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Gastrointestinal damage associated with radiation therapy is currently an inevitable outcome. The pro-
tective effect of Kefir was assessed for its usefulness against radiation-induced gastrointestinal damage. A 
Kefir supernatant was diluted by 2- or 10-fold and administered for 1 week prior to 8 Gray (Gy) X-ray ir-
radiation at a dose rate of 2 Gy/min, with an additional 15 d of administration post-irradiation. The survival 
rate of control mice with normal drinking water dropped to 70% on days 4 through 9 post-irradiation. On 
the other hand, 100% of mice in the 10- and 2-fold-diluted Kefir groups survived up to day 9 post-irradiation 
(p<0.05 and p<0.01, respectively). Examinations for crypt regeneration against 8, 10 and 12 Gy irradiation 
at a dose rate of 4 Gy/min revealed that the crypt number was significantly increased in the mice adminis-
tered both diluted Kefir solutions (p<0.01 for each). Histological and immunohistochemical examinations re-
vealed that the diluted Kefir solutions protected the crypts from radiation, and promoted crypt regeneration. 
In addition, lyophilized Kefir powder was found to significantly recover the testis weights (p<0.05), but had 
no effects on the body and spleen weights, after 8 Gy irradiation. These findings suggest that Kefir could be a 
promising candidate as a radiation-protective agent.
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Gastrointestinal complications (GICs) frequently occur 
following radiation therapy for malignancies in the thoracic, 
abdominal and pelvic areas.1,2)	 Such	 complications	 are	 ex-
perienced	 by	 up	 to	 approximately	 80%	 of	 radiation-treated	
patients.3–5) GICs are caused by damage to ionizing radiation 
(X-rays,	 γ-rays)-sensitive tissues that contain rapidly regener-
ating	cells,	as	exemplified	by	the	gastrointestinal,	reproductive	
and hematopoietic systems.4–6) Above all, the small intestine is 
considered to be the most radiosensitive organ.7) The absorp-
tive	 epithelial	 mucous	 lining	 of	 the	 small	 intestine	 bears	 fin-
ger-like structures termed villus projections on its lumen. The 
base of each villus intrudes inward toward the intestinal base 
to form a unique structure called the crypt, and the crypt-
villus unit represents the functional unit of the small intes-
tine.8,9) Stem cells are situated in the crypt base and give rise 
to transit amplifying cells, which continuously divide, move 
upward along the villous lining and then die out.8,9) The rapid-
ity of the division rate makes transit cells susceptible to ion-
izing radiation.5) Furthermore, radiation-induced degeneration 
of the functional units in the small intestinal mucosa leads 
to reductions in the villous height and number, thereby caus-
ing GICs such as diarrhea as well as other malfunctions.7,10) 
Therefore, the development of drugs and/or foodstuffs for 
reducing or preventing the side effects inherent to radiation 
therapy is highly anticipated. To this end, a variety of agents 
against GICs have been developed from different sources, and 
tested	 in	 experimental	 animals	 with	 varying	 levels	 of	 effi-
cacy.7,11–19) In addition to these prospective agents, accumulat-
ing data suggest that probiotics are promising candidates for 

the prevention and control of GICs.20)	Probiotics	are	defined	as	
“Live microorganisms which when administered in adequate 
amounts	 confer	 a	 health	 benefit	 on	 the	 host”	 according	 to	
the Food and Agriculture Organization (FAO)/World Health 
Organization (WHO) guideline.21) Representative live micro-
organisms used as probiotics are bacteria, such as Bacilli and 
Cocci, yeasts and molds.20) For therapeutic purposes against 
radiation-induced GICs, probiotics can be administered singly 
or as combinations of several strains selected for their anti-
diarrheal	 and	 anti-inflammatory	 effects.3–5,20,22) However, the 
effectiveness of probiotics against GICs remains inconclusive 
to date.4)

A	probiotic	known	as	Kefir	has	become	 increasingly	popu-
lar	in	recent	years	for	its	beneficial	effects	on	human	health.23) 
Kefir	 was	 described	 to	 originate	 in	 the	 Caucasus	 mountain	
areas of Georgia.23) It is a fermented milk drink produced 
from	Kefir	 grains,	which	 commonly	 contain	 lactobacilli, lac-
tococci, streptococci, acetic acid bacteria and yeasts at various 
proportions depending on the origin of the grains.23,24) Owing 
to	 this	 complexity	 of	 microorganisms	 in	 Kefir	 grains,	 more	
distinctive	 properties	 are	 expected	 compared	 with	 yogurt.	
The	accumulated	data	on	Kefir	present	a	variety	of	 functional	
properties.	For	 example,	Kefir	has	been	evaluated	 for	 its	 anti-
cancer effects on breast and colorectal cancers.25,26)	Kefir	 and	
other	 probiotics	 exhibit	 antiapoptotic	 effects	 through	 their	
antioxidative	 properties.5,27) Moreover, an attractive property 
of	 Kefir	 is	 its	 modulatory	 effect	 on	 the	 gastrointestinal	 sys-
tem.23,24,28)	 Protective	 effects	 of	 Kefir	 on	 radiation-induced	
colonic crypt cell apoptosis27)	 and	 freeze-dried	 Kefir	 powder	
on small intestinal crypt survival29) have been reported.
In	 the	 present	 study,	 we	 aimed	 to	 extend	 the	 previous	

* To whom correspondence should be addressed. e-mail: kteruya@grt.kyushu-u.ac.jp

#	Equal	contribution	with	first	author.



March 2013 353

studies	 and	 to	 strengthen	 the	 foundation	 of	 the	 efficacies	 in-
herent	 to	Kefir	drink	 and	dried	Kefir	powder	on	mouse	 small	
intestinal crypt survival and organ weights.

MATeRIALS AND MeTHODS

Reagents	 	Lyophilized	 Kefir	 powder	 and	 fermented	
milk	 product,	 Kefir,	 were	 supplied	 by	 Nihon	 Kefir	 Co.,	 Ltd.	
(Kanagawa,	 Japan).	 A	 certified	 MF	 (standard)	 diet	 was	 ob-
tained from Oriental Yeast Co., Ltd. (Tokyo, Japan). A mouse 
monoclonal anti-proliferating cell nuclear antigen (PCNA) 
antibody (Dako-PCNA; PC 10; Code No. M879) was obtained 
from	Dako	Co.	 (Kyoto,	 Japan).	Other	materials	 (hematoxylin,	
eosin,	 ethanol,	 hydrogen	 peroxide,	 etc.) were purchased from 
Wako Pure Chemical Industries, Ltd. (Osaka, Japan).

Animals	 	Six-week-old	 male	 Crj:B6C3F1	 mice	 were	 pur-
chased from Charles River Japan Inc. (Hino, Japan). For ac-
climation, the MF diet and tap water were administered ad 
libitum. Groups of mice were housed in polycarbonate cages 
and maintained under constant conditions of temperature 
(24± 2°C) and humidity (50±	10%)	with	a	12-h	 light/12-h	dark	
cycle, following the Guidelines for the Care and Use of Labo-
ratory Animals established by Hiroshima University.

Kefir Supernatant Preparation  The maker provided 
Kefir	 milk	 is	 referred	 to	 1× starter solution in its original 
concentration.	 The	 starter	 Kefir	 solution	 was	 centrifuged	 at	
12000×g for 30 min. The supernatant was carefully recovered 
avoiding	 sediment	 contamination	 and	 referred	 to	 as	 the	Kefir	
stock	 solution.	 The	 Kefir	 stock	 solution	 was	 diluted	 10-	 and	
2-fold	 with	 distilled	 water	 (D.W.).	 At	 1	 week	 prior	 to	 X-irra-
diation, one group was administered D.W. only as a control, a 
second	 group	was	 administered	 10-fold-diluted	Kefir	 solution	
and	 a	 third	 group	was	 administered	 2-fold-diluted	Kefir	 solu-
tion.	Three	 groups	were	 administered	D.W.	 or	Kefir	 solutions	
ad libitum.
Mixed	MF	diets	were	also	prepared	by	adding	0.25%,	0.5%,	

1.0%	 and	 2.0%	 (w/w)	 lyophilized	 Kefir	 powder	 to	 the	 basic	
MF diet.

Irradiation  Radiation effects were assessed by previously 
reported protocol.11,12)	Briefly,	a	group	of	five	mice	without	an-
esthesia were whole-body-irradiated between 09:00 and 12:00 
using	an	X-ray	 irradiator	 (Shinai-go;	200	kV;	25	mA;	no	filter;	
Shimadzu, Kyoto, Japan). The irradiation doses were moni-
tored	 during	 each	 exposure	 using	 a	 Radocon	 555	 dosimeter	
(Victreen	 Inc.,	 Cleveland,	 OH,	 U.S.A.).	 The	 exposure	 factors	
were	200	kVp	and	a	half-value	layer	of	1.18	mm	Cu.	The	X-ray	
air dose (in R) was converted to the absorbed dose (in cGy) 
using a factor of 0.95 cGy/R.
For	 animal	 survival	 experiments	 with	 diluted	 Kefir	 solu-

tions,	a	group	of	10	mice	were	exposed	to	8	Gy	of	whole-body	
X-ray	 irradiation	 at	 a	 dose	 rate	 of	 2	Gy/min.	 The	 mice	 were	
observed every day at 08:00, 12:00 and 18:00, and dead mice 
were	 recorded.	 After	 the	 X-ray	 irradiation,	 the	 animals	 were	
administered	 the	 same	 solutions	 (D.W.	 and	 diluted	 Kefir	 so-
lutions)	 for	 15	d.	 To	 examine	 the	 effects	 of	 lyophilized	 Kefir	
powder on the body, testis and spleen weights, the irradiated 
mice (10 mice/group) were observed three times a day for 15 d 
until all mice died out. Whenever a dead mouse was found, 
the body weight was recorded and an autopsy was performed 
to	 weigh	 the	 testis	 and	 spleen.	 One	 week	 prior	 to	 8	Gy	 X-
irradiation,	the	animals	were	administered	MF	alone	or	mixed	

MF	 diet	 containing	 0.25,	 0.5,	 1.0	 and	 2.0%	 lyophilized	 Kefir	
powder and feeding was continued with the same diets for 
15 d post-irradiation.
For	 the	 crypt	 survival	 (regenerated	 crypt)	 experiment,	 a	

group	 of	 five	 mice	 were	 exposed	 once	 to	 whole-body	 X-ray	
irradiation with 8, 10 or 12 Gy at a dose rate of 4 Gy/min. The 
animals were kept for 3.5 d after irradiation and euthanized for 
crypt	examinations.

Assessment of Crypt Survival and Cellular Proliferation  
For histological and immunohistochemical evaluations, a seg-
ment of the jejunum from the ileocecal junction (30–40 cm) 
was	 removed	 immediately	 after	 euthanasia	 and	 fixed	 for	 1	h	
in Carnoy’s solution which was prepared right before use by 
mixing	methanol	 and	 acetic	 acid	with	 3	 to	 1	 ratio.	 The	 sam-
ples	were	cut	into	pieces	of	approximately	8	mm	in	length,	and	
formed into a bundle of 10–15 pieces parallel to one another 
so that the faces of the cross-sections could be seen. The bun-
dled	specimens	were	embedded	 in	paraffin,	cross-sectioned	at	
a thickness of 3 µm and subjected to H&e staining. To quan-
tify regenerating crypts, the numbers of crypts per circumfer-
ence in 10 cross-sections were counted for each mouse.30)

To	 examine	 the	 cellular	 proliferation	 levels	 in	 the	 crypts,	
the anti-PCNA antibody was used in combination with the 
avidin-biotin	 complex	 method.	 Briefly,	 tissue	 sections	 were	
deparaffinized	 with	 xylene,	 hydrated	 through	 a	 graded	 series	
of	 ethanol	 solutions	 and	 incubated	 with	 0.3%	 hydrogen	 per-
oxide	for	30	min	to	block	endogenous	peroxidase	activity.	The	
section	were	 then	 incubated	with	 10%	normal	 horse	 serum	at	
room temperature for 30 min to block background staining, 
followed by incubation with the mouse monoclonal anti-PCNA 
antibody (diluted 1 : 200) for 1 h at room temperature. The 
PCNA-positive cells were observed microscopically and pho-
tographed.

Statistical Analysis	 	Statistical	 significance	 was	 de-
termined	 with	 Dunnett’s	 method	 and	 the	 Cox	 proportional	
hazard model for multiple comparisons using logarithmic 
transformation and Student’s t-test. For mice surviving 10 d or 
longer, survival was compared between any two groups with 
the two-sided log-rank test. p values of less than 0.05 were 
regarded	as	significant.

ReSULTS

Effects of Kefir on the Survival of 8 Gy X-Ray-Irradi-
ated Cri B6C3F1 Mice  First, we investigated the effects of 
Kefir	on	the	survival	rate	of	mice	monitored	for	15	d	after	8	Gy	
irradiation.	In	this	experiment,	the	MF	diet	was	fed	as	a	basal	
food in all groups, and the mice administered 10- or 2-fold-
diluted	 Kefir	 were	 compared	 with	 those	 given	 D.W.	 Mice	 in	
the D.W. group started to die as early as day 4 post-irradia-
tion, while the other mice survived up to day 9. The survival 
rates	in	the	Kefir-administered	groups	started	to	decline	rather	
dramatically after day 10 and all the mice had died by day 14 
(Fig.	 1).	 All	 mice	 given	 the	 two	 types	 of	 diluted	 Kefir	 sur-
vived	up	 to	day	9.	Mice	given	10-fold-diluted	Kefir	 started	 to	
die after day 11 and had all died by day 13 (Fig. 1). The sur-
vival	 rate	was	 significantly	higher	 in	 the	10-fold-diluted	Kefir	
group than in the D.W. group (p<0.05). In the 2-fold-diluted 
Kefir	group,	the	mice	started	to	die	after	day	10,	10%	of	mice	
survived days 13 through 14, and all mice had died by day 
15	 (Fig.	 1).	 The	 survival	 rate	 was	 significantly	 higher	 in	 the	
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2-fold-diluted	 Kefir	 group	 than	 in	 the	 D.W.	 group	 (p<0.01). 
The	 survival	 rates	 between	 the	 10-	 and	 2-fold-diluted	 Kefir	
groups	did	not	differ	 significantly	 (p=0.0546).	These	findings	
demonstrate	 that	 the	diluted	Kefir	 solutions	contributed	 to	ex-
tension	of	the	survival	of	the	X-ray-irradiated	mice.

Effects of Kefir on the Intestinal Crypt Numbers in 
8 Gy X-Ray-Irradiated Mice  The above-described positive 
effects	 of	 the	 Kefir	 solutions	 on	 the	 survival	 of	 mice	 after	
X-ray	 irradiation	 prompted	 us	 to	 investigate	 the	 protective	
effects	 of	 Kefir	 on	 intestinal	 damage.	 The	 number	 of	 surviv-
ing crypts in one circumference in the D.W. group with 0 Gy 
irradiation was 114.20± 15.95, and referred to as the standard 
crypt number (Table 1, MF+ D.W.). Compared with the stan-
dard, the numbers of surviving crypts in the D.W. groups 
with	 8,	 10	 and	 12	Gy	 irradiation	were	 significantly	 decreased	
to 83.32± 11.26, 58.04± 9.05 and 33.42± 5.80, respectively, in 
a radiation dose-dependent manner (Table 1, MF+ D.W. col-
umn, p<0.01).	 These	 findings	 indicated	 that	 the	 irradiation	
conditions were appropriate, and we judged that any one of 
the	X-ray	 doses	 could	 be	 used	 successfully	 in	 the	 subsequent	
experiments.	When	 the	 diluted	Kefir	 solutions	were	 adminis-
tered in place of D.W., the numbers of surviving crypts were 
increased	significantly	for	both	doses	compared	with	 the	D.W.	
group (Table 1, p<0.01).	 These	 findings	 demonstrate	 that	 the	
diluted	 Kefir	 solutions	 have	 protective	 effects	 on	 the	 crypt	
damage	caused	by	X-ray	irradiation.	Unexpectedly,	significant	
differences for the crypt numbers were not observed between 
the	2-	and	10-fold-diluted	Kefir	solutions.

Histological and Immunohistochemical Examinations 
of Surviving Crypts	 	As	 described	 above,	 the	 diluted	 Kefir	
solutions were found to protect against the crypt degenera-
tion	 induced	 by	 X-ray	 irradiation	 at	 doses	 as	 high	 as	 12	Gy.	
To correlate the crypt regeneration with histological changes, 
we visualized the crypt areas using H&e and PCNA staining 
methods after 10 Gy irradiation (Fig. 2). The results of the 
histological	 and	 immunohistochemical	 examinations	 (Figs.	
2A–C, 3A–C) were well correlated with the regenerated crypt 
numbers before and after irradiation (Table 1, 58.04± 9.05 vs. 
70.96± 8.25, p<0.01). Furthermore, the anti-PCNA antibody 
detected proliferating cell nuclei (Figs. 3A–C), demonstrating 
that	 the	Kefir	solutions	promoted	regeneration	of	 the	damaged	
intestinal	crypts	by	X-ray	irradiation.

Effects of Lyophilized Kefir Powder on the Body, Testis 
and Spleen Weights  We previously reported that MF diets 
containing	 0.5–2.0%	 6-d-old	 fresh	 lyophilized	 Kefir	 powder	
significantly	 improved	 the	 crypt	 survival	 rate.29) In addition, 
animal	survival	experiments	showed	that	the	MF	diet	contain-
ing	 2%	Kefir	 powder	 significantly	 increased	 the	 survival	 rate	
compared with the MF diet alone.29) To further establish the 

effects	 of	 Kefir	 in vivo, we measured three parameters after 
irradiation. During the 15-d observation period after irradia-
tion, the body weights of dead mice and their isolated testis 
and spleen weights were measured (Table 2). The body, testis 
and	 spleen	 weights	 of	 irradiated	 mice	 were	 significantly	 de-
creased	in	a	manner	that	was	independent	of	the	Kefir	powder	
supplementation (p<0.01 or p<0.05).	 Addition	 of	 Kefir	 pow-
der	 to	 the	MF	 basal	 diet	 at	 various	 amounts	 (0.25–2.0%)	 did	
not recover the body and spleen weights from the decreased 
states.	 However,	 the	 testis	 weight	 of	 mice	 fed	 Kefir	 powder	
at	 0.25–2.0%	 recovered	 significantly	 from	 the	 decreased	 state	
after irradiation (p<0.01).	 This	 finding	 was	 more	 evident	
when	 the	 ratios	 of	 the	 testis	 and	 body	 weights	 were	 exam-
ined (Table 2, p<0.01).	Although	 a	 significant	 increase	 in	 the	
body	 weight	 of	 0.25%	Kefir-fed	 mice	 was	 noted	 sporadically	
(p<0.01), correlations between the body and spleen weights 
and	 the	 amount	 of	 Kefir	 powder	 were	 not	 evident.	 Com-
parisons	of	 the	body	and	spleen	weights	with	or	without	Kefir	
supplementation	 did	 not	 show	 significant	 changes	 (Table	 2,	
compare	0%	vs.	2%	Kefir	without	 irradiation).	Based	on	these	
findings,	Kefir	powder	was	demonstrated	to	increase	the	testis	
weight from the decreased state caused by irradiation.

Effects of Lyophilized Kefir Powder on the Food and 
Water Consumption by 8 Gy-Irradiated Mice  As de-
scribed	above,	lyophilized	Kefir	powder	was	shown	to	recover	
the testis weights, but not the body and spleen weights. To 
examine	whether	these	findings	were	related	to	food	and	water	
consumption, we measured these parameters. As shown in 
Table 3, food consumption was nearly constant among the 

Fig.	 1.	 Effects	of	Diluted	Kefir	Solutions	on	Mouse	Survival	after	8	Gy	
Irradiation

All groups of mice (10 mice/group) were administered the standard MF diet, 
and	 supplemented	with	 distilled	water	 (D.W.),	 and	 10-fold-	 or	 2-fold-diluted	Kefir	
solutions	 for	 7	d	 prior	 to	 8	Gy	whole-body	X-irradiation.	The	 surviving	mice	were	
counted every day for 15 d after the irradiation. ●: D.W. group. □: 10-fold-diluted 
Kefir	group.	△:	 2-fold-diluted	Kefir	group.	D.W.	vs.	 10-fold-diluted	Kefir:	p<0.05; 
D.W. vs.	2-fold-diluted	Kefir:	p<0.01;	10-fold-diluted	Kefir	vs.	2-fold-diluted	Kefir:	
p>0.05.

Table	 1.	 Effects	of	Diluted	Kefir	Solutions	on	the	Regeneration	of	Small	Intestinal	Crypt	Numbers

Diets
Radiation doses (Gy)

0 8 10 12

D.W. 114.20±15.95 83.32±11.26* 58.04±9.05* 33.42±5.80*
10-Fold-dil 97.14±11.02** 70.50±8.07** 53.24±7.01**
2-Fold-dil 101.90±12.17** 70.96±8.25** 50.92±5.15**

All	 groups	 of	mice	 (5	mice/group)	were	 administered	 the	 standard	MF	 diet,	 and	 supplemented	with	 distilled	water	 (D.W.),	 and	 10-fold-	 or	 2-fold-diluted	Kefir	 solutions.	
* p<0.01:	 crypt	numbers	 in	 the	8,	 10	 and	12	Gy-exposed	groups	 are	 significantly	 reduced	compared	with	 the	0	Gy-exposed	D.W.	group.	**	p<0.01: crypt numbers in the 10-
fold-	 or	 2-fold-diluted	Kefir	 groups	 are	 significantly	 increased	 compared	 the	D.W.	 group	 after	 8,	 10	 and	 12	Gy	 exposure	 at	 a	 dose	 rate	 of	 4	Gy/min.	Values	 are	 expressed	 as	
means±S.D.
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Fig.	 2.	 Histological	Examination	of	Surviving	Crypts	 in	10	Gy-Irradiat-
ed Mice

The mice were kept for 3.5 d after 10 Gy irradiation and euthanized for crypt 
examination.	 Cross-sections	 were	 subjected	 to	 H&E	 staining	 for	 microscopic	 ob-
servation.	 (A)	 Normal	 intestine;	 (B)	 10	Gy-irradiated	 intestine;	 (C)	 2-fold-diluted	
Kefir	intestine	exposed	to	10	Gy	irradiation.

Fig.	 3.	 Immunohistochemical	 Examination	 of	 Surviving	 Crypts	 in	
10 Gy-Irradiated Mice
The	mice	were	 kept	 for	 3.5	d	 after	 10	Gy	 irradiation	 and	 euthanized	 for	 crypt	 ex-

amination.	The	cellular	proliferation	levels	in	the	crypts	were	examined	by	immuno-
histochemical	staining	with	an	anti-PCNA	antibody.	(A)	Normal	intestine;	(B)	10	Gy-
irradiated	intestine;	(C)	2-fold-diluted	Kefir	intestine	exposed	to	10	Gy	irradiation.
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mice	 fed	 the	 different	 amounts	 of	 Kefir	 before	 irradiation.	
After the mice were irradiated, averaged food consumption 
measured	 for	 3	d	 was	 significantly	 reduced	 in	 all	 the	 Kefir-
supplemented groups (p<0.01 or p<0.05). The food consump-
tion	 in	 the	 MF	 diet	 (0%	 Kefir)-fed	 group	 was	 most	 affected	
(p<0.01),	 suggesting	 a	 protective	 effect	 of	 Kefir.	 However,	
notable differences in the food consumption were not ob-
served	among	 the	mice	fed	 the	various	amounts	of	Kefir	after	
8 Gy irradiation. Furthermore, the trends for averaged water 
consumption measured for 3 d were similar to those for food 
consumption. Therefore, reduced daily food and water con-
sumption after 8 Gy irradiation can be interpreted as a major 
cause of the reduced body and spleen weights.

DISCUSSION

In	 this	 study,	 we	 have	 demonstrated	 a	 significant	 increase	
in the regeneration of small intestinal crypts and an improved 
average	lifespan	of	mice	receiving	diluted	Kefir	solutions.	The	
present results further strengthen previously reported data.27,29)

Radiation therapies in combination with surgical and/or 
chemotherapy	 are	 commonly	 used	 to	 accomplish	 maximum	
efficacy	against	malignancies.	However,	such	efforts	concomi-
tantly bring about damage to radiosensitive normal tissues. 
Upon radiation, rapidly proliferating normal tissues, such as 
the intestinal mucosa and reproductive organs, are affected 
acutely and chronically.6,31,32) The major function of the small 
intestine is the absorption of nutrients from ingested foods 
through the crypt-villus units, which are critically important 
for the maintenance of health.8,9) However, functional crypt-
villus units are susceptible to radiation because they contain 
rapidly dividing transit cells.5) The degeneration of such 
cells leads to subsequent reductions in the villous height and 
number.7,10) In addition, the degeneration of small intestinal 
mucosa cells is linked to massive amounts of free radicals 

generated by the interactions of radiation energy with intra-
cellular water molecules.5,33,34) Free radicals attack a variety 
of intracellular biomolecules that eventually kill the cells by 
apoptosis.4,5)	 Kefir	 is	 known	 to	 exhibit	 beneficial	 effects	 on	
the gastrointestinal tract when consumed as a drink or dried 
powder.3,4,20,28,35)	 Kefir	 drinks	 as	 a	 whole	 would	 contain	 live	
bacteria, yeasts, milk components and fermentation metabo-
lites. The milk components include proteins, carbohydrates 
and vitamins among others. In addition, the fermentation me-
tabolites comprise amino acids, bacteriocins, polysaccharides 
and others.24)	 In	 this	 study,	we	 centrifuged	Kefir	milk	 to	 pre-
pare	 a	Kefir	 supernatant,	 which	was	 expected	 to	 contain	 two	
major components, i.e., milk constituents and fermentation 
metabolites.	 Thus,	 the	 usage	 of	 a	Kefir	 supernatant	 allows	 us	
to limit the prospective functional ingredients to be within the 
two	 major	 components.	 We	 demonstrated	 that	 diluted	 Kefir	
solutions	regained	the	reduced	crypt	numbers	caused	by	X-ray	
irradiation.	The	present	findings	suggest	possible	mechanisms	
to	 explain	 the	 observed	 effects.	 One	 possibility	 is	 that	 the	
Kefir	 components	 contain	 antioxidants	 that	 directly	 scavenge	
radiation-induced	 reactive	 oxygen	 species.5,36–39) Several an-
tioxidative	 enzymes	 have	 been	 described	 to	 exist	 in	 milk.39) 
However, further study demonstrated that fermentation of 
Kefir	 for	 32	h	 did	 not	 increase	 the	 superoxide	 dismutase	 lev-
els	 and	 rather	 decreased	 the	 glutathione	 peroxidase	 levels.39) 
In addition, catalase activity was not detected in either milk 
or	Kefir.39)	 Therefore,	 it	 seems	 that	 such	 antioxidants	 in	milk	
are	 less	 likely	 to	 be	 involved	 in	 the	 antioxidative	 activity	 ob-
served in the present study. On the other hand, Liu et al.39) 
reported	 that	 the	 reducing	 power	 of	 Kefir	 was	 significantly	
increased during 32 h of fermentation. They suggested that 
certain metabolites are involved in the reducing power. Amino 
acids,	 one	 of	 the	 Kefir	 metabolites,	 were	 reported	 to	 exhibit	
repairing effects on the irradiated colonic wall of rats.14,18) An-
other	 study	demonstrated	 that	 amino	acids	exert	 antiapoptotic	

Table	 2.	 Effects	of	Lyophilized	Kefir	Powder	on	the	Body,	Testis	and	Spleen	Weights	Measured	for	15	d	after	8	Gy	Irradiation

Kefir	(%) X-Ray	(8	Gy) B.W.	(g) Testis (g) Testis/B.W.	×100	(%) Spleen (g)

0.0 − 26.6±0.7 0.173±0.009 0.65±0.04 0.102±0.017
0.0 + 18.7±1.7* 0.070±0.016* 0.37±0.08* 0.033±0.011*
0.25 + 19.4±2.3* 0.100±0.012*,*** 0.53±0.10**,*** 0.027±0.006*
0.5 + 16.4±1.3* 0.098±0.026*,*** 0.56±0.20*** 0.033±0.011*
1.0 + 17.0±1.4* 0.101±0.014*,*** 0.59±0.08*** 0.029±0.013*
2.0 + 17.0±1.1* 0.095±0.012*,*** 0.56±0.06*** 0.025±0.012*
2.0 − 26.6±1.2 0.187±0.020 0.70±0.06 0.100±0.008

* p<0.01, ** p<0.05:	 the	body,	 testis	 and	 spleen	weights	 in	 the	MF	alone	group	differ	 significantly	with	 (+) and without (−) 8 Gy irradiation at a dose rate of 2 Gy/min. 
*** p<0.01:	 three	 parameters	 in	 the	MF	 alone	 (0%	Kefir)-fed	 group	 differ	 significantly	 from	 those	 in	 the	 8	Gy-exposed	Kefir-fed	 groups.	 Each	 group	 consisted	 of	 10	mice.	
Values	are	expressed	as	means±S.D.

Table 3. Daily Consumption of Food and Water after 8 Gy Irradiation

Kefir	(%)
Before	irradiation After 8 Gy irradiation

Food (g) Water (mL) Food (g) Water (mL)

0.0 4.0±0.3 5.0±0.4 2.7±0.4* 3.5±1.0*
0.25 4.2±0.4 6.2±0.6 3.1±0.3* 4.7±0.9*
0.5 4.4±0.4 6.6±0.7 3.2±0.8* 3.9±1.2*
1.0 4.3±0.5 6.2±0.5 3.0±0.5* 4.1±0.9*
2.0 4.0±0.6 5.9±0.5 3.1±0.6** 3.5±0.9*

The	MF	basic	diet	was	supplemented	with	0.0–2.0%	Kefir	powder.	*	p<0.01, ** p<0.05:	significant	reductions	in	food	and	water	consumption	after	8	Gy	irradiation	at	a	dose	
rate of 2 Gy/min. each group consisted of 5 mice. Values are means±S.D.
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effects on radiation-induced intestinal damage.7)

An	alternative	mechanism	is	that	Kefir	components	enhance	
reactive	 oxygen	 species-scavenging	 enzyme	 levels	 in	 the	 ac-
tively dividing cells. In this regard, a previous study showed 
that	 Kefir	 activates	 antioxidative	 enzyme	 systems,	 such	 as	
reduced	 glutathione,	 glutathione	 peroxidase,	 glutathione	 S-
transferase,	 lipid	 peroxidation	 and	 catalase,	 in	 the	 liver	 and	
kidney.40)	There	 is	 also	 a	 report	 that	 the	 antioxidative	 activity	
of	Kefir	 toward	 neural	 stem	 cells	 in	 culture	 is	mediated	 by	 a	
microbial fermentation product with a low molecular weight 
(MW) of <3,500 that is heat- and acid/base-stable. This mol-
ecule is suggested to be distributed throughout the body after 
absorption via the intestine.37) Therefore, such a molecule 
could	 act	 as	 an	 enhancer	 for	 the	 production	 of	 antioxidative	
enzymes.

Whole-body irradiation gave us the opportunity to investi-
gate	 the	protective	effects	of	Kefir	on	 radiation-sensitive	male	
reproductive organs. Our study demonstrated that the testis 
weight	 was	 significantly	 reduced	 after	 8	Gy	 whole-body	 ir-
radiation.	 In	 agreement	with	 this	finding,	 decreased	 testicular	
weights	 were	 reported	 after	 exposure	 of	 rat	 testes	 to	 X-ray	
irradiation.6)	 Similarly,	 significant	 testicular	 weight	 losses	
were observed in mice after total-body irradiation41) and focal 
pelvic gamma irradiation.42)	 These	 findings	 are	 interpreted	 to	
indicate that irradiation of the testes induces germ cell apo-
ptosis, particularly in actively dividing spermatogonia and 
preleptotene spermatocytes, thereby causing infertility in the 
irradiated testes.42,43) As a consequence, dead cells are re-
moved from the testicular tubules, resulting in reduced testis 
weights.34)	 It	 is	 of	 importance	 to	 find	ways	 to	 protect	 against	
radiation-induced germ cell loss. Otala et al.41) reported that 
sphingosine-1-phosphate (S1P) could protect against germ cell 
loss caused by radiation. Among other functions, S1P inhibits 
ceramide-mediated apoptosis. S1P is formed by phosphoryla-
tion of sphingosine by sphingosine kinase. Sphingosine is an 
acylation product of ceramide, which is formed from more 
complex	sphingolipids,	such	as	sphingomyelin	(SPM).	Regula-
tion	of	apoptosis	is	exerted	via conversion of SPM to ceramide 
mediated by sphingomyelinases, which are upregulated by 
ionizing	radiation	and	oxidative	stress.41) SPM is distributed in 
the plasma membrane and intracellular membrane structures 
in all eukaryotic cells.44) In addition, intracellular sphingosine 
in the colonic cells is thought to be derived from more com-
plex	 sphingolipids	 like	SPM	or	 from	dietary	 sources.44) Germ 
cell apoptosis started soon after irradiation, and protection by 
S1P was observed at 21 d after irradiation.41) Therefore, sphin-
golipids and their metabolites appear to play roles in germ 
cell	 biogenesis.	 Indeed,	 a	 Kefir	 powder	 extract	 was	 reported	
to	 contain	 SPM,	 comprising	 a	 mixture	 of	 four	 SPM	 species,	
as the active substance responsible for enhancing interferon-β 
production.45)	The	origin	of	the	SPM	in	Kefir	is	milk,	because	
bovine milk contains SPM and SPM is not synthesized by 
the	 microorganisms	 contained	 in	 Kefir	 grains.44,45) Combin-
ing	 these	 data	 together,	 the	 significant	 recovery	 of	 the	 testis	
weights could be partly attributable to the SPM contained in 
Kefir.

It is well recognized that overloading of an energy-rich 
diet is likely to bring about obesity and is causally linked to 
metabolic syndrome.46) From this point of view, we consid-
ered	 whether	 Kefir	 consumption	 affected	 the	 body	 weight.	
However, comparisons of the body and spleen weights with 

or	 without	 Kefir	 supplementation	 did	 not	 show	 any	 signifi-
cant differences. In addition, the daily consumption of food 
and water before 8 Gy irradiation was similar among the 
Kefir-supplemented	 groups.	 Another	 study	 also	 showed	 that	
Kefir	 supplementation	 did	 not	 affect	 the	 body	 weight,	 body	
growth	 index	 or	 weights	 of	 the	 liver,	 intestine,	 stomach	 and	
pancreas.28)	 Thus,	 daily	 and	 prolonged	 consumption	 of	 Kefir	
does not appear to induce adverse effects like obesity or its 
related complications. In this study, we considered the effects 
of	 Kefir	 on	 the	 intestinal	 mucosa	 and	 testis	 in	 relation	 to	 its	
antioxidative	 properties.	 In	 addition,	 there	 are	 reports	 on	 the	
anti-inflammatory47,48) and mucosal immunomodulatory24,29) 
effects	of	Kefir,	 suggesting	 that	 these	 efficacies	may	have	 co-
operatively contributed to the present results.

We previously suggested that the factor responsible for the 
antioxidative	 activity	 has	 a	 MW	 of	 less	 than	 3500,37) while 
that for the thymine dimer repair enzyme activity has a MW 
of less than 500036) and that for the glucose uptake enhancing 
activity has a MW of less than 1000.38)	 Based	 on	 these	 data,	
one of our ongoing tasks is to identify the substances respon-
sible for the anti-GIC activity, and to relate such substances 
with those described above.
In	 summary,	 we	 have	 demonstrated	 experimentally	 that	 a	

Kefir	supernatant	and	dried	Kefir	powder	both	exert	radiation-
protective effects on the small intestinal mucosa and male re-
productive organs without body weight gain. Therefore, daily 
intake	 of	 the	 fermented	 milk	 Kefir	 is	 strongly	 anticipated	 to	
exhibit	 protective	 effects	 against	 the	 damage	 associated	 with	
therapeutic radiation. In addition, such intake habits could 
be	 beneficial	 in	 reducing	 the	 damage	 caused	 by	 irradiation	
from	unexpected	nuclear	accidents	like	the	Fukushima	Daiichi	
nuclear plant disaster, which took place in Japan on 11 March, 
2011.
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