C°nsidering fact that cited studies perf® rmed °n humans
sh® wed that there are numer® us p° tential ¢® nf° unding fact® rs as
menstrual cycle phase, training status, energy and macr® nutrient
intake pri®r t° measurements we assume that that the use °f
experimental exercise m® dels can be way t° av® id them.

CONCLUSIONS

Our findings d° cument the existence ° f gender impact °n
the gluc®se p°stexercise c®ncentrati®ns c°®nfirming the
differences in the energy substrates utilizati®n and gluc®se
metab® lism regulati® n during exercise. Experimental exercise
prot°c®ls c®uld be used t° av®id numer® us ¢’ nf® unding fact®rs
that c® uld influence hum® ral resp® nse during exercise.
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