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A B S T R A C T  

Ur so lic acid is a pen ta cyclic car boxylic acid pre sent in med i c i nal herbs abun dantly. There is sci en tific ev i dence 
of im por tant ben e fits of ur so lic acid in me tab o lism of lipids and glu cose, as well as on the body weight and 
meta bolic pa ra me ters. How ever, the hy dropho bic ity of ur so lic acid in creases the dif fi culty in its po ten tial clin - 
i cal ap pli ca tion. The aim of the pre sent study is to de velop ur so lic acid nanopar ti cles to en hance its bioavail - 
abil ity and fur ther sub jected for eval u at ing the an tidi a betic ac tiv ity. Ur so lic acid nanopar ti cles were pre pared 
by nano pre cip i ta tion method and op ti mized by vary ing for mu la tion vari ables in clud ing PVA con cen tra tion 
and pro cess ing vari ables in clud ing stir ring speed. Mean Par ti cle Size, Poly dis per sity in dex and zeta po ten tial 
were mea sured for the op ti mized nanopar ti cles. Non - insulin de pen dent di a betes mel li tus was in duced in tra - 
peritonially in wis tar al bino rats at 60  mg/ kg strep to zo tocin. Ur so lic acid (100  mg/ kg) and nanopar ti cle (UNP 
25  mg/ kg and 50  mg/ kg) were given orally for 4 weeks. In vivo an tidi a betic ef fect was es ti mated by mea sur ing 
blood glu cose level. The Serum cho les terol, triglyc erides, SGOT, SGPT, al bu min, to tal pro tein and in - vivo an - 
tiox i dant pa ra me ters were de ter mined by us ing di ag nos tic kits. Op ti mized Ur so lic acid nanosus pen sion 
showed par ti cle size and poly dis per sity in dex to be 246.4  nm and 0.206 re spec tively. Zeta po ten tial of the pre - 
pared nanopar ti cle was −31.2  ±  5.17  mV. Ur so lic acid nanopar ti cle showed sig nif i cant re duc tion (p  <  0.001) 
in el e vated blood glu cose level in dose de pen dent man ner with promi nent lipid low er ing and an tiox i dant ef - 
fect. The promis ing re sults from the study re vealed that nano - preparation was found to be the most ef fec tive 
for an tidi a betic ac tiv ity due to its changes in ox ida tive bio mark ers. 

1 . Introduction 

Non in sulin de pen dent Di a betes mel li tus (NIDDM) is meta bolic 
dis or der char ac ter ized by the pres ence of over weight/ obe sity, in ac tiv - 
ity, re sis tance for in sulin, hy per glycemia, dys lip i daemia, neg a tive ni - 
tro gen bal ance and an in flam ma tory state. It is also de scribed by re - 
duced in sulin sen si tiv ity, means, lower abil ity of in sulin to me tab o lize 
glu cose, a key in the phys iopathogeny of dis ease process ( Kaur, 2014 ). 
From the sev eral years it has been sug gested that pa tients with di a - 
betes un dergo un re lieved ox ida tive stress. This can be ap pre ci ated by 
mea sure ment of bio mark ers for ox ida tive stress in pa tients with type 
II di a betes. 

To find out for a ther a peu tic agent that can em pha sis on the meta - 
bolic syn drome es pe cially, im prove in sulin sen si tiv ity to ef fec tively 

pre ven tion of type II di a betes mel li tus, ur so lic acid is a promis ing 
com pound. Ur so lic acid [3β - hydroxy - urs - 12 - ene - 28 - oic acid] is a ubiq - 
ui tous pen ta cyclic triter penoid in plant king dom, med i c i nal herbs, and 
is an in te gral part of the hu man diet has been iso lated from many 
kinds of med i c i nal plants, such as Eri obotrya japon ica , Ros mar i nus of - 
fic i nalis , Melaleuca leu ca den dron , Oci mum sanc tum and Gle choma hed er - 
aceae . Lit er a ture sur vey re vealed me thod i cal ob ser va tions of ur so lic 
acid in me tab o lism of glu cose and meta bolic fac tors. Ur so lic acid acts 
as in sulin sec re t a gogue and the glu cose im bal ance is main tained by 
mod u la tion of cal cium and pro tein ki nase C as dis cussed by Castro et 
al. (2015) . It ame lio rates glu cose me tab o lism pri mar ily by the ac ti va - 
tion of per ox i some pro lif er a tor - activated re cep tor al pha and in duc tion 
of the he patic au tophagy path way as shown by Jia et al. (2015) . It 
also in creases glu cose up take through the PI3K sig nal ing path way in 
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Fig. 1 . High Res o lu tion Trans mis sion Elec tron Mi cro graph of Ur so lic acid 
Nanosus pen sion. 

adipocytes pre sented by He et al. (2014) . Ur so lic acid also ex erts a 
pro tec tive ef fect on kid ney, liver by a method of Biswas et al. (2019) 
and ef fec tive in the treat ment of di a betic nephropa thy as demon - 
strated by Ling et al. (2013) It is a po tent an tiox i dant with hy dropho - 
bic na ture which in creases the dif fi culty in its po ten tial clin i cal ap pli - 
ca tions. In pre sent study we have made an at tempt to pre pare ur so lic 
acid nanopar ti cles for en hanc ing the bioavail abil ity and fur ther sub - 
jected for eval u at ing the in - vivo an tidi a betic ac tiv ity. 

2 . Material and methods 

2. 1 . Chemicals 

The stan dard drug ur so lic acid (otto chemika - biochemika 
reagents), tech ni cal grade Strep to zo tocin (pu rity 99.4%) (Cal 
Biochem, Mum bai) and Stan dard drug Met formin (CDH, In dia) were 
used. For mea sur ing the bio chem i cal and serum pa ra me ters the di ag - 
nos tic kits (Erba Phar ma ceu ti cals, New Delhi) were used. All the 
reagents and chem i cals used were of AR grade. 

2. 2 . Preparation of nanoparticles of ursolic acid 

Nano - precipitation tech nique was used to pre pare Ur so lic acid 
nanopar ti cles (UANs) with slight change of a pre vi ously re ported 
method of Mishra et al. (2013) . Briefly, 2  g of UA was dis solved in 
25  ml of ethanol and ace tone (1:3) by ul tra - sonication at 40  W for 
15  s. The re sult ing so lu tion was then in jected (1  ml/ min) with a mi - 
cro sy ringe con nected to a thin Teflon tube, into 60  ml dis tilled wa ter 
con tain ing 2% w/ v of polyvinyl al co hol (PVA) with con tin u ous stir - 
ring at 500  rpm. The re sult ing emul sion ob tained was then di luted 

with 120  ml PVA so lu tion (0.3% w/ v in wa ter) in or der to min i mize 
co a les cence and the mix ture was con tin u ously stirred (500  rpm) for 
12  h  at room tem per a ture to al low evap o ra tion of sol vent and 
nanopar ti cles for ma tion. The re sult ing Ur so lic acid nanopar ti cle was 
sub se quently cooled down to −20 ̊ C and freeze dried. 

2. 3 . Morphological analysis and characterization of nanoparticle 

About 100  μL of the pre pared nanopar ti cles was di luted to 5  ml of 
dis tilled wa ter and analysed with dy namic light scat ter ing Ze ta sizer 
(Malvern Ze ta sizer, UK). The analy sis was car ried out at 25  °C. Mor - 
pho log i cal analy sis of nanopar ti cles was per formed by High Res o lu - 
tion Trans mis sion Elec tron Mi croscopy (HRTEM) by method of 
Clogston and Patri (2011) ; Cao et al. (2016) . FTIR spec trum of Ur so lic 
acid, PVA and nanopar ti cle were recorded by plac ing the sam ple on 
KBr Plate. The mix tures were sub jected for FTIR mea sure ments over 
the range of 650 – 4000  cm −1 (PerkinElmer Spec trum ver sion 10.03.02, 
USA). 

2. 4 . Optimization of nanosuspension 

For mu la tion vari ables that were var ied for prepar ing nanopar ti cle 
in clude con cen tra tion of PVA and ethanol: ace tone ra tio and process 
vari able in clude stir ring speed. For op ti miza tion, the con cen tra tion of 
PVA was var ied (1.5%, 2.0%, 2.5%, 3.0%) along with the stir ring 
speed (250  rpm, 500  rpm, 750  rpm, 1000  rpm) but keep ing ethanol: 
ace tone ra tio con stant. 

On vary ing ethanol: ace tone ra tio (1:1, 1:2, 1:3, 1:4) and con cen - 
tra tion of PVA (1.5%, 2.0%, 2.5%, 3.0%) but keep ing stir ring speed 
con stant (500  rpm), 32 for mu la tions have been pre pared and op ti - 
mized on the ba sis of Par ti cle size, pdI and Zeta po ten tial. 

2. 5 . Pharmacological studies 

2. 5. 1 . Experimental animals 
Young adult male al bino wis tar rats 6 – 8 weeks old, weigh ing 200 – 

250  g were kept in the an i mal fa cil ity of United In sti tute of Phar macy, 
Al la habad. The an i mals were kept in polypropy lene cages in stan dard 
en vi ron men tal con di tions, 12  h light and 12  h dark cy cle at 25 ± 
2  °C. Be fore and dur ing the ex per i ments, the rats were fed with stan - 
dard lab o ra tory pel let diet and wa ter ad li bi tum . An i mals were ac cli - 
ma tized to the lab o ra tory con di tion for at least 5 days prior to the ex - 
per i ment and were main tained in a well - ventilated an i mal house. The 
ex per i men tal pro to col was ap proved by the In sti tu tional An i mal Eth i - 
cal Com mit tee (IAEC) with ap proval num ber (REG. No: UIP/ IAEC/ 

Fig. 2 . Zeta Po ten tial of Ur so lic acid Nanopar ti cles. 
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Fig. 3 . FTIR Spec tra of Ur so lic acid, PVA and ur so lic acid nanopar ti cles. 
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Table 1 
Op ti miza tion of Ur so lic acid Nanosus pen sion by vary ing PVA con cen tra tion 
(%) and Stir ring speed (rpm). 

Formulation PVA 
(%) 

Stirring 
speed (rpm) 

Particle size 
(nm) ±SD a 

pdI±SD a Zeta 
potential 
(mV) ±SD a 

F1 1.5 250 500.9  ±  4.5 0.288  ±  0.02 18.6  ±  1.2 
F2 1.5 500 307.3  ±  3.2 0.159  ±  0.05 29.8  ±  1.5 
F3 1.5 750 431.8  ±  2.4 0.225  ±  0.11 15.7  ±  1.8 
F4 1.5 1000 424.7  ±  1.5 0.274  ±  0.13 12.7  ±  1.0 
F5 2.0 250 489.3  ±  3.5 0.268  ±  0.03 17.4  ±  1.7 
F6 2.0 500 288.9  ±  3.0 0.188  ±  0.15 31.8  ±  2.0 
F7 2.0 750 467.7  ±  2.0 0.241  ±  0.04 20.8  ±  1.4 
F8 2.0 1000 410.3  ±  1.1 0.296  ±  0.16 17.9  ±  0.09 
F9 2.5 250 499.8  ±  1.7 0.356  ±  0.12 10.6  ±  1.9 
F10 2.5 500 325.3  ±  1.3 0.171  ±  0.06 30.9  ±  2.2 
F11 2.5 750 432.7  ±  2.2 0.285  ±  0.08 19.7  ±  2.4 
F12 2.5 1000 478.5  ±  2.8 0.315  ±  0.17 16.8  ±  2.5 
F13 3.0 250 512.7  ±  0.8 0.321  ±  0.09 15.8  ±  1.1 
F14 3.0 500 364.6  ±  3.8 0.194  ±  0.10 28.9  ±  2.6 
F15 3.0 750 498.7  ±  4.0 0.336  ±  0.14 14.8  ±  2.8 
F16 3.0 1000 500.8  ±  4.2 0.359  ±  0.07 13.7  ±  2.0 
a The data represents as mean  ±  Standard deviation. (n  =  3). 

Table 2 
Ur so lic acid Nanosus pen sion pre pared by vary ing PVA Con cen tra tion and 
Ethanol: Ace tone ra tio (v/ v). 

Formulation PVA 
(%) 

Ethanol: 
Acetone ratio 
(v/v) 

Particle size 
(nm) ±SD a 

pdI±SD a Zetapotential 
(mV) ±SD a 

F17 1.5 250 355.9  ±  3.5 0.092  ±  0.06 19.5  ±  2.2 
F18 1.5 500 350.7  ±  3.2 0.159  ±  0.08 21.9  ±  2.5 
F19 1.5 750 268.6  ±  1.4 0.186  ±  0.15 24.7  ±  1.5 
F20 1.5 1000 350.3  ±  2.5 0.228  ±  0.04 26.4  ±  1.1 
F21 2.0 250 325.9  ±  2.7 0.214  ±  0.23 30.8  ±  1.7 
F22 2.0 500 276.9  ±  1.1 0.225  ±  0.19 28.2  ±  2.4 
F23 2.0 750 246.2  ±  1.3 0.206  ±  0.14 31.2  ±  1.4 
F24 2.0 1000 301.8  ±  1.7 0.220  ±  0.21 27.9  ±  1.3 
F25 2.5 250 335.8  ±  4.7 0.231  ±  0.20 22.6  ±  1.8 
F26 2.5 500 398.4  ±  4.3 0.221  ±  0.17 20.9  ±  2.9 
F27 2.5 750 296.5  ±  2.8 0.254  ±  0.11 18.5  ±  0.09 
F28 2.5 1000 312.2  ±  3.8 0.248  ±  0.12 19.9  ±  2.8 
F29 3.0 250 330.2  ±  1.5 0.211  ±  0.09 17.6  ±  1.1 
F30 3.0 500 344.6  ±  2.9 0.242  ±  0.10 16.7  ±  2.6 
F31 3.0 750 325.4  ±  4.0 0.235  ±  0.16 15.9  ±  2.1 
F32 3.0 1000 293.2  ±  4.2 0.230  ±  0.05 14.9  ±  2.0 
a The data represents as mean  ±  Standard deviation. (n  =  3). 

April - 2015/07). The care of an i mals and the lab o ra tory was car ried 
out as per the CPC SEA reg u la tion. 

2. 5. 2 . Selection of dose for antidiabetic activity 
As a small nat ural mol e cule uni ver sally pre sent in plants and even 

hu man diet; Ur so lic acid is rel a tively non toxic and is well tol er ated 
orally and top i cally in both hu man and ro dents. The acute tox i c ity 
(LD 50 ) of ur so lic acid in ro dents was de ter mined by Lee et al. (2010) 
and was found to be 8330  mg/ kg for oral ad min is tra tion and more 
than 637  mg/ kg for in traperi toneal in jec tions as dis cussed by Xu et al. 
(2011) . There fore, the dose se lected for the phar ma co log i cal ac tiv ity 
of ur so lic acid is 100  mg/ kg and its nanopar ti cle 25  mg/ kg and 
50  mg/ kg were se lected as per Yang et al. (2012) . 

2. 5. 3 . Experimental induction of diabetes 
All the an i mals were kept at overnight fast ing and the di a betes 

was in duced in traperi to nially with strep to zo tocin 60  mg/ kg. Rats hav - 
ing fast ing blood glu cose level above 200  mg/ dl was con sid ered to be 
hy per glycemic and used fur ther for ac tiv ity. 

2. 5. 4 . Experimental design 
The an i mals were di vided in six dif fer ent groups (n  =  6). The 

stan dard drug along with the nanopar ti cle was given orally to rats by 
oral gav age. 

Fol low ing were the groups used for the ac tiv ity: 

Group I: positive control received vehicle normal saline solution 
Group II: diabetic control induced with streptozotocin (60  mg/ kg) 

intraperitonially 
Group III: diabetic rats treated with drug Ursolic acid (100  mg/ kg) 
Group IV: diabetic rats treated with 25  mg/ kg UNP 
Group V: diabetic rats treated with 50  mg/ kg UNP 
Group VI: diabetic rats treated with standard drug Metformin 

100  mg/ kg 

The drugs and ve hi cles orally ad min is tered through oral gav age 
tube daily for four weeks. Blood was with drawn from the retro or bital 
punc ture of rats on 0 th day, 7th day, 14th day, 21st day and 28th day 
to mea sure blood glu cose level. Blood glu cose level was de ter mined 
by one touch glu come ter (Jonhson & John son, Mum bai). Bio chem i cal 
pa ra me ters, to tal pro tein, Serum glu tamic ox aloacetic transam i nase 
(SGOT), Serum glu tamic pyru vic transam i nase (SGPT), al bu min level, 
cho les terol and triglyc erides were also been es ti mated by us ing di ag - 
nos tic kits. 

2. 5. 5 . In - vivo antioxidant activity in diabetic rats 
Mea sure ment of Cata lase (CAT), Su per ox ide dis mu tase (SOD), Glu - 

tathione - S - transferase (GST), Re duced glu tathione (GSH) and Glu - 
tathione per ox i dase (GPx) were de ter mined for as cer tain its an tiox i - 
dant ac tiv ity by stan dard pro ce dure ( Murugan and Pari, 2006 ). 

2. 5. 6 . Histopathological assessment 
All tis sue spec i mens were ob tained from the same re gion of the 

right lobe of the liver, right kid ney and Pan creas which were fixed in 
10% buffered for ma lin, processed for em bed ding in paraf fin wax by 
rou tine pro to cols and 5  μm - thick sec tions were then cut by mi cro - 
tome. The sec tions were stained with haema toxylin/ eosin us ing a rou - 
tine pro to col and ex am ined us ing an Olym pus BX50 pho tomi cro scope 
at 250X by a method of Attalla et al. (2010) . The patho log i cal find - 
ings of ex am i na tion us ing light mi croscopy were recorded. 

3 . Results 

3. 1 . Characterization and morphological analysis of nanoparticles 

The mean par ti cle size and poly dis per sity in dex of pre pared 
nanopar ti cle was found to be 246.4  ±  4.21  nm and 0.206 re spec - 
tively. The small par ti cle size and shape con firmed by HR - TEM in Fig. 
1 , which shows more up take of drug and in creases bioavail abil ity of 
the pre pared nanopar ti cle. Zeta po ten tial of the pre pared nanopar ti cle 
was −31.2  ±  5.17  mV as shown in Fig. 2 . Fourier Trans form In frared 
Spec tra of Ur so lic acid, Poly Vinyl Al co hol and ur so lic acid nanosus - 
pen sion were shown in Fig. 3 . Promi nent peaks were seen at 
2325  cm −1 for ur so lic acid stan dard in Fig. 3 a] and its nanospar ti cles 
in Fig. 3 b which were re mained un af fected by the pres ence of poly - 
mer (PVA) in Fig. 3 c. 

3. 2 . Optimization of nanosuspension 

A 3D sur face graph was plot ted us ing Mi crosoft ex cel (2003) soft - 
ware us ing four lev els. About 16 for mu la tions have been pre pared by 
vary ing PVA con cen tra tion and stir ring speed but keep ing ethanol: 
ace tone ra tio (1:1) con stant as shown in ( Table 1 ). 
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Fig. 4 . Op ti miza tion of Ur so lic acid Nanofor mu la tion by vary ing PVA Con cen tra tion (%) and Stir ring Speed (rpm). 
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Fig. 5 . Op ti miza tion of Ur so lic acid Nanofor mu la tion by vary ing PVA Con cen - 
tra tion (%) and Ethanol: Ace tone ra tio (v/ v). 

Fur ther more, by vary ing PVA con cen tra tion and ethanol: ace tone 
ra tio but keep ing stir ring speed con stant (500  rpm) 16 for mu la tions 
been pre pared as shown in ( Table 2 ). 

PVA at dif fer ent con cen tra tions in clud ing 1.5%, 2%, 2.5% and 3% 
have been used as a sta bi lizer and poly mer for prepar ing nanosus pen - 
sion. Dif fer ent stir ring speed at 250  rpm, 500  rpm, 750  rpm and 
1000  rpm were also tried for the prepa ra tion. Fig. 4 shows that on in - 
creas ing the con cen tra tion of PVA from 1.5% to 2% and stir ring speed 
from 250  rpm to 500  rpm the par ti cle size of nanosus pen sion in Fig. 
4 a and pdI Fig. 4 b was de creas ing but Zeta po ten tial was in creas ing in 
Fig. 4 c when com pared with an in creased par ti cle size on in creas ing 
the con cen tra tion of PVA above 2% and stir ring speed above 500  rpm. 

Var i ous com bi na tions of ethanol: ace tone (1:1, 1:2, 1:3, 1:4) as sol - 
vent and PVA (1.5%, 2.0%, 2.5% and 3%) have been tried for the 
prepa ra tion of ur so lic acid nanosus pen sion. Ethanol and ace tone both 
are less toxic and also pro duces suit able nanopar ti cles on pre cip i ta - 
tion. From the stud ies, the ef fect on par ti cle sizes has been ob served 
at dif fer ent sol vent ra tios and was found that at 2% PVA and ethanol: 
ace tone (1:3) ra tio had pro duced op ti mum and uni form sized 
nanopar ti cles as shown in Fig. 5 . On de creas ing the sol vent ra tio and 
at lower con cen tra tion of PVA, the par ti cle size and pdI were in - 
creased but zeta po ten tial were de creased but on in creas ing the sol - 
vent ra tio and at in ter me di ate level of PVA the par ti cle size in Fig. 5 a 
and pdI in Fig. 5 b de creases but zeta po ten tial in Fig. 5 c was in - 

Fig. 6 . Rep re sen ta tion of serum glu cose level and bio chem i cal pa ra me ters on 
ex per i men tal an i mals af ter 28 days of treat ment. 

Table: 3 
Ef fect of oral ad min is tra tion of Ur so lic acid nanosus pen sion in Strep to zo tocin 
(60  mg/ kg) in duced di a betic rats on serum SGOT, SGPT, to tal pro tein and al - 
bu min. 

Groups SGPT (mg/dl) 
±SD* 

SGOT (mg/dl) 
±SD* 

Total Protein 
(mg/ml) ±SD 

Albumin (g/dl) 
±SD* 

Group 
I 

26.18  ±  4.08 68.99  ±  10.33 7.11  ±  1.78 4.86  ±  2.18 

Group 
II 

95.01  ±  5.04z† 105.11  ±  11.11 z 5.41  ±  1.98 z 3.30  ±  1.87 z 

Group 
III 

75.92  ±  5.71 84.44  ±  13.77 5.11  ±  2.33 3.16  ±  1.39 

Group 
IV 

50.71  ±  4.92a 63.11  ±  12.33 a 6.07  ±  2.22 a 4.40  ±  2.77 a 

Group 
V 

43.10  ±  5.92c 42.03  ±  15.44 c 6.24  ±  3.02 b 4.52  ±  2.54 b 

Group 
VI 

35.62  ±  4.95c 38.92  ±  9.55 c 6.29  ±  2.87 b 4.57  ±  2.66 b 

*The data rep re sents as mean  ±  Stan dard de vi a tion of six rats in each 
group. † a P <0.05, b P  <  0.01 and c P  <  0.001 com pared to di a betic con trol 
group. z P  <  0.001 as com pared to con trol group. 

creased. F23 for mu la tion was found to be op ti mum and hence se - 
lected for the ac tiv ity. 

3. 3 . In vivo antidiabetic studies 

The ef fect of oral daily ad min is tra tion of ur so lic acid (100  mg/ kg), 
UNP (25  mg/ kg) and UNP (50  mg/ kg) and met formin (100  mg/ kg) 
was shown in Fig. 6 a at the end of the treat ment. Blood glu cose lev els 
of stan dard drug ur so lic acid (100  mg/ kg) were re duced from 
238.67  ±  39.76 to 121.21  ±  40.34, p  <  0.001, UNP (25  mg/ kg) 
were re duced from 238.67  ±  39.76 to 117.78  ±  33.76, p  <  0.001, 
UNP (50  mg/ kg) were re duced from 238.67  ±  39.76 to 
106.65  ±  45.98, p  <  0.001 and met formin (100  mg/ kg) were re - 
duced from 238.67  ±  39.76 to 98.65  ±  37.87, p  <  0.001. 
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Table 4 
The Ef fect of Nano - suspension on in vivo an tiox i dant ac tiv ity. 

Parameters GSH (nM of DTNB 
conjugated/mg protein) 

GST (μmol of CDNB - GSH conjugate 
formed/min/mg protein) 

GPx (μg glutathione consumed/ 
(min/mg protein) 

CAT (μmol of H 2 O 2 
consumed/min/mg protein) 

SOD (U min/ (mg/Hb in 
erythrocytes) 

Normal control (Group I) 
Liver 

Kidney 
125.97  ±  2.56 
115.87  ±  1.31 

8.47  ±  0.77 
7.88  ±  0.64 

10.53  ±  0.81 
5.73  ±  0.18 

75.28  ±  2.57 
37.39  ±  1.52 

6.34  ±  0.16 

Diabetic control (Group II) 
Liver 

Kidney 
70.13  ±  1.65 z† 

43.97  ±  2.43 y 
4.23  ±  0.28 z 

3.66  ±  0.17 y 
6.81  ±  0.78 z 

3.79  ±  1.01 y 
37.76  ±  1.92 z 

22.45  ±  1.65 y 
3.89  ±  0.25 z 

Ursolic acid (100  mg/kg) (Group III) 
Liver 

Kidney 
115.95  ±  4.89 b 

90.02  ±  3.99 
5.25  ±  0.44 b 

4.00  ±  0.49 a 
7.14  ±  0.59 b 

5.21  ±  0.32 b 
60.96  ±  3.19 c 

25.54  ±  1.56 b 
5.99  ±  0.44 b 

UNP (25  mg/kg) (Group IV) 
Liver 

Kidney 
120.67  ±  3.04 c 

88.63  ±  3.89 
7.95  ±  0.35 c 

5.31  ±  0.55 b 
8.87  ±  0.69 c 

6.78  ±  0.78 c 
65.12  ±  1.74 c 

31.32  ±  1.21 c 
6.01  ±  0.38 c 

UNP (50  mg/kg) (Group V) 
Liver 

Kidney 
124.62  ±  3.16 c 

102.94  ±  1.56 b 
7.12  ±  0.49 c 

6.05  ±  0.76 c 
9.55  ±  0.88 c 

5.55  ±  0.79 c 
72.32  ±  3.18 c 

36.18  ±  2.52 c 
6.46  ±  0.49 c 

Metformin (100  mg/kg) (Group VI) 
Liver 

Kidney 
125.96  ±  1.96 c 

96.27  ±  3.57 
6.13  ±  0.34 c 

3.00  ±  0.89 a 
7.02  ±  0.55 b 

4.66  ±  0.78 a 
67.67  ±  3.59 c 

34.95  ±  1.61 c 
5.55  ±  0.21 b 

The data rep re sents as mean  ±  Stan dard de vi a tion of six rats in each group. † a P <0.05, b P  <  0.01 and c P  <  0.001 com pared to di a betic con trol group. z P  <  0.001 
as com pared to con trol group. 

Fig. 7 . Histopatho log i cal As sess ment of Por tion of Pan creas. I - Nor mal rats, II - 
Diabetic Con trol, III - Ursolic acid (100  mg/ kg), IV - UANP (25  mg/ kg), V - UANP 
(50  mg/ kg), VI - Met formin (100  mg/ kg). AC - Acinar Cells. 

3. 4 . Biochemical parameters 

The ef fect of Ur so lic acid nanopar ti cles on bio chem i cal pa ra me ters 
in clud ing triglyc eride level, to tal cho les terol level, HDL level and LDL 
level for all the groups were shown in Fig. 6 b. The triglyc eride, to tal 
cho les terol, HDL and LDL lev els for group I are 74.32  ±  1.92, 
78.79  ±  3.72, 35.95  ±  4.17, 17.26  ±  1.52 re spec tively. There was 
sig nif i cant re duc tion in triglyc eride level in Group III (164.8  ±  2.83 – 
80.22  ±  4.01, p  <  0.001), Group IV (164.8  ±  2.83 – 105.98  ±  3.72, 
p  <  0.001), Group V (164.8  ±  2.83 – 100.35  ±  3.27, p  <  0.001), 
Group VI (164.8  ±  2.83 – 98.67  ±  2.78, p  <  0.001), in to tal cho les - 
terol in Group III (131.41  ±  4.85 – 102.11  ±  5.53, p  <  0.01), Group 
IV (131.41  ±  4.85 – 85.79  ±  6.06, p  <  0.001), Group V 
(131.41  ±  4.85 – 94.98  ±  5.41, p  <  0.001), Group VI 
(131.41  ±  4.85 – 92.45  ±  4.98, p  <  0.001), in LDL level in Group III 
(31.61  ±  2.98 – 25.74  ±  3.74, p  <  0.01), Group IV (31.61  ±  2.98 – 
20.40  ±  1.23, p  <  0.001), Group V (31.61  ±  2.98 – 22.14  ±  2.15, 
p  <  0.001), Group VI (31.61  ±  2.98 – 19.65  ±  3.96, p  <  0.001) but 
HDL lev els are sig nif i cantly in creased in Group III (24.07  ±  4.40 – 
39.47  ±  4.93, p  <  0.001), Group IV (24.07  ±  4.40 – 40.54  ±  4.54, 
p  <  0.001), Group V (24.07  ±  4.40 – 44.35  ±  5.47, p  <  0.001), 
Group VI (24.07  ±  4.40 – 48.33  ±  4.71 , p  <  0.001) as com pared with 
di a betic con trol group. 

( Table 3 ) shows out come of oral ad min is tra tion of stan dard drug, 
ur so lic acid nano par ti cles and met formin on serum SGOT, SGPT, to tal 
pro tein and al bu min on 28th day of the study. Serum SGPT level was 
sig nif i cantly de creased in Group V (95.01  ±  5.04 – 43.10  ±  5.92, 
p  <  0.001) and Group VI (95.01  ±  5.04 – 35.62  ±  4.95, p  <  0.001) 
as com pared with Group III (95.01  ±  5.04 – 75.92  ±  5.71) and Group 
IV (95.01  ±  5.04 – 50.71  ±  4.92, p  <  0.05). The lev els of serum 
SGOT was much re duced in Group V (105.11  ±  11.11 – 
42.03  ±  15.44, p  <  0.001) and Group VI (105.11  ±  11.11 – 
38.92  ±  9.55, p  <  0.001) as com pared to Group IV 
(105.11  ±  11.11 – 63.11  ±  12.33, p  <  0.05) and Group III 
(105.11  ±  11.11 – 84.44  ±  13.77). Sig nif i cant de crease in to tal pro - 
tein (p  <  0.01) and al bu min (p  <  0.01) were ob served for all the 
treated groups. 
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Fig. 8 . Histopatho log i cal Analy sis of Por tion of Liver. I - Nor mal rats, II - 
Diabetic Con trol, III - Ursolic acid (100  mg/ kg), IV - UANP (25  mg/ kg), V - UANP 
(50  mg/ kg), VI - Met formin (100  mg/ kg). CV - Central Vein, PV - Portal Triad. 

3. 5 . In vivo antioxidant activities 

The ef fect of UAN on an tiox i dant sta tus, the ac tiv i ties of en zy matic 
an tiox i dants SOD, CAT, GPx and GST and non - enzymatic an tiox i dant 
GSH were es ti mated and re sults were shown in ( Table 4 ). The ac tiv i - 
ties of en zy matic and lev els of non - enzymatic an tiox i dant were sig nif - 
i cantly de creased in di a betic con trol rats. Af ter 28 days treat ment 
with UAN 50  mg/ kg, there is sig nif i cant in crease in GST and CAT 
level in liver 4.23 to 7.12 and 37.76 to 72.32 re spec tively 
(p  <  0.001), The SOD level (3.89 U min/ mg Hb) in ery thro cytes de - 
creased on the in duc tion of di a betes, but sig nif i cantly in creased on 
treat ment with UAN, thereby restor ing the SOD level to nearly that of 
the nor mal con trol group. The re sults were com pa ra ble to that of Met - 
formin. In com par i son to the nor mal con trol rats, the ac tiv i ties of 
these en zymes de creased sig nif i cantly in the di a betic con trol rats. The 
oral ad min is tra tion of UAN for 4 weeks sig nif i cantly re versed these 
en zymes to near - normal val ues. 

Fig. 9 . Histopatho log i cal es ti ma tion of Por tion of Kid ney. I - Nor mal rats, II - 
Diabetic Con trol, III - Ursolic acid (100  mg/ kg), IV - UANP (25  mg/ kg), V - UANP 
(50  mg/ kg), VI - Met formin (100  mg/ kg). VD - Vacuolar de gen er a tion, G - 
Glomerulus. 

3. 6 . Histopathological assessment of pancreas, liver & kidney 

3. 6. 1 . Pancreas 
In Fig. 7 , Group I showed uni formly dis trib uted nu clei with cells. 

STZ (60  mg/ kg) in duced di a betic rats shows necro sis of pan cre atic 
islets and lym pho cytic in fil trates. Met formin (100  mg/ kg) treated rats 
and stan dard Ur so lic acid treated rats showed re duced in fil tra tion 
with necro sis. UNP 25  mg/ kg & UNP 50  mg/ kg showed nor mal ar chi - 
tec ture with no lym pho cytic in fil tra tion. 

3. 6. 2 . Liver 
In Fig. 8 , Group I showed cen tral vein with nor mal por tal triad 

along with many he pa to cytes. STZ (60  mg/ kg) in duced di a betic rats 
showed dis torted por tal triad with nu mer ous cel lu lar in fil trates. 
Group III showed re duced necro sis with re stored por tal triad and re - 
duced con ges tion of cen tral vein. Group IV showed mild in flam ma tory 
lym pho cytes with patchy necro sis. UNP (50  mg/ kg) treated rats 
showed mild he m or rhage with nor mal cen tral vein and nu mer ous he - 
pa to cytes. On treat ment with the stan dard drug met formin (100  mg/ 
kg) restora tion of ar chi tec ture was ob served as with the nor mal con - 
trol. 

3. 6. 3 . Kidney 
In Fig. 9 , Group I showed nor mal ar chi tec ture with dis tinct tubules 

stroma. Group II showed pres ence of se vere vac uo lar de gen er a tion of 
tubules, in flam ma tory cells with in creased glomeru lar space. Group III 
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showed re duced tubu lar de gen er a tion with in flam ma tory cells with 
in creased glomeru lar space. Group IV showed mild de gen er a tion of 
tubules and in fil tra tion of in flam ma tory cells. Group V showed dis - 
tinc tive tubules with nor mal glomeru lar size. Group VI showed less 
in fil tra tion and restora tion of ar chi tec ture as of nor mal con trol. 

4 . Discussion 

Sci en tific re ports es tab lished tech nolo gies to im prove sol u bil ity of 
food de rived bioac tive com pounds by Recharla et al. (2017) . Nano - 
pre cip i ta tion tech nique for prepar ing ur so lic acid nanofor mu la tion 
proves sci en tific ap proach to wards en hance ment of bioavail abil ity us - 
ing ethanol as a sol vent and PVA as a suit able sta bi lizer. In 32 for mu - 
la tions, the crit i cal vari ables, such as the con cen tra tion of PVA, sol - 
vent ra tio and stir ring speed sig nif i cantly af fect the physic o chem i cal 
prop er ties and sta bil ity pro files of the pro duced nanosus pen sion. The 
re sul tant nanopar ti cle with smaller mean par ti cle size con firmed an 
op ti mized for mu la tion as ev i denced by TEM. The val ues of PDI 
ranged be tween 0.189 and 0.662 were le git i mate to the het ero gene ity 
thereby con sid ered as a fac tor to char ac ter ize nanopar ti cle and to 
study sur face mod i fi ca tions as shown by Clayton et al. (2016) . The 
pre pared for mu la tion is ho mo ge neous as it has bet ter PdI val ues. FTIR 
spec tra of the for mu la tion showed the peaks in 650  cm −1 to 
4000  cm −1 re gion with no sup pres sion of peaks and hence over come 
the pos si bil i ties of drug poly mer in ter ac tions. 

Pen ta cyclic triter penoid are widely dis trib uted in food and plants. 
Tra di tion ally it is used in the treat ment of di a betic and di a betic com - 
pli ca tions as dis cussed by Alqahtani et al. (2013) . In this study ur so lic 
acid nanopar ti cle showed that serum glu cose lev els can be de creased 
ef fec tively in a dose de pen dant man ner. Ur so lic acid stim u lates the 
glu cose up take through the in volve ment of the clas si cal in sulin sig nal - 
ing re lated to the GLUT4 translo ca tion to the plasma mem brane as 
well as the GLUT4 syn the sis by Castro et al. (2015) . 

In creased lipid in the liver and triglyc erides im pairs the abil ity of 
in sulin to reg u late glu co neo ge n e sis and glyco gen syn the sis. This im - 
paired in sulin ac tion will lead to in sulin re sis tance which even tu ally 
re sults in pan cre atic β - cell fail ure and the cir cu lat ing in sulin lev els be - 
come in suf fi cient to con trol blood glu cose level, lead ing to overt hy - 
per glycemia by demon strated by Cooney et al. (2002) ; ( Samuel and 
Shulman, 2012 ). UA nanopar ti cle had de creased the lev els of triglyc - 
erides and in crease the level of HDL in dose de pen dant man ner 
thereby im proves the ac tion of in sulin. 

In this study di a betes was in duced by Strep to zo tocin as it in duces 
pan cre atic swelling and causes de gen er a tion in islets of Langer hans β 
cells and in duces ex per i men tal di a betes as dis cussed by Kaur et al. 
(2017) . The pos si ble mech a nism of met formin is it in creases the pe - 
riph eral up take of glu cose in the pres ence of in sulin. Ur so lic acid 
nanopar ti cle has cu ra tive ac tion on pan cre atic cy to tox i c ity and hy per - 
glycemia by re duc ing el e vated ox ida tive stress. 

Serum SGPT and SGOT are the blood test which in di cates liver 
dam age and nephropa thy is an in dica tive sign of di a betes. The raised 
serum lev els in di a betic con trol group were sig nif i cantly de creased on 
the treat ment of di a betic rats with ur so lic acid nanopar ti cles since 
these are in volved in pro tec tion of β - cells as dis cussed by Jang et al. 
(2009) . The lev els of to tal pro tein and serum al bu min in creased in di - 
a betic treated rats with ur so lic acid nanopar ti cles pri mar ily at 50  mg/ 
kg dose showed the ef fect of nanopar ti cles in dose de pen dant man ner. 
More over, the in crease in the al bu min level in rats treated with UNP 
50  mg/ kg in di cate re ten tion of al bu min in blood which im proves re - 
nal com pli ca tions as so ci ated with di a betes. 

Di a betic in duc tion with STZ (60  mg/ kg) had ex ag ger ated the con - 
di tion of or gans. The histopatho log i cal as sess ment of or gans showed 
ame lio rated con di tion of or gans upon treat ment with UNP in dose de - 
pen dent man ner. 

5 . Conclusion 

In con clu sion, we found that an oral dose of UNP 50  mg/ kg ex - 
hibit ther a peu tic ef fect against di a betes. Thus, we sug gest that the 
nanopar ti cles sys tem can be ap plied to over come other wa ter poorly 
sol u ble nat ural con stituents and fur ther more to de crease the treat - 
ment dosage. This study could serve as a suit able ref er ence to per mit 
the fu ture uti liza tion of nanopar tic u late sys tem as a novel pre ven tive 
and ther a peu tic mea sure for the treat ment of di a betes and its re lated 
meta bolic com pli ca tions. 
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