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	 Stress, particularly chronic stress, affects physical and mental health and causes 
adverse outcomes. Mental disorders account for 14% of all diseases, with depression being 
the main cause. Chronic Unpredictable Stress (CUS) models are used to study stress-induced 
disorders and evaluate therapeutic agents. Vitamin D3(Vit D3), essential for mood regulation and 
neuroplasticity, L-theanine, an amino acid in tea with anxiolytic and neuroprotective qualities, 
have been connected to depression and stress susceptibility. This study used adult male Albino 
Wistar rats aged ten–fifteen-weeks weighing 250–350 g to investigate the combined effects of 
L-theanine and Vit D3in the CUS Model. This involves administering Vit D3 and L-theanine 
to rodents after exposure to random stressors for a predetermined duration. Behavioural tests 
including forced swim test(FST), sucrose preference test(SPT), open field test(OFT), splash 
test, and novel object recognition test(NORT) evaluated cognitive and anhedonia symptoms 
resembling depression. Biochemical assays measured glucose, total cholesterol, triglyceride, 
and cortisol levels in serum, and adrenal gland relative weight was measured. Results indicated 
that L-theanine and Vit D3 significantly mitigated CUS-induced behavioural changes, showing 
reduced immobility in forced swim test, increased exploratory behaviour in OFT, normalized 
SPT and increased cognition in NORT. Biochemical assessment showed triglycerides, cholesterol, 
glucose, and cortisol levels were lower in treatment groups than stress control group. The results 
demonstrate that co-administration of L-theanine and Vit D3confers superior protection against 
CUS-induced behavioural and neurochemical deficits compared with monotherapy, indicating a 
synergistic therapeutic interaction. This finding supports the potential of combination strategies 
in stress-related mood disorders. Further research is required to define the molecular pathways 
mediating this enhanced effect.
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	 Stress, particularly chronic stress, affects 
both mental and physical health, contributing 
to neuropsychiatric changes and cognitive 
impairments such as depression and dementia 
through hormonal imbalances, neuroinflammation, 
and neurodegeneration.1 Chronic stress (When stress 

persists over an extended period), they can cause 
cumulative psychological and physiological effects, 
elevated risk of health problems involving anxiety, 
cardiovascular disease,depression.2Persistent stress 
might also alter immune cells, leading to gene 
transcription changes, posing higher susceptibility 
to infectious diseases and autoimmune disorders.3
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	 The HPA axis and sympathetic nervous 
system are activated in the pathophysiology of 
chronic stress, which results in elevated cortisol 
levels and immune response suppression.  Stress 
hormones like glucocorticoids and adrenaline 
are released by the body in reaction to stress. 
Dysregulation of GABA and glutamate further 
disrupts the brain’s excitatory–inhibitory balance, 
contributing to cognitive and emotional instability. 
On a broader level, reduced BDNF (brain-derived 
neurotrophic factor) impairs synaptic plasticity 
and resilience, while altered VEGF (vascular 
endothelial growth factor) signaling affects 
neurogenesis and vascular support in the brain. 
Together, these changes create a neurochemical 
environment that sustains depressive symptoms 
and hinders recovery. This can make people more 
susceptible to infections, delayed wound healing, 
and exacerbate inflammatory diseases.2

	 Chronic Unpredictable Stress (CUS) 
model is used to research the effects of chronic 
stress on behaviour and physiology, particularly 
for mood or anxiety disorders. It involves 
exposing animals to a variety of mild stressors 
in an unpredictable sequence over several weeks, 
inducing behavioural and physiological changes. 
The CUS model offers ecological validity, 
induces anhedonia and depressive symptoms, 
and allows for the development of chronic 
behavioural changes.4Nutraceuticals, derived 
from natural sources, may offer therapeutic 
effects on stress-related disorders with lesser side 
effects when compared with allopathic medicine. 
Supplements such as L-theanine and  Vit Dƒ 
, have gained attention due to their potential 
therapeutic effects on stress-related disorders. 
L-theanine, a compound predominantly found in 
green tea, demonstrates a range of physiological 
effects, including potential anti-anxiety and 
antidepressant properties.5Research has indicated 
its effectiveness in alleviating major depressive 
disorder. Similarly, vitamin D supplementation 
have been linked to improvements in depression 
and cognitive function.6Thus, this study uses the 
CUS model to investigate how L-theanine and Vit 
D3 work together to affect depression and memory 
impairment.

Materials and methods

Animals and Drugs
	 A total of 36 animals utilized for the 
experimental period of 42 days. They have been 
kept in polypropylene cages in a room with a 
12/12 hr night/day cycle, with a 24±2degree 
Celsius temperature and  45–64% humidity. The 
animals were given a commercially balanced 
meal and unlimited water during the study period. 
Every animal procedure had been performed 
in compliance with the CCSEA(Committee for 
Control and Supervision of Experiments on 
Animals) standard set of guidelines for use as 
well as care of experimental animals. The protocol 
received approval by RBVRR/1328/02/2024. 
	 The doses of L-theanine (15 mg/kg, i.p.) 
and Vit D3 (10 000 IU/kg, p.o.) were selected based 
on previously published evidence demonstrating 
antidepressant and neuroprotective efficacy in 
rodent models of chronic stress while maintaining 
a favourable safety profile. L-theanine within 
the 5–50 mg/kg range produces significant 
antidepressant-like and anxiolytic effects by 
modulating monoaminergic neurotransmission 
and reducing oxidative stress.5,7,8 A dose of 15 
mg/kg was therefore chosen as a sub-sedative yet 
pharmacologically active concentration suitable 
for chronic administration. Vit D3at 10,000 IU/
kg was adopted from studies showing restoration 
of 25-hydroxyvitamin D levels, enhancement of 
BDNF expression, and suppression of oxidative 
and inflammatory changes during unpredictable 
chronic mild stress 9,10These doses were expected 
to provide complementary neurochemical and 
antioxidative protection, justifying their combined 
evaluation against CUS-induced behavioural and 
biochemical impairments.Everyday dose was given 
at 10’O clock and stressor was given after dosing. 
On the day of behavioural parameters assessment 
stressor was not given and tests were performed 
after giving dose. Blood collection was also done 
after giving dose on the last day.
	 The animals that have been split into the 
following groups at random.
Group 1-Vehicle control (V.C)-Distilled water 
(p.o.)
Group 2 -Stress control(S.C)-Distilled water (p.o.) 
+ Stress
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Group 3-Standard group(Cit)-Citalopram (10 mg/
kg) (i.p) + Stress
Group 4 -Test group1(L-The) - Theanine (15 mg/
kg) (i.p)+ Stress
Group 5 -Test group 2(Vit Dƒ )-Vit Dƒ  (10000 IU/
Kg) (p.o.)+ Stress
Group 6 -Test group 3(L-The + Vit Dƒ )-L- 
Theanine (15 mg/kg)(i.p)+ Vit Dƒ  (10000 IU/Kg)
(p.o.) + Stress
Induction of stress
	 Stress was induced by stressors like 
Shaking ,Restraint, Tilted cage, Wet cage, Overnight 
illumination, Without sawdust and loud sounds, 
Foot shock, Social isolation, Tail pinching. Except 
for Vehicle control rats all other rats received CUS 
protocol. A total of nine stressors were used, and 
stressors are applied such that no animal received 
the same stressor for three days in a row to avoid 
predictability for the period of forty two days.11,12

Behavioural and Biochemical tests
	 Behavioural tests were assessed on 0week 
and completion of , 2nd, 4th and 6th week where 
Depression was assessed by the following tests.
(1) SPT (Sucrose preference test),(2) OFT (Open 
field test),(3) Coat state test,(4) Splash test and 
(5) Forced Swimming test(FST). Memory was 
assessed by the tests (1)NORT (Novel object 
Recognition test) and EPM (Elevated plus maze 
test).13-19Biochemical parameters were conducted 
on the 6th week. Animals have been observed for 
the variations in their body weight, food intake 
(in gms), and water intake (in ml) throughout 
the 6 week study period. Sucrose preference in 
percentage and cognitive index was calculated 
using the below formulas.

	 Assessment of relative weight of the 
adrenal glands was performed after removing the 
adipose tissue from the retroperitoneal connective 
tissue on the kidneys. The ratio of each rat’s total 
body weight in grams to the relative weight of its 
adrenal glands ( mg per pair of dry glands is divided 
by weight of each rat’) was computed.20

Statistical analysis
	 Mean ± SEM (n = 6/group) was used to 
express all values. Graph pad prism 10 software 

has been utilized to analyze data by ANOVA(one-
way analysis of variance) followed by Tukey test 
for repeated pairwise comparisons between the 
different treated groups. P less than 0.05 values 
have been considered as statistically significant.

Results 

Effect of L- theanine, Vitamin Dƒ , and the 
Combination on Behavioural tests
	 Behavioural tests were assessed on 2nd 
week, 0 week, 4thweek and 6th week of the CUS 
protocol.
Effect of L- theanine, Vitamin Dƒ , and the 
Combination on preference of consumption of 
Sucrose solution
	 The Figure 1 below represents sucrose 
preference by each group from 0 week to 6 week. 
Stress control rats showed significantly decreased 
preference towards sucrose over the period of 
Six weeks and the treatment groups showed 
significantly increased preference towards sucrose 
when compared with stress control group.      
Effect of L- theanine, Vitamin Dƒ , and the 
Combination on Time spent in central square 
and Total no.of Entries
	 As shown in Figure 2, Stress control 
group showed decreased inclination to enter the 
central square over the period of Six weeks, when 
compared with baseline values and vehicle control 
group. By sixth week, there were fewer entries 
in the central square of stress control than in the 
vehicle control group. By the end of Sixweek 
Standard group and Treatment groups L - Theanine, 
Vitamin D3 and L - Theanine + Vitamin D3 showed 
significant and progressive increase activity in 
central square demonstrating the effectiveness of 
the treatment in reducing the anxiety and enhancing 
exploratory behaviour at the Six week when 
compared to the stress control. 
Effect of L- theanine, Vit Dƒ , and the 
Combination on Coat State score
	 The Table1 below represents coat state 
score of all groups over the period of Six weeks. 
Rats exposed to the CUS protocol showed a 
markedly reduced self-care behaviour at the end of 
the 6-week CUS protocol, with unclean coats only 
being seen at weeks two, four and six in comparison 
to vehicle control group, as per coat state results. 
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Fig. 1. Effect of L- theanine, Vit Dƒ , and the Combination on Percentage preference of consumption of Sucrose 
solution
Values are “expressed as Mean ± SEM (n=6) #p<0.05, ## p<0.01, ###p<0.001,#### p<0.0001 compared with vehicle 
control, mean± SEM *p<0.05,** p<0.01, ***p<0.001,**** p<0.0001 compared to stress control

Fig. 2. Effect of L- theanine, Vit Dƒ , and the Combination on time spent in central arm and Total no. of entries in 
central square

Values are “expressed as Mean ± SEM (n=6) #p<0.05, ## p<0.01, ###p<0.001,#### p<0.0001 compared with vehicle 
control, mean± SEM *p<0.05,** p<0.01, ***p<0.001,**** p<0.0001 compared to stress control.

Citalopram, L- The, Vitamin D3 and L- The + 
Vitamin D3 groups exhibited similar coat state as 
that of vehicle control group with clean coat.  
Effect of L- theanine, Vit Dƒ , and the 
Combination on Grooming latency
	 Figure 3 below displays average of 
grooming latency of all groups over the period 
of six weeks. Stress control group exhibited 
significantly high grooming latencies over the 

sixweek period owing to effectiveness of the 
protocol by confirming the presence of stress or 
depressive-like symptoms. Treatment groups L - 
Theanine, Vitamin D3 and L - Theanine + Vitamin 
D3 showed a marked and significant decrease 
in grooming latency over time when compared 
to stress control. The standard group showed a 
decrease latency by sixth week when compared 
with the baseline values, stress control.
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Table 1. Effect of L- theanine, VitD3 , and the Combination on Coat State score

Groups		                          Coat test Scores
	 0 Week	 2 Week	 4 Week	 6 Week

Vehicle control	 0.00	 0.00	 0.00	 0.00
Stress control	 0.00	 0.17±0.17	 1.17±0.48##	 2.67±0.49####

Cit	 0.00	 0.00	 0.00	 0.00
L - The	 0.00	 0.00	 0.00	 0.00
Vit Dƒ 	 0.00	 0.00	 0.00	 0.00
L - The + Vit Dƒ 	 0.00	 0.00	 0.00	 0.00

Values are “expressed as Mean ± SEM (n=6) #p<0.05, ## p<0.01, ###p<0.001,#### p<0.0001 
compared with vehicle control, mean± SEM *p<0.05,** p<0.01, ***p<0.001,**** p<0.0001 
compared to stress control”.

Fig. 3. Effect of L- theanine, Vit D3 and the Combination on Grooming latency
Values are “expressed as Mean ± SEM (n=6) #p<0.05, ## p<0.01, ###p<0.001,#### p<0.0001 compared with vehicle 
control, mean± SEM *p<0.05,** p<0.01, ***p<0.001,**** p<0.0001 compared to stress control

Effect of L- theanine, Vitamin Dƒ , and the 
Combination on Immobility time
	 The figure 4 below displays average 
immobility time of all groups over the period of 
six weeks in FST. Stress control group showed a 
marked increase in immobility time over sixweek 
period and increase in immobility time has been 
observed when associated to baseline value. 
When compared to the vehicle control group, the 
stress control group’s immobility time increased 
significantly throughout the course of the sixweek 
period. Treatment groups L - Theanine, Vitamin 
D3 and L - Theanine + Vitamin D3 exhibited 
pronounced reduction in immobility time after 

treatment when associated with baseline values and 
stress control respectively. The combination group 
especially showed a substantial decrease(64.70%   
) in immobility time comparable with that of 
standard treatment(65.8%   )
Effect of L- theanine, Vitamin Dƒ , and the 
Combination oncognitive index
	 The figure 5 below displays average 
cognitive index of all groups over the period of 
six weeks. Stress control group showed decreased 
cognitive index for familiar over the time of six 
weeks whereas treatment groups exhibited an 
increase in the cognitive index. The L- Theanine 
+ Vitamin D3 group showed a significant elevate 
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Fig. 4. Effect of L- theanine, Vit D3 and the Combination on Immobility time
Values are “expressed as Mean ± SEM (n=6) #p<0.05, ## p<0.01, ###p<0.001,#### p<0.0001 compared with vehicle 
control, mean± SEM *p<0.05,** p<0.01, ***p<0.001,**** p<0.0001 compared to stress control”

Fig. 5. Effect of L- theanine, Vit D3 and the Combination on Cognitive Index
Values are “expressed as Mean ± SEM (n=6) #p<0.05, ## p<0.01, ###p<0.001,#### p<0.0001 compared with vehicle 
control, mean± SEM *p<0.05,** p<0.01, ***p<0.001,**** p<0.0001 compared to stress control

in cognitive index from the second week over the 
sixweek period compared to any other treatment 
group.
Effect of L- theanine, Vitamin Dƒ , and the 
Combination on Transfer latencies
	 The figure 6 below displays average 
transfer latency(TL) of all groups over the period 
of six weeks. The Stress control group showed 
decreased transfer latency on EPM over the 

period of six weeks.  Before CUS induction all 
the groups showed decreased second day transfer 
latencies on EPM. After CUS protocol there is a 
significant increase in transfer latency validating 
the appropriate CUS induction and 6 weeks of 
treatment with stand and and test drugs significantly 
reduced the Transfer latency indicating their 
potential in inhibiting stress induced cognitive 
impairment. 
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Fig. 6. Effect of L- theanine, Vit D3 and the Combination on Transfer latencies in sec
Values are “expressed as Mean ± SEM (n=6) #p<0.05, ## p<0.01, ###p<0.001,#### p<0.0001 compared with vehicle 
control, mean± SEM *p<0.05,** p<0.01, ***p<0.001,**** p<0.0001 compared to stress control”.

Fig. 7. Effect of L- theanine, Vit D3 and the Combination on Glucose levels, Total cholesterol and Triglyceride levels
Values are “expressed as Mean ± SEM (n=6) #p<0.05, ## p<0.01, ###p<0.001,#### p<0.0001 compared with vehicle 
control, mean± SEM *p<0.05,** p<0.01, ***p<0.001,**** p<0.0001 compared to stress control.

Effect of L- theanine, Vitamin Dƒ , and the 
Combination on Biochemical parameters
Effect of L- theanine, Vitamin Dƒ , and the 
Combination on Glucose levels, Total cholesterol 
and Triglyceride levels
	 Glucose levels were estimated on the 
6thweek of the CUS protocol, and levels of 
glucose were raised in stress control group. But 
the elevation is statistically insignificant. The  L- 
theanine + Vit Dƒ  treatment significantly reduced 
serum glucose levels.  The triglycerides levels of 
stress control have been found to be significantly 
higher than vehicle control group. The citalopram 

treated standard group and treatment groups L 
- Theanine, Vit Dƒ  and L - Theanine + Vit Dƒ  
triglyceride levels were found to be significantly 
lower when related to stress control group. It was 
discovered that the stress control group’s Total 
Cholesterol levels were significantly greater than 
those of the vehicle control group. Total cholesterol 
levels were observed to be considerably lower in 
the L-theanine, Vit Dƒ , and L-theanine + Vit Dƒ  
and regular citalopram treatment groups than in 
the stress control group. Especially  L - Theanine 
+ Vit Dƒ  combination significantly reduced the 
cholesterol and LDL levels.
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Table 2. Effect of L- theanine, Vit D3 and the 
Combination on Serum cortisol levels

Groups	 Cortisol levels (ng/ml)

Vehicle control	 1.83±0.03
Stress control	 3.60±0.04####

Cit	 2.90 ±0.03****

L - The	 3.28±0.04****

Vit D3	 3.12±0.06****

L - The + Vit D3	 2.95±0.02****

Values are “expressed as Mean ± SEM (n=6) #p<0.05, ## 

p<0.01, ###p<0.001,#### p<0.0001 compared with vehicle 
control, mean± SEM *p<0.05,** p<0.01, ***p<0.001,**** 
p<0.0001 compared to stress control.

Fig. 8. Effect of L- theanine, Vit D3 and the Combination on Relative weight of adrenal glands
Values are “expressed as Mean ± SEM (n=6) #p<0.05, ## p<0.01, ###p<0.001,#### p<0.0001 compared with 
vehicle control, mean± SEM *p<0.05,** p<0.01, ***p<0.001,**** p<0.0001 compared to stress control”.

Effect of L- theanine, Vitamin Dƒ , and the 
Combination on Serum cortisol levels and 
Adrenal glands
	 The table 2 below shows serum cortisol 
levels of allgroups on the sixth week. The 
cortisol levels of stress control were found to be 
significantly higher compared to vehicle control 
group. Whereas the cortisol levels of the treatment 
groups are significantly lower than stress control 
group.  
Effect of L- theanine, Vitamin Dƒ , and the 
Combination on Relative weight of adrenal 
glands 
	 The proportional weight of the adrenal 
glands after six weeks is shown in the Figure 8 
below.The Stress control group showed increased 
weight of the adrenal glandwhen related with the 
vehicle control. By the end of sixth week, stress 

control showed significant increase in the adrenal 
gland weight  when compared to the vehicle 
control group. All the treatment groups showed 
a reduction in Adrenal gland weight compared to 
stress control group. However L - Theanine and 
Vitamin D3 combination showed highest reduction 
in average adrenal gland weight compared to either 
of individual treatments

Discussion

	 The Sucrose Preference Test measures 
anhedonia,  a  depression core symptom 
characterized by a loss of interest in pleasurable 
activities. Rodents exposed to CUS typically show 
a reduced preference for sucrose solution compared 
to controls, indicating anhedonia. This reduction 
reflects the negative effect of chronic stress on 
reward processing systems in the brain, particularly 
involving dopaminergic pathways.21The increase in 
the sucrose preference of L- theanine can be due to 
the ability to increase the monoamine levels such 
as dopamine, serotonin and Treatment with Vit D 
10,000 IU enhanced the sucrose preference 9,25and 
the combination of both drugs could be the reason 
for improved performance of the combination 
group which was found to be consistent with earlier 
research.
	 Open Field Test evaluates anxiety-related 
behaviours as well as overall locomotor activity. 
In this test, rodents subjected to CUS often exhibit 
increased anxiety and depression, evidenced by 
decreased exploration of open field centre and 
elevated time spent in periphery. Neurotransmitter 
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imbalances and altered HPA(hypothalamic-
pituitary-adrenal) axis function that were associated 
to these behavioural abnormalities.26 Citalopram 
administered group showed significantly increase 
in time spent in central square activity in the 
model rats as previously reported.27 L – theanine 
significantly increased the time in central square 
due to the antidepressant activity of L – theanine . 
Treatment with Vit Dƒ  enhanced the performance 
of rats in an OFT setting which can be due to 
antidepressant like effect of  Vit Dƒ which were 
found to be compatible with earlier research. 9,28

	 Coat State Test examines the physical 
condition and grooming behaviour of rodents. A 
deterioration in coat condition, such as increased 
fur matting and poor grooming, is often seen in 
rodents exposed to CUS. This physical neglect 
reflects decreased self-care and an overall decline 
in physical and mental health, providing a visible 
marker of the depressive-like state induced 
by chronic stress. Groups administered with 
Citalopram, L-theanine, Vitamin D3 have a similar 
Coat state as that of the vehicle control group due to 
the antidepressant impact of the compounds and can 
be attributed to the serotonergic involvement.5,29,30

	 Behavioural despair, a defining feature of 
depressive-like behaviour, is assessed using Forced 
Swim Test. In the FST, rats given CUS often show 
longer periods of immobility, indicating a sense 
of helplessness, which was also observed in this 
study. This behaviour correlates with decreased 
serotonergic and noradrenergic neurotransmission, 
mirroring the neurochemical changes observed in 
depression.30  The combination of L Theanine and 
Vitamin D3 significantly reduced the immobility 
time, since L-theanine treatment can raise levels of 
NE, 5-HT, DA, it was highly effective in reducing 
depressive-like behaviour and greatly decreased 
immobility time in forced swim test.5,7 Moreover 
addition of Vit Dƒ  treatment has enhanced the 
performance of rats in FST, which contributed to 
less floating time, highly effective in mitigating 
depressive like behaviour.8,26

	 The Novel Object Recognition Test 
evaluates recognition memory in particular. 
Rodents experiencing CUS typically show 
impairments in this test, as indicated by reduced 
exploration of a novel object compared to a familiar 
one. This cognitive decline is often linked to stress-
induced alterations in hippocampal plasticity and 

neurotransmitter dysregulation, affecting learning 
and memory processes .19,20 The increase of cognitive 
index of the groups administered with Vitamin D3 
and L theanine administered group was found 
to be in accordance with earlier research can be 
attributed to increased BDNF levels in the brain by 
Vitamin D3 and L- Theanine.9,21,22,23,24 A deficiency 
in the BDNF levels leads to dementia.34By 
modulating GABAergic neurotransmission L 
theanine improves memory.35,36,37,50

	 Rats’ memory was assessed using the 
elevated plus-maze, which has two open and two 
enclosed arms. In animal models, the shortened 
TL has been proposed as a measure of how 
memory retention affects cognitive processes. 
The decreased latency of the treatment groups 
L - theanine and Vit Dƒ  can be due to increased 
levels of neurotransmitters 35,38 which were found 
by the earlier research and the shorter latencies of 
the combination group of L- theanine + Vitamin 
D3 can be due to the synergistic action.
	 Chronic stress conditions significantly 
influence sustained increases in cholesterol levels 
over time.38Taking Vitamin D could lower levels 
of total cholesterol, LDL and triglycerides in the 
blood.39According to the previous research that 
taking Vit Dƒ  could lower serum total cholesterol, 
LD Land triglyceride levels.40 L- Theanine 
promotes lipolysis and inhibits fat formation.41

	 Cortisol rises in reaction to chronic 
stress. The adrenal cortex releases cortisol when 
HPA(hypothalamic-pituitary-adrenal) axis is 
activated during stress. Current CUS model 
shows how prolonged, unpredictable stress 
situations increase HPA axis activity and cortisol 
as the body copes with stress.41 L-Theanine 
and Vitamin D3 synergistically reduced stress 
reactions, as shown by a substantial reduction 
from both stress control. L – theanine and Vit 
Dƒ  have the capacity to reduce cortisol levels, 
which might have been the reason in the reduction 
of cortisol levels, which are in line with earlier 
research.43,44,45Corticotropin-releasing hormone 
neurones in the hypothalamic paraventricular 
nucleus are involved in stress reactions on HPA 
axis. Paraventricular nucleus then transports 
peptide toanterior pituitary, where corticotrophs 
release adrenocorticotrophic hormone, increasing 
the production of glucocorticoids.44 Memory 
impairment is closely associated with decreased 



314 Ghooli et al., Biosci., Biotech. Res. Asia,  Vol. 23(1), 305-317 (2026)

neurogenesis, the brain’s process of producing 
new neurons.46  Increased cortisol levels and 
inflammation have frequently been reported in 
patients with depression.47 Rats under chronic stress 
typically show adrenal enlargement, suggesting 
that chronic stress also influences the periphery 
limb of the HPA axis.48Administration of L 
-Theanine is found to reduce psychosocial stress 
and might be the reason to reduce the adrenal gland 
weight as found in earlier research.49,50 Combined 
supplementation of Vitamin D and L-theanine 
has demonstrated superior behavioural and 
neurochemical recovery in stress models compared 
with monotherapy, indicating multimodal and 
potentially synergistic mechanisms of action.51 
In addition to neurotransmitter modulation, 
the observed effects may also involve non-
neurochemical mechanisms such as attenuation 
of neuroinflammation, oxidative stress, HPA axis 
dysregulation, and modulation of neurotrophic 
pathways associated with chronic stress.

Conclusion

	 The present study evaluated the effects of 
combined L-theanine and Vit Dƒ  supplementation 
in a chronic unpredictable stress (CUS) model and 
demonstrated significant protection against stress-
induced behavioural and cognitive impairments. 
L-theanine and Vit Dƒ  combination effectively 
prevented anhedonia and depressive-like behaviours 
while improving anxiety-related responses and 
cognitive performance. These findings suggest a 
modulatory effect of the combination on stress-
responsive neurobiological pathways beyond 
symptomatic relief. Collectively, the results 
indicate that L-theanine and Vit Dƒ  may represent 
a promising adjunctive approach for managing 
chronic stress–associated disorders. Future studies 
should elucidate underlying molecular mechanisms 
and validate these effects in clinical settings.
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