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ABSTRACT: Up-regulation of kynurenine (KYN) pathway of tryptophan (TRP) was suggested as one of 

the mechanisms of aging and aging-associated disorders. Genetic and pharmacological impairment of 

TRP – KYN metabolism resulted in prolongation of life span in Drosophila models. Minocycline, an 

antibiotic with anti-inflammatory, antioxidant and neuroprotective properties independent of its 

antibacterial activity, inhibited KYN formation from TRP.  Since minocycline is the only FDA approved 

for human use medication with inhibitory effect on TRP – KYN metabolism, we were interested to study 

minocycline effect on life- and health- spans in Drosophila model. Minocycline (0.87mM) prolonged mean, 

median and maximum life span of wild-type Oregon Drosophila melanogaster of both genders. 

Minocycline (0.87 mM) stimulated vertical climbing in male flies. Minocycline dose-dependently decreased 

quantity and survivorship of pupae of filial generation. Minocycline might be a promising candidate drug 

for anti-aging intervention and treatment of aging-associated medical and psychiatric disorders. The role 

of TRP – KYN metabolism in the mechanisms of minocycline- effect on life- and health-span might be 

elucidated by the future assessment of minocycline effects in Drosophila mutants naturally or artificially 

knockout for genes impacting the key enzymes of KYN pathway of TRP metabolism. 
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Up-regulation of kynurenine (KYN) pathway of 

tryptophan (TRP) metabolism was suggested to be one 

of the mechanisms of aging and age-associated medical 

and psychiatric disorders (AAMPD) [1-4]. Tryptophan 

(TRP) is an essential amino acid participating in 

biosynthesis of proteins and methoxyindoles (serotonin 

and melatonin) [5]. The major non-protein route of TRP 

metabolism (about 90%) is a production of N-formyl-

kynurenine with ensuing formation of kynurenine 

(KYN). TRP conversion into KYN is catalyzed by 

indoleamine 2,3-dioxygenase 1 (IDO) (inducible by 

inflammatory cytokines) [5] or TRP 2,3-dioxygenase 2 
(TDO) (inducible by substrate or stress hormones) [6].  

KYN serves as a substrate for two post-KYN 

pathways: formation of kynurenic acid (KYNA), 

catalyzed by KYN aminotransferase (KAT); and 3-

hydroxyKYN (3-HK) catalyzed by KYN 3-

monooxygenase (KMO) (Figure 1) [6]. 

Animal and human studies support the involvement 

of TRP - KYN metabolism in mechanisms of aging and 

AAMPD. Up-regulated formation of mitochondrial N-

formyl-kynurenine was found among conserved 

biomarkers of aging in five species [7].
 
Increased blood 

KYN/TRP ratio (a marker of IDO activity) was observed 

in a study of humans of three age groups (34–60, 61–71, 

and 72–93 years) [8] and of nonagenarians compared 

with 45-year-old subjects [9]. Increased formation of 

KYN derivative, KYNA, was reported in human serum 

[10] and aged rat brain [10-12]. The higher blood 

KYN/TRP ratio at the entry was predictive of higher 
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mortality in 10-year prospective study of nonagenarians 

[9]. Increased rate of TRP conversion into KYN was 

reported in obesity, diabetes, atherosclerosis, menopause 

and other components of AAMPD [2]. In addition, blood 

levels of neopterin, an indirect marker of IDO activity 

[13], was correlated with aging and AAMPD [14, 15]  

Drosophila melanogaster mutants with deficiencies 

of the key enzymes of TRP - KYN metabolism are 

suitable models to study the age-related aspects of KYN 

pathway of TRP metabolism [16]. Since the end product 

of TRP – KYN pathway in flies is brown eye pigment, 

ommochrome, these mutants have different eye colors 

[17]. Life span of male vermilion mutant (TDO 

deficient) was 33% longer than life span of wild-type 

Canton-S flies [18]. We observed prolonged life span not 

only in male but in female vermilion mutants in 

comparison with wild-type Oregon flies [19]. However, 

the life spans of cinnabar (deficient KMO activity), and 

cardinal (deficient phenoxazinone synthase) mutants 

were not different from the wild-type flies [18] 

suggesting that prolongation of life span in Drosophila 

melanogaster depends on down-regulation of TRP 

conversion into KYN rather than on the post-KYN 

metabolism (Figure 1). The major rate-limiting factors of 

KYN formation from TRP are activity of TDO/IDO and 

availability of TRP as a substrate for KYN production 

[1]. TDO/IDO are intracellular enzymes [20], and 

inhibition of TRP transport into TDO/IDO containing 

cells might decrease the availability of TRP as a 

substrate for KYN formation [1]. We found that white 

Drosophila mutants (deficient intracellular transport of 

TRP) [21] live longer than wild-type Oregon flies [19]. 

Since genetic mutations might affect some other systems 

besides TRP - KYN metabolism [22], we studied the 

effects of specific inhibitors of KYN production from 

TRP on life span of wild-types flies. Administration of 

TDO inhibitor, alpha-methyl-tryptophan [23] or inhibitor 

of TRP intracellular transport, 5-methyl-tryptophan [24], 

prolonged life span of wild-type Oregon flies [25]. 

Therefore, genetically or pharmacologically-induced 

impairment of KYN formation from TRP was associated 

with prolongation of life span. The studied 

pharmacological agents, alpha- and 5-methyl-tryptophan, 

are not allowed for human use. We have recently 

reported that berberine, a natural isoquinoline alkaloid 

isolated from Berberis aristata, a Chinese and Indian 

herbal anti-inflammatory medicine, extended life span of 

wild-type flies without a decline in fertility or physical
 

activity [26]. Berberine possesses a wide range of 

therapeutic effects related to age-associated diseases and 

is a powerful inhibitor of IDO (about 40 times stronger 

than the standard agent, 1-methyltryptophan [27]. 

However, berberine is not approved by FDA for human 

use. We were interested to study the life prolongation 

effect of medication that inhibit KYN formation from 

TRP and approved by FDA for human use.  

 

 

 
 

Figure 1. Major pathways of tryptophan metabolism in Drosophila melanogater. Abbreviations: 

IDO -  indoleamine 2,3-dioxygenase; TDO – tryptophan 2,3-dioxygenase; KAT - KYN aminotrasferase 

I; KMO – KYN monooxygenase; 3-HK-  3-hudroxykynurenine; KYNA – kynurenic acid. 



 G. Oxenkrug et al                                                                                                                            Minocycline and life span 

Aging and Disease • Volume 3, Number 5, October 2012                                                                                 354 
 

 
Figure 2. Minocycline effect on quantity of filial generation pupae. Three pairs of parent 

individuals (three males and three females) were transferred into a vial containing 4 ml of standard 

medium or medium with addition of minocycline. Ten vials were set up per treatment (control, 

minocycline 0.87 mM and minocycline 8.7 mM). Number of pupae per vial (mean ± standard 

deviation). Control group in comparison with minocycline 0.87 mM and minocycline 8.7 mM, 

p<0.001, Wilcoxon rank-sum test). Minocycline 0.87 mM in comparison with minocycline 8.7 

mM, p<0.001, Wilcoxon rank-sum test. 

 

 

Minocycline, a tetracycline derivative, exerted anti-

inflammatory, antioxidant and neuroprotective properties 

independent of its antibacterial activity [28, 29]. 

Minocycline inhibits lipopolysaccharide-induced up-

regulation of KYN formation from TRP [30, 31]. 

Drosophila melanogaster is a valuable model for 

preclinical testing of drugs with therapeutic potential for 

AAMPD because of small genome size, short generation 

time, and shorter mean life span compared to either mice 

or humans [32]. Drosophila also exhibits complex 

behaviors, many of which undergo age-related decline 

[33]. Therefore, utilization of Drosophila model allows 

for the estimation of drug effects not only on life span 

but on health span as well. This feature of Drosophila 

model is of importance considering that prolongation of 

life span is not necessarily associated with the positive 

effect on health span. Thus, caloric restriction and 

administration of lamotrigine prolonged life- but not 

health- span in Drosophila model [34, 35]. One of the 

major markers of health span is locomotor activity. Flies 
exhibit several forms of locomotor behavior, and the 

robustness of each behavior declines with age [36].The 

vertical climbing (or negative geotaxis) assay measures 

the ability of the organism to climb the walls of a vial 

when startled), and is an assessment of the animal's 

ability to complete a strenuous activity (climbing against 

gravity, which provides insight into the fly’s level of 

fitness) [37].
 
Additional markers of health span assessed 

in the present study were quantity and survival rate of 

filial generation of pupae.  

 

MATERIALS AND METHODS 

 
Wild-type stock Oregon of Drosophila melanogaster 

from the collection of V.N. Karazin Kharkiv National 

University was used in the experiments. The study was 

carried out between April and June 2011.  

Flies were maintained at 23
0
C in a 12:12 light: dark 

period on a standard Drosophila medium consisting of 

sugar, yeast, agar and semolina. Minocycline (Sigma 

Aldrich Chemical Co, USA) was added to nutrition 

medium in two doses: 0.87 mM and 8.7 mM. Doses of 

minocycline were selected based on report of 
minocycline protective effect against paraquat (a 

superoxide radical generator) toxicity in Drosophila [38]. 
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Figure 3. Minocycline effect on percentage on surviving of 

filial generation pupae. Three pairs of parent individuals 

(three males and three females) were transferred into a vial 

containing 4 ml of standard medium or medium with addition 

of minocycline. Ten vials were set up per treatment (control, 

minocycline 0.87 mM and minocycline 8.7 mM). Percentage 

of surviving pupae was calculated per vial (mean ± standard 

deviation). Control in comparison with minocycline 8.7 mM, 

p<0.001, Wilcoxon rank-sum test. 

 

Viability was estimated by the quantity and 

percentage of surviving pupae of filial generation. Three 

pairs of parent individuals (three males and three 

females) were transferred into a vial containing 4 ml of 

standard Drosophila medium or medium with addition of 

minocycline. Ten vials were set up per treatment 

(control, minocycline low and minocycline high doses). 

Number of filial generation pupae and percentage of 

surviving pupae were calculated per vial.  
Life span. One day old adult flies of both genders 

were collected and then regularly transferred to fresh 

medium every 3-4 days. The number of dead flies was 

recorded at the time of transfer as described elsewhere 

{19, 25, 26].   

Locomotor activity. To assess the effect of 

minocycline on vertical climbing 20 flies were placed at 

the bottom of a clean 4-inch glass vial over which a 

second identical vial was inverted. After 30s the two 

vials were separated. The climbing index was expressed 

as percentage of the number of flies that climbed to the 

top vial relative to the total number of flies tested [39].
 

Four climbing trials (akin to sampling with replacement) 

were conducted per vial. There were 35 climbing trials 

for each gender of control group (total number of tested 

flies = 700/gender); and 25 trials for each gender of 

minocycline groups (total number of tested flies = 

500/gender).  

Statistics The data were analyzed using Wilcoxon 

rank-sum test and two ways ANOVA test. 

 

RESULTS 

 
Viability. Minocycline in a low dose (0.87 mM) 

decreased the number of pupae of filial generation (by 

25%) in comparison with the control group (Wilcoxon 

rank-sum test, p<0.005).  

Minocycline in a high dose (8.7 mM) dramatically 

decreased the number of pupae of filial generation in 

comparison with the control (by 95%) (p<0.001) and low 

dose minocycline group (by 93%) (p<0.001, Wilcoxon 

rank-sum test) (Figure 2). 

Low concentration of minocycline (0.87 mM) did 

not affect the percentage of surviving pupae in 

comparison with the control group. High concentration 

of minocycline (8.7 mM) drastically decreased the 

percentage of surviving pupae in comparison with 

control and low concentration of minocycline (p<0.001,  

Wilcoxon rank-sum test) (Figure 3).  
 

 
 

Figure 4.  Minocycline effect on vertical climbing in 

male Drosophila melanogaster. Climbing index = % of 

flies moved to the top vial. Twenty flies were placed at the 

bottom of a clean 4-inch glass vial over which a second 

identical vial was inverted. After 30 s the two vials were 

separated. The climbing index was expressed as the 

percentage of the flies that climbed to the top vial relative to 

the total number of flies tested. Four climbing trials (akin to 

sampling with replacement) were conducted per vial. There 

were 35 climbing trials for Control group (total number of 

tested flies = 700); and 25 trials for minocycline group 

(total number of tested flies= 500). Mean + SEM; p < 0.01: 

minocycline VS control group, two-way ANOVA, 

Bonferroni adjusted. 
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Figure 5. Minocycline effect on life span of female Drosophila melanogaster. Minocyline group in 

comparison with control group: p<0.0001, Wilcoxon test adjusted for multiple comparisons.  

 

 

Locomotor activity and life span. Considering the 

toxic effects of high (8.7 mM) dose of minocycline on 

the viability of pupae, we used only low dose (0.87 mM) 

to study the effect of minocycline on locomotor activity 

and life span of flies.  

Locomotor activity. Minocycline (0.87 mM) 

stimulated vertical climbing of male (p<0.01: 

minocycline  VS control group, two-way ANOVA, 

Bonferroni adjusted) (Figure 4) but not of females flies 

(data not shown).  

Life span.  

Female flies.  Minocycline (0.87mM) increased 

mean, median and maximum life span of female flies in 

comparison with control group (Figure 4) (p<0.0001, 

Wilcoxon test adjusted for multiple comparisons) 

(Figure 5). 

Males flies. Minocycline (0.87mM) increased mean, 

median and maximum life span of male flies in 

comparison with control group (p<0.0002, Wilcoxon test 

adjusted for multiple comparisons) (Figure 6). 

 

DISCUSSION 
 

The results of our study indicate that minocycline (0.87 

mM) prolongs mean, median and maximum life spans of 
female and male wild-type flies. Although we did not 

directly assess the effect of minocycline on fecundity, 

minocycline in our experiments decreased (dose-

dependently) the quantity and percentage of surviving 

pupae of the filial generation. These results might 

suggest that minocycline depresses fecundity. It is 

known that fecundity suppression can result in lifespan 

extension [40]. Further experiments might clarify 

whether lower doses of minocycline would not affect 

viability of pupae but prolong life span of flies.  

The other possible action mechanisms of 

minocycline effects might include inhibition of nitric 

oxide production, modulation of microglial activation, 

and inhibition of release of inflammatory cytokines [28, 

41].  

One of the mechanisms of minocycline-induced 

prolongation of life span might be related to inhibition of 

KYN production from TRP. KYN is a common substrate 

for the biosynthesis of neuroprotective KYNA and 

neurotoxic 3-HK. Impairment of TRP conversion into 

KYN in the vermilion mutant (TDO deficient) was 

associated with the increase of KYNA and decreased of 

3-HK content in adult head tissues [42]. Authors 

suggested that the vermilion mutation might not 

completely eliminate KYN production [43]. The 

alternative explanation might be that KAT (the key 

enzyme of the biosynthesizes of KYNA) has higher 

affinity for KYN than KMO (the key enzyme of the 
biosynthesis of 3-HK), and, therefore, deficiency of 

KYN might limit formation of 3-HK to a greater degree 

than the production of KYNA. Therefore, minocycline-
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induced down-regulation of KYN production might lead 

to a shift of post-KYN metabolism from formation of 

neurotoxic 3-HK towards production of neuroprotective 

KYNA [5]. In addition, inhibition of TRY – KYN 

metabolism could "save" some tryptophan from 

degradation and make it available for biosynthesis of 

serotonin (and, consequently, N-acetylserotonin, BDNF 

TrkB receptor agonist [44,45]. Our results warrant the 

further studies of minocycline effect on life span and 

content of KYNA and 3-HK and serotonin and N-

acetylserotonin in flies head tissues. Prolongation of life 

span not always associates with improvement of health 

span [34, 35].  While evaluation of spontaneous or 

explorative locomotor activity is a measure of a non-

strenuous activity [36], the vertical climbing (or negative 

geotaxis) assay measures the ability of the organism to 

climb the walls of a vial when startled), and is an 

assessment of the animal's ability to complete a 

strenuous activity (climbing against gravity), which 

provides insight into the fly’s level of fitness [33]. An 

age-dependent decline in negative geotaxis reflects the 

physiological age of flies (strictly dependent on aging) 

versus changes that are due to chronological age (strictly 

dependent on time) [37]. We observed the stimulating 

effect of minocycline on vertical climbing in male but 

not in female flies. These results are in line with 

observation that KYN decreases locomotor activity in a 

rat model [46]. Further studies are needed to assess the 

effect of minocycline on negative geotaxis in middle- 

and old–aged flies. 

 

 

 
Figure 6. Minocycline effect on life span of male Drosophila melanogaster. Minocyline group in 

comparison with control group: p<0.0002, Wilcoxon test adjusted for multiple comparisons.  

 

 

Additional measure of the health span might be the 

evaluation of the effect of minocycline on circadian 

locomotor activity. Aging effects on circadian locomotor 

activity have been reported in numerous studies in 

different animal species [47], and, importantly, circadian 

mechanisms are conserved between fruit flies and 

mammals [48]. In addition, glial cell modulate clock 

neurons and circadian locomotor activity [49], and 

minocycline, as a modulator of glial activity [41] might 
affect circadian locomotor activity.   

Minocycline-induced prolongation of life span 

suggests that minocycline is a promising candidate drug 

for anti-aging intervention and treatment of AAMPD. 

The role of KP in the mechanisms of minocycline- effect 

on life- and health-span might be elucidated by the future 

assessment of minocycline effects in Drosophila mutants 

naturally or artificially knockout for genes impacting the 

key enzymes of KYN pathway of TRP metabolism..
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