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Mexico is a country with a strong attachment to the using of traditional medicine, which is heritage of pre hispanic 
ethnic groups of Mexican territory that are still present all across the country. The Mexican markets, dedicated exclusively 
to trade medicinal plants, have facilitated the using, getting and importation of plants from other regions of the world such as 
neem, which has been used for many health conditions, both non- communicable and infectious diseases, such as cancer, 
diabetes, bacterial, parasitic and viral infections, even the infection with human immunodeficiency virus. So that, the 
objective of this study was to evaluate HIV-1 infection inhibition by neem leaf extracts and neem compounds. Cytotoxicity 
of aqueous and ethanolic neem leaf extracts and Azadirachtin and Limonene compounds was evaluated in CEM T-cells at 
concentrations of 1 ppm, 10 ppm (extracts); 1 µM, 10 µM (compounds). Only the aqueous extract concentration of 1 ppm 
and Azadirachtin at 1 µM and 10 µM concentrations allowed a cell viability of 100 % compared with controls p > 0.05. 
Based on the results of cytotoxicity we proceeded to evaluate the HIV infection inhibition with the aqueous extract at 
concentration of 1 ppm and Azadirachtin at both concentrations. Inhibition percentages greater than 50 % were obtained and 
showed to be significant compared to controls p < 0.001 This work evidenced the HIV infection inhibition by aqueous neem 
leaf extracts and Azadirachtin; even though, the antiretroviral mechanism is not completely understood. Furthermore, more 
studies need to be conducted in order to identify the active compound responsible for the anti HIV activity described in the 
aqueous extract. 
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Mexico is a country with a strong attachment to the 
using of traditional medicine, which is heritage of pre 
hispanic ethnic groups of Mexican territory that are still 
present all across the country. Maya people in southern1, 
Nahua people in central territory2, and Kikapúes people 
in the North are a few examples3. In addition to 
traditional medicine is the great diversity of plants found 
in Mexico, some authors estimate the number of 
vascular plants in 22,000 different species4, so it is easy 
to understand the popularity of herbal medicine as one of 
the main traditional medicines of the Mexican people5. 
The plants availability in markets stalls depends on the 
demand for the product6; thus, the Mexican markets, 
dedicated exclusively to trade medicinal plants, have 

facilitated the using, getting and importation of plants, 
from other regions of the world, such as neem 
(Azadirachta indica A. Juss.) from India in Asia. Neem 
has been used for many health conditions, both non- 
communicable and infectious diseases, such as cancer, 
diabetes, bacterial, parasitic and viral infections, even 
the infection with human immunodeficiency virus 
(HIV)7-9. HIV is a virus belonging to the family 
Retroviridae

10, characterized by an enzyme called 
reverse transcriptase capable of transcribing the genetic 
material of HIV from RNA to DNA11, this virus is 
recognized as the causative agent of acquired 
immunodeficiency syndrome (AIDS)12, a condition 
which leads to a weakening of the immune system of 
people living with HIV (PLHIV) and the consequent 
susceptibility to some opportunistic infections such as 
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tuberculosis (by Mycobacterium tuberculosis), 
pneumonia (by Pneumocystis jirovencii), meningitis  
(by Toxoplasma), multiple infections (by CMV), 
candidiasis (by Candida albicans), which are the main 
causes of mortality specified in PLHIV in Mexico13. 

In our working experience with PLHIV in Mexico 
city, we have frequently found the report of using 
plant extracts as traditional complementary medicine 
to conventional treatment of HIV14, which is 
consistent with other reports published15,16. Among 
the most popular plants used by PLHIV is the neem14. 
Unfortunately, despite the popularity of herbal 
medicine among Mexican people; the clinical using of 
medicinal plants has not led to the development of 
scientific methodologies and consequently has not 
been incorporated into official medicine17. However, 
plants are a source of secondary metabolites that have 
been tested with activities such as antioxidant, 
antibacterial , antiviral , etc.; for instance, in the 
particular case of neem, more than 135 chemical 
constituents can be extracted and contain many 
biological activities8. Among these constituents are: 
alkaloids, flavonoids, triterpenoids, phenolic 
compounds, carotenoids, steroids and ketones, from 
them the most biologically active compound is 
azadirachtin18. So that, the objective of this study was 
to evaluate HIV infection inhibition by neem leaf 
extracts and neem compounds. The importance of this 
study for the traditional knowledge is to support the 
anti HIV using of the neem’s compounds and extracts. 
 

Materials and methods 
 

Plant material 

A. indica leaves were collected in Matamoros, 
Coahuila. México, in November 2009, and they were 
identified by Dr B Serrano-Gallardo, Universidad 
Autónoma de Coahuila. A voucher specimen  
(A.i 27112009) is deposited at the Centro De 
Investigación Biomédica, Facultad De Medicina, 
Universidad Autónoma De Coahuila, Unidad 
Torreón. Mexico. 
 

Preparation of neem leaf extracts 
A sample of 800 gm air-dried neem leaf was 

blended and a sample of 256 gm of fine dust was 
collected. An aliquot (100 gm) was taken to do the 
extraction with 1 L of ethanol for 7 days at room 
temperature, light protected. Another aliquot (100 gm) 
was taken to do another extraction with hot water  
(60 °C) at room temperature for 1 hr. Both extracts 

were filtered with Whatman® filter paper N. 40 and the 
filtered solutions were dried at 40 °C in a hot air oven 
for 7 days. Finally a sample of 6.15 gm of the ethanolic 
extract was stored at -20 °C and a sample of 26.09 gm of 
the aqueous extract was stored at -20 °C. A solution of 
1000 µL at a concentration of 10 000 parts-per million 
(ppm) was prepared with 10 mg of both aqueous and 
ethanolic extract in sterile water and sterile dimethyl 
sulfoxide (DMSO), respectively. The solutions were 
vortexed for 30 s and centrifuged for 2 min the supernate 
was filtered in a 0.2 µM syringe filter (Acrodisc ®  
25 mm syringe filter w/0.2 µm supor ® membrane). 
 

Preparation of neem compounds 

A stock solution of 100 µL at a concentration of 
100 mM was prepared with 7.2071 mg of 
Azadirachtin (FW 720.71 SIGMA-ALDRICH catalog 
number N11107) and DMSO up to 100 µL, then a 
dilution 1:10 was prepared with 10 µL of the 
Azadirachtin stock solution and 90 µL of DMSO. The 
Azadirachtin dilution was vortexed for 30 s and 
centrifuged for 2 min and the supernate was filtered in 
a 0.2 µM syringe filter (Acrodisc ® 25 mm syringe 
filter w/0.2 µm supor ® membrane). The final 
concentration of the dilution was 10 mM. 

A stock solution of 100 µL at concentration of  
100 mM was prepared with 1.6 µL of Limonene  
(FW 136.23 and density 0.8411 gm/cm3 SIGMA-
ALDRICH catalog number 334111) and DMSO up to 
100 µL, then a dilution 1:10 was prepared with 10 µL 
of the Limonene stock solution and 90 µL of DMSO. 
The Limonene dilution was vortexed for 30 s and 
centrifuged for 2 min and the supernate was filtered in 
a 0.2 µM syringe filter (Acrodisc ® 25 mm syringe 
filter w/0.2 µm supor ® membrane). The final 
concentration of the dilution was 10 mM. 
 

Citotoxicity of neem leaf extracts and neem 

compounds in CEM T cells 
Petri dishes (100 mm) were prepared with 8 mL of 

RPMI-1640 (GIBCO ® Catalog number 11875-085) at 
a concentration of 0.125 µL and 1.25 µL of extract 
either aqueous or ethanolic per mL of RPMI-1640 and  
2 ml of cellular culture were added to each petri dish 
(concentration of 1 000 000 cells per mL of CEM T 
cells); thus each petri dish had 2 000 000 of CEM T cells 
and a final amount of 1 µL and 10 µL of extracts (i.e., a 
final concentration of 1 and 10 ppm respectively). 
Finally the petri dishes were incubated at 37 °C and an 
atmosphere of 5 % CO2 for 72 hrs. The experiment was 
developed 3 times per triplicate each one. 
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In order to prepare the petri dishes (100 mm) with 
Azadirachtin and Limonene at concentrations of 1 and 
10 µM, 1 and 10 µL of the dilution solution [10mM] 
were mixed up to 8 mL of RPMI-1640 and 2 ml of 
cellular culture were added to each petri dish 
(concentration of 1 000 000 cells per mL of CEM T 
cells); thus each petri dish had 2 000 000 of CEM T 
cells and a final concentration of 1 and 10 µM of 
neem compounds: Azadirachtin and Limonene. A 
sample of 100 µL of cellular culture was collected in 
an eppendorf tube that was mixed in a proportion 3:1 
with HyClone® (Trypan blue solution. Fisher 
Scientific Catalog number SV3008401), i.e., 10 µL of 
cellular culture with 30 µL of HyClone, and 10 µL 
were deposited into the hemocytometer to be 
observed at microscope. Cell titer assays were 
performed and viability was determined as the 
percentage of viable compared to the DMSO control. 
 

HIV-1 infection inhibition in CEM T cells 
CEM T cells were infected with a clinical isolate 

from a donor (PLHIV), estimating a multiplicity of 
infection (MOI) of 0.5. Post-infection, the cells were 
incubated for up to 7 days with 1 µL of aqueous 
extracts [10 000 ppm] (i.e., a final concentration of  
1 ppm), 1 µL and 10 µL of Azadirachtin [10 mM]  
(i.e., a final concentration of 1 µM and 10 µM) whereas 
solvents used to prepare extracts were used as negative 
controls. The virus load in the supernatant of CEM T 
cells treated with neem leaf extracts and Azadirachtin 
was estimated by measuring p24 protein using an 
ELISA kit (Perkin Elmer), following the instructions of 
the manufacturer. Per cent inhibition in HIV infection 
was calculated by dividing the p24 concentration in the 
presence either neem leaf extracts or Azadirachtin by 
p24 value observed in control (infected cells without any 
treatment), multiplied by hundred and the obtained value 
was subtracted from hundred. 
 

Statistical analysis 
Statistical calculations and graphs were carried out 

with the SPSS 21 for windows software package and 
Graph Pad Prism 6.01 for windows. Results are expressed 
as the mean + standard error of the mean (SEM) of 
triplicate experiments. Z-test for proportion differences 
was employed being significant P values < 0.05. 
 

Results and discussion 
Citotoxicity of neem compounds (Azadirachtin and 

Limonene [1 and 10 µM]) and neem leaf extracts 
(aqueous and ethanolic [1 and 10 ppm]) were 

evaluated in CEM T cell as shown in Fig. 1. Neither 
Limonene nor ethanolic extract showed a cellular title 
over 80 %; in the case of the aqueous extract  
(10 ppm) a massive proliferative effect was observed 
that was consistent with previous reports (p < 0.001)19. 
Only Azadirachtin at both concentrations 1 and 10 µM, 
and aqueous extract at a concentration of 1 ppm showed 
a cellular title of 100 % when compared with the control 
p > 0.05. Based on the results of cytotoxicity, 
Azadirachtin and aqueous neem leaf extract were 
evaluated against HIV and percentages of HIV infection 
inhibition over 50 % were found to be significant 
compared to their control p < 0.001 as shown in Fig. 2. 

Neem is a traditional and popular remedy among 
various ethnic groups and different parts of the plant 
as seed, bark, fruits and leaf have been reported with 
biological activities against human ailments; even 

 
 

Fig. 1 — Cytotoxicity in CEM T –cells 
 

 
 

Fig. 2 — HIV infection inhibition 
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though, the responsible compounds have not been 
identified20,21. The highly active anti retroviral therapy 
(HAART) available since 1996, is a cocktail of anti 
retrovirals currently used as the standard treatment to 
combat HIV infection; the mechanism of action of 
HAART is a combination of three drugs that inhibit 
virus replication in the host in multiple steps of the 
viral cycle. It is important to mention that the HIV 
reverse transcriptase enzyme has no proofreading 
activity, leading to high rates of mutation in the 
genetic material of the virus consequently causing 
drug resistance22 when infection is only treated by 
only one drug as observed at the beginning of the 
epidemic. In this context, the combination of three 
drugs in the anti retroviral cocktail reduces the odds 
of generating drug resistance; thus, prolonging anti 
retroviral treatment activity which results in a 
reduction in the viral load of the host and facilitates 
the restoration of the immune response of people; so, 
our findings should be interpreted with caution. Awah 
et al., reported an hydroacetone extract that inhibited 
the HIV infection and cell-to-cell transmission, as 
shown in a syncytia formation assay. A dose-
dependent inhibition of syncytia formation was 
observed. Also the neem hydroacetone extract 
exhibited retrotranscriptase inhibitory activity9. 
According to these reports of the involvement of 
neem extracts in the inhibition of syncytium and 
considering that syncytia formation is mediated by 
interaction of HIV glycoprotein gp120 with the host 
cell CD4 receptor; seems plausible that the 
mechanism of action in the inhibition of HIV 
infection may involve the participation of lectins, this 
mechanism of action would also be consistent with 
the induction of the mitogenic-like effect observed in 
the increased concentrations of T cells observed at  
10 ppm of the aqueous extract19. However we believe 
that in the extracts exist a variety of compounds that 
could be acting at different steps of HIV replication 
cycle, since other anti HIV activity reports have been 
published although the mechanism of action has not 
been fully described23. 
 

Conclusion 

Plant products have attracted attention as possible 
anti HIV drugs targeting on different steps of the viral 
cycle, such as viral attachment and entry and on 
enzymes that play a crucial role during the viral 
replication. It is noteworthy that from neem have been 
isolated over 135 compounds that may have antiviral 
potential as reported in various types of virus. So that, 

this work evidenced the HIV infection inhibition by 
aqueous neem leaf extract and Azadirachtin; even 
though, the antiretroviral mechanism of this extract and 
compound is not completely understood. Furthermore, 
more studies need to be conducted in order to identify 
the active compound responsible for the anti HIV 
activity described; and the mechanism involved. 
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