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Abstract 

Background  The crude ethyl acetate Trichoderma viride extract obtained from Ziziphus mauritiana was initially 
analyzed by HPLC for identification of major bioactive compounds, and then, it was subjected for in vivo acute and 
sub-acute toxicity, cervical cancer studies using Wistar albino rats.

Result  During acute toxicity studies, animal groups treated with distinct dosage of 2000 mg/kg restrained toxicity 
signs in tested groups compared to controls for 14 days which established to be secure and non-toxic even at high 
dose. However, in terms of sub-acute toxicity studies, animals were given with repeated amount of (10 mg/kg, 20 mg/
kg and 40 mg/kg) for a period of 28 days along with control group. Upon investigations of hematological, biochemi-
cal and histopathological studies repeated dose of 20 mg/kg and 40 mg/kg of T. viride extract found to be normal and 
no other major changes observed among treated groups. During in vivo studies, after treatment of T. viride extract 
(40 mg/kg) effectively inhibited the cervical cancer cell growth in DES-treated groups. Through HPLC analysis the 
major compound ursolic acid and 2,5-piperazinedione were mainly identified.

Conclusion  The secondary metabolites of endophytes have been used substantially for the sustainable production 
of therapeutically important compounds. The limited availability of bioactive principles in plant sources could be 
surpassed by exploiting the chemical entities in the endophytes. In the present investigation, it has been accom-
plished that ethyl acetate extract of T. viride was safe at higher and lower dosage could be considered for pharmaco-
logical studies from plant may provide an excellent avenue for the discovery of drug candidates against deadly cancer 
diseases.
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1 � Background
Fungus is considered as second largest kingdom on earth 
found on the surface of rock, mountains and sea water 
also in tropical, temperate and Antarctic ice regions [1, 2]. 
They have numerous natural products with diverse thera-
peutic properties. Among fungal community, endophytic 
fungi generates a wide range of secondary metabolites 

by producing higher level of enzymes, antibiotics, poly-
saccharides, organic acids, vitamin, antioxidants, pig-
ments and pest control agents [3, 4]. Through signaling 
molecules the bioactive compounds for instance alka-
loids, flavonoids, phenols, terpenoids were turned out 
commencing from roots of an individual plant through 
which fungi was attracted from the rhizosphere toward 
colonizing in the interior host plant as endophytes [5]. 
Many researchers were investigated several endophytic 
fungi from different therapeutic plants, marine source 
even in soil and so on [6]. Also there are some studies 
that have been conducted for the production of bioactive 
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compounds, biodiversity, reproduction, biotransfor-
mation, taxonomy study and plant physiology in endo-
phytic fungi [7, 8]. Furthermore, investigations indicated 
endophytes are not host specific, but it could envisage a 
range of similar host parts like stem, leaves, roots, twigs 
and could be isolated from different families and classes 
belonging to different plants grown under geographical 
and ecological conditions [9]. It has been hypothesized 
that plants from ethno-botanical history could be good 
candidates for endophytic fungi, providing unique bioac-
tive compounds.

Among Trichoderma spp (TRS), the strain of Tricho-
derma viride produces several lytic enzymes and antibi-
otics. It is most widely distributed in the top soil habitats 
also used as biocontroller of soil-borne pathogens in 
plants [10]. Recently the study suggested that alcoholic 
extract of Trichoderma viride contains triterpenoids and 
exhibits potent antibacterial and antifungal activities. 
In our previous investigations, phytochemical analysis 
was performed using ethyl acetate extract of T. viride 
obtained from Ziziphus mauritiana which revealed the 
presence of secondary metabolites, namely terpenoids, 
tannins, anthraquinones and coumarins, respectively 
[11]. Furthermore through HPLC analysis six compounds 
have been identified in which ursolic acid, pentacyclic 
triterpenoids have been given prominent importance 
since it has numerous pharmacological activities such as 
anticancer, antimicrobial, hepatoprotective, antimalarial, 
antidiabetic and so on. In the present study, T. viride fun-
gal crude extract was further analyzed for the presence of 
any toxic substances by acute and sub-acute toxicity and 
anticancer effects that offer human health benefits.

2 � Methods
2.1 � Cultivation and extraction
A Trichoderma viride (TRV) was isolated from the stem 
of Ziziphus mauritiana maintained in the medicinal 
plant garden of Mohamed Sathak College of Arts and 
Science (MSCAS) with the laboratory record number 
(TRV362) and authenticated by Dr. R. Jayaraman, Direc-
tor, Plant Anatomy Research Centre, Chennai, India. The 
pure mycelial agar plugs were excised from the seven-
day-old fungal culture measuring with thickness of 4 mm 
and 10 mm in diameter introduced into Erlenmeyer flask 
(500  mL) consisting 200  mL of sterile potato dextrose 
broth (PDB) medium and kept at 28  °C and 90% of RH 
for 21-day period. The flasks were completely monitored 
periodically for any microbial contamination [12, 13]. 
After incubation period, mycelial part was removed using 
sterile Whatman No. 1 filter paper and then obtained 
filtrate was preserved for further extraction process. An 
equal volume of filtrate and solvent ethyl acetate is taken 
in separating funnel and continuously shaken for 15 min 

until the formation of two immiscible layers. The upper 
portion of solvent was collected using separating funnel 
and kept for evaporation in fume hood, and the lower 
portion containing medium and other particles was dis-
carded. Following that the obtained dried crude extract 
was used for further studies.

2.2 � HPLC analysis
HPLC-graded methanol (1 mL) was subjected to (1 mL) 
of fungal crude extract and sonicated for 10  min. The 
sample along with standard centrifuged at 3000 rpm for 
15 min, made up to 10 mL (not for standard) with metha-
nol followed by filtration using 0.22-µm filter. Further 
20 µl of standard was infused for the progression of urso-
lic acid chromatogram for 10 min. A dual gradient with 
movable phase contains (Solvent-A) 35% Milli-Q water 
and (Solvent-B) 45% methanol. Flow rate is constantly 
kept at 1  mL/min along with solvent gradient elution 
(0–10 min 55% A and 45% B) [14].

2.3 � Experiment animals
Healthy adult young female Wistar albino rats were 
chosen for toxicity studies, weighing 150–200  gm, aged 
(6–8 weeks old) weeks obtained from Biogen, Bangalore. 
The experiments were intended and conducted at Animal 
House Facility of C.L. Baid Metha College of Pharmacy, 
Department of Pharmacology, Thoraipakkam, Chen-
nai-600 097, Tamilnadu, India. The experimental research 
proposals were authorized by IAEC submitted to CPC-
SEA, Ministry of Environment and Forests, New Delhi 
(No: 12/321/PO/Re/S/01/CPSEA dated 11/10/2019), and 
carried out through recent guidelines for the concern of 
laboratory animals. The study animals were acclimati-
zation toward laboratory atmosphere for 7  days before 
conducting the experiment. The obtained rats were 
maintained in room temperature at (22 °C ± 3 °C) under 
natural light/dark cycle, with relative humidity of at least 
30% and not exceeding 70% other than throughout room 
clean-up; the aim should be 50–60%. During this process, 
rats were housed in cages, Hamster pellet (purchased 
from Adpx Pharma Private Ltd, Bengaluru, India) and 
clean water was provided. Illumination must be simu-
lated; 12-h light/dark progressions beside with labora-
tory conventional food by unconstrained distribution of 
drinking water were provided [15].

2.4 � Acute toxicity studies
Acute oral toxicity was firm by using three female Wistar 
albino rats divided into two groups, and it was marked 
in the tail. The tested animals were destitute of food (ad 
libitum) during the night (except water 16–18 h) previous 
to direction of the endophytic fungal extract. An ethyl 
acetate crude extract of T. viride mg/kg was suspended 
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in Tween 20, and it was administered to tested groups 
as single oral dose along with control groups. Follow-
ing administration, ad  libitum was suspended addition-
ally 3–4  h. Each animal was cautiously monitored and 
recorded by measuring their weight, consumption of 
food, water, behavioral changes, skin changes, aggres-
sively, mobility, feeling to noise and pain, respiratory 
activities and mortality. After 24 h, the number of survi-
vors was noted and monitored for 14 days, later animals 
were forfeit and exposed to food, water consumption, 
body changes, and body weight was completely studied 
[15, 16].

2.5 � Sub‑acute toxicity studies
As stated by OECD guidelines-407, recurring dosage of 
oral toxicity study was performed in rodents intended for 
28 days. Briefly, eighty young adult albino rats (40 males 
and 40 females) were selected with body weight of 150–
220 gm and furthermore divided into four groups. Nearly 
four groups were treated in which initial group treated as 
control; further, 3 groups were subjected with ethyl ace-
tate extract from endophytic fungi TRV at a low to higher 
dose (10  mg/kg, 20  mg/kg and 40  mg/kg body weight) 
premeditated as of acute oral toxicity of dose (2000 mg/
kg), respectively. During treatment, rats were feed among 
regular food and water. Following administration of 
drugs, the tested animals were observed on every day for 
any changes of clinical signs, mortality until completion 
of experiment and body weight was documented on day 
1, 7, 14 and 28 biweekly during study period. In the same 
way food and water consumption was calculated includ-
ing tested and control groups. On 28th day, animals were 
sedated with isoflurane, blood samples were collected 
in potassium EDTA for hematology, sodium heparin 
for biochemical analysis along without anti-coagulant 
sample, and it was centrifuged at 3000  rpm for 10  min, 
respectively [16, 17].

2.6 � Animal study
The effect of TRV extract on cervical cancer-induced 
animals was investigated in which four groups of Wistar 
albino female rats consist of 6 rats in everyset. Among 
them group I serves up as control, whereas carbon tet-
rachloride (CCl4) was persuaded in groups II, III (20 mg/
kg), IV (40  mg/kg) received (DES 0.5  mg/kg) once in a 
week intra-peritoneally for eight repeated weeks, follow-
ing that thirty minutes each rats were injected with cor-
tisol at 20  mg/kg body weight intra-peritoneally. Before 
sacrificing, each animal’s body weight was measured and 
further killed by cervical decapitation. Following that 
blood was collected from experimental rats and serum 
was separated using centrifuge (1000×g for 10  min at 
4  °C) for biochemical analysis; using 0.1  M phosphate 

buffer saline (PBS 1:9) liver tissue was washed twofold 
subsequently blotted and desiccated. For histological 
examination, cervical tissue was fixed in formalin [18].

2.7 � Laboratory investigation
The collected samples were subjected for hematologi-
cal and biochemical analysis. The anticoagulated EDTA 
whole blood was examined for complete blood count 
(CBC) through automated Mindray cell counter. Sec-
ondly, serum blood sample was estranged specific param-
eters like total protein, albumin, creatinine, potassium, 
urea, sodium, liver parameters, CA125, antioxidant 
assays such as lipid peroxidation, catalase, superoxide 
dismutase and tumor markers alike TNF-α assay, estra-
diol were analyzed Accurex diagnostics.

Furthermore histopathological examination was stud-
ied in which the dissected organs were immediately 
transferred into 10% buffered formalin and preserved 
for 24 h, followed by tissue preparation like dehydration, 
clearing, infiltration of wax, embedding and staining with 
hematoxylin–eosin for microscopic observation. Like-
wise the same procedure was followed for cervical tissue 
tumor analysis.

2.8 � Statistical analysis
The statistical investigation was conceded by soft-
ware GraphPad version 8.1. The obtained results were 
expressed as mean ± S.E.M. and accessed via one-way 
ANOVA Dunnett’s comparison analysis from each group 
along with control for acute and sub-acute toxicity stud-
ies. The significance point was rest at 5% (p < 0.05); fur-
ther, data were considered statistically.

3 � Results
3.1 � HPLC analysis
HPLC chromatogram of T. viride fungal crude extract 
showed various peaks at 200 nm wavelength; on the basis 
of retention time, 6 compounds have been identified. 
The highest peak was preferably considered for the pres-
ence of active chemical compound. Therefore by calcu-
lating the area of standard and test concentrations, it has 
been clearly depicted that T. viride sample consisting of 
265.123  μg/mL concentration of ursolic acid compound 
compared to the standard and the concentration of test 
was calculated using the below formula, where C1 is con-
centration of standard, C2—concentration of test, A1—
area of standard, A2—area of test. However, from this 
result it has been confirmed that T. viride crude extract 
contains increased amount of pentacyclic triterpenoids 
ursolic acid compared to other metabolites and RT values 
are given in Table 1 and the chromatogram is revealed in 
Fig. 1.
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3.2 � Acute toxicity study
After administration of ethyl acetate crude extract T. 
viride dosage at 2000  mg/kg does not have any tox-
icity signs, mortality, changes in behavior among 
tested groups contrast to the control group through-
out 14  days of regular observation throughout 
experimental period. The body weight of the fungal 
extract-treated albino rats was detected 270.4 ± 21.24 
on 1st day, 271 ± 3.64 on 7th day and 271.4 ± 2 on 
14th day, respectively. There was no significant dif-
ference seen on above days statistically. Similarly, the 
water intake of T. viride extract-treated groups was 
observed on 1st day 58.2 ± 1.1, 58 ± 1.14 on 7th day and 
59.20 ± 24 on 14th day along with the controls. Like-
wise, food intake exposed to fungal TRV-treated groups 
showed 59.6 ± 1.63 on 1st day, 59.6 ± 2.62 on 7th and 
60.1 ± 5.38 on 14th day. Hence these results suggested 
that higher oral dosage of fungal extract confirmed no 
significant transience of the tested rats, indicating that 
yet high margin of drug was safety (Figs.  2, 3, 4). This 
study provided median lethal dose (LD50) estimation 
representing the dosage which eradicates around 50% 
of the skilled populace. Therefore, it was concluded that 
T. viride extract was found to be non-toxic and LD50 
value considered as 2000 mg/kg body for oral toxicity.

3.3 � Sub‑acute toxicity studies
During sub-acute toxicity studies (10 mg/kg, 20 mg/kg 
and 40 mg/kg) 3 various dosage of fungal crude extract 
was given to the animals. The repeated dose of fungal 
extract was liberated of exhilarating signs in animals 
all over 28  days. Subsequent to frequent quantity of 
T. viride extract-treated albino rats was detected for 
28  days, 40  mg/kg; the body weight animals found to 
be 283.45 ± 3.25 on 28th day, 292.25 ± 2.34 observed 
in 20  mg/kg and 262.22 ± 3.54 in 10  mg/kg. Through-
out this study, the percentage of albino rats body 
weight gets increased at 40 mg/kg/day from day 0 to 28 

compared to controls, whereas at 10 mg/kg and 20 mg/
kg treated groups, sustainable increase of body weight 
was observed commencing day 14 till day 28. The 
obtained results were evidently depicted (Fig. 5). How-
ever in case water and food intake was increased rate 
from day 0 to 28th day simultaneously. This indicates 
that all the experimental animals have taken feed and 
food in normal amount as their requirement (Fig.  6, 
7). Similarly there were no physical changes, mortality 
and abnormal deviations initiated duration the entire 
research. In the same way, there was no significant 
change noted among laboratory investigations com-
paratively to control groups which clearly represent 
to facilitate T. viride extract was not lethal toward the 
body organs like spleen, liver, kidney.

3.4 � Effect of T. viride extract on hematological parameters
The experimentally observed values for hemoglobin for 
10, 20 and 40  mg/kg were 14.4 ± 0.06, 14.6 ± 0.12 and 
14.6 ± 0.18 g/dL for red blood cells obtained values that 
were 5.2 ± 0.86, 5.2 ± 1.2 and 5.2 ± 0.92 (106/mm3) cor-
respondingly. In the same way, white blood cells in low 
groups found to be 8.421 ± 1.10, mid-groups 8.422 ± 2.63 
and 8.423 ± 1.06 in high dose-treated groups (× 103/
mm3), whereas packed cell volume among three set was 
48.2 ± 0.31, 48.3 ± 0.62 and 48.8 ± 1.26%, respectively. 
The basic hematological parameters between three 
experimental groups 10, 20 and 40  mg were similar as 
compared to control groups (Fig. 8).

3.5 � Effect of T. viride extract on biochemical studies
The biochemical examination was conceded to ensure 
about toxic effects of fungal crude extract of T. viride 
when administered orally for period of 28 days. Through 
blood parameters each functions of organs such as liver, 
spleen and kidney could be easily identified. Upon inves-
tigations, there were no significant changes observed in 
creatinine, total bilirubin, SGPT and SGOT by sub-acute 
toxicity analysis. However, there was increase in alkaline 
phosphatase observed in 40  mg/kg compared to con-
trol. Similarly, the value of urea found to be statistically 
insignificant to 20  mg/kg as compared to other groups. 
Instead, there was increase in total protein, albumin 
observed in low dose 10  mg/kg found to be statistically 
insignificant as compared to control, whereas 20  mg/
kg (mid-dose) and 40  mg/kg (high dose) were found to 
be statistically significant. Likewise, the values of potas-
sium to 20  mg/kg were decreased, but 40  mg/kg found 
as normal contrast toward control. From Fig.  9 it was 
clearly depicted that statistical interpretation of various 
biochemical parameters between 20  mg/kg and 40  mg/

Table 1  HPLC chromatogram of Trichoderma viride extract at 
200 nm

Peak# Retention time Area Expected compound

1 1.787 39,822 Unknown

2 2.247 401,397 Unknown

3 2.460 289,579 2,5-Piperazinedione

4 2.687 62,148 Unknown

5 2.880 10,037 Unknown

6 3.313 40,759,291 3-Beta-3-hydroxy urs-12-
en-28-oic acid (or) Ursolic 
acid
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Fig. 1  a A representative HPLC chromatogram of JM [PDA Multi 1/200 nm/Bw: 4 nm]. b A representative HPLC chromatogram of standard [PDA 
Multi 1/200 nm/Bw: 4 nm]
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kg found to be non-considerable as compared to con-
trol, whereas low dose-treated groups are comparatively 
higher than control and other treated groups.

3.6 � Assessment of histology
Subsequent to repeated administration of T. viride 
crude extract for 28  days, histopathological analy-
sis was investigated. On comparison with the control 

group drug liver cells are found to have normal por-
tal tract, hepatic artery, bile ducts and dilation of cen-
tral hepatic veins observed in three groups of TRV 
extract. Histological spleen showed normal mesangial 
cells, central arteriole concentrated on treated groups, 
while histological examination of kidney revealed nor-
mal glomeruli, medulla and cortex in 20  mg/kg and 
40  mg/kg dosage. Lymphocytes present within the 
areas where no capillaries can be seen in drug-treated 
groups, venous sinus slightly inflamed, venous con-
gestion and neutrophils are prominently seen. Based 
upon these studies it was clearly depicted that liver, 
spleen and kidney are being normal even after con-
stant administration of fungal extract from low to high 
doses (Fig. 10).

3.7 � In vivo Anticancer studies
3.7.1 � Determination of body weight and ovary weight
After administration of selected dose each group of ani-
mals was observed for its body weight and ovary weight. 
On observing, it has been found that slight increased and 
decreased body weight of the animals from positive con-
trol (DES), T. viride fungal crude 20  mg/kg and 40  mg/
kg administered groups as contrast toward control group. 
The initial body weight for Group II (DES + CCL4) at 
0.5 mg/kg dose was 245.04 ± 1.10, and final body weight 
was found to be 281.11 ± 1.10. In Group III, TRV fun-
gal crude 20 mg/kg showed 239.12 ± 1.15 at initial stage; 
however, body weight gets reduced to 140.32 ± 1.34 at 
final stage. Similarly in Group III, TRV fungal crude 
20  mg/kg treated groups showed body weight of 
242.14 ± 1.42 at initial and changes in body weight were 
135.18 ± 1.62 observed finally, while in control group 
body weight observed at initial was 250.14 ± 2.21 and 
increased up to 281.11 ± 1.10 as final body weight of the 
animal groups (Fig.  11). The ovary weight observed in 
Group I was 94 ± 0.22 with relative ratio of 2.65 ± 0.11. In 
Group II weight of the ovary was 138 ± 0.32 with relative 
ovary/body weight ratio found to be 1.78 ± 1.21. Group 

Fig. 2  Change in body weight (mg/kg) of the animals exposed to 
TRV

Fig. 3  Change in water intake (mL/day) of the animals exposed to 
TRV

Fig. 4  Change in food (g/day) of the animals exposed to TRV

Fig. 5  Changes of Wistar albino rat’s body weight exposed to TRV
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III-treated groups found to have 111 ± 0.46 ovary weight, 
and its relative ratio was 2.16 ± 1.51. However in Group 
IV-treated animal groups ovary weight was 101. ± 0.20 
observed with relative ovary/body weight ratio as 
2.40 ± 1.02, respectively.

3.8 � Tumor marker analysis
The crude extract of TRV possesses anticancer activity 
against cervical cancer. The extract at two different con-
centrations 20 mg/kg and 40 mg/kg was checked against 
cancer antigen (CA-125) tumor marker of cervical tis-
sues along with the control as described in Fig. 12. The 
obtained results suggested that the values for CA-125 
found to be 24.52 ± 1.17 at 40 mg crude extract of TRV, 
whereas at 20  mg crude extract of T. viride showed 
67.85 ± 1.21 correspondingly. However in control group 

it was found as 12.38 ± 1.05 and 35.81 ± 1.27 noted in 
DES-treated groups, respectively.

3.9 � Oxidative stress enzyme
Superoxide dismutase (SOD) is a key oxidative stress 
enzyme which has the ability of scavenging extensive 
range of free radicals. The SOD observed in Group III 
was 6.11 ± 0.42; in Group IV 7.59 ± 0.06 was observed, 
respectively. But in control group it was found to be 
8.48 ± 0.22; similarly, in Group II the SOD was 5.62 ± 0.35 
in the treated groups. Further catalase enzyme was stud-
ied in which treated groups had catalase enzyme level 
ranged from 1.94 ± 0.23, 2.20 ± 0.21 and 2.83 ± 0.18 for 
DES-treated Group II, followed by Group II 20 mg crude 
extract of T. viride and Group III 40  mg crude extract, 
respectively. But in control treated groups catalase was 

Fig. 6  Changes of Wistar albino rat’s water intake (mL/day) exposed to TRV

Fig. 7  Changes of Wistar albino rat’s food intake (g/day) exposed to TRV. NS—not significant, **(p > 0.01), *(p > 0.05), n = 10 values are mean ± S.D 
(one-way ANOVA followed by Dunnett’s test). Note Trichoderma viride fungal crude extract

Fig. 8  Hematological observation of T. viride crude extract
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Fig. 9  Effect of T. viride on biochemical kidney/liver parameters
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found to be 3.18 ± 0.16. Thirdly lipid peroxidation was 
carried out; among the treated groups, lipid peroxidation 
was observed in which 4.04 ± 1.32 observed in Group 
II-treated groups. In 20  mg of crude extract T. viride-
treated groups lipid peroxidation enzyme was 2.98 ± 1.22 
and 1.96 ± 2.42 observed in 40 mg crude extract-treated 
groups, but in control 1.67 ± 2.31 was observed (Fig. 13). 
This showed there is a significant variation pragmatic 
among the control and treated groups with the p value 
(p < 0.001).

3.9.1 � Biochemical parameters
After intraperitoneal administration of TRV extract, 
biochemical parameters were commonly studied. The 
liver marker enzyme aspartate aminotransferase (AST/
SGOT) prominent marker enzyme was analyzed; among 
the treated groups, an increase of AST observed in 
Group II treated with DES was 480.15 ± 1.31, Group 
III-treated 20  mg crude extract of T. viride was found 
375.04 ± 1.16; however, in Group IV 40 mg crude extract 
of T. viride was 223.14 ± 1.21 and control group ranged 
120.22 ± 1.22. Likewise results obtained from alanine 
aminotransferase (ALT/SGPT) were found to be higher 
in Group II 140.12 ± 1.11; least for 40  mg crude extract 
of T. viride was 80.13 ± 1.03 followed by 20  mg crude 
extract of T. viride found to be 102.21 ± 2.02 and the 
normal control 69.11 ± 2.03, respectively. However, 
there was an increase value of alkaline phosphatase 
(ALP) observed in Group II ranged 583.08 ± 1.48. Oher 
groups ranged between 493.16 ± 2.16, 341.32 ± 2.09 and 
251.10 ± 1.12 for 20 mg crude extract of T. viride Group 
III, 40  mg crude extract Group IV and control group, 
respectively. However with all this results clearly indi-
cated that the control and treated groups were statisti-
cally significant with DES-treated groups alone with 
the p value (p < 0.001) by ANOVA pursued by means 
of Dunnett’s “t” test. The total protein for DES-treated 
group was 116.02 ± 1.16. However in 20  mg of crude 
extract-treated groups,  total protein was 94.13 ± 2.32 
and in Group IV 40  mg  T. viride crude extract has 
64.14 ± 2.07 and for the control group 56.18 ± 1.08 
total protein was observed. The results obtained from 
40 mg T. viride crude extract were 1.02 ± 1.20, followed 
by 1.14 ± 1.18 in 20 mg T. viride crude extract, whereas 
in DES-treated animals have increased amount of total 
bilirubin 2.13 ± 1.15, respectively. The control has least 
amount of bilirubin 0.81 ± 2.21 value. From the experi-
mental group albumin was lower in Group II treated 
animals 1.96 ± 1.12. The T. viride crude extract 20  mg 
treated groups have 4.10 ± 1.11 and 40 mg treated groups 
found to be 5.53 ± 1.04; however, control groups contain 
6.28 ± 1.21 of albumin level.

Furthermore, the pro-inflammatory marker TNF-α and 
estradiol were studied in which the results obtained from 
TNF-α present in the control group were 578.21 ± 2.12. 
Although TNF-α found in 40  mg  T. viride crude 
extract was 687.10 ± 1.12 followed by 20  mg of crude 
extract 877.11 ± 2.10. However in DES-treated Group 
II increased level of TNF-α was 1734.04, respectively. 
The estradiol was found to be 96.8 ± 7.4 in DES-treated 
groups, in the same way 72.1 ± 1.21 was observed in 
20  mg crude extract T. viride, and in 40  mg 54.6 ± 1.51 
of estradiol was present as described in Fig. 14. The con-
trol group has least amount of estradiol 30.4 ± 1.08 value, 
respectively.

3.9.2 � Evaluation of cervix tissues by histopathology
The histopathology of the four set of animals resembling 
Group I—Control, Group II—DES + CCL4, Group III—
20  mg  T. viride crude extract and Group IV—40  mg  T. 
viride crude extract showed varied histology in cervical 
tissues. However, there was a neoplastic squamous cell 
and chronic inflamed stroma was observed in Group II, 
whereas in Group III and IV drug-treated T. viride crude 
extract of 20 mg and 40 mg showed reduced size in squa-
mous cells and also reduction in inflammation of stroma. 
At the same time as in Group I control treated animals 
showed normal stroma and squamous cells, respectively 
(Fig. 15).

4 � Discussion
Secondary metabolites from endophytic fungi naturally 
have high efficiency of therapeutic values for treating 
various kinds of diseases. Most of the endophytic fungi 
utilize plant source by producing same bioactive com-
pounds through biotransformation process [19]. Like-
wise, in the present study HPLC results denoted the 
presence of bioactive compound, namely 3-beta-hydroxy 
urs-12-en-28-oic acid from Trichoderma viride. Some 
researchers reported microbial transformation of 3 polar 
metabolites 3β, 16α-dihydroxy-olean-12-en-28-oic acid, 
3-oxo-16α-hydroxy-olean-12-en-28-oic acid and 28-O-β-
d-glucopyranoside from the Nocardia corallina endo-
phytes [20]. Naturally pentacyclic triterpenoid majorly 
found in several plant species such as Prunella vulgaris, 
Gardenia jasminoides Ellis, Crataegus pinnatifida Bunge 
and Ziziphus mauritiana [21, 22]. Likewise, tritepene 
compound echinocystic acid was obtained from Echino-
cystis fabacea which has substantial inhibition of cyto-
toxic effect against various in vitro cell line HEK-293, 
HeLa, L929, WEHI-164 and HEpG2. Abdallah et al., 2016 
synthesized bioreduction of silver nanoparticles from T. 
viride; it was spectrophotometrically observed and char-
acterized [23].
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Based upon HPLC analysis, the crude extract of T. vir-
ide was further analyzed for acute oral toxicity study. Into 
this, a particular dosage of crude extract 2000 mg/kg was 
directed orally on rats intended for 14 days to check any 
behavioral changes, body weight, food and water con-
sumption, etc. These results suggested that higher oral 
dose 2000  mg/kg TRV extract proved no considerable 
mortality of tested rats, indicating that even high mar-
gin of drug was safety. This study provided an estimation 
of median lethal dose (LD50) of T. viride crude extract 
was found to be non-toxic and LD50 value considered 
as 2000  mg/kg exhibited with lower toxicity. Similarly 
study conducted in Sprague Dawley rats with median 
lethal dose of T. viride chitinase found that distinct dos-
age of 2000 mg/kg showed no evident symptoms of ani-
mal death [15, 18]. Medhat et  al., isolated Trichoderma 
viride from mangrove soil in Egypt; they have optimized 
chitinase activity using submerged fermentation. The 
purified chitinase showed effective antifungal activity 
adjacent to Fusarium oxysporum. Further, in  vivo stud-
ies carried out using chitinase with median lethal dose of 
Sprague Dawley rats an average body weight (18.43) mg/
kg. In the lead of MTT assay, purified chitinase has nox-
ious end product with an IC50 value 20 μg/mL to MCF7 
and simultaneously in HCT-116 cell lines IC50 value 
44 μg/mL was observed [20].

Subsequent exposure to certain toxic substances leads 
to change in the body weight, and other internal organs 
would reflect toxicity, and moreover, if their loss of body 
weight more than 10% it will be considered as statistically 
considerable with adverse effects of drug [24, 25]. There-
fore in the current observation, animals body weight in 
the treated groups was not significant unlike among 
themselves, so it was concluded that T. viride fugal 
extract is almost non-toxic and secure for exploit. An 
additional aspect was studied from acute toxicity of water 
and food intake for a period 14 days; hence, they were not 
influenced by administration of T. viride fungal extract; 
as a result, it did not proceed any appetite and precari-
ous impacts. In case of sub-acute toxicity studies three 

different doses as 10 mg/kg, 20 mg/kg and 40 mg/kg of 
T. viride crude extract were given to animals for 28 days; 
results indicated that the fungal extract was liberated of 
exhilarating signs in animals throughout the study phase. 
The percentage of albino rats body weight gets increased 
at 40 mg/kg/day from day 0 to 28 compared to controls, 
whereas at 10 mg/kg and 20 mg/kg administered groups, 
sustainable increase of body weight was experiential from 
14th day to 28  days. Similar results have been obtained 
by (Kusakabe et  al., 1980) which correlated our study 
[26]. After repeated dose of administration of the T. 
viride crude extract at 20 mg/kg, 40  mg/kg for 28 days, 
increased body weight was observed which is correlated 
with the study by [27] obtained same results of gaining 
body weight.

In terms of hematological, biochemical parameters 
absence of major changes was noted contrast toward 
control in the current investigations, as same results 
interrelated with the study [28]. However, immunologi-
cal parameters neutrophils, eosinophils and platelets 
report noticeably increased (**p < 0.01) comparatively to 
the control. Similar studies were experientially interre-
lated by various researchers obtained from different fun-
gal extract [29]. Histological examination was done for 
assessing the treatment-related changes in cell structure 
of the organs and tissues [30]. As a result no significant 
abnormalities were observed in histopathological inves-
tigations of tissues and the organs, namely, liver, spleen 
and kidney were found to be normal. Similar results were 
attained by some of the researchers, in their treated ani-
mal groups [31–33]. Therefore, chronic dosage of the 
crude extract at sub-acute studies for 28 days showed no 
mortality and all the Wistar Albino rats showed normal 
histology, hematopoietic and biochemical parameters.

Further, the study was extended for anticancer activ-
ity in cervix using fungal crude extract Trichoderma 
viride after administration of DES (0.5 mg/kg) intraperi-
toneally to female rat carcinogenic effect was observed. 
The supplementation of female Wistar Albino rat with 
fungal crude extract 20  mg/kg and 40  mg/kg does not 

Fig. 10  Histopathological examination of individual organs from TRV-treated groups. (a) Control. A Photomicrograph of liver in Wistar albino rats: 
Control group showed normal liver lobule architecture with central vein (v), normal hepatocytes, blood sinusoids and central vein. B Control group 
showed normal spleen with central artery, splenic cords (red pulp), lymphatic nodule (white pulp) and capsule. C Control group showed normal 
kidney with glomerulus (arrow), papillary ducts and capillaries. (b) Group I—low dose (10 mg/kg b.w.). B Photomicrograph of liver in Wistar albino 
rats: Low dose (10 mg/kg b.w) showed normal liver lobule architecture with central vein (v), normal hepatocytes, blood sinusoids and central 
vein. B Control group showed normal spleen with central artery, splenic cords (red pulp), lymphatic nodule (white pulp) and capsule. C Control 
group showed normal kidney with glomerulus (arrow), papillary ducts and capillaries. (c) Group II—mid-dose (20 mg/kg b.w.). C Photomicrograph 
of liver in Wistar albino rats: Mid-dose (20 mg/kg b.w) showed normal liver lobule architecture with central vein (v), normal hepatocytes, blood 
sinusoids and central vein. B Control group showed normal spleen with central artery, splenic cords (red pulp), lymphatic nodule (white pulp) and 
capsule. C Control group showed normal kidney with glomerulus (arrow), papillary ducts and capillaries. d) Group III—high dose (40 mg/kg b.w.). 
D Photomicrograph of liver in Wistar albino rats: High dose (40 mg/kg b.w) showed normal liver lobule architecture with central vein (v), normal 
hepatocytes, blood sinusoids and central vein. B Control group showed normal spleen with central artery, splenic cords (red pulp), lymphatic 
nodule (white pulp) and capsule. C Control group showed normal kidney with glomerulus (arrow), papillary ducts and capillaries

(See figure on next page.)
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Fig. 10  (See legend on previous page.)
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induce several harmful effects such as mortality, body 
or ovary weight loss. Some studies have shown simi-
lar study as exactly associated with the existing result 
[34–36]. Through biochemical parameters, crude extract 
of 40  mg/kg relatively increased liver enzymes was 
observed, indicating as a sign of hepatoprotective prop-
erties. Comparable results were obtained by previous 
investigations which correlated our findings [37]. The 
results from the present study further demonstrated anti-
inflammatory biomarker effect of T. viride crude extract 
on the secretion of macrophage-derived pro-inflamma-
tory cytokines TNF-α and estradiol. As a result, T. viride 

crude proved an inhibitory end result on production of 
pro-inflammatory marker TNF-α and estradiol at 40 mg/
kg compared to 20 mg/kg. Quinolactacin A1 and A2 were 
previously isolated from the genus Penicillium crude 
extract which also showed inhibitory activity against 
TNF-α involved in inflammation produced by mac-
rophages which may lead to septic shock [38]. Addition-
ally, cancer antigen (CA-125) tumor marker was tested 
among the groups in which decreased level of cancer 
antigen significantly reduced at 40  mg/kg crude extract 
of endophytic fungi; however, similar results were inter-
connected with the present study [39]. The antioxidant 
enzyme activity, namely SOD, catalase and lipid peroxi-
dation, was further studied in our present study. All the 
three activities showed minimal significance (**p < 0. 01) 
in 40  mg/kg crude extract-treated group IV compared 
to other groups. However in the current exploration, 
SOD activity was stable above all phases within infected 
rats. Consistent with our results, there were an momen-
tous changes of catalase activity observed throughout 
the experiment within infected animals, while lipid per-
oxidase activity was substantially reduced on 40  mg/
kg crude extract-treated group IV compared to other 
groups. As the antioxidant activity was already reported, 
it can be proposed that decreases in total antioxidant 
activity which is correlated with our report [40]. Taking 
into account, present research showed significant reduc-
tion in the total antioxidant capacity that was detected in 
tainted rats and dissimilarity was identified among the 
infected and control rats [41]. Since, the current research 
was formerly demonstrated and reported to have efficient 
anticancer activity of T. viride crude extract in cervi-
cal cancer. Interestingly, crude extract showed evidence 
of major inhibitory effect on cervical metastasis. Treat-
ment of cervical cancer induced in Wistar albino rats 
with 20  mg/kg and 40  mg/kg crude extract be evidence 
for reduction in cervical intraepithelial neoplasia (CIN) 
squamous cells size along with reduced inflammation 
of stroma upon histological examination. However in 
control, squamous and stroma cells are normal in size, 

Fig. 11  Effect of T. viride fungal crude extract on body weight and ovary weight

Fig. 12  Effect of Trichoderma viride extract on CA-125

Fig. 13  Antioxidant levels of Trichoderma viride on different 
concentrations
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whereas DES + CCl4 showed neoplastic squamous cells 
and chronic inflamed stroma. These results indicate that 
DES was able to induce histological lesions prominently 
noted. Correspondingly, substantial evidence obtained 
from previous studies [42].

5 � Conclusions
From these findings, HPLC analysis clearly indicated that 
Trichoderma viride fungal crude extract possesses pen-
tacyclic triterpenoids, namely ursolic acid, which have 
a possible anticancer properties. Through acute toxicity 
studies, the crude extract of Trichoderma viride at con-
centration 2000  mg/kg body weight showed no toxic 
effects, which clearly indicated that this fungal extract 
is safe and does not produce any toxic effect. In view of 
the fact, no mortality observed in 14-day period which 
denotes that fungal extract has some medicinal proper-
ties. Similarly in sub-acute toxicity, when given repeated 
dose of mid- and high dose for 28 days proved to be safe 
and non-toxic to experimented animals. Upon biochemi-
cal, hematological and histopathological findings, TRV 

fungal crude is pertaining to sub-acute toxicity study. 
Hence this was the first attempt to study about the tox-
icity from TRV fungal crude obtained from the plant 
Ziziphus mauritiana. Based on the results it has been 
clearly identified that TRV crude can be utilized as effec-
tive anticancer activity in cervical cancer. This can be 
possible due to the intoxicating of bioactive compounds, 
namely pentacyclic triterpenoids ursolic acid. Studies on 
fungal diversity of endophytes have largely determined 
relationships between host plants and endophytic fungi 
for generating bioactive complex naturally. Therefore, 
commencing from this study it has been concluded that 
through biotransformation, the ursolic acid was trans-
formed from Ziziphus mauritiana to Trichoderma vir-
ide and the fungal crude extract broadly used as major 
important component in pharmaceutical fields. Hence, 
Trichoderma viride found to be the most predominant 
among mycoflora genus shown to yield effective bioactive 
metabolites with cytotoxic, antimicrobial, antioxidant 
and anticancer activities.

Fig. 14  Effect of Trichoderma viride crude extract on biochemical parameters. Group I (control) II (DES treated), Group III (Trichoderma viride extract 
20 mg/kg) and IV (Trichoderma viride extract 40 mg/kg) ANOVA, followed by Dunnett’s “t” test.** p < 0. 01. ns represents non-significance. (A—liver 
enzymes, B—total protein, bilirubin and albumin, C—TNF-α and D—estradiol)
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°C	� Degree celsius
µl	� Microliter
µm	� Micrometer
ALT	� Alanine aminotransferase
ANOVA	� Analysis of variance
AST	� Aspartate aminotransferase
CA125	� Cancer antigen 125
CCL4	� Carbon tetrachloride
CPCSEA	� Committee for the Purpose of Control and Supervision of Experi-

ments on Animals
DES	� Diethylstilbestrol
DL	� Deciliter
EDTA	� Ethylenediamine tetraacetic acid
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HCT	� Human colon cancer cell line
HEK293	� Human embryonic kidney 293
HEPG2	� Human hepatoma cell line
HPLC	� High-performance liquid chromatography
IAEC	� Institutional Animal Ethics Committee
IC50	� Half-maximal inhibitory concentration
Kg	� Kilogram
LD50	� Lethal dose 50
M	� Molar
MCF7	� Michigan Cancer Foundation-7
Mg	� Milligram
Min	� Minutes
mL	� Milliliter
Mm3	� Cubic millimeter

Fig. 15  Histopathological study of cervical cancer induced in Wistar albino rats. Histopathological analysis of cervical tissue. Nests of neoplastic 
squamous cells are regenerated (arrow head). The cancer is poorly differentiated and keratinizing (original magnification ×200). B Pelvic lymph 
nodes are no damaged in 20 and 40 mg of TRV. Columnar glandular cells and other surrounded by normal lymphocytes (original magnification 
×200)
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SOD	� Superoxide dismutase
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TRV	� Trichoderma viride
WEHI	� Walter and Eliza Hall Institute of Medical Research

Acknowledgements
The authors are thankful to the management, Mohamed Sathak Trust and C.L. 
Baid Metha College of Pharmacy for providing the essential amenities.

Author contributions
SH and SMY conceived the study. VA,NY & GKS: Validation, SH: Performed the 
assays, collected the data and performed the data analysis. SH & SMY wrote 
the manuscript. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
The manuscript contains experiment animals, and it was performed in line 
with the principles of the Declaration of C.L. Baid Metha College of Pharmacy 
IAEC submitted to The Committee for the Purpose of Control and Supervision 
of Experiments on Animals (CPCSEA), Ministry of Environment and Forests, 
New Delhi. Approval was granted by the Ethics Committee of University B 
(11/10/2019…/ No: 12/321/PO/Re/S/01/CPSEA).”

Consent for publication
Not applicable.

Competing interests
All the authors are declared that they have no financial or non-financial 
conflict of interest.

Author details
1 PG and Research Department of Biotechnology, Mohamed Sathak College 
of Arts and Science, Sholinganallur, Chennai 600119, India. 2 PG and Research 
Department of Biochemistry, Mohamed Sathak College of Arts and Science, 
Sholinganallur, Chennai 600119, India. 

Received: 16 February 2022   Accepted: 11 January 2023

References
	1.	 Feofilova EP (2001) The kingdom fungi: heterogeneity of physiological 

and biochemical properties and relationships with plants, animals, and 
prokaryotes. Appl Biochem Microbiol 37:124–137

	2.	 Brito VH, Espinosa VD, Salaya DJM, Gomez ME (2013) The soil biota: 
importance in agroforestry and agricultural systems. Trop Subtrop Agro-
eco 16:445–453

	3.	 Abdhulla AA, El-Shafei SMA, Ivanova EV, Fattakhova AN, Pankova AV, El-
Shafei MA (2014) Cytotoxicity of Trichoderma spp. cultural filtrate against 
human cervical and breast cancer cell lines. Asian Pac J Cancer Prev 
15:7229–7234

	4.	 Hodgson S, Cates C, Hodgson J, Morley NJ, Sutton BC, Gange AC (2014) 
Vertical transmission of fungal endophytes is widespread in forbs. Ecol 
Evolut 4:1199–1208

	5.	 Gajera HP, Katakpara ZA, Patel SV, Golakiya BA (2016) Antioxidant defense 
response induced by Trichoderma viride against Aspergillus niger Van 
Tieghem causing collar rot in groundnut (Arachis hypogaea L.). Microb 
Pathol 91:26–34

	6.	 Lu Y, Chen C, Chen H, Zhang J, Chen W (2012) Isolation and identification 
of endophytic fungi from Actinidia macrosperma and investigation of 
their bioactivities. Evid Based Comp Altern Med 38:2742–2748

	7.	 Hanna CP, Claudia L (2020) Production of Trichoderma viride in local 
organic substrates of the Ica region, Peru. J Plant Pathl Microb 11:490–497

	8.	 Baratto LC, Porsani MV, Pimentel IC, Netto APB, Paschke R, Oliveira BH 
(2013) Preparation of betulinic acid derivatives by chemical and biotrans-
formation methods and determination of cytotoxicity against selected 
cancer cell lines. Euro J of Med Chem 68:121–131

	9.	 Rajathilagam R, Kannabiran B (2001) Antagonistic effects of Trichoderma 
viride against anthracnose fungus Colletotrichum capsici. Indian Phyto-
pathol 54:135–136

	10.	 Sheeba H, Syed Ali M, Anuradha V (2019) Bioactive compounds and anti-
microbial activity of fungal crude extract from medicinal plants. J Pharma 
Sci Res 11:1826–1833

	11.	 Suryanarayanan TS, Thirunavukkarasu N, Govindarajulu MB, Sasse F, 
Jansen R, Murali TS (2009) Fungal endophytes and bioprospecting. Fun-
gal Bio Rev 23:9–19

	12.	 Suradkar KP, Hande DV (2017) Morphotaxonomy of endophytic fungi 
on Cissus quadrangularis from Amravati (MS) India. J Bacterial Mycol 
5:253–258

	13.	 Taralkar SV, Chattopadhyay S (2012) A HPLC method for determination 
of ursolic acid and betulinic acids from their methanolic extracts of Vitex 
Negundo Linn. J Anal Bioanal Tech 3:134–136

	14.	 Ngueguim TF, Noussi CD, Donfack JH, Gounoue KR, Mbatchou A, 
Kamtchouing P (2015) Acute and sub-acute toxicity of a lyophilised 
aqueous extract of the aerial part of Spilanthes africana Delile in rats. J 
Ethanopharma 22:145–154

	15.	 Gad SC, Weil CS (1989) Statistics for toxicologists. In: Hayes AW (ed) 
Principles and methods of toxicology, 2nd edn. Raven Press, New York, pp 
463–467

	16.	 Kale OE, Awodele O, Akindele AJ (2019) Subacute and subchronic oral 
toxicity assessments of Acridocarpus smeathmannii (DC.) Guill. & Perr. root 
in Wistar rats. Toxicol Rep 6:161–175

	17.	 Hureaux J, Lagarce F, Gagnadoux F, Rousselet MC, Moal V (2010) Toxico-
logical study and efficacy of blank and paclitaxel-loaded lipid nanocap-
sules after IV administration in mice. Pharm Res 27:421–430

	18.	 Robert G (2017) The discovery of penicillin-new insights after more than 
75 years of clinical use. Emer Infect Dis 23(5):849–853

	19.	 Medhat AT, George SI (2019) Anticancer and antifungal efficiencies of 
purified chitinase produced from Trichoderma viride under submerged 
fermentation. J Gen Appl Microbiol 66(1):32–40

	20.	 Meng YQ, Chen Y, Wang Z, Liu D (2005) Research advance of ursolic acid. 
Chin J New Drugs 16:25–28

	21.	 Tsai SJ, Tin MC (2008) Antioxidant and anti-inflammatory protection of 
oleanolic acid and ursolic acid in PC12 cells. J Food Sci 73:H174–H178

	22.	 Abdallah ME, Abdullah NAR, Shaban RS, Abdurahman H, Ashraf AFM, Ali 
HB (2016) Antimicrobial activity and green synthesis of using Trichoderma 
viride. Biotech Biotechnol Equip 30:299–304

	23.	 Respinis SD, Vogel G, Benagli C (2010) MALDI-TOF MS of Trichoderma: 
model system for the identification of microfungi. Mycol Prog 9:79–100

	24.	 Nathiya S, Senthamilselvi R (2013) Anti-infertility effect of Hybanthus 
enneaspermus on endosulfan induced toxicity in male rats. Int J Med 
Biosci 2:28–32

	25.	 Kusakabe KI, Inagaki K (2015) Recombinant expression, molecular charac-
terization and crystal structure of antitumor enzyme, L-lysine α-oxidase 
from Trichoderma viride. J Biochem 157(6):549–559

	26.	 Sabatino MA, Colombo T, Geroni C, Marchini S, Broggini M (2003) 
Enhancement of in vivo antitumor activity of classical anticancer agents 
by combination with the new, glutathione-interacting DNA minor 
groove-binder, brostallicin. Clin Cancer Res 9:5402–5408

	27.	 Kalra S, Midha K, Monika MK (2016) Studies on anti-cancer activity of lysyl 
oxidase from Trichoderma viride MTCC 167. Int J Appl Sci Biotech 4:57–63

	28.	 Louisse J, Gonen S, Rietjens IM, Verwei M (2011) Relative developmental 
toxicity potencies of retinoids in the embryonic stem cell test compared 
with their relative potencies in in vivo and two other in vitro assays for 
developmental toxicity. Toxicol Lett 203:1–8



Page 16 of 16Harikrishnan et al. Beni-Suef Univ J Basic Appl Sci           (2023) 12:19 

	29.	 Organization for Economic Co-Operation and Development (OECD) 
(1988) Guidelines for testing of chemicals, repeated dose 28-days oral 
toxicity study in rodents #407, 1995. Paris, France. In: Gad SC, Chengelis 
CP, Acute toxicity testing perspectives and horizon, The Telford Press

	30.	 Vasconcelos MA, Royo VA, Ferreira DS, Crotti AE, Andrade e Silva ML, 
Carvalho JC (2006) In vivo analgesic and anti-inflammatory activities of 
ursolic acid and oleanoic acid from Miconia albicans (Melastomataceae). 
Z Naturforsch C 61:477–482

	31.	 Roy S, Ukil B, Lyndem LM (2016) Acute and sub-acute toxicity studies on 
the effect of Senna alata in Swiss Albino mice. Cogent Biol 10:1–11

	32.	 Bezerra DP, Castro FO, Alves AP, Pessoa C, Moraes MO, Silveira ER (2006) 
In vivo growth-inhibition of Sarcoma 180 by piplartine and piperine, two 
alkaloid amides from Piper. Braz J Med Biol Res 39:801–807

	33.	 Kintzel PE (2001) Anticancer drug-induced kidney disorders: Incidence, 
prevention and management. Drug Saf 24:19–38

	34.	 James O, Friday EA, Unekwuojo EG (2011) Antihypertensive effect of 
methanol extract of Napoleona imperialis (p. beauv) in adrenaline induced 
hypertensive albino rats. Inter J Biochem Res Rev 1:47–57

	35.	 Ozaki Y, Soedigdo S, Wattimena YR, Suganda AG (1989) Anti-inflammatory 
effect of mace, aril of Myristica fragrans Houtt., and its active principles. 
Jpn J Pharmacol 49:155–163

	36.	 Abutaha N, Zharani M, Mekhlafi FA, Tamimi J, Mashaly AMA, Wadaan MA 
(2017) Acute and subacute toxicity of ethyl acetate fraction of Cochliobo-
lus spicifer (Nelson) isolated from Phoenix dactylifera (Linnaeus) on Balb/c 
mice. Res J Biotech 12(4):2–6

	37.	 Chinasa EC, Ifeoma IAS, Obodoike EC, Chhukwuemeka ES (2011) Evalua-
tion of anti-inflammatory property of the leaves of Sansevieria liberica ger. 
and labr. (fam: Dracaenaceae). Asian Pac J Trop Med 4:791–795

	38.	 Gadducci A, Cosio S, Carpi A, Nicolini A, Genazzani AR (2004) Serum 
tumor markers in the management of ovarian, endometrial and cervical 
cancer. Biomed Pharmacother 58:24–38

	39.	 Sibille P, Tliba O, Boulard C (2004) Early and transient cytotoxic response 
of peritoneal cells from Fasciola hepatica infected rats. Vet Res 35:573–584

	40.	 Nagao T, Yoshimura S (2009) Early embryonic losses in mice induced by 
diethylstilbestrol. Congenit Anom 49:269–273

	41.	 Block K, Kardana API, Taylor HS (2000) In utero diethylstilbestrol (DES) 
exposure alters Hox gene expression in the developing mullerian system. 
Bio Med 14:1101–1108

	42.	 Xiao W, Wang X, Wang C, Wang M, Fei C, Zhang L (2019) Acute and 
30-day oral toxicity studies of a novel coccidiostat – ethanamizuril. Toxi 
Res 8:686–695

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	In vivo studies on evaluation of endophytic fungi extract from Trichoderma viride against cervical cancer
	Abstract 
	Background 
	Result 
	Conclusion 

	1 Background
	2 Methods
	2.1 Cultivation and extraction
	2.2 HPLC analysis
	2.3 Experiment animals
	2.4 Acute toxicity studies
	2.5 Sub-acute toxicity studies
	2.6 Animal study
	2.7 Laboratory investigation
	2.8 Statistical analysis

	3 Results
	3.1 HPLC analysis
	3.2 Acute toxicity study
	3.3 Sub-acute toxicity studies
	3.4 Effect of T. viride extract on hematological parameters
	3.5 Effect of T. viride extract on biochemical studies
	3.6 Assessment of histology
	3.7 In vivo Anticancer studies
	3.7.1 Determination of body weight and ovary weight

	3.8 Tumor marker analysis
	3.9 Oxidative stress enzyme
	3.9.1 Biochemical parameters
	3.9.2 Evaluation of cervix tissues by histopathology


	4 Discussion
	5 Conclusions
	Acknowledgements
	References


