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Abstract
Stress influences health and wellbeing, altering many physiological systems 

including the immune system. Herbal concoctions including teas impact immunity and 
mitigate the negative effects of stress. Moringa oleifera is a tree that is exceptionally rich 
in medicinally relevant and immune modulating nutrients and phytochemicals. The goal 
of this experiment was to determine whether tea prepared from dried Moringa oleifera 
leaves influenced acute stress induced changes to the levels of circulating lymphocyte 
and neutrophils. Balb/c mice were offered either water or Moringa tea ad libitum for 
four days and then randomly selected for either restraint for 1h or 12 h to induce stress 
or left alone (unstressed). Post stress the levels of circulating neutrophils and 
lymphocytesin the blood were determined by differential cell staining. While, mice that 
consumed water had significant (p<0.05) increases in circulating blood neutrophils after 
1h of restraint, the level of neutrophils in the mice dosed with tea remained unchanged. 
Post 12h of restraint stress significant (p<0.05) increases in neutrophil levels were 
observed in mice that consumed tea but not in mice that consumed water. In the case 
of lymphocytes, consumption of Moringa tea had no effect. Compared to unstressed 
mice, 1 h or 12 h of restraint stress resulted insignificant (p<0.05) decreases in circulating 
lymphocytes of similar magnitude in both the water and Moringa tea groups. Flow 
cytometric analysis showed no significant differences in CD3+ T cells or CD19+ B cells 
levels. These data suggest that consumption of the Moringa tea can influence stress 
induced variations to circulating neutrophils but not lymphocytes.
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Introduction
Stress causes changes to many physiological systems [1]. Within the immune system 

stress causes changes to immune cell production, circulation, tissue residency, and 
function and depending on the duration of the stress either positive or deleterious 
effects can occur [2-6]. Chronic stress for example, leads to decreases in both circulating 
neutrophils and lymphocytes and is generally thought to be suppressive to immune 
responses, but is also associated with inflammation [7], [8]. In contrast, acute, fight-or-
flight stress is characterized by increased levels of circulating blood neutrophils and 
decreased circulating lymphocytes [6]. This redistribution of cells allows for quick 
responses that protect the host. This is particularly relevant during fight-or-flight 
situations when high levels of blood circulating neutrophils are critical for quickly 
responding to potential microorganism exposure that could occuras a result of injury 
[3], [9].
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Second only to water, tea is the most widely consumed 
beverage in the world and approximately 80% of US households 
consume tea [10]. Having high levels of phytochemicals and 
nutrients, teas have health promoting properties [11]; 
including antioxidant, anti-cancer [12], anti-inflammatory and 
immunomodulating properties. Tea consumption has also 
been associated with stress relief with both green and black 
teas having positive impacts on psychological stress and 
stress recovery [13], [14].

The Moringa oleifera tree (Family: Moringaceae) is a 
perennial softwood tree also known as the drumstick or 
horseradish tree. It is native to the sub-Himalayan regions of 
India, Pakistan, Bangladesh and Afghanistan, but is also 
cultivated in Africa, the Caribbean, and southern regions of 
the United States [15], [16]. All parts of the Moringa tree 
(seeds, pods, flowers, leaves, roots and stems) are edible and 
have long been consumed by humans and animals because 
of its high nutritional value, various health, and medicinal 
properties [16-19]. Moringa is rich in phyto-chemicals, 
antioxidants, vitamins/minerals, and proteins and holds 
antitumor, anticancer, anti-tensive, anti-inflammatory, and 
antibacterial properties [15].

Because of its medicinal properties, Moringa leaf tea is 
touted as a “super tea” and much like leaf powders, oils and 
alcoholic extracts, has immune modulating capacity. Previous 
studies from our lab, using a mouse model of acute lung 
inflammation, showed that mice that consumed tea prepared 
from dried Moringa leaves had decreased lung inflammation 
marked by alterations in cytokine production, leukocyte 
migration, and neutrophil apoptosis [20]. Several studies using 
animal models show that Moringa extracts impact hematological 
parameters. Auwal, et al for example, demonstrated that 
providing aqueous extracts prepared from Moringa seeds to 
wistar rats lead to significant increases in blood levels of 
neutrophils and other granulocytes, but significant decreases in 
lymphocytes [21]. However, in another study rats that consumed 
high doses of M. oleifera leaf extracts had significantly higher 
lymphocyte and lower neutrophil levels in blood as compared 
to controls [22]. This is in contrast to a study by Gupta et al 
showing that mice dosed with ethanolic M. oleifera leaf extracts, 
for 15 days, had dose dependent increases in total white blood 
cell counts and percent neutrophils. Furthermore, in that study, 
the Moringa extracts reversed cyclophosphamide induced 
immunosuppression of neutrophils [23]. These data suggest 
that consumption of extracts from Moringa can lead to 
alterations in levels of circulating blood neutrophils and 
lymphocytes, but the effect that Moringa, more specifically 
Moringa tea, has on stress induce changes to circulating blood 
leukocytes has not been reported. The current study 
investigatedthe immunomodulatory activity of M. oleifera leaf 
tea during acute stress. Focusing specifically on stress induced 
changes to blood circulating lymphocytes and neutrophils.

Material and Methods 
Animals: All animal handling and experimental procedures 
for this study were conducted in accordance with applicable 

regulations and were approved by the Institutional Animal 
Care and Use Committee of North Carolina A&T State 
University. For this study a total of 48 female Balb/c mice 
between the ages of 5 to 7 weeks were purchased from Harlan 
Laboratory (Indianapolis, Indiana). Mice were maintained in 
the Laboratory Animal Resource Unit of North Carolina A&T 
State University on a 12 light/12 dark cycle and consistent 
temperature (68-70OF) and humidity (58-60%). During the 
5-day dosing period, all mice had ad libitum access to food 
and liquid (water or tea) and were minimally handled daily to 
record weights. 

Preparation of 1% (w/v) Moringa Tea and Dosing. Moringa 
tea was prepared as previously described in McKnight, et al 
2014 [20]. Briefly, approximately 50g of dried Moringa oleifera 
leaves were steeped in 5L of 950C distilled water for 30 minutes. 
The resulting tea was poured through sterile cheese cloth into 
sterile beakers to filter out leaves and large particles. Smaller 
particles were removed by filtering the tea further through a 
3M filter paper lined funnel into a vacuum flask. Finally, the tea 
was filtered through a sterile 0.22µM PES vacuum filter system 
(Cell treat, Largo FL). Sterile filtered tea was aliquoted into 
sterile 50ml conical tubes under a laminar flow hood and stored 
at 40C until used. For Moringa tea dosing, mice were randomly 
divided into either the water (n=24) or Moringa tea groups 
(n=24). Every morning for four 24-hour periods (beginning 
Monday a.m. and ending Friday a.m.), 100ml of fresh distilled 
water (control) or Moringa tea (tea) was provided. Consumption 
of the water or tea was monitored daily by determining the 
amount of liquid remaining from the amount of liquid offered 
(100 ml). The average daily consumption per mouse was 
determined by dividing the total water consumption of each 
cage by the number of mice per cage. In addition, mouse 
weight and chow consumption were recorded daily.

Induction of Stress: For this study two trials were completed. 
For trial 1 stress was induced for 1-hour and for trial 2, 12-hours. 
Both trials were performed twice with 12 mice in each replicate 
for a total of 24 mice in each trial. Mice (n=12) in eachtrial 
replicates were divided into four treatment groups (n=3) as 
follows: (1) water/no stress, (2) water/ + stress (3) Moringa tea/ 
no stress, and (4) Moringa tea/ + stress. On the morning of day 
four, three mice each from dosing condition groups (water or 
tea) were randomly selected and stressed using the physical 
restraint method as described in Yin et al, 2000 [7]. Briefly, mice 
were placed into 50ml conical polyethylene tubes; for 1h 
(9:00am–10:00am) in trial 1 or 12 hours (6:00am-6:00pm) in trial 
2. While tubes restricted overall movement, several holes were 
placed in the body of the tube to provide adequate ventilation 
and one hole placed in the cap to allow for free movement of the 
tail. Once restrained in the tubes, mice were placed horizontally 
in their cages. Quiet conditions were provided for both the 
control (non-stressed) and stressed groups for the entire restraint 
periods. Neither the experimental nor the control animals had 
access to food or water during the restraint period.

Blood Collection and Cell Analysis. Immediately following 
the 1h or 12h stress period, mice in the stressed and non-
stressed groups were sacrificed with Isoflurane (Baxter, 
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Deerfield, IL). Approximately 200-500ul of whole blood was 
collected via terminal cardiac puncture. Blood was transferred 
to micro centrifuge tubes containing 50 µl of 0.5M EDTA to 
prevent coagulation and smeared in slides for analysis by 
differential cell staining as described in (Corn Minor, et al 2010). 
[24]. Briefly, 2-5 ml of the freshly collected blood was smeared 
onto glass slides. The smeared slides were dried, fixed, and 
stained using HEMA 3 Stain Set (Fisher Scientific, Pittsburg, PA). 
Cells were identified and counted based on color and 
morphology using a compound light microscope with a 100x 
oil immersion lens. A minimum of 100 total cells per slide was 
counted. Blood was also processed for flow cytometric 
lymphocyte phenotyping. Blood was incubated with 1X multi-
species red blood cell (RBC) lysis buffer (eBioscience, San 
Diego, CA) for 5 min at room temp. The cell pellets were washed 
by centrifuging for 5min at1000 RPM. Resuspended cells were 
incubated with Fc block (rat IgG2b anti-mouse CD16/CD32 
monoclonal antibody (BD Biosciences) then stained with anti-
CD3 FITC (BD Biosciences) and anti-CD19 APC for 30 min at 
room temperature in the dark. Cells were washed two times 
with FACS buffer (Phosphate buffered saline with 10% Fetal 
Bovine Serum and 0.1% NaN3 sodium azide), fixed with 1% 
paraformaldehyde, washed, and finally resuspended in FACS 
buffer. Cells were acquired with an Accuri C6 Flow Cytometer 
(BD Biosciences, San Jose, CA) collecting 10,000 total events. 

Statistical Analysis
Graph Pad Prism version 5 (La Jolla, CA) was used to create 

graphs and perform statistical analysis. A completely randomized 
one-way ANOVA with Bonferroni post hoc tests was used to 
perform statistical analysis on differential cell staining counts 
and flow cytometry. Paired student t-test was used to determine 
significance on weight and feed/water/tea consumption data. P 
values less than 0.05 were considered significant.

Results 
Moringa Tea Consumption. During the dosing period all 
mice had free access to feed, and either water or tea for four -24-
hour periods (4 days). Consistent with our previously reported 
findings [20]. Mice in this study consumed Moringa tea at the 
same or at higher rate than water (Figure 1A). There were no 
significant differences in feed consumption or weight between 
the water or tea groups during the 4-day dosing period 
(Figure 1B and C). 

Stressed Induced Changes in Circulating Neutrophils Are 
Altered by Consumption of Moringa Tea. To determine the 
effect Moringa tea consumption has on stress induced 
immunomodulation, mice in the water or Moringa tea groups 
were placed in stressed or unstressed conditions. Acute stress 
is shown to lead to increases in circulating neutrophils. In this 
study mice that drank water and were exposed to 1 hour of 
stress had significant increases in circulating neutrophils as 
expected. However, no change in the level of circulating 
neutrophils was observed in mice that consumed Moringa tea 
(Figure 2A). With more prolonged stress (12 hours), the 

Moringa tea group showed significantly higher levels of blood 
circulating neutrophils as compared to their non-stressed 
counterparts (Figure 2B).In contrast, stress had no effect on 
the level of circulating neutrophils in mice that consumed water 
(Figure 2B). Together these data suggest that Moringa tea 
modulates the impact of stress on neutrophils; abrogating the 
changes induced by 1 hour of stress but enhancing that of 
longer stress induction. 

Figure 1. Mice were offered water (▲) or Moringa tea (■) for 4 day 
ad libitum. Average (A) fluid intake (B) feed consumption and (C) 

weight gain over 4- (24) hour (day) periods was calculated. Data are 
an average of (n=12). (**P<0.05)

Moringa Tea Does Not Impact Stress Induced Modulation of 
Lymphocytes. One hour of restraint stress in mice causes 
increases in blood neutrophils and decreases circulating 
lymphocytes [4]. For this study, one hour of stress resulted in 
significant decreases in circulating blood lymphocytes when 
compared to their unstressed counterparts in both the water 
and the Moringa tea groups. No significant differences 
between the dosing groups (water vs. tea) were observed 
(Figure 3A). Similar results were found when mice underwent 
12-hours of restraint stress (Figure 3B). Flow cytometry was 
used to determine if there were specific changes to the 
percentages of T and B-cells that could not be detected with 
differential cell staining. No significant changes in the percent 
of circulating T (CD3+) or B (CD19+) cells after stress in either 
the water or tea groups were observed (Figure 4 A and B). 
This suggests that Moringa tea does not affect stress induced 
modulation of lymphocytes within the blood.
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Figure 2. Mice were dosed with water (open bars) or Moringa tea 
(closed bars) for 4 days. On the fifth day mice were either left alone 

(- stress) or restrained for 1 hour (A) or 12 hours (B) to induce 
stress (+ stress). The percent of blood circulating neutrophils was 
determined by differential cell staining. Data is an average of n= 6 

mice in each treatment groups. (**P<0.05)

 
Figure 3. Mice were dosed with water (open bars) or Moringa tea 

(closed bars) for 4 days. On the fifth day mice were either left alone 
(- stress) or restrained for 1 hour (A) or 12 hours (B) to induce 

stress (+ stress). The percent of blood circulating lymphocytes was 
determined by differential cell staining. Data is an average of n= 6 

mice in each treatment groups. (**P<0.05

Figure 4. Mice were dosed with water (open bars) or Moringa tea 
(closed bars) for 4 days. On the fifth day mice were either left alone 

(- stress) or restrained for 12 hours (B) to induce stress (+ stress). 
The percent of blood circulating T-cellsCD4+ (A) and B cells CD19+ 
(B) was determined by flow cytometry. Data is an average of n= 3 

mice in each treatment groups.

Discussion
For decades, plant-based materials have been considered 

an important source of natural products for human and 
animal health. Tea, only second to water, is the most consumed 
beverage in the world [10]. It contains a wide array of health 
promoting ingredients and consumption of tea has been 
shown to negate the negative impacts of stress [13], [14]. 
Moringa oleifera is well known for its many therapeutic, 
nutritional, and medicinal uses. Extracts (aqueous, 
hydroalcohol, or alcohol) made from M. oleifera leaves 
provide several health benefits including antioxidant, 
analgesic, antiulcer, antihypertensive, as well as tissue 
protective, radio protective, and immune modulating capacity 
(reviewed in [25]) and animal studies show that aqueous leaf 
extracts have a high degree of safety [26]. While the anti-
stress potential of many other medicinal plants has been 
reported, to our knowledge the apoptogenic potential of 
Moringa has not been formally investigated [27-31]. The goal 
of this study was to examine the effect tea prepared from 
dried Morning leaves had on acute stress induced changes to 
blood circulating neutrophils and lymphocytes. 

Here we show that mice that consumed Moringa tea for 4 
days had no changes in the levels of circulating blood 
lymphocytes compared to the water group after 1h or 12h of 
restraint induced stress. Furthermore, we found no differences 
in the T cell or B cell lymphocyte subsets by flow cytometry. 
These data suggesting that Moringa tea may have no effect 
on lymphocytes are consistent with previous, unpublished 
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data from our group showing no change in the percentage of 
lymphocytes (T or B cells) within the spleen or lymph nodes of 
normal, healthy, unstressed mice after 5 days of Moringa tea 
consumption. In that study however, differences in T cell 
proliferative responses were detected, with the Moringa tea 
group having decreased proliferative responses after anti-
CD3 and anti-CD28 stimulation. It has been reported that 
restraining mice for one hour causes an increase in levels of 
neutrophils and a decrease in lymphocytes within the blood 
[4]. Additionally, during acute stress, T cells selectively 
redistributed into the skin, where they contribute to 
enhancement of the immune response [9]. Further studies 
therefore are needed to evaluate what effects Moringa tea 
has on lymphocyte trafficking (particularly to the skin). Also of 
interest is whether it alters lymphocyte activation and effector 
responses (cytokine and antibody production) in either 
normal or stressed conditions. Oyewo, et al report that wistar 
rats consuming aqueous Moringa leaf extracts for 56 days 
had significant increases in total white blood cell and 
lymphocyte counts but decreases in neutrophil counts [32]. 
Therefore, the effect that longer dosing with Moringa tea has 
on stress induced immunomodulation is relevant. 

Stress has been shown to influence not only neutrophil 
levels but also function [33], [34]. Moringa consumption, in 
several animal studies, positively influences many neutrophil 
functions including oxidative burst, chemotaxis, adhesion, 
and phagocytosis [35-38]. In the current study, Moringa tea 
blocked the increase in blood circulating neutrophils that was 
expected to occur after 1 hour of restraint stress but led to 
significant increases in neutrophil levels after a longer period 
of stress (12h). But, the impact that consumption of Moringa 
tea has on neutrophil functions such as phagocytosis, 
adhesion and production of cytokines and other mediators 
during instances of stress remains to be determined. 
Additionally, the overall consequence of the immunomodulation 
by Moringa tea in instances of stress should be addressed. 
Are the decreases in neutrophil levels after consumption of 
Moringa tea during acute situations associated with positive 
health benefits or would it negatively impact innate immune 
protection during fight-or-flight situations? Moreover, would 
the increases in neutrophils during the longer period of stress 
(12h) in the lead to increased inflammation? 

Depending on the type and duration, stress can modulate 
immune responses in either a positive or negative direction 
[4], [5], [39], [40]. The model used for this study used a one-
time application of restraint stress (acute) and therefore the 
influence that Moringa tea consumption has on chronic 
immune modulation is yet to be determined. Furthermore, 
chronic psychological stress can also accelerate biological 
aging, and oxidative damage [39], [41]. Compared to the 
other parts of the plant (roots, stems, seeds, flowers and 
pods), extracts from the Moringa leaf have the greatest 
antioxidant activity [42]. Boiling Moringa leaves in water 
enhances aqueous antioxidant activity [43]. Suggesting that 
tea prepared from Moringa leaves could also protect from 
stress induced oxidative damage. Fernando et al investigating 

tea brewing extraction kinetics showed that antioxidant 
activity and composition of beneficial constituents such as 
phenolic compounds, caffeine and catechins are dependent 
on the method of preparation [44]. Thus, the optimal 
concentration and preparation (brewing time, water 
temperature) for maximum benefit of Moringa tea for stress 
immunomodulation as well as identifying the phytochemical 
components or antioxidants present in the brewed tea that 
are responsible for influencing immune cell function in 
instances of stress should be determined. 

Conclusion: Stress can have negative consequences to an 
organism’s health and overall well-being. Herbal medicine 
has long been recognized as a valuable and viable alternative 
to more conventional medical practices and consumption of 
medicinal plants that contain nutrients and phytochemicals 
that support the immune system or fight against diseases is 
practiced world-wide. Tea is a widely consumed beverage and 
represents an important source of nutritional and health 
benefits including impacts to immune cell function and stress. 
Moringa is an important plant commodity with great 
nutritional and medicinal potential. Uncovering more 
potential uses for Moringa and understanding the mechanisms 
for how it effects health promotion is important. This report is 
the first to investigate the immunomodulatory activity of M. 
oleifera leaf tea during acute stress, demonstrate that it alters 
blood circulating neutrophils, and conclude that Moringa tea 
has adaptogenic capabilities in cases of stress. 
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