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Abstract. Background: Aged garlic extract (AGE) is a dietary supplement reported to have health benefits
such as protection against oxidative stress, inflammatory disorders, and dyslipidemia. The aim of the study
to investigate effect of the short term AGE supplementation on the serum cytokines (IL-6 and IL-10) and
biochemical parameters (HSP27, TAS, TOS, cortisol and testosterone) in healthy men. Mezhods: In this
study the effects of AGE on the serum levels of interleukin-6 (IL-6), interleukin-10 (IL-10), heat shock
protein 27 (HSP27), testosterone, cortisol, total antioxidant status (TAS), and total oxidant status (TOS) in
healthy subjects was investigated. Sedentary healthy men (n=6) participated in this study and ingested AGE
(5 ml) for 10 days. During the study blood samples were taken in the morning before and 10 days after AGE
supplementation, followed by another sample 10 days post-supplementation (wash out) period. The serum
was analysed for biochemical parameters IL-6, IL-10, HSP27, cortisol, testosterone, TAS and TOS. These
parameters were evaluated at the beginning of the study, end of AGE supplementation and at the end of the
washout period. Conclusion: AGE supplementation caused an increase in the serum levels of the IL-6, IL-10
and HSP27 response and may have an important biological function in protection against oxidative stress and
apoptosis by upregulating the levels of these parameters.
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Introduction

Aged garlic extract (AGE) is made from organi-
cally grown garlic cloves (A/ium sativum L.) that are
sliced and soaked in an aqueous ethanol solution,
extracted and aged at least 20 months. The extract is
then filtered and concentrated under reduced pres-
sure at low temperature. AGE consists of mainly more
water-soluble compounds as opposed to oil soluble
compounds. These compounds are reported to have
the potential to affect immunity, such as the lectin
family, which is known to interact with pathogen rec-
ognition receptors on immune cell surfaces (1,2). It has
been further reported that AGE reduces cholesterol,

oxidative stress, blood pressure, and improves en-
dothelial function (3-5).

IL-6 is an important cytokine featuring redun-
dancy and pleiotropic activity and exerts a central role
in host defence against environmental stress, including
infection and injury (6). It has been well documented
that IL-6 acts as a major pro-inflammatory mediator
for the induction of the acute phase response, caus-
ing a wide range of local and systemic changes such
as fever, leucocytes recruitment and activation, hepatic
regeneration and hemodynamic effects (7). Data ob-
tained from clinical and experimental studies indicates
that the key role of IL-6 is in mediating the acute
phase response, and is a prognostic biomarker in sepsis
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and various acute organ injuries. It has been noted
that IL-10 is known to be a pleiotropic and potent
anti-inflammatory and immunosuppressive cytokine
and its expression can be controlled at the transcrip-
tional and post-transcriptional stage. IL-10 secretion
can be promoted through direct (e.g., inflammation of
the CNS through trauma, neurosurgery, or increased
intra-brain pressure) and indirect (e.g., bacteremia)
activation of the stress axis promotes. In contrast, oxi-
dative stress in kidneys is associated with decreased
IL-10 concentration. It has been reported that IL-10
has an important role in the prevention of infection-
related tissue damage (8). It has also been shown to
prevent against tissue damage in diabetic wounds,
ischemic stroke, and myocardial remodelling (9,10).
HSP27 is ubiquitously expressed and has an impor-
tant role in the regulation of main cellular physiologic
functions such as inhibition of apoptosis, protection
against oxidative stress, binding erroneously folded
proteins for transfer to ATP-dependent chaperones
and to the proteasome for further degradation and the
regulation of the cytoskeleton (11).

Numerous studies have already shown the pro-
tective effect of AGE on chronic disease such as car-
diovascular and cardiovascular related disease (12-15).
However, the effects of AGE on pro-inflammatory
cytokine (IL -6, IL-10) and HSP27 response have
not been fully documented in humans. Therefore, the
aim of the study to investigate effect of the short term
AGE supplementation on the serum cytokines (IL-6
and IL-10) and biochemical parameters (HSP27,
TAS, TOS, cortisol and testosterone) in healthy men.

Methods
Participants and procedure

Six sedentary healthy male participants (Mean
age 30.2 = 2.9 year, height 175.6 + 2.8 cm) participated
in this study. The study complied with the principles
of the Declaration of Helsinki and was approved by
the School of Medicine Balikesir University Ethics
Committee and informed written consent was ob-
tained from each volunteer (Ethic Protocol Number

2014/61). The participants who were taking any medi-
cine, antioxidants or other dietary supplementation
had any medical history of disease, had a history of
allergy or any injuries were excluded from the study.
Anthropometric parameters namely BMI (Body Mass
Index), percentage of fat percent, fat mass and fat
free mass measured by using the Tanita BC 418 MA
(Tanita Corporation, Japan).

Biochemical Analysis

Plasma levels of IL-6, IL10 and HSP27 (eBio-
science, Austria) were determined by enzyme-linked
immunosorbent assay (ELISA) on a diagnostic in-
strument (BioTek, ELx 800, U.S.A). The amounts
of testosterone and cortisol hormone were also ana-
lysed on diagnostic instrument. Total antioxidant
(TAS) and oxidant (TOS) activities were analysed by
spectrophotometry.

AGE supplementation

The supplementation with AGE was performed
as described previously by Dillon et al (16). After the
baseline test, the participants consumed 5 mL of AGE
(taken in a small volume of fruit juice) daily for 10 days
between 07.00 and 09.00 a.m.; otherwise, the volun-
teers followed their usual diet and lifestyle, excluding
alcohol intake. This dose of AGE is recommended by
the manufacturers and has been used in previous stud-
ies, which showed inhibition of ADP-induced platelet
aggregation (17).

Results

The results of the study are summarised in Table 1
and Table 2. AGE increased serum levels of IL.-6, IL.-10
and HSP27 response in the post-supplementation pe-
riod (p=0.05, p=0.04, p=0.001, respectively, Table 2.).
In contrast, as expected the amounts of these cytokines
declined in the washout period. However, the se-
rum levels of other biochemical parameters such as
cortisol, testosterone, TAS and TOS were not af-
fected by AGE supplementation (p>0.05). Interest-
ingly, AGE supplementation for ten days significantly
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Table 1. Effect of AGE supplementation on physical characteristics of the subjects.

Pre Supp Post Supp Washout Significant
Test 1 Test2 Test 3 F P difference
Weight (kg) 73.86 73.76* 75.10* 8.48 0.011 Test 2-3
(5.52) (5.68) (5.85)
BMI 24 23.98* 24.52* 8.08 0.012 Test 2-3
(kg/m?) (1.92) (1.94) (1.95)
Fat Percentage (%) 11.18* 12.10 14.02* 7.80 0.013 Test 1-3
(3.95) (3.70) (3.17)
Fat Mass (kg) 9.02** 9.70 11.22** 13.80 0.003 Test 1-3
(3.71) (3.58) (3.41)
Fat Free Mass 64.8 64.1 63.8 1.44 0.290
(5.51) (5.69) (6.12)

The results are expressed as mean * standard deviation (SD), (n=6). The significance of differences among all steps of the groups was analyzed by
analysis of variance (ANOVA). Significant differences were analyzed between post-supplementation and washout period in experimental sessions.
*p<0.05, **p<0.001. Pre-Supp: Pre-supplementation, Post-Supp: Post supplementation.

Table 2. Effect of AGE supplementation on biochemical parameters.

Pre Supp | PostSupp | Washout Significant
Test 1 Test 2 Test 3 F P difference
IL-10 (pg/ml) 3.1 (0)* 60.2 (37.6) | 44.1* (16.6) 2.49 0.04 Test 1-2
IL-6 (pg/ml) 5.66 (0.15) 6.14* 5.51*(0.64) 11.11 0.05 Test 2-3
(0.35)
HSP27 (pg/ml) 1549.7 5263 724.3™ 11.11 0.001 Test 1-2,
(472) (800) (122) 2-3
Testosterone (pg/ml) 751 614 (115.2) 616.4 0.55 0.58
(115.7) (88)
Cortisol (pg/ml) 10426 10127 (455) | 9560 (784) 0.77 0.47
(174)
Total antioxidant status (TAS) 1.7 1.82 1.75(0.11) 0.43 0.65
(mmol/L) (0.76) (0.08)
Total oxidant status (TOS) (mmol/L) 6.36 7.27 6.51 (0.38) 1.26 0.31
(0.41) (0.43)

The results are expressed as mean * standard deviation (SD), (n=6). The significance of differences among all steps of the groups was analyzed by
analysis of variance (ANOVA). Significant differences were analyzed between post-supplementation and washout period in experimental sessions.
*p<0.05, **p<0.001. Pre-Supp: Pre-supplementation, Post-Supp: Post supplementation.

elevated anthropometric parameters such as body
weight (p=0.011), BMI (p=0.012), percentage of fat
(p=0.013), fat mass (p=0.003) in the washout period
when compared to the post supplementation period;
however, free fat mass levels were unchanged in re-
sponse to AGE supplementation (Table 1).

Discussion

In this experiment, the serum cytokines (IL-6 and
IL-10) and biochemical parameters (HSP27, TAS,
TOS, cortisol and testosterone) were used to evaluate
the effect of AGE supplementation in six sedentary
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healthy males. Previous publications have shown that
AGE exerted a protective effect against oxidant dam-
age and displayed anti-inflammatory properties (18). It
has been reported that administration of AGE causes
the inhibition of platelet aggregation in both healthy
subjects and subjects with cardiovascular disease (16).
In our study AGE supplementation had no effect on
serum TAS and TOS level. A few studies showed that
administration of garlic supplements increased in se-
rum TAS level after 4 weeks in healthy volunteers (19).
Moreover, Avci et al. demonstrated that garlic sup-
plementation decresed level of the erythrocyte MDA
levels and also increasing antioxidant enzyme activitiy
in elderly population (20). Additionally, Koseoglu et
al. (2010) reported that a significant increase in serum
TAS was detected at 15 days (%7) 30 days (%9) com-
pared with 3 h and control in healthy subjects. These
differences are uncertain that a 7% and 9% increase
in serum TAS might have a beneficial physiological
impact (21). In our study we had a supplemented the
subjects in 10 days, this supplementation period less
than the 15 days. Importantly, the appearance of serum
TAS increasing the effect of AGE supplementation, at
least 15 days. It should be suggested that the supple-
mentation period is important.

Our results indicate that 10 days of dietary AGE
supplementation significantly increased plasma levels
of IL-6and IL-10 and HSP27 response. As far as we
are aware this is the first study investigating the ef-
fects of AGE supplementation on IL levels, and HSP
response in healthy human subjects. There are a few
studies indicating the anti-fatigue effects of garlic sup-
plementation iz viveo models and these have shown that
AGE significantly improves running times in rats (22).
Another study reported that six week of AGE oil sup-
plementation reduced the heart rate at peak exercise
and the work load of the heart in cardiac patients (23).

In the present study AGE increased IL-6, IL-10
and HSP27 response in the post-supplementation pe-
riod. This observation has not been reported before and
IL-6 and IL-10 are cytokine and they act on a variety

of tissues, and has both pro-and anti-inflammatory
properties (24). The plasma level of IL-6 and IL-10
are within the physiological range, although these
levels were increased in the post-supplementation pe-
riod. It has been well documented that the exercise
induces plasma IL-6 levels which has inflammatory
properties and also plays an anti-inflammatory role
within the body (25,26). In addition, IL-10 has an im-
portant role in the prevention of infection-related tis-
sue damage (8). Increased IL-10 concentrations have
been shown to protect against damage to tissues such
as diabetic wounds, ischemic stroke, and myocardial
remodelling (9,10). Limited study showed that garlic
supplementation was increased IL-8 and IL-12 levels
compared to baseline levels in healthy subjects as an
acute response (27). In addition, AGE supplementa-
tion increases in the blood flow in healthy subjects, it
may be associated significant elevation of plasma level
of IL-6 (28). Moreover, the improvement in blood
flow was significantly related to, and therefore pos-
sibly mediated by, increases in the circulating levels
of IL-6. Interleukin-6 and IL-10 is a multifactorial
cytokine that plays an important role in host defences
and immune responses. Furthermore, HSP27 is also
ubiquitously expressed and takes place in the regu-
lation of main cellular physiologic functions such as
inhibition of apoptosis, protection against oxidative
stress, binding erroneously folded proteins for transfer
to ATP-dependent chaperones and to the proteasome
for further degradation and the regulation of the cy-
toskeleton (11).

Interestingly, AGE supplementation for ten days
significantly elevated body weight in subjects. The sub-
jects subjectively reported increased appetite through-
out the study period, therefore, they may be put on
weight. On the contrary, one study evaluated the ef-
fect of garlic powder supplementation for 3 months
improve insulin resistance, fatty liver index, metabolic
syndrome and reduce appetite (29). There is no clear
evidence the effect on garlic on appetite. The mecha-
nism in this field is unclear.
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Conclusion

AGE supplementation upregulated levels of IL-6
and IL-10 and HSP27 response and may have a pro-
tective role against the oxidative stress and apoptosis.
There were some limitations in this pilot study as it
only involved six participants hence a larger cohort is
required to validate the data.

Declaration of Conflicting Interests: The authors declare that
they have no conflict of interest.

Funding: This study was supported by Balikesir University
Research Funds (Project number: BAP 2014/68).

References

1. Huysamen C, Brown GD. The fungal pattern recognition
receptor, dectin-1, and the associated cluster of C-type
lectin-like receptors. FEMS Microbiol Lett 2009; 290:
121-128.

2.Kingeter LM, Lin X. C-type lectin receptor-induced
NF-kappaB activation in innate immune and inflammatory
responses. Cell Mol Immunol 2012; 9: 105-112.

3. Morihara N, Hayama M, Fujii H. Aged garlic extract scav-
enges superoxide radicals. Plant Foods Hum Nutr 2011; 66:
17-21.

4. Ried K, Frank OR, Stocks NP. Aged garlic extract lowers
blood pressure in patients with treated but uncontrolled hy-
pertension: A randomised controlled trial. Maturitas 2010;
67: 144-150.

5.Lee YM, Gweon OC, Seo Y], et al. Antioxidant effect of
garlic and aged black garlic in animal model of type 2 dia-
betes mellitus. Nutr Res Pract 2009; 3: 156-161.

6. Kishimoto T. The biology of interleukin-6. Blood 1989; 74:
1-10.

7. Fattori E, Cappelletti M, Costa P, et al. Defective inflam-
matory response in interleukin 6-deficient mice. ] Exp Med
1994; 180(4): 1243-1250.

8. Arimoto T, Choi DY, Lu X, et al. Interleukin-10 protects
against inflammation-mediated degeneration of dopamin-
ergic neurons in substantia nigra. Neurobiol Aging 2007;
28: 894-906.

9. Kanazawa M, Kawamura K, Takahashi T, et al. Multiple
therapeutic effects of progranulin on experimental acute is-
chaemic stroke. Brain 2015; 138: 1932-1948.

10.Kant V, Gopal A, Pathak NN, et al. Antioxidant and
anti-inflammatory potential of curcumin accelerated the cu-
taneous wound healing in streptozotocin-induced diabetic
rats. Int Immunopharmacol 2014; 20: 322-330.

11. Mymrikov EV, Seit-Nebi AS, Gusev NB. Large poten-
tials of small heat shock proteins. Physiol Rev 2011; 91:
1123-1159.

12. Ried K, Travica N, Sali A. The effect of aged garlic extract
on blood pressure and other cardiovascular risk factors in
uncontrolled hypertensives: The age at heart trial. Integr
Blood Press Control 2016; 9: 9.

13. Pérez-Torres 1, Torres-Narvdez JC, Pedraza-Chaverri J,
et al. Effect of the aged garlic extract on cardiovascu-
lar function in metabolic syndrome rats. Molecules 2016;
21:1425.

14. Avula PR, Asdaq SM, Asad M. Effect of aged garlic extract
and s-allyl cysteine and their interaction with atenolol dur-
ing isoproterenol induced myocardial toxicity in rats. Indian
J Pharmacol 2014; 46: 94.

15. Takashima M, Kanamori Y, Kodera Y, et al. Aged garlic
extract exerts endothelium-dependent vasorelaxant effect on
rat aorta by increasing nitric oxide production. Phytomedi-
cine 2017; 24: 56-61.

16. Dillion SA, Lowe GM, Billington D, et al. Dietary supple-
mentation with aged garlic extract reduced plasma and urine
concentration of 8-iso-prostaglandin F2a in smoking and
non-smoking men and women. ] Nutr 2002; 132: 268-271.

17. Vang O, Ahmad N, Baile CA, et al. What is new for an old
molecule? Systematic review and recommendations on the
use of resveratrol. Plos One 2011; 6: e19881.

18. Rahman K, Billington D. Dietary supplementation with
aged garlic extract inhibits ADP-induced platelet aggrega-
tion in human. J Nutr 2000; 130: 2662-2665.

19. Zhang XH, Maxwell SR, Thorpe GH et al. The action of
garlic upon plasma total antioxidant capacity. Biochem Soc
Trans 1997; 25: 523.

20. Avci A, Atli T, Ergtider IB et al. Effects of garlic consump-
tion on plasma and erythrocyte antioxidant parameters in
elderly subjects. Gerontology 2008; 54: 173-176.

21. Koseoglu M, Isleten F, Atay A, Kaplan YC. Effects of acute
and subacute garlic supplement administration an serum
total antioxidant capacity and lipid parameters in healthy
volunteers. Phytother Res 2010; 24: 374-378

22. Ushijima M, Sumioka I, Kakimoto M, et al. Effect of garlic
and garlic preparations on physiological and psychological
stress in mice. Phytother Res 1997; 11: 226-230.



Progress in Nutrition 2022; Vol. 24, N. 3: €2022053

23. Verma SK, Rajeevan V, Jain P, et al. Effect of garlic (4//ium
sativum) oil on exercise tolerance in patients with coro-
nary artery disease. Indian J Physiol Pharmacol 2005; 49:
115-118.

24. Starkie R, Ostrowski SR, Jauffred S, et al. Exercise and IL.-6
infusion inhibit endotoxin-induced TNF-alpha production
in humans. FASEB J 2003; 17: 884-886.

25. Ostrowski K,Rohde T, Asp S,etal. Proand anti-inflammatory
cytokine balance in strenuous exercise in humans. ] Physiol
1999; 515: 287-291.

26. Villarino A, Huang E, Hunter CA. Understanding the
pro-and anti-inflammatory properties of IL-27. ] Immunol
2004; 173: 715-720.

27. Alma E, Eken A, Ercil H, Yelsel K, Daglioglu N. The effect
of garlic powder on human rinary cytokine excretion. Urol
J2014; 11,1.

28. Nyame NA, Sooranna SR, Johnson MR; Gamble J, Steer
PJ. Garlic supplementation increases peripheral blood flow:
a role for interleukin-6. ] Nutr Biochem 2004; 15:30-36.

29.Sangouni AA, Alizadeh M, Jamalzehi A, Parastouei K.
Effects of arlic powder supplementation on metabolic syn-
drome components, insulin resistance, fatty liver index,
and appetite in subjects with metabolic syndrome: A ran-
domized clinical trial. Phytother Res 2021; 35: 4433-4441.

Correspondence:

Serpil Paksoy, MD

Balikesir University, Faculty of Medicine,
Cagis Yerleskesi, 10145 Balikesir, TURKEY
Tel: +90-266 612 14 17

Fax: +90-266 612 14 59

Mobile: +90 534 604 52 30

E-mail: serpilselinbaytekin@hotmail.com



