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ABSTRACT 

Drosophila melanogaster mutants with deficient kynurenine (KYN) formation from tryptophan (TRP) have longer life 
span than wild type flies. Administration of alpha-methyl-TRP and 5-methyl-TRY, the inhibitors of TRP-KYN metabo- 
lism, prolonged life span in wild-type flies. Both inhibitors are not available for human use. Berberine, an isoquinoline 
alkaloid isolated from Berberis aristata, is known as the herb widely used in traditional Chinese and Indian medicine. 
Berberin is a strong inhibitor of the enzyme catalyzing TRP conversion into KYN. Considering this particular feature 
we investigated the effect of berberine on life- and health-span in wild-type Drosophila melanogaster. The results of 
our study showed that Berberine extended mean, median and maximum life span of female flies. Berberine did not af-
fect the number of pupae of filial generation and decreased their lethality. Berberine increased locomotor activity (ver-
tical climbing). The results of the study suggest that berberine prolongs life- and improves health-span of Drosophila 
melanogaster. Berberine might be a candidate drug for prevention and treatment of aging and aging-associated medical 
and psychiatric disorders.  
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1. Introduction 

Activation of kynurenine (KYN) pathway of tryptophan 
(TRP) metabolism is associated with aging and aging- 
associated medical and psychiatric disorders (AAMPD) 
[1,2]. 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. Drosophila also exhibits complex behaviors, 
many of which undergo age-related decline [3]. Only 
those drugs that show promise in Drosophila might be 
moved on to mammals, resulting in faster and more eco- 
nomical animal testing. Drosophila mutants with geneti- 
cally deficient formation of KYN from TRP (vermilion 
and white) have longer life span than wild-type flies [4,5]. 
Inhibitors of KYN formation from TRP, alpha-methyl- 
TRP and 5-methyl-TRP, prolonged life span of wild-type 
Drosophila melanogaster [6]. Both inhibitors are not 
available for human use. Berberine, isoquinoline alkaloid 
isolated from Berberis aristata, a major herb widely used 
in Indian and Chinese systems of medicine, is a strong 
inhibitor of the rate-limiting enzyme of TRP-KYN me- 
tabolism [7]. We suggested that berberine (as an inhibitor 
of KYN formation from TRP) might prolong the life 
span. Prolongation of life span is not necessarily associ- 

ated with the improvement of health span [8]. Therefore, 
in addition to the candidate drug effect on life span, it is 
important to assess its effect on health span as well. One 
of the biomarkers of health span is locomotor activity. 
Flies exhibit several forms of locomotor behavior, and 
the robustness of each behavior declines with age [9]. 
The vertical climbing (or negative geotaxis) assay meas- 
ures 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) [10]. We were interested to study the effect of 
berberine on life span, vertical climbing and viability in 
wild-type Drosophila melanogaster.  

2. 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.  

Flies were maintained at 23˚C in a 12:12 light: dark 
period on a standard Drosophila medium (SM) consist-
ing of sugar, yeast, agar and semolina. Berberine (Sigma 
Aldrich Chemical Co, USA) was added to nutrition me- 
dium in two doses: 1 mM (0.4 mg/ml of nutrition me- 
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dium) and 5 mM (2 mg/ml of medium). Berberine doses 
were selected based on studies using berberine to chal-
lenge Drosophila taste neurones involved in the percep-
tion of bitter substances [11]. 

Viability was estimated by the quality and quantity of 
pupae. Three pairs of parent individuals (three males and 
three females) were transferred into a vial containing 4 
ml of SM or medium with addition of berberine. Ten 
vials were set up per treatment (control, berberine low 
and berberine high doses). Number of filial generation 
pupae and their lethality were calculated per vial.  

Life span one day old adult flies 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 [6].  

Locomotor activity to assess the effect of berberine on 
vertical climbing 20 virgin female flies were placed at 
the bottom of a clean 4-inch glass vial over which a sec- 
ond identical vial was inverted. After 30 s 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 [10]. 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 berberine group (total number of tested flies = 
500).  

Statistics the data were analyzed using Wilcoxon rank- 
sum test and two ways ANOVA test.  

3. Results 

Viability the number of pupae of filial generation of 
Drosophila melanogaster exposed to the low dose (1 
mM) of berberine was not different (104%) from those in 
the control group (P = 0.75).  

The number of pupae of filial generation of Droso-
phila melanogaster exposed to the high dose (5 mM) of 
berberine was dramatically lower (22%) than those in 
control and low dose berberine group (Figure 1). 

Lethality of pupae in group of low concentration (1 
mM) of berberine (8%) was slightly lower than in con- 
trol group (13%) (Figure 2).  

High concentration (5 mM) of berberine increased the 
number of dead pupae by 31% in comparison with con- 
trol and low dose of berberine groups (Figure 2).  

Locomotor activity and life span Considering the toxic 
effects of high (5 mM) dose of berberine on the number 
and lethality of pupae, we used only low dose (1 mM) to 
study the effect of berberine on locomotor activity and 
life span in female flies.  

Locomotor activity berberine stimulated vertical climb- 
ing of flies by 39% (Figure 3).  

Life span Berberine (1 mM) increased mean (by 27%),  

 

Figure 1. Berberine effect on quantity of pupae in filial 
generation. Quantity of pupae per vial (three pairs of par- 
ents). Ten vials per experimental group. Mean ±SEM; P < 
0.01: berberine 5 mM vs control and berberine 1 mM (Wil- 
coxon rank-sum test). 
 

 

Figure 2. Berberine effect on the lethality of pupae. P < 0.02: 
berberine 1 mM vs control P < 0.0001: berberine 5 mM vs 
control and berberine 1 mM (Wilcoxon rank-sum test).  
 
median (by 57%) and maximum (by 78%) life span of 
flies (Figure 4). 

4. Discussion 

The results of our study indicate that berberine prolongs 
life- and improves health-span of wild-type Drosophila 
melanogaster. To the best of our knowledge this is the 
first study of berberine effect on life- and health-span in 
Drosophila. Although berberine possesses a wide range  
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Figure 3. Berberine effect on vertical climbing. Climbing 
index % of flies moved to the top vial; mean ±SEM; P < 
0.008: berberine vs control group, two ways ANOVA, Bon-
ferroni adjusted. 
 

 

Figure 4. Berberine effect on life span in Drosophilala 
melanogaster. P < 0.001: berberine vs control group, Wil- 
coxon test adjusted for multiple comparison. 
 
of therapeutic effects related to AAMPD (antidepressant, 
[12] anti-inflammatory, [13] anti-diabetic, [14] anti-adi- 
pogenic [15] and anti-tumorigenic [16]) its effect on life 
span has never been studied. The only mention of ber-
berine effect on life span was the berberine-induced ele-
vation the life span of leukemia harboring BALB/c mice 
[17].  

Inhibition of TRP-KYN metabolism might be one of 
the mechanisms of observed prolongation of life span by 
berberine. Genetic deficiency and pharmacologic inhibi- 
tion of KYN formation from TRP in Drosophila pro- 
longed life span [4-6] and exerted neuroprotective effect 
in flies [18]. There are two rate-limiting enzymes of 
KYN formation from TRP: indoleamine 2,3-dioxygenase 

(IDO) and TRP-2,3-dioxygenase (TDO) [19]. Ability of 
berberine to inhibit human preparation of IDO is stronger 
than that of a most powerful IDO inhibitor, 1-methyl- 
TRP. [7] (1-methyl-TRP is not approved for human use, 
and had high toxicity in Drosophila (our unpublished 
data)). Recent studies indicate that genetic inhibition of 
TDO was protective against the eclosion defect in Dro- 
sophila model of Huntington’s disease (flies with im- 
paired TRP-KYN metabolism) [20]. The increased di- 
oxygenation of mitochondrial TRP to N-formylKYN was 
consistently present among conserved biomarkers across 
ageing models in five species [21]. 

However, some other mechanisms (e.g., AMP-acti- 
vated protein kinase involved in life-span extension in 
response to caloric restriction [22]) might contribute to 
berberine’s effect on life- and health-span. 

Further studies (e.g., the effect of berberine on life- 
and health-span in Drosophila mutants naturally knock- 
out for rate-limiting enzyme of TRP conversion in KYN) 
might elucidate the role of KP metabolism in the effects 
of berberine on life- and health-span.  

Present results of the positive effects of berberine on 
studied biomarkers of health span in Drosophila suggest 
that berberine is a promising candidate drug for anti- 
aging intervention and treatment of AAMPD.  
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