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Abstract: The use of herbal medicines has tremendously grown over the past few years. Owing to their
safety, they are more preferred over conventional allopathic medicine. Plant-based therapies have significantly
improved and protected human health. Additionally, dry powdered herbal medications are more effective than
liquid extracts. The numerous claims are not backed up by any data that can be verified. It is the first time that the
activity of Tribulus Terrestris spray-dried extract has been linked to acute and suba-cute oral toxicity. The objective
of the current work was to investigate the acute and sub-acute toxicity of spray-dried extract (SDE) of Tribulus
terrestris. For acute toxicity, two different doses, i.e., 2000 and 5000 mg/kg, were given to the female Wistar rats.
Only one dose was administered and each animal was observed for any signs of mortality along with behavioral
changes and physical symptoms for 2 weeks. Multiple doses of the SDE were given to the Wistar (both genders)
rats for 28 days in the sub-acute toxicity. Animals of both the genders received 500, 1000, and 1500 mg/kg/day
SDE doses for 28 days consecutively. Blood samples were obtained for biochemical and hematological analysis on
the 29th day of the experiment, following which subjects were sacrificed for the histopathological examination. The
results of acute toxicity revealed no signs of morbidity and mortality in rats. Similar results were recorded in the
sub-acute toxicity. Mild variations were observed at 1000 and 1500 mg/kg/day, however results were non-
significant. The SDE of Tribulus terrestris did not show any significant harmful effects in the treated animals after
14 and 28 days of treatment. Therefore, SDE of Tribulus terrestris can be safely employed in pharmaceutical
formulations for therapeutic use, addressing further safety in chronic and sub-chronic study.

Keywords: Tribulus terrestris, spray-dried extract, acute toxicity, sub-acute toxicity, Wistar rats,
histopathology.
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1. Introduction

Globally, many people use plant-based medicines
for managing their primary healthcare needs. Plant-
based medicines are generally perceived as safe and
non-toxic. Moreover, owing to their easy accessibility
and affordability, they are sought as the most reliable
medicines, and interest in them has increased
considerably over the years [1].

Compared with conventional allopathic medicines,
plant-based medicines are frequently administered as
viscous products, liquid extracts and dry powders.
Drying is generally achieved by directly drying the
extract or drying and comminuting the plant material.
Of all forms, dried powder form is the most preferred.
It offers the advantage of microbial and
physicochemical stability, higher concentration of
active compound, easy to transform into other
pharmaceutical forms, compared to the conventional
liquid form [2].

Many techniques are employed for the drying of
plant extracts. However, thermal stability and physico-
chemical properties of the plant material are the critical
factors that need to be undertaken before selecting any
of the drying technique. In contrast to the other drying
techniques, spray drying technique offers more
advantages. Safety, efficacy and quality of the products
is guaranteed and the standardization of the active
pharmaceutical ingredient can be easily achieved.
Literature has reported that dried powders achieved via
this technique can be used as final products in solid
dosage form and even have good reconstitution
characteristics [3].

The target of the current investigation was to
evaluate the toxicity profile of the spray-dried extract
(SDE) of Tribulus terrestris (T.T); through single-dose
acute toxicity and 28 days of repeated dosing in Wistar
rats. Tribulus terrestris, commonly known as the
yellow vine or gokharu, belongs to Zygophyllaceae.
The plant is extensively found in the southern part of
Europe, Africa, China, Japan, Korea, and Western
Asia. Extracts of this plant have been reported to have
numerous therapeutic effects in various ailments. The
plant possesses anti-bacterial, anti-inflammatory, anti-
urolithic, anti-hypertensive, anti-viral, and aphrodisiac

properties. The therapeutic activity of the plant is
contributed by the rich composition of flavonoids and
steroidal saponins constituents. Owing to many
steroidal saponins in the plant, the plant is of vital
pharmaceutical interest [4, 5]. Kamenov et al. reported
good outcomes with T.T in males with erectile
dysfunction and reduced sexual desire [6]. Protodioscin
is the main component of this plant. A study
established that protodioscin enhanced the sperm
development in distressed males, in addition to
eliminating menopause libido problems in females [7].
Another study reported that T.T concentrate can be
used as a substitute for treating hypoactive sexuality in
females after menopause. It has also been reported to
minimize menopausal symptoms and adverse effects by
increasing serum levels of bioavailable, unbound
testosterone TT to effectively treat kidney infections
[8]. Indians used it as a herbal tonic for infectious
diseases of urethra and a diuretic agent for renal
problems. Sharma et al. separated TT extract and
described that the n-butanol aliquots had a markable
antiurolithiatic activity in vitro and ex vivo [9]. A
Asadmobini et al. studied antioxidant effect of TT on
cyropreserved sperm samples, which improves
human sperm motility and viability [10]. A study
examined protodioscin prohibited cell multiplication in
leukemia HL-60 [11]. Data regarding the toxicity
profile of T.T is very scarce. Although a study has
reported the toxicity profile of the methanolic extract of
T.T oral administration where no drastic changes were
observed [12]. Moreover, there is insufficient
information regarding the toxicity profile of the SDE in
Wistar rats.

2. Methods and Materials

T.T was obtained from the local markets of Karachi
and verified from the Pharmacognosy department of
Faculty of Pharmacy, Jinnah University for Women.
The herbs were dried and then subjected to crushing.
The crushed herbs were mixed in the menstruum for
extraction which, composed of purified water and ethyl
alcohol (1:1.5). The mixture of crushed herbs and
solvent mixture in the ratio of 1:5 was boiled for 120 +
5 min with temperature kept up to 77 + 5°C and
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pressure up to 430 + 30 mmHg. Following the
decantation of the extract at the frequency of 41 £ 1
Hz, the extract was collected in the receiving chamber.
Subsequently, the resultant extract was evaporated after
being filtered through the sieve of 350 mesh size. The
dense liquid was then introduced into the feeding
container for spray drying. The drying operation was
accomplished at 183 =+ 2°C. The spray-dried extract
was then subjected to blending done in a blender set at
a speed of 20 &+ 2 rpm and then gathered in an air lock
polybag and double sealed. It was kept in another
polybag with 40 gm silica gel. The end product was
yellowish-brown fine powder.

2.1. Toxicity Studies
The study complies with the

guidelines (https://www.nc3rs.org.uk/arrive-
guidelines), the U.K. Animals (Scientific Procedures)
Act 1986, and connected guidelines, EU Directive
2010/63/EU for animal experiments
(https://ec.europa.eu/environment/chemicals/lab_anima
Is/legislation en.htm) or the National Institutes of
Health guide for the care and use of laboratory animals
(NIH Publications No. 8023, revised in 1978). Healthy
Wistar rats measuring about 150-250 g and 10-12
weeks grown were picked. For acute toxicity
investigation, only females were used, while, for the
sub-acute toxicity, both the genders were used. Rats
were acquired from the Animal House of the
Pharmacology Department, Faculty of Pharmacy,
Jinnah University for Women. The animals were kept
in propylene cages under specified environmental
conditions and were provided free access to water ad
libidum. Before starting the experiment animals were
adapted to the laboratory environment.

ARRIVE

2.2.Acute Toxicity

It was conducted according to directives provided
by the OECD TN. 423. Nine Wistar female rats were
splitted into three groups of three rats. Two groups
were given unit doses of 2000 and 5000 mg/kg of the
SDE of T.T respectively. The third group was the
control. Subsequently, the rats were strictly monitored
for the first 30 min and, subsequently, for the first 24 h.
After that, they were daily observed for two weeks.
Meanwhile, rats were also observed for any altered
central and autonomic nervous system effects, changes
in feed consumption, water drinking and variation in
fur and body weight. Moreover, signs for any mortality
were also noted down. After 14 days, animals of the
higher dose treated group were humanely dissected
under chloroform anesthesia and vital organs (heart,
liver and kidney) were stored in formalin for the histo-
pathological evaluations.

2.3.Sub-Acute Toxicity
It was also conducted following the OECD
directives (OECD, Test No. 407). Forty Wistar rats of

both the genders were divided in to 4 groups of 6 males
and 4 females each. Three groups received oral
experimental doses of SDE T.T 500, 1000 and 1500
mg/kg/day respectively. The last group was the control.
The experimental doses were administered repeatedly
for four weeks. Variations in the body weight of the
animals were noted weekly in addition to the general
morphological and behavioral changes. After four
weeks, animals were humanely dissected under
chloroform anesthesia. Blood specimens were obtained
by heart puncture into gel and clot activator tubes for
serum biochemical parameters evaluation and EDTA
tubes for hematological analysis. Serum was obtained
via centrifugation following the blood congealing for
30 min. Vital organs (liver, kidney, and heart) were
then obtained from the animals after sacrificing them
for the histopathological examination. Additionally,
mortality was also recorded in each group during the
study period.

2.4.Biochemical and Hematological Parameters

The biochemical profile includes Na, K, CI, Cr,
urea, uric acid, total protein, albumin, globulin,
albumin-globulin ratio, S.total bilirubin, S. direct
bilirubin, S. indirect bilirubin, ALP, Gamma GT, AST,
ALPT, triglycerides, serum cholesterol, HDL-
cholesterol, LDL-cholesterol, VLDL- cholesterol and
non-HDL cholesterol. They were evaluated after serum
separation at Dow laboratory, Karachi. Hematological
parameters include hemoglobin HB, (RBC), HCT,
MCV, MCH and (MCHC), (WBC), neutrophils,
lymphocyte, eosinophils, basophils, monocyte, and
platelet count. Estimation was performed using
Hematology Analyzer at Dow Laboratory, Karachi,
Pakistan [13, 14].

2.5.0rgan Weights and Histopathology

All major organs, namely heart, liver, left and right
kidneys, were separated, observed, washed with normal
saline, weighed, and stored in 10% buffered formalin.
Then, relative organ weight (ROW) was determined by
the following formula (14):

ROW = .0rgan weig h% . 100
body weig htbefore dissection
The preserved organs were inserted in paraffin,
sliced into slender sections and stained with blue dye
hematoxylin and pink dye eosin and final glass slides
were visualized under a picture microscope for any
pathology and photographs were taken.

2.6.Statistical Data Analysis

Statistical inference was conducted using SPSS
version 20.0. Comparisons between sample and control
groups were executed by one-way analysis of variance
(ANOVA) succeeded by Tukey's and Dunnet's multiple
comparison. A p-value less than 0.05 was recognized to
be significant.
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3. Results and Discussion

3.1.Acute Toxicity

All the selected subjects were carefully monitored
for any indications of toxicity. The animals were
monitored at the start of the experiment and during
different intervals throughout the study period, with
special emphasis on the first 4 h of the experiment. The
clinical parameters do not show any indication of
toxicity at either of the doses. Moreover, no mortality
was found, indicating that the toxic dose of SDE of T.T
was higher than 5000 mg/kg. The histopathological
evaluation of the liver, kidneys and heart further
revealed that the LD50 of the SDE of T.T is far greater
than 5000 mg/kg. The histopathological sections
showed no significant pathological changes with
normal appearance and preserved architecture (Fig. 1).

| £ 2

Fig. 1 Heart, kid'ney, and liver sections at 5000 mg/kg

3.2.Sub-Acute Toxicity

It was conducted using three different doses of the
SDE of T.T (500, 1000, and 1500 mg/kg/day) for 4
weeks. On the 29th day of the experiment,
biochemical, hematological, and histopathological
assessments were done. The body weights of all rats
showed a significant change. A rise in the weights of
rats was observed throughout the study. Compared to
the control, all the three treated groups showed a steady
raise in the body weight. Contrary to the body weights,
no significant variation was noted in the relative organ
weight in the treated groups in contrast to the control

(Table 1).

Table 1 Results of various doses of SDE T.T on body weight and relative organ weight of rats

Dose Gender Body weight Body weight Heart R. Kidney L kidney  Liver

mg/kg Day 1 Day 28

Control M 234+ 12 302 +22 095+09 089+0.7 086+09 91+12
F 170+ 5.6 210+ 12 0.86+0.11 0.61+0.05 056+0.05 58+0.3

500 M 243+ 6.7 293+ 27 098+0.09 0.83+0.08 0.85+0.07 89+0.8
F 171+ 38 215+ 4.8 0.84+0.05 0.64+0.05 059+0.09 56+0.3

1000 M 203+ 8.9 279+ 28.8 093+0.02 080+01 086+011 82+1.2
F 183+ 3.4 224 + 16 1.04+033 066+01 0.61+01 63+13

1500 M 253 +3.33 336 + 20 133+01 096+0.1 1.04+003 109+1.9
F 170+£5.0 19222 0.71+0.04 0.52+0.04 048+0.03 56+0.2

Notes: R. - right, L. - left, M - male, F - female. The values are stated as mean and standard error of the mean (n = 5). For statistical inference
one-way ANOVA followed by Tukey's and Dunnet’s multiple comparison was applied. p -value higher than 0.05 is not statistically significant.

3.3.Bioche mical Parameters

Uric acid, urea, creatinine, sodium and potassium
levels were observed for determining the effect of
different doses of SDE T.T on renal parameters. The
results reveal that a raise was observed in the uric acid

levels at all the doses, urea and creatinine were
lowered. However, this change was not statistically
significant. Similarly, no significant variation was
noted in the sodium and potassium levels (Table 2).

Table 2 Consequences of various doses of SDE T.T on renal profile

Dose Gender Body weight Body weight Heart R. kidney L. kidney  Liver

mg/kg Day 1 Day 28

Control M 234 +£12 302+ 22 095+09 089+07 086+09 91+12
F 170+ 5.6 210+ 12 0.86+0.11 0.61+0.05 056+0.05 58+0.3

500 M 243+ 6.7 293+ 27 0.98+0.09 0.83+0.08 0.85+0.07 89+0.8
F 171+ 3.8 215+ 4.8 0.84+0.05 0.64+0.05 059+0.09 56+03

1000 M 203+ 8.9 279+ 28.8 093+0.02 080+01 086+011 82+1.2
F 183+ 3.4 224 + 16 1.04+033 066+01 061+01 63+13

1500 M 253+ 3.3 336+ 20 133+01 096+0.1 1.04+003 109+1.9
F 170+ 5.0 192+ 2.2 0.71+0.04 0.52+0.04 048+0.03 56+0.2

Notes: M - male, F - female. Values are stated as mean and standard error of the mean (n = 5). For statistical inference one-way ANOVA

followed by Tukey's and Dunnet's multiple comparison was applied. p -value higher than 0.05 is not statistically significant.

No significant change was noted in the liver
enzymes in the tested groups. Mild variation was

observed but, it was found to be statistically non-

significant (Table 3).

Table 3 Consequences of various doses of SDE T.T on liver profile

Liver parameters

Group 1 (Control)
M F

Group 2 (500 mg/kg)
M F

0.14+0.01
0.09+0.01

0.17+£0.03
0.1+0

Total Bilirubin (mg/dL)
Bilirubin direct (mg/dL)

0.2+0.05
0.£0

Group 3 (1000 mg/kg) Group 4 (1500 mg/kg) p-value
M F M F
0.13+0.01 0.155+0.01 0.13+0.03 0.18+0.01 0.15+0.02 0.655
0.1+0 0.08 +0.04 0.1+0 0.1+0.01 0.12+0.02 0.233
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Continuation of Table 3

Bilirubin Indirect (mg/dL)  0.1+0.01 0.08+0.01 0.07+003 0.03+001 0.04+0.02 0.03+0.01 0.9+0.02 0.09+0.01 0.168
ALP (U/L) 31532+10.16 286+10 250+76 48+1 96.8+13.8 139+957 142+18 94.7+49 0.696
SGOT (U/L) 168.24 £6.21 157 +12 180+0 202+15 199+21 222+16.7 206+9.11 235+10 0.304
SGPT (U/L) 26+2 25+1 32+2 315+25 348+23 3533+£6.8 40+£2.22 347+16 0.280
Gamma GT <4+0 <440 <4+0 <4+0 <440 <4+0 <4+0 <4+0

Notes: M - male, F - female.Values are expressed as mean and standard error of the mean (n = 5). For statistical inference one-way ANOVA
followed by Tukey's and Dunnet's multiple comparison was applied. p -value higher than 0.05 is not statistically significant.

Similarly, no statistically significant change was groups compared to the control (Table 4).
observed in the albumin/globulin ratio in the treated

Table 4 Consequences of various doses of SDE T.T on albumin/globulin ratio
Group 1 (Control) Group 2 (500 mg/kg)  Group 3 (1000 mg/kg) Group 4 (1500 mg/kg)  p-value

M F M F M F M F
Total Protein (g/dl) 6.7+011 706+03 63+067 72+01 69+04 7.0+025 6.16+012 65+0.2 0.502
Globulin (g/dl) 26+013 33+02 395+03 38+01 46+05 45+03 36+013 41+04 0.218
Albumin (g/dl) 403+11 38+01 238+04 33+01 24+02 25+06 2.6+0.17 29+0.2 0.062

Albumin/Globulin ratio 1.6+01 11+01 06+01 09+01 05+01 06+0.2 06+0.1 0.7+0.1 0.070
Notes: Values are stated as mean and standard error of the mean (n = 5). For statistical inference one-way ANOVA followed by Tukey's and
Dunnet's multiple comparison. p-value higher than 0.05 is not statistically significant.

Lipid profile revealed that all results were found to cholesterol. There was a gradual reduction in serum
be within the specific range and were not significantly cholesterol levels with the increase in extract dose (p
varying from the control (p > 0.05) except for serum value = 0.023) (Table 5).

Table 5 Results of various doses of SDE T.T on lipid profile
Group 1 (Control) Group 2 (500 mgkag) Group 3 (1000mg/kg) Group4 (1500mgkg) p-value
F

M F M F M F M
Triglycerides (mg/dl) 88+10 68+6 66+17.3 47.5+25 545+12 63+111 483+31 493+44 0.746
Serum cholesterol (mg/dL) 71+48 59+2 67.7+36 67.5+05 685+78 603+64 60.3+37 53.6+38 0023
HDL-cholesterol(mg/dL) 13+2 14+33 167+31 1940 158+13 147+18 143+15 13+2 0.117
LDL- cholesterol (mg/dL) 20+3 16+22 11+07 6+0 98+08 83+18 76+16 75+1 0.710
VLDL-cholesterol (mg/dl) 16+3 15+15 133+31 95+05 11+25 127+22 106+18 101+19 0952
Non-HDL-cholegterol (mg/dl) 55+33 51+46 501+11 4940 51.5+£52 46+73 48 +4 45+3 0.093

Notes: Values are stated as mean and standard error of the mean (n = 5). For statistical inference one-way ANOVA followed by Tukey's and
Dunnet's multiple comparison was applied. p-value higher than 0.05 is not statistically significant. * declare significance of p < 0.05.

3.4.Hematological Parameters at the dose of 1500 mg/kg/day significantly decreased
Mild variation was observed in the hematological from that of the control, but, no signs of bleeding were

parameters in the treated groups, which, however, was noted in the animals (Table 6).

not statistically significant. Nonetheless, platelet count

Table 6 Hematological parameters
Hematological Parameters _ Groupl (Control)  Group 2 (500 mg/kg) Group 3 (1000 mg/kg) Group4 (1500mg/kg)  p-value
F

M F M F M

Hb (g/dL) 12203 142+065 148+05 132+05 132+£19 136+03 132+01 0267
RBC (10%1L) 6.8+06 745+015 75+0.1 716+024 7.0+11 72+02 65+05 0425
HCT % 40+5 475+25 50+10 453+111 44+60 465+15 435+15 0.09%
MCV (fL) 587+1.7 635+15 665+15 63+20 63.5+0.75 645+05 62+2 0416
MCH (pg) 18.3+05 195+05 20+10 18.7+044 1940 19+0 172 0.240
MCHC (g/dL) 314+04 295+05 295+05 293+089 295+05 295+05 285+15 0690
WBC (10°1L) 58+03 525+125 47+06 913+29 495+175 128+46 51+15 0566
Platelets (10°/L) 541 +25 497 £130 696 +415 560 £107 425 +50 85177  287+13 0018
Neutrophils % 39+5 36+5 405+55 30+93 43+10 27+7 19+1 0.49
Lymphocytes% 59+7 60.5+55 53+50 66 +£10 535+95 665+96 735+25 0526
Monocytes% 13+06 0.35 15+05 233+044 05+05 3x1 3=+1 0.280
Eosinophils% 19+35 35+13 335+15 133+111 3+£1 35+35 05+05 0132
Basophils 1+06 00 15+05 033+044 0=+0 00 1+0 0.352
ESR (Mm/irs) 15+1 15+1 15+1 15+1 15+1 15+1 15+1 -

Notes: Values are stated as mean and standard error of the mean (n = 5). For statistical inference one-way ANOVA followed by Tukey's and
Dunnet's multiple comparison was applied. p-value higher than 0.05 is not statistically significant. * declare significance of p < 0.05.

3.5. Histopathology No signs of tubular atrophy and interstitial
The histopathological sections of the kidney at inflammation were observed (Fig. 2).

different doses of SDE T.T exhibited no significant

variation in contrast to the control. The renal

architecture was preserved, and the same symmetry of

cells was found in all sections compared to the control.
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Fig. 2 a - Effect of 500 mg/kg/day of SDE T.T; b - Effect of 1000
mg/kg/day of SDE T.T; ¢ - Effect of 1500 mg/kg/day of SDE T.T
on rat’s renal histology

Similar to the kidney sections, the liver sections of
the treated rats showed no signs of any fatty changes or
periportal or focal necrosis. There was no significant
difference in the hepatocytes arrangement with respect
to the control. Moreover, no evident signs of cirrhosis,
fibrosis and inflammation were found (Fig. 3a-c).

3a 3b 3c

Fig. 3 a - Effect of 500 mg/kg/day of SDE T.T; b - Effect of 1000
mg/kg/day of SDE T.T; c - Effect of 1500 mg/kg/day of SDE T.T
on rat’s hepatic histology

The histopathological examination of the heart
showed no significant variation compared to the
control was found at 500, 1000, and 1500 mg/kg/day of
the SDE T.T. Normal appearance and architecture of
cardiomyocytes was seen. No significant variations
were noted in capillary beds with no evidence of cell
death (Fig. 4a-c).

4a ab 1% 1 4c

Fig. 4 a - Effect of 500 rhg/kg/day of SDE T.T; b - Effect of 1000
mg/kg/day of SDE T.T; ¢ - Effect of 1500 mg/kg/day of SDE T.T
on rat’s heart histology

The use of phytomedicines has tremendously
enhanced over the past few years. Owing to their
safety, they are more preferred over conventional
allopathic medicine. Moreover, herbal medicines in the
dried powder form exert more efficacy than liquid
extracts. Spray drying is the most recommended
technique for drying plant extracts. This study was
designed to assess the safety profile and toxicity index
of the SDE T.T in acute and sub-acute setting. Acute
toxicity was performed at two different single oral
doses; 2000 and 5000 mg/kg/day for 14 days. No
behavioral and physical changes were noted along with
no signs of mortality in any treated rat. The results
were similar to the study by Sagar et al., where acute

toxicological study of water-based extract of the T.T
was performed [15]. Doses ranging from 2000 to
10000 mg/kg/day were tested, and no toxic symptoms
appeared at any of the test dose. Repeated dose sub-
acute toxicity revealed no significant variations in
hematological and biochemical profiles except for body
weight and serum cholesterol. Rats treated with 500,
1000, and 1500 mg/kg/day of SDE T.T showed a
gradual reduction in body weight of rats.

Various studies have described the consequences of
T.T on the lipid profile. Istiak et al. reported reduction
in total cholestrol and triglyceride levels following a
combined formulation of TT and Andrographis
paniculata in mice, where as no changes in the LDL-
cholesterol, HDL-cholesterol levels were observed
[16]. Similarly, another study suggested that dietary
intake of T.T decreases serum lipid profiles [10]. The
results of these studies were very much alike to our
study. Adequate scientific data on the hepatoprotective
effect of T.T are available [17-19]. However, few
studies have also reported the hepatotoxic potential of
T.T. A recent study reported a hepatotoxicity in young
women in Iran following a herbal tea of T.T for two to
three months [17]. Another study has also reported the
toxicity of T. T infusion in humans. Predominant toxic
effects were observed on the liver and kidney [20]. Our
study demonstrated that no toxic effects were observed
on the liver of the treated rats. Many of the studies have
reported the renoprotective effect of T.T [21]. Our
results suggest that SDE T.T has no toxic effect on the
kidneys when repeatedly administered at a high dose.
Although T.T is effective in many diseases, there are
very scarce data available for long-term toxicity
studies. Our study revealed that repeated dose
administration of SDE T.T produced no toxic signs and
mortality in the experimental animals over a period of
28 days.

4. Conclusion

Standardized plant preparations are typically sold as
liquid extracts, powders made from dried plant
material, or extracts dried. In this situation, dried
extracts are becoming more popular in the
pharmaceutical industry because they have many
advantages over traditional liquid forms, including
chemical, physiochemical, and microbiological
stability, ease of standardization, higher concentrations
of active compounds, ease of transportation, need for
less storage space, and reduced risk of microbial
contamination. It is also common practice to turn a
plant extract into a dry extract when creating herbal
medicines. Spray drying is the most popular drying
technique used to create dried extracts. The processing
conditions should also be considered to protect the
bioactive moieties associated with its pharmacological
activity.

The acute toxicity findings revealed that the LD50
of the SDE T.T is greater than the unit dose of 5000
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mg/kg. Repeated dose sub-acute toxicity for the 28
days revealed that the SDE T.T is relatively safe and
non-toxic at 500, 1000, and 1500 mg/kg/day with no
significant effect on hematological, biochemical
parameters, histology and structure. Therefore, to
conclude, SDE T.T can be safely employed in
pharmaceutical formulations for therapeutic use after
further addressing safety in chronic and sub-chronic
study.
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