


Letter of Collaboration

Between
Govt. Shivnath Science College, Rajnandgaon (C.G. )
Affiliated to
Hemchand Yaday University, Durg (C.G.)
&

Govt. R. R. M. PG College Surajpur (C.G.)
Affiliated to
Sant Gahlra Guru Vishwavidyalaya Sarguja Ambikapur (C.G.)

This letter of collaboration is designed to foster a academic relationship through mutual
cooperation in teaching & research between Govt. Shivnath Science College, Rajnandgaon & Govt. R
R. M. PG College Surajpur. No financial obligations are assumed under this agreement

Govt. Shivnath Science College, Rajnandgaon & Govt. R. R. M. PG College Surajpur have

reached agreement on the following areas of cooperation, subject to mutual consent and the availability of
sufficient funding.

. Exchange of faculty

. Joint research activities

° Participation in seminars and academic meetings

° Exchange of academic materials and other information
) Special short term academic programs

® Students exchange for research and study

The terms of such mutual assistance and funding for any specific program and activity shall be
mutually discussed and agreed upon in writing by both parties prior to the intiation of a particular program.

Each institution will designate an individual to coordinate this program and all endeavors that may
drive from it. For this purpose, Govt. Shivnath Science College, Rajnandgaon designates Dr. A. K. Jha
of Department of Chemistry & Govt. R. R. M. PG College Surajpur designates Dr. Vikesh Kumar Jha
of Department of Chemistry.

No amendment, consent, or waiver of terms of this letter of collaboration shall bind either party
unless in writing and signed by all parties. Any such amendment, consent, or waiver shall be effective only
in the specific instance and for the specified purpose given.

This Letter of collaboration shall commence on the date of latest signature and be in effect for five
years, at which time it shall be reviewed for possible extension. Either party may terminate this Letter by
written notification signed by the appropriate official of the institution intiating the notice. However, such

notification must be rececived by the other party at least six months prior to the effective date of

A Lo

termination.

(DFS. S Agrawil) (Dr. 1. R Sonw *\m Na>
Principal I’nnupll &
Govt. R.R.M. PG College Govt. Shivnath Science College,

Surajpur (C.G.) Rajnandgaon (C.G.)
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; MEMORANDUM OF UNDERSTANDING WITH RESPECT TO TRAINING

PROGRAMME FOR STUDENTS BETWEEN Government Rewati Raman
: Mishra P.G. College, Surajpur & CIPET-Korba

The MOU made on 22/07/2021 between Government Rewati Raman Mishra P.G. College, Navapara,
Surajpur-497229 (Chhattisgarh) havin

g principal business address at Navapara, Surajpur, Chhattisgarh-
497229 (“hereinafter referred to as “Government Rewati Raman Mishra P.G. College”) and Central
Institute of Plastics Engineering & Technology (CIPET) Ministry of Chemicals & Fertilizers, Govt. of India,
Education Hub, Syahimudi, Post- Gopalpur, Korba-459450 (hereinafter will be referred as “CIPET-Korba”).
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WHEREAS

“Government Rewati Raman Mishra P.G. College” is specially providing B.A, B.Com, B.Sc, BCA, PGDCA,

DCA & P.G. courses in Art, Science & Commerce to students from technical & Nontechnical background.

AND :

“CIPET-Korba” is conducting various skill develo

g Programme for various students apart from reg
AND WHEREAS the parties wish to collaborate with each other for providing outsourcing services on

f training to students of “Government Rewati Raman Mishra p.

G. College, Navapara, Surajpur,
Chhattisgarh” for a period of Two years from the date of signing of this MOU.
& The Parties here to agree as follows:-

TR

pment & Skill Upgradation Pro

gram, short term training
ular diploma Programmes.

fs

X

“ Raman Mishra P.G. College, Navapara, Surajpur, an

by “Government
Rewati Raman Mishra P.G. College, Navapara, Surajpur”. :
:
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10.

~ Duration of the training of “skill y

. Amendments: This Moy can be am

R L R D T ey Tt o AR Lol | % v TNOR Mk eam o TN IRATNG
- a, Basic Cost will be Rs. 1000 each student,
- b. Taxes will be extra as applicable,
o c. Certificate charges are inclusive.
~d. Advance: 50% of order value wi
~ oncompletion of training period,
e. Credit Period: Credit

I be provided on basis of Performa Invoice and balé?‘_,‘:éj'so%

period will be 15-30 days from invoice date,
pgradation Training Program”

courses is 16 hours with carrier and Job
guidance on concern program. : '

ended by the mutual consultation of both the parties within the

permissible limits of both the client and customer administrations and can be void by mutual
consultation of both parties any time. ‘

Jurisdiction: The jurisdiction for the Memorandum of Understanding (MoU) is within the jurisdiction
of Korba, Chhattisgarh,

“CIPET-Korba”

will impart training through online / Offline mode from CIPET-
CIPET, Korba s

hall provide the |ab facilities for Practical Training Program.
The Training Material, Schedule and curriculum will be developed by CIPET-
provided to Government Rewati Raman Mishra P.G. College,
P.G. College , Surajpur agrees hereunder
be solely owned by CIPET-
whatsoever in the title, cop
deliverables developed by i

Each party agrees not to issue press releases or public announcements concerning the terms of this "MOU’f
without the prior written approval of the other party.

Korba Premises.

Korba and the same will be
Surajpur. Government Rewati Raman Mishra
that any training material developed pursuant to this (MOU) will
Korba which shall have all the control or ownership in any form or manner
yright or other proprietary rights to the materials, Products, methodologies and
ts employees/consultants pursuant to this “MOU”.

Government Rewati Raman Mishra P.G. College, Surajpur has the responsibility to arrange the students and
to send the list and database of the students to CIPET Korba for conducting training Programme.
The payment shall be made by Government Rewati Raman Mishra P.G. College,
the form of online mode, DD/Cheque in favor of CIPET Korba.
Bank details of CIPET Korba

NAME OF ACCOUNT. CIPET KORBA

Account no 38014099322

IFSC code SBINO007454

Bank name: SBI HTPS VIDYUT NAGAR DARRI KORBA

Surajpur to CIPET-Korba in

Course Details:

The program contents and fee structure are as follows.

SR. Course Title Course Fee Duration Eligibility
Any Graduate
. 1000.00
Skill Upgradation Program 13:10 16 Ko Student from the
01 ; : (Taxes Extra) ours lieas
(Online/ Offline Mode) college
Validity

This agreement is valid for a period of Two year from 22/07/2021 to 21/07/2023. Unless otherwise renewed,
the agreement stands expired automatically on completion of the above period.

For any dispute arising,out of this MOU between the two parties, the disputes shall be resolved a‘u\_\icably by
mutual discussion./ |

‘q QS {\"‘,:'—93)‘, '\f::”"\-/’y
7 Y e — — A - _.'.’ —— w27 )
S8 ! S tor
‘ | Director & Head Proprieto

| T fh ‘
; !
CIPET -Korba ’ Government Rewati Raman W&Gm'
g Surajpur, Chhattisgarfgvum ('3‘7)
|

Witness {’x i

Ir“—‘—_“"‘“ Winess1 (IES~
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Department of Chemistry
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Chemistry Lab-1

2022/2(1 13248+
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Chemistry Lab-2




Govt. R. R. M. PG College Surajpur

Chemistry Department

List of Instruments

NAME OF INSTRUMENTS
Microprocessor Neplolo/TIrbldity Meter |
_[Digital Potentometer
Digital pH Meter
Heating Mantle
Chemical Balance _
Ligital Photo Colorimeter
Vigital Conductometer
Centrifuge Machine m =
“ Melting/Boiling Point Appartus
Micro Incubator * .
Digital Weighing Machine e
Hot Air Oven
Vacuum Pump
Ultra Voilet Cabinet
Digital TDS Meter | _
20 [Wuflefumsce 0 NI
Digital Metlting Point Appratus |
23 [Vacwmoven
_ Digital Polarimeter
25 |RotaryFlaskhaker |
26 [RectongularWatersath
7 [Water Distition Apparatus |
| 28
L@

IU'I 'L- ILIJ IJ Il-* Ei

IH

o0

Double beam UV-Vis Spectrophotometer (Lab India) |
Digital Refractormeter ;

24
25
26
27
28
29

¢ s gaw “’L
Pepa (Dr. S. g}
Dr. Vikesh Kumar Jha Govt REPRI. College
Suraipur (C G))




01 Micro Processor Nephelo/Turbidity Meter 4 Heating mantle

MICROPROCESSOR
NEPHELO / TURBIDITY METER

= aTTING - —
AvaTe S

¥
Surajpur, Chhattisgarh, India E 3 ¥ Surajpur, Chhattisgarh, India
6VBH+PGR, Surajpur, Chhatti rh 497229, India 4 = G6VBH+PGR, Surajpur, Chhatti: h 497229, India
14/07/22 03:31 PM 14/07/22 03:33 PM

2819 km/h 28,19 kn/h

Digital Potentiometer-O.R.F.

Surajpur, Chhattisgarh, India
6VBH+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216706" Long 82.878135" -

Lat 23.216438° Long 82.878309"
. 14/07/22 02:29 PM

14/07/22 03:32 PM

26.57 ke/h

ur, Chhattisg: rh, India
6VBH+PGR, Surajpur, Chhattisgarh 497229, india
Lat 23.216443° Long 82.87830! -

= e 14/07/22 03:32 PM
S pgle’,}f SN

Chhattisgarh 497229, India




Digital Conductometer 10

Conductivity/ Temp. Meter

Surajpur, Chhattisgarh, India

6VBH+PGR, Surajpur, Chhattisgarh 497229, India

Surajpur, Chhat arh, India
6VBH+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216445° Long 82.878305° -
14/07/22 03:35 PM

2819 km/h

Magnetic Stirrer with hot plate

Surajpur, Chhattisgarh, India

Lat 23.21644° Long 82.878303° o saavc

=
Surajpur, Chhattisgarh, India
6VBH+PGR, Surajpur, Chhz rh 497229, India
Lat 23.216436" Long 82.878317" o naoc
14/07/22 03:26 PM

2019

Melting/ Boiling 12 Rectangular water bath 6 chamber

Apparatus

Surajpur, Chhattisgarh, India

6VE8H+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216437" Long 82.878315"
14/07/22 03:27 PM

28.19 km/h

Surajpur, Chhat arh, Ind

6VBH+PGR, Si Chhattisgarh 497229, India

14/07/22 03:22 PM



13

14Digital

15

Rectangular water bath 8 chamber

— e

Surajpur, Chhattisgarh, India
6VBH+PGR, Surajpur, Chhatt rh 497229, India
Lat 23.21643° Long 82.878317

14/07/22 03:25 PM

2810 km/h

Weighing Machine

Surajpur, Chhattisgarh, India
6VBH+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216443° Long 82.878284"

14/07/22 03:37 PM

28,19 km/h

Digital Flame Photo meter

Surajpur, Chhattisgarh, India

6VE8H+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216464° Long 82.878272° - 3220-c
14/07/22 03:38 PM

2819 km/h

16

17

14/07/22 03:41 PM

Hot Air Oven

Surajpur, Chhattisgarh, India

6VBH+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216437° Long 82.878315° -~
14/07/22 03:27 PM

2819 km/h

Vacuum Pump

Surajpur, Chhattisgarh, India
6V8H+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216465° Long 82.878272°

=92819km/h

uv Cabinet

&3 o

Surajpur, Chhattisgarh, India

6V8H+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216465° Long 82.878275" il 222
14/07/22 03:46 PM

28.19 kr




19 Digital TDS meter 22 Digital Melting Point Appratus

) -sviocanen

Surajpur, Chhattisgarh, India
6V8H+PGR, Surajpur, Chhattisgarh 497229, India BUTRIBTT, ChRtis SR HETAEIA

Lat 23.216465° Long 82.878275° | at 6VBH+PGR, Surajpur, Chhattisgarh 497229, India _

Lat23.216488¢ Long 82.878275¢
14/07/22 03:42 PM R 14/07/22 03:44 M
28.19 km/h

26,10 ken/h

20 Muffle Furnace

>ur, Chhat
rh 497229, India
6VBH4PGR, Surajy

Lat 23.216436° Long 82.878313

'& 14/07/22 03:28 PM
2618 kem/h

21 Rotary Vacuum Evaporator 24 Digital Polarimeter

Surajpur, Chhattisgarh, India
o 6V8H+PGR, Surajpur, Chhattisgarh 497229, India

Surajpur, Chhattisgarh: india i Lat 23.216722° Long 82.878155° &

6VBH+PGR, Surajpur, Chhattisgarh 497229, India o 14/07/22 02:34 PM
Lat 23.216437° Long 82.878316" -’ s220c =
14/07/22 03:25 PM AS N 26.57 km/h

—

28,19 km/h




25 Rotary Flask Shaker 28 Double Beam UV/VIS Spectrophoto
meter

’ ‘ T
Surajpur, Chhattisgarh, India

%
(2 ) 6V8H+PGR, Surajpur, Chhattisgarh 497229, India
Surajpur, Chhattisgarh, India |G Lat 23.216709° Long 82.878136° o e ¢
6VBH+PGR, Surajpur, Chhat h 497229, India -
? 14/07/22 02:28 PM

Lat 23.216465° Long 82.878
26.57 km/h

Digital Refractormeter

GPS Map Camera

Suraipur, Ch sqart 5 A S o 5 ur, Chhattisgarh 497229, India
e m——— srheac & /& > - : 82.878142°

27 Water Distillation Apparatus

Surajpur, Chhattisgarh, India

6VB8H+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216465° Long 82.878 -
14/07/22 03:41 PM




Botany Department

2022/2/1 11:50




Botany Lab

BEBSNARN.0 v YOU 2022/2/1 11:52




Botany Lab
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Botany Lab




Govt. Rewati Raman MishraP.G. College Surajpur, Dist-SUraEs

- LA

Research Center , Department of Bolany

Lab Equipments/Apparatus List 2020-21 .
_ Lamimar air flow (Stanless Stecl)

Meanwan oo . Prr——
"hase contrast Microscope

B, |
- :
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Chrometographic Chamber (For paper chrometography)

: ' 42

| 7 Mini rotator Flask Shaker

I

9

)1 |Bactenological Incubator

E
i|

22 |Magnatic Stiror with hot Plate

' g.,C.d R
HOD OF BOTANY Dr. S.S. Agra_wa‘l
Mr. B.R. Rahangdale Eripq‘lpa)D"} oy
- Ly \\2G
Govt. Reft M. PG College
Soesfer T

Scanne d with CamScanner



01 Laminar air Flow

ng 82.878109"
M

Long 82.87822
FM

26.57 ket

sxmem s ow

Surajpur, Ct
6VEH+PGR, Sur "
LAt 23.21649° L 42 .BTB204
14/07/

2057 km/h

[~ ]

h 497229, India

04 Hot Air Oven

Google
.Ma?ﬂqé'l bhaw.

Surajpur, Chhattisgarh, India
6V8H+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216496° Long 82.878184°

14/07/22 03:14 PM
226,57 km/h

GPS Map Cammera




7 Binocular Microscope 10 Micrometer

Surajpur, Ct = . =
Surajpur, Chhattisgarh, India

6V8H+PGR, Surajpur, Chhattisgarh 497229, Iindia
Lat 23.216524°

Long 82.878178°

14/07/22 03:27 PM

6VBH+PGR. Surajpur, Chhat

8 Compound Microscope 11 Photocolorimeter

h 497229, India




13 BOD Incubator 16 Didtilatiion Unit

FoE .o
B2.0.0. INGCuUBATOR

Leng 82.87811
. 14/0T/2202:57 PM

14 Refrigeretor 17 Rotary Flask Shaker

G

6VAH+PGR, Surajpur, Chhattisgarh 497229, India
LAt 23.216494% Long B2 878146 - o
14707/, PM

Surajpur, Chhat
6VBH+PGR, Surajpur, Chhatti
Long B2.878115°

18 TDS meter
15 Humidity Chamber

'~ —
MICROPROCESSO

Conductivity-TDS-Salinityd

e ;
coglei
iManadal' bhaw




19 UV Cabinet 22 Magnatic Stiror with Hot Plate

14/07/22 03:00 PM

\
tisgarh, India

— 6 " 03 rhattisgarh 497229, India
RESHY

= 14/07/22 03:13 PM
pom - i
cogleih 35 2657 ke

et#
iM&naal bhaw:

surajpur, Chhattisgarh, India

6VBH+PGR, Surajpur, Chhattisgarh 497229, India

s

14/07/22 02:




Physics Dark Room and Lab
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Physics Lab
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Physics Lab

. O REDMI NOTE 7 PRO A,
LBSNAA LOVE YOU 2022/2/1 %128




GOVT. R.RM. P.G. COLLEGE SURAJPUR

DEPARTMENT OF PHYSICS

4

S. NO. |INSTRUMENT NAME REMARK !

PN JUNCTION DIODE

2 |TUNNEL DIODE

3 |[ZENER DIODE

4 |TRANSISTOR APPARATUS

5 [STEFAN'S CONSTANT LAW

6 |F.E.T. APPARATUS

7 [LOGIC GATES

8 |COMPUTER'S FOR C PROGRAMMIMG
9 |ENERGY BAND GAP

10 [FLYWHEEL

11 |CENTILEVER

12 |OHM'S LAW

13 |HALF/FULL ADDER

14 |SPECTROMETER

15 |[MAXWELL'S NEEDLE

16 |COMPOUND PENDULUM

17 |[SPRING CONSTANT

18 |CARRY FOSTER'S BRIDGE

19 |MOMENT OF INERTIA INSTRUMENT
20 |[JAEGER'S METHOD EXPERIMENT
21 |PHOTO CELL EXPERIMENT

22 |[NEWTON'S RING EXPERIMENT

.

GOVT.R.RM. P.G. COLLEGE
SURAJPUR

g.;Qg%w’Mﬂ -
PRINCIPAL —
GOVT. RRM. P.G. COLLEGE
SURAJPUR



01 PN Junction diode

=
gl
hhattisgarh, India
6VBH-+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216465° Long 82.878275°
14/07/22 04:03 PM

02 Tunnel diode

TUNNEL DIODE CHABACTERISTICE

ELEGTRONICS & ELECTRICALS, INDORE - 452 01

Surajpur, Chhattisgarh, India
6V8H+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216465° Long 82.878275°

14/07/22 04:04 PM
2825 kin/h

03 Zener Diode

Surajpur, Chhattisgarh, India
6V8H+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216465° Long 82.878275°
14/07/22 04:05 PM

2819 ken/h

04 Transistor

SETYOLTH

NP TRAKSISTOR ﬂ G5 Map Comera

Surajpur, Chhattisgarh, India
6V8H+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216465° Long 82.878275° ‘ 32.29°C

14/07/22 04:05 PM
28.19 km/h

Surajpur, Chhattisgarh, India
6V8H+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216465° Long 82.878275° oL e

14/07/22 04:06 PM
228,19 km/h

GRS Map Camers

Surajpur, Chhattisgarh, India

6V8H+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216465° Long 82.878275°

14/07/22 04:06 PM




07 Logic gates

[SrefeRt sny-2cle-lz T
STUDY OF LOGIC GATES
—— 7

Surajpur, Chhattisgarh, India
6V8H+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216465° Long 82.878275° o 2o

14/07/22 04:06 PM
2819 km/h

8 Computer for C Programming

Surajpur, Chhatti india
B6VBH+PGR, Sur arh 497229, India
Lat 23.216465° Long 82.878275°

14/07/22 04:07 PM

Surajpur, Chhattisgarh, India
6VS8H+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216465° Long 82.878275°
14/07/22 04:07 PM

28.19km/h

10 Fly Wheel

Surajpur, Chhattisgarh, India
6VB8H+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216465° Long B2.87827¢
14/07/22 04:08 PM

11Cantilever

Surajpur, Chha arh, India
6 +PGR, jpur, Chhattisgarh 497229, India

Lat 23.216465° Long 82.878275"
14/07/22 04:10 PM

285 km/h

12 Ohm’s law apparatus

(@ ]
B o5 o comers

Surajpur, Chhattisgarh, India
6VBH+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216465° Long 82.878275° ; 3229°C
14/07/22 04:10 PM

28.18 km/h




13 Half /Full Adder 16 Compound pendulum-Bar pendulum

e
B o5 s camer

Surajpur, Chhattisgarh, India
6VBH+PGR, Surajpur, Chhattisgarh 497229, India

Lat 23.216465° Long 82.878275° & 229c
14/07/22 04:10 PM

Surajpur, Chhattisgarh, India

6VB8H+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216465° Long 82.878275"

14/07/22 04:14 PM

2835 km/h

17 Spring constant

B2l s viem camarn

| Surajpur, Chhatt 5 i . Surajpur. Chhattisgarh, India
6VBH+PGR, Surajpur, Chhattisgarh 497229, India 6V8H1PGR, Surajpur, Chhattisgarh 49
Lat 23.216465"° Long 82.878275"° - c Lat 23.216465° Long 82.878275"

14/07/22 04:23 PM 14/07/22 04:16 PM
20k

15 Maxwells needle 18 Carry fosters bridge

L

Surajpur, Chhattisgarh, India

6V8H+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216465° Long 82.878275°
14/07/22 04:11 PM

ong 82.878275° o
14/07/22 04:14 FM it bk

i = e ——————————E




19 Moment of inertia instrument 22 Newtons rings Experiment

Surajpur, Chhattisgarh, India s

Y 6VBH+PGR, Surajpur, Chhattisgarh 497229, India " 6VBH+PGR, Surajpur, Chhattis rh 497229, India
Lat 23.216465° Long 82.878275% 1 Lat 23.216465° Long 82.878275
14/07/22 04:18 PM 14/07/22 04:25 PM

Surajpur, Chhattisgarh, India

6VBH+PGR, Surajpur, Chhattisgarh 497229, India
Lat 23.216465° Long 82.878275°

14/07/22 04:19 PM
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Synthesis, structural characterization, and bonding
analysis of two-coordinate copper(l) and silver(i)
complexes of pyrrole-based bis(phosphinimine):
new metal—pyrrole ring m-interactionst
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The reaction between 2,5-bis(diphenylphosphinomethyl)pyrrole and MesSiNsz gave the new pyrrole-based
bis(phosphinimine) L1H in an excellent yield. L1H reacts with [CuCl(COD)],, AgBF,4, or AgOTf to give the
corresponding two-coordinate mononuclear ionic complex formulated as [M{(LLH)-x>N,N}]*[X]~ where M
= Cu and Ag; X = [CuClp], BF4 or OTf. Their single crystal X-ray diffraction studies confirmed the two-
coordinate geometry formed by the chelate bonding mode of L1H. These 10-membered metalacycles
exhibit planar chirality and were also characterized by spectroscopic methods. In addition, in all three
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structures, there exists a hitherto unknown r-interaction between the pyrrole ring atoms and metal, rep-
resented as n°-(Co—N) in the copper(l) complex, and n*-(C,—N-C,) in the silver(i) complexes. These weak
interactions were supported by DFT calculations in terms of their electron densities, non-covalent inter-
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Introduction

In 1919, Staudinger and Meyer reported a clean synthetic
method for an iminophosphorane from phosphine and azide."
Although the P=N bond is susceptible to undergo hydrolysis®
and silylated phosphoraneimines readily react with halide or
oxide to give species of the type HN=PR;,> the phosphinimine
moiety appended molecules have extensively been used as
ligands in main group,* transition,® lanthanide® and actinide’
metal chemistry. To mention a few interesting results, the
double deprotonation of the methylene group and the for-
mation of the M=—C double bond have been reported using
phosphinimine ligands.® In addition, some of these complexes
have been used as precatalysts for several catalytic reactions
such as hydroamination® and polymerization of olefins'® and
lactides."* Notably, Hayes and coworkers have worked on
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action plots and the decrease in the aromaticity of the pyrrole ring.

carbazole*¥°“"* and dibenzofuran''** based and pyrrole ring

bridged®>’*"* bis(phosphinimine) ligands.

Pincer framework ligands with a pyrrole ring as the central
anchoring unit for transition metal complexes have attracted
attention in recent years.'* Similar to pincer ligands contain-
ing a central aryl ring, pyrrole-based ligands are versatile and a
variety of complexes containing metals across the periodic
table have been reported.'*® Yet, the difference lies in the pres-
ence of an electron rich five-membered pyrrole ring which pro-
motes its ligand systems to form not only a ¢ bond, but also to
form n bonds."® This behavior helps in building multinuclear
complexes by the bridging mode of this ligand system. In rele-
vance to this topic of research, a few years back, 2,5-bis(diphe-
nylphosphinomethyl)pyrrole 1 has been reported and it adopts
the bridging mode of coordination when forming binuclear
copper(1) and silver(i) complexes.'® The analogous 3,5-di-
methylpyrazole substituted ligand'” and its dipyrrolylmethane
analogue 1,9-bis(3,5-dimethylpyrazolylmethyl)dipyrrolyl-
methane'® form linear silver(i) coordination polymeric struc-
tures containing silver(i)-pyrrole ring n-interactions. These
n-interactions have also been found in several multipyrrole
ligand systems," however, they are relatively new findings rep-
resented as n*-Co—Cp,"”"'® 1>-Cy—Cp,** and 1'-Cp>' (Chart 1) as
compared to silver()-arene  m-interactions.”*>  These
n-interactions have been aptly utilized for synthesizing
diverse supramolecular architectures®® and found important
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Chart 1 (a) The reported pyrrole ring n-interactions with the silver(l) or
copper(l) cations and (b) the new metal—pyrrole ring n-interactions pre-
sented in this work.

applications such as in the separation of ethylene from
paraffins.**

To expand the coordination chemistry of pyrrole containing
ligands, we became curious to see what type of copper or silver
complexes would form when P(u1) bis(phosphine) 1 is changed
to a P(v) bis(phosphinimine) derivative. Herein, we report a
rather new coordination behavior of this new derivative when
treated with the same copper() or silver(i) precursor. In
addition, a hitherto unknown zm-interaction of the pyrrole ring
with the metal ion is also described with the support of DFT
calculations.

Results and discussion
Bis(phosphinimine) ligand

The Staudinger reaction between 2,5-bis(diphenylphosphino-
methyl)pyrrole 1 and Me;SiN; in a 1:2 mole ratio at 160 °C
afforded bis(phosphinimine) 2 in 80% yield as an air-sensitive
colorless solid (Scheme 1). The 'H NMR spectrum of 2 in
CDCl; showed a fairly clean NMR spectrum. Its methylene
protons resonate at  3.48 ppm, and shifted downfield as com-
pared to that (3.30 ppm) of the parent phosphine 1. The pres-
ence of a single environment for the phosphorus atoms at
room temperature is shown by its *'P{"H} NMR spectrum dis-
playing a singlet at 6 —0.4 ppm, which is also shifted downfield
from that of the parent compound (—16.3 ppm).

The single crystal X-ray analysis of 2 was carried out for the
comparison of bond distances with its metal complexes (see
below). It crystallizes in the non-centrosymmetric ortho-
rhombic space group C222; with one half of the molecule in

QU O @krOWQ
e H P 160°C, 13 h U
©/ (-2Ny) \s,’ \s.<

q T,

Scheme 1 Synthesis of bis(phosphinimine) ligand 2.
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Fig. 1 ORTEP diagram of the X-ray structure of compound 2. Most
hydrogen atoms are omitted for clarity. Selected bond lengths [A]l and
angles [°]: P1-N1 1.544(2), Si1-N1 1.682(2), N2-C17 1.363(3), C17-C18
1.360(4), C18-C18" 1.420(6), P1-N1-Si1 139.6(1), N1.--N2 3.039(3),
N1.--H2 2.626(19), N2—H2-.-N1 119.3(8). Symmetry transformation 1 — X,
+Y,3/2-Z

the asymmetric unit. The full molecule was generated by the
C, axis passing through the pyrrole nitrogen and the middle of
B-carbons of the pyrrole ring. An ORTEP view is shown in
Fig. 1 with selected bond distances and angles. It revealed that
the trimethylsilylimine arms lie above and below the pyrrole
ring plane to avoid steric conflicts and the pyrrole NH forms
bifurcated hydrogen bonds with the imine nitrogens. The P1-
N1 bond length of 1.544(2) A remains close to the reported
values ranging from 1.526(3) to 1.539(3) A in phosphinimines
containing the trimethylsilylimine group.*®>“$”® The Si1-N1
bond distance of 1.682(2) A is close to the reported value 1.679
(3).> The P1-N1-Si1 bond angle of 139.6(1)° is lower than
those (145.2(2),>> 150.2(2)** and 160.7(2)*¢) found in the tri-
methylsilylated phosphinimines probably owing to the pres-
ence of bifurcated hydrogen bonding in the molecule.

Copper(1) and silver(1) complexes

The room temperature reaction between ligand 2 and [CuCl
(COD)], in a 1:1 molar ratio in THF gave the ionic copper()
complex 3 as colorless crystals. The analogous reaction of
AgBF, or AgOTf with 2 yielded similar two coordinate silver(r)
complexes 4 or 5, respectively, in good yields (Scheme 2). The
"H NMR spectrum of 3 in CDCI; showed broad shifted peaks
relative to those of the free ligand, indicating the coordination
of the ligand. In support of this, the *'P{'H} NMR spectrum
showed a singlet at § 35.7 ppm, shifted downfield (36.1 ppm)
from that of ligand 2 (6 = -0.4 ppm). The silver complexes 4
and 5 also showed broad resonances in their "H NMR spectra
and singlets at § = 23.7 and 23.8 ppm, respectively, in their **
{'H} NMR spectra for the presence of one phosphorus environ-
ment in their structures.

Complex 3 crystallizes in the triclinic centrosymmetric
space group P1 and the asymmetric unit contains the full
molecule. An ORTEP diagram along with selected bond
lengths and angles is given in Fig. 2. The crystal refinement
data are given in the ESI (Table S1}). The X-ray structure
revealed the ionic nature of the complex. The cation consists

This journal is © The Royal Society of Chemistry 2021
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Scheme 2 Synthesis of the copper(i) and silver() complexes of ligand 2.
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Fig. 2 (a) ORTEP diagram of the X-ray structure of copper() complex 3.
Most hydrogen atoms are omitted for clarity. Selected bond lengths [A]
and angles [°]: N1-P1 1.593(3), N1-Sil1 1.755(3), N1-Cul 1.919(3), P2—N3
1.598(3), Cl1-Cu2 2.087(1), Cl2—Cu2 2.099(1), Cul-N3 1.905(3), N3-Si2
1.792(6), Si1-N1-Cul 111.0(2), P1-N1-Si1 127.6(2), P1-N1-Cul 117.1(2),
N3-Cul-N1 170.8(1), Cl1-Cu2-Cl2 175.77(5), P2-N3-Cul 123.1(2),
P2-N3-Si2 126.5(3), Si2—N3—Cul 110.3(3), N2.--Cl2 3.247(3), H2---Cl2
2.55(4), N2—H2.--Cl2 146(3). (b) The core structure of complex 3 exhibit-
ing planar chirality.

of one copper(i) atom and one ligand 2, and is charge neutral-
ized by the CuCl,” anion. The ligand adopts the chelation
coordination mode vig its two imine nitrogen atoms, resulting

This journal is © The Royal Society of Chemistry 2021
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in the formation of the 10-membered metalacycle containing
the two-coordinate copper(i) atom. The geometry around the
copper(1) atom is pseudolinear with an N3-Cul-N1 angle of
170.8(1)°, which is close to the values (171.5(4)° and 171.2(2)°)
reported for two-coordinate copper(1) complexes.>® In addition,
although the observed value is lower than the ideal 180.0(2)°
reported for bis(acetonitrile),”” and decaphyrin®® copper(i)
complexes and other values (173.8° and 178.2°),>° it remains
greater than the angles of 168.5°°° and 167.9(1)°*" found in
other two-coordinate copper(i) complexes. The N1-P1 and N3-
P2 distances of 1.593(3) and 1.598(3) A, respectively, are
slightly longer than 1.544(2) A found in the free ligand struc-
ture owing to the imine nitrogen coordination. One of the
chlorine atoms of the CuCl,™ anion is hydrogen bonded to the
pyrrole NH with a Cl2--:N distance of 3.247(3) A which lies
within the sum of the van der Waals radii of the N and Cl
atoms.** The Cu-Cl distances and the Cl-Cu-Cl angle in the
CuCl,™ anion are similar to those reported values.**"**

The chelation mode of the ligand drives the pyrrole ring to
face the copper atom (Cul) in which one of the a-carbons
(C20) and the nitrogen (N2) atoms have short contacts: Cul-
C20 = 3.066(3) A and Cu1-N2 = 2.789(3) A. This Cu1-C20 dis-
tance is longer than those (2.519(5) to 2.704(5) A) reported for
the pyrrole ring C,—Cg n-interaction with the copper(r) atom.*
However, both the distances are shorter than the sum of the
van der Waals radii (3.10 A and 2.95 A, respectively)®* of the
respective atoms and hence they represent a weak 1>-(Co-N) 1
interaction; it is new and analyzed by DFT calculations (see
below). The trimethylsilyl groups are tilted about the N-Cu-N
vector with a Si-N-N-Si torsion angle of —77.1(6)° owing
to steric hindrance between the two Me3Si groups.
Interestingly, the molecule exhibits planar chirality with this
Me;Si group orientation and n-interaction (Fig. 2b), and both
enantiomers are present in the crystal lattice (see the ESI,
Fig. S167).

It is noted that the binuclear complexes of the type [Cu
(p-Cl)(p-L)], containing the wide bite angle ligands L such as
2,5-bis(diphenylphosphinomethyl)pyrrole,® 2,5-bis(3,5-di-
methylpyrazolylmethyl)pyrrole’” and  1,6-bis(diphenylpho-
sphino)hexane®® have been reported. Although ligand 2 has a
longer flexible link between the donor atoms, the non-for-
mation of this type of binuclear complex can be attributed to
the steric hindrance between the trimethylsilyl groups of two
ligands when bridges two copper(i) or silver(i) atoms.

An ORTEP view of the X-ray structure of complex 4 and 5 is
shown in Fig. 3 and the refinement data are given in the ESI
(Table S1t). Their asymmetric units contain both the cationic
and anionic parts of the complex, in addition to one THF in
their crystal lattices. Like the structure of 3, the two-coordinate
pseudolinear geometry around the silver(i) cation is charge
neutralized by the BF,” or OTf™ anion. The N-Ag-N angle of
172.8(1)° and 174.6(1)° in 4 and 5, respectively, is slightly
higher than that found in complex 3. However, these angles
are smaller than the linear or nearly linear angles found in dia-
mmine silver(i) complexes [Ag(NH;),]" containing different
anions;®® it is attributed to the steric crowding around the

Dalton Trans.
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Fig. 3 ORTEP diagrams of the silver()) complexes: (a) 4 and (b) 5; most hydrogen atoms are omitted for clarity. Selected bond lengths [A] and angles
[]: for 4: N1-Si1 1.731(3), N1-P1 1.587(3), N1-Ag1 2.143(3), N3-Si2 1.733(3), N3—-P2 1.588(3), N3—-Ag1l 2.151(3), F1-B1 1.383(6), F2—B1 1.403(5), F3-B1
1.372(5), F4-B1 1.371(5), Si1-N1-Ag1 109.5(2), P1-N1-Si1 132.3(2), P1-N1-Ag1l 118.2(2), Si2—N3-Ag1 114.0(2), P2—N3-Si2 130.0(2), P2-N3-Ag1 111.2
(2), N1-Ag1-N3 172.8(1), N2:--F2 2.810(4). H2---F2 1.99(4), N2—H2.--F2 156(4). For 5: N1-P1 1.584(4), N1-Ag1l 2.140(4), N1-Si1 1.737(4), N3—-P2 1.584
(4), N3-Agl 2.153(4), N3-Si2 1.738(4), P1-N1-Agl 115.4(2), P1-N1-Si1 132.1(2), Si1-N1-Agl 112.3(2), P2—-N3-Ag1l 111.9(2), P2—N3-Si2 134.9(2),
Si2—N3-Ag1 109.4(2), N1-Ag1-N3 174.6(1), N2..-O1 2.896(5), H2::-O1 2.15(5), N2—H2.--O1 142(4).

imine nitrogen and the chelation coordination mode of ligand
2. Furthermore, the Ag-N distances range from 2.143(3) to
2.153(4) A and are slightly longer than those found in dia-
mmine silver(i) complexes, for example, 2.124(1) A in [Ag
(NHj,),][OAc].*® The pyrrole NH is hydrogen bonded to the fluo-
rine atom of the BF,~ ion in 4 and to the oxygen atom of the
OTf~ ion in 5 and their parameters are given in Fig. 3.
Furthermore, the two trimethylsilyl groups are oriented along
the N-Ag-N vector with the Si-N-N-Si torsion angle of 94.33
(19)° in 4 and —92.0(2)° in 5. Both molecules exhibit planar
chirality and both enantiomers are present in their crystal lat-
tices (see the ESI, Fig. S17 and S187).

Similar to complex 3, the pyrrole ring plane faces the silver
atom and provides short contacts to the silver atom. Of these,
the Ag-Npyole distance (2.809(3) A in 4 and 2.795(3) A in 5)
and the two Ag-C, distances (3.142(3) A and 3.193(4) A in 4
and 3.117(4) A and 3.226(5) A in 5) lie within the sum of the
van der Waals radii of the respective atoms (Ag + C = 3.40 and
Ag + N = 3.25),> and can represent weak n’-(Cq-N-Cy)
n-interactions with the silver atom. As a result, the pyrrole ring
Co-N distances (1.381(5) A and 1.375(5) A in 4 and 1.383(7) A
and 1.379(6) A in 5) are slightly longer than that in the free
ligand (1.363(3) A). Given the reported pyrrole ring interactions
with silver ions,"® such as n*-C,~Cg,"”"® 1*-Cs-Cy*° and 1'-C,*!
the observed interaction is new and analysed using DFT
calculations.

DFT calculations

The optimized structure of complex 3 compares well with that
of the crystal structure. The coordination of the imine nitro-
gens with the copper atom is reflected by the calculated Cul-
N1/Cul-N3 bond distance of 1.944/1.917 A (Table S21), which
is marginally longer compared to their crystal structure values
of 1.919(3)/1.905(3) A. The electron density (p ~ 0.1 a.u.) and
the Laplacian of the electron density values (Table 1) at the

Dalton Trans.

Table 1 Electron density (p) and its Laplacian at metal (M)-nitrogen
bond critical points

Laplacian of the electron
density in a.u. at the
bond critical point

Electron density (p) in a.u.
at the bond critical point

Complex M-N1 M-N3 M-N2 M-N1 M-N3 M-N2

3 0.0983 0.1017 0.0178 0.552 0.564 0.041
4 0.0826 0.0813 0.0213 0.362 0.354 0.071
5 0.0831 0.0813 0.0220 0.363 0.352 0.073

bond-critical point between the copper and imine nitrogen
atoms support the Cu-Njnine bonds in the crystal structure. In
addition, upon metalation, the P-Njpine and Si-Njpine dis-
tances increased by about 0.05 A from their values in the opti-
mized geometry of the free ligand. This is accompanied by a
decrease in the bond order of the corresponding bonds (see
Table S31). In particular, the (Mayer) bond order calculated for
the P-Njpnine double bond decreased from 1.7 in the free
ligand to 1.4 in metal complex 3.

The calculated Cu-Npyro1c distance of 2.837 A is close to
2.789(3) A found in the crystal structure. Similarly, the dis-
tances between the a-carbons of pyrrole and the copper atom
are calculated to be 3.222 and 3.001 A, which is in good agree-
ment with the crystal structure distance (3.217(4) and 3.066(3)
A). However, from the QTAIM analysis, only the Cu-Npyro1e dis-
tance exhibits a bond critical point with an electron density
value of 0.01 a.u., suggesting an order of magnitude weaker
interaction as compared to the Cu-Njyine bonds (Table 1 and
Fig. 4a). Such weak interactions can be ascribed to the Cu(y)
---pyrrole n-interaction and are better characterized by the NCI
plots, where the nature of interactions are represented by the
3-dimensional gradient isosurface (Fig. 4 and S19%) and the
plot of reduced density gradient versus sign(4,)p (Fig. S207).
They show the presence of van der Waals interaction for —0.01

This journal is © The Royal Society of Chemistry 2021
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metal-pyrrole

non-covalent interaction

non-covalent interaction

Fig. 4 The molecular graphs of copper() complex 3 (a) and silver()
complex 5 (b) obtained from QTAIM. The non-covalent interaction in
copper() complex 3 (c) and in silver() complex 5 (d). The phenyl rings
and hydrogen atoms are not shown for clarity. C, N, P, Si, Cu, and Ag are
shown in cyan, blue, tan, yellow, pink, and gray, respectively. The bond
and ring critical points in (a) and (b) are shown in orange and yellow,
respectively. A bond-critical point is found between the metal and the N
atom of the pyrrole ring in (a) and (b). The isosurface between the metal
ion and the pyrrole ring in (c) and (d) indicates the metal-pyrrole non-
covalent interaction (the green surface for the attractive interaction and
the brown surface for the van der Waals interaction).

< sign(4,)p < 0.0, attractive interaction for sign(4,)p < —0.01 and
steric repulsion for sign(4,)p > 0.005.%” Here, 1, is the second
largest eigenvalue of the electron density Hessian matrix. In
the NCI plots (Fig. 4), the greenish-blue shade between the
pyrrole nitrogen and the metal ion reveals an attractive non-
covalent interaction. The continuum of a greenish-brown iso-
surface between the C,~Cy of pyrrole and the metal ion indi-
cates a van der Waals interaction, which is more prominently
congregated at one of the two a-carbons (C20) of the pyrrole in
the copper(i) complex (Fig. 4c). Hence, the interaction of the
pyrrole ring with the copper atom is described as a weak n’-
(Co~N) m-coordination.

The curvature of the electron density perpendicular to the
ring plane at the ring critical point (RCP) is a good indicator of
the aromaticity of the concerned ring.*® It has been shown
that the more negative the curvature of the electron density,
the greater the ring aromaticity. In the case of the free ligand,
the electron density curvature at the RCP of the pyrrole plane
has large negative values, showing strong aromaticity. Upon
complexation, these values turn positive indicating the loss of
aromaticity, which is attributed to the presence of a metal-
pyrrole nitrogen n-interaction. In addition, the Bird aromaticity
index, which is used to assign the aromaticity of a ring
depending on how close this index is to 100,*° also shows the
loss of aromaticity of the pyrrole ring upon metalation
(Table S47).

Similar to complex 3, both silver() complexes 4 and 5 show
the Ag—Nimine bonds that are characterized by a strong electron
density at the corresponding bond critical points (Table 1 and
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Fig. 4b). This coordination of the imine nitrogens results in an
increase in the P-Njine and Si—-Njpine distances and a decrease
in their bond orders as compared to their values in free ligand
2 (Table S31). Both the optimized structures of complexes 4
and 5 showed the Ag-Npro1e; AZ=Copyrrole aNd Ag~Cypyrrote dis-
tances close to those found in their crystal structures. These
distances indicate the presence of weak attractive non-covalent
interactions and are represented as the n’-pyrrole interaction
with the silver atom. This is supported by the electron density
at the bond-critical point and the NCI plots. The Laplacian of
the electron density between the silver and pyrrole ring nitro-
gen atoms is about 25% greater than that in complex 3, indi-
cating a stronger bond represented by the greenish-blue region
between the centers (Fig. 4d). In addition, in the NCI plots
(Fig. 4d), a broad greenish-brown isosurface between the
pyrrole ring C, and metal indicates a weak van der Waals inter-
action, representing the n* coordination mode of the pyrrole
ring. Owing to this stronger Ag-pyrrole interaction, the aroma-
ticity index of the pyrrole ring shows a significant loss of aro-
maticity (both in terms of the curvature of the electron density
as well as the Bird aromaticity index) as compared to the
copper(1) complex (Table S47).

In all three structures, the chelating mode of the ligand
brings the pyrrole ring plane to face the metal atom with the
above-mentioned rn-interactions, leading to a greater stabiliz-
ation of their structures. This suggests that any deviation from
planarity would point N-H towards the metal centre which
would be a destabilising contribution. However, the optimized
geometry of the copper(i) complex containing the deproto-
nated form of the ligand shows the three-coordinate copper(i)
structure containing the bis-chelated ligand in which the
pyrrole nitrogen is o-bonded (see the ESI, Fig. S217), replacing
n-interactions.

The optimized geometry of the bis(phosphinimine) ligand
2 shows a marginally relaxed structure as compared to the
crystal structure, which is expected since DFT calculations
were carried out on a single molecule, unlike the crystal struc-
ture which is influenced by crystal packing. The optimized
structure shows bond distances and angles close to those
found in the crystal structure (Table S2t). Furthermore, in the
crystal structure of ligand 2, the two trimethylsilylated imine
arms are pointing in opposite directions with respect to the
pyrrole ring, whereas in the crystal structure of complex 3, 4 or
5, these arms are on the same side and chelating to the metal.
The energy difference between these two conformations of the
ligand will give an approximate strain energy of the ligand, as
reported by Colbran and coworkers.’® The ligand energy in the
crystal structure conformation was obtained from a single-
point DFT computation after excluding the metal atom in the
crystal structure. The ligand strain energies in complexes 3, 4,
and 5 were estimated from wb97xd/def2svp as well as from
B3LYP (with empirical dispersion)/def2svp levels of theory.
Both the methods yielded similar values of ligand strain
energy between 23 and 25 kcal mol™" (Table S57) for all three
complexes. However, the energy of stabilization upon coordi-
nation outweighs these strain energies.
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Conclusions

The new P(v) bis(phosphinimine) 2, synthesized from P(ur)
bis(phosphine) 1 in high yield, gives unusual ionic two-coor-
dinate copper(i) and silver(i) complexes containing unhydro-
lyzed P=N bonds. This is in contrast to the parent phosphine
1 which gave binuclear copper(1) and silver(r) complexes con-
taining the bridging mode of coordination. Although the link
between the donor atoms is increased in 2 relative to the
parent phosphine 1, the bis(phosphinimine) ligand adopts
chelation rather than the bridging mode of coordination with
these ions which require 180° for the two-coordinate linear
geometry otherwise possible only with monodentate ligands.
It could be attributed to the very interesting r-interactions
found in the structure of copper(1) [n*-(C,~N)] and silver(1) [n*
(Cq~N-Cy)] complexes representing the new modes of non-
covalent interactions of the pyrrole ring which usually adopts
n*-(Ce—Cp), n*-(Cs—Cp) or 1'-Cp m-interactions. Furthermore,
these interactions were supported by DFT calculations in
terms of their electron densities, NCI plots and the decrease
in the aromaticity of the pyrrole ring. Given this variance, the
pyrrole ring interactions with metal cations are flexible and
vary with the nature of the electronic structure of the metal
cation, as shown by the n*>- mode in the copper(i) ion, while it
is 0’ in the silver(i) ion. It then suggests that supramolecular
architectures incorporating both aryl and heterocycle pyrrole
rings would be better for trapping these ions, which would
have better sorption properties. Work in this direction is
underway and metal complexes of the bis(phosphinimine)
derivative of multipyrrole ligands are under investigation in
our laboratory.

Experimental section
General

All reactions and manipulations were carried out using stan-
dard Schlenk-line techniques under a nitrogen atmosphere or
nitrogen filled glove box. Petroleum ether (bp 40-60 °C) and
other solvents were distilled under an N, atmosphere accord-
ing to the standard procedures. Other chemicals were obtained
from commercial sources and used as received. Compound 1**
and [CuCI(COD)],** were prepared according to the reported
procedures. "H NMR (400 and 600 MHz), ">*C{"H} NMR (100.6
and 150.9 MHz) and *'P NMR (161.9 MHz) spectra were
recorded at room temperature. For "H NMR spectra, chemical
shifts were referenced with respect to the chemical shifts of
the residual protons present in deuterated solvents. H3PO,
(85%) was used as an external standard for *'P{'H} NMR
measurements. Coupling constants are given in Hz and chemi-
cal shifts are given in ppm. ATR spectra were recorded using a
PerkinElmer Spectrum Rx system. High-resolution mass
spectra (ESI) were recorded using a Xevo G2 TOF mass spectro-
meter (Waters). Elemental analyses were carried out using a
PerkinElmer 2400 CHN analyzer.
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Synthesis of 2,5-bis{diphenyl(trimethylsilylphosphoimino-
methyl)}pyrrole 2

Trimethylsilylazide (2.5 mL, 18.9 mmol) was added to a
Schlenk flask containing 2,5-bis(diphenylphosphinomethyl)
pyrrole 1 (4.0 g, 8.6 mmol) at room temperature. The reaction
mixture was heated at 160 °C for 13 h. The mixture was cooled
to room temperature to give a sticky oily compound. Petroleum
ether (30 mL) was added and the mixture was stirred to give a
colorless powdery compound. The solvent was decanted, and
the solid was washed again with petroleum ether (3 x 15 mL)
and dried under vacuum to give 2 (4.4 g, 6.9 mmol, 80% yield).
The suitable crystals were grown from a concentrated toluene
solution at —18 °C over a period of two weeks. 'H NMR
(400 MHz, CDCl,): 6 = 9.52 (br s, 1 H, NH), 7.54-7.36 (m, 20 H,
CeHs), 5.64 (s, 2 H, pyrrole f-CH), 3.48 (d, */(P,H) = 13.2, 4 H,
CH,), —0.08 (s, 18 H, CH;). “*C{"H} NMR (100.6 MHz, CDCl,):
5 = 4.1, 32.5 (d, J(C,P) = 75.5, CH,), 108.3, 122.3 (m, pyrrole
a-CH), 128.1 (d, *J(C,P) = 62.4, phenyl), 131.1, 131.4 (d, *J(C,P) =
17.1, phenyl), 135.0 (d, Y(C,P) = 93.5). *'P{'"H} NMR
(161.9 MHz, toluene, external D,0): § = -0.4 (s). ATR-IR (cm™):
v = 3416 (m), 3055 (m), 1575 (m), 1483 (m), 1444 (m), 1434
(m), 1411 (m), 1381 (w), 1319 (w), 1306 (w), 1270 (w), 1243 (W),
1201 (m), 1181 (m), 1155 (w), 1096 (m), 1086 (w), 1070 (m),
1043 (m), 1027 (m), 1001 (m), 984 (w), 899 (w), 876 (w), 843
(w), 827 (m), 774 (m), 761 (m), 738 (s), 695 (vs), 626 (m), 538
(m), 531 (m), 505 (m), 479 (m), 426 (m). HRMS (+ESI): caled
mjz for [M + H'] C36Hu6N;P,Si,: 638.2700, found: 638.2720.
Satisfactory CHN analysis could not be obtained owing to the
air-sensitive nature of the compound.

Synthesis of [Cu{C,H;N-2,5-(CH,PPh,NSiMe;),x’N,N}][CuCl,] 3

To a solution of 2 (0.175 g, 0.274 mmol) in THF (20 mL), [CuCl
(CoD)], (0.113 g, 0.273 mmol) was added. The suspension was
stirred for 15 h at room temperature to give a clear solution.
The solvent was removed under vacuum and the residue was
washed with petroleum ether (2 x 10 mL). The solid residue
was redissolved in THF (15 mL) and the solution was layered
with petroleum ether (35 mL). Prism shaped colorless crystals
of 3 were formed over a period of 7 days. The crystals were sep-
arated and dried under vacuum (0.063 g, 0.075 mmol, 55%
yield based on the metal precursor). '"H NMR (600 MHz,
CDCl,): 6 = 0.05 (s, 18H, CHj), 3.88 (br s, 4H, CH,), 5.56 (br s,
2H, pyrrole p-CH), 7.53 and 7.64 (br s 20 H, C¢Hs). *'P{'H}
NMR (161.9 MHz, CDCl,): § = 35.7 (s). FT-IR (KBr, cm™'): v =
3288 (m), 3052 (m), 2948 (s), 2915 (m), 1582 (m), 1483 (m),
1436 (s), 1331 (w), 1307 (w), 1248 (s), 1181 (m), 1118 (vs), 1084
(vs), 1032 (m), 994 (m), 858 (s), 837 (vs), 771 (s), 737 (s), 692 (s),
648 (m), 506 (m), 477 (m), 410 (m). Anal. caled for
C36H,45ClL,Cu,N;P,Si,: C, 51.73; H, 5.43; N, 5.03. Found: C,
52.04; H, 5.55; N, 5.15.

Synthesis of [Ag{C,H;N-2,5-(CH,PPh,NSiMe;),-k>N,N}]|[BF,] 4

To a solution of 2 (0.300 g, 0.470 mmol) in THF (20 mL) was
added AgBF, (0.092, 0.473 mmol). The suspension was covered
with aluminum foil and stirred for 15 h at room temperature

This journal is © The Royal Society of Chemistry 2021
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to a give clear solution. The solvent was removed under
vacuum and the residue was washed with petroleum ether (2 x
10 mL). The solid residue was redissolved in THF (15 mL) and
the solution was layered with petroleum ether (35 mL). Needle
shaped colorless crystals of 4 appeared after 2 days. The crys-
tals were separated and dried under vacuum (0.217 g,
0.240 mmol, 51% yield based on the metal precursor). 'H
NMR (600 MHz, CDCl,): § = —0.10 (s, 18 H, CH3), 3.60 (br s, 2
H, CH,), 4.17 (br s, 2 H, CH,), 5.15 (s, 2 H, pyrrole $-CH),
7.53-7.71 (m, 20 H, Ce¢Hs), 9.88 (s, 1 H, NH). >C NMR
(150.9 MHz, CDCl,): 6 = 4.9 (CH;), 31.4 (d, 'J(C,P) = 70.5, CH,),
110.5 (pyrrole p-CH), 120.8 (t, *J(P,C) = 3, pyrrole o-C), 129.1,
129.5, 132.3, 132.8, 133.0. *'P{'"H} NMR (161.9 MHz, CDCl,):
8 = 23.7 (s). ATRIIR (cm™): v = 3321 (W), 3061 (W), 2947 (W),
2890 (W), 1581 (w), 1485 (W), 1439 (m), 1417 (W), 1396 (W), 1336
(w), 1307 (w), 1282 (w), 1250 (m), 1218 (w), 1183 (w), 1133 (vs),
1112 (vs), 1090 (vs), 1076 (vs), 1040 (vs), 1030 (s), 998 (m), 991
(m), 859 (s), 834 (vs), 813 (m), 784 (m), 763 (s), 749 (s), 738 (s),
727 (s), 713 (m), 692 (vs), 667 (m), 513 (m), 514 (vs), 503 (vs),
478 (s), 450 (w), 436 (w), 414 (w). HRMS (+ESI): calcd m/z for
[M-BF,]: 744.1673, found: 744.2656. Anal. caled for
C36H,sAgBF,N;P,Si,: C, 51.93; H, 5.45; N, 5.05. Found: C,
52.05; H, 4.80; N, 5.54.

Synthesis of [Ag{C,H;N-2,5-(CH,PPh,NSiMe;),«’N,N}|[OTf] 5

The above procedure was followed to synthesize this com-
pound. 2 (0.337 g, 0.529 mmol) and AgOTf (0.135 g,
0.525 mmol) were used. Needle shaped colorless crystals of 5
were formed from a solution of 5 in THF layered with pet-
roleum ether. After 2 days, the crystals were separated and
dried under vacuum (0.271 g, 0.280 mmol, 53% yield based on
the metal precursor). "H NMR (600 MHz, CDCl,): § = —0.10 (s,
18 H, CH,), 3.60 (br s, 2 H, CH,), 4.26 (br s, 2 H, CH,), 5.13 (s,
2 H, pyrrole p-CH), 7.53-7.70 (m, 20 H, Ce¢Hs), 10.65 (s, 1 H,
NH). *C NMR (150.9 MHz, CDCL3): § = 4.9, 31.6 (d, 'J(C,P) =
69.4, CH,), 110.3 (pyrrole p-CH), 120.8 (t, >J(P,C) = 3, pyrrole
a-C), 120.8 (quartet, 'J(C,F) = 166, CF3), 128.9, 129.4, 132.4,
132.9. *'P{"H} NMR (161.9 MHz, CDCl;): § = 23.8 (s). ATR-IR
(em™): v = 3301 (W), 3055 (W), 2947 (W), 1588 (w), 1483 (w),
1434 (m), 1398 (w), 1335 (W), 1276 (s), 1250 (vs), 1224 (s), 1155
(s), 1135 (vs), 1115 (vs), 1099 (s), 1066 (m), 1027 (vs), 997 (m),
978 (w), 912 (w), 856 (s), 833 (vs), 810 (s), 800 (s), 754 (s), 738
(s), 725 (w), 705 (s), 692 (vs), 666 (m), 636 (vs), 617 (s), 574 (m),
508 (vs), 472 (s), 462 (m), 439 (w), 413 (w). Anal. calcd for
C5,H,5F3N;0,P,8Si,Ag(C,HgO): C, 50.93; H, 5.52; N, 4.35.
Found: C, 50.37; H, 5.35; N, 4.60. HRMS (+ESI): calcd m/z for
[M-OTf]" C36H,5N;P,Si,Ag: 744.1673, found: 744.1733.

X-ray crystallography

Single crystal X-ray diffraction data collections for all com-
pounds were performed using a Bruker-APEX-II CCD diffract-
ometer with graphite monochromated Mo Ka radiation (4 =
0.71073 A). The space group for every structure was obtained
using the XPREP program. Using the OLEX2 program version
1.2.10,* the structures were solved using SHELXT,** which
successfully located most of the nonhydrogen atoms.
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Subsequently, least-squares refinements were carried out on F
using SHELXL Version 2018/3"° to locate the remaining nonhy-
drogen atoms. Non-hydrogen atoms were refined with aniso-
tropic displacement parameters. All NH protons were located
from the difference Fourier map and refined. The disordered
Me;Si group in complex 3 was dealt with SADI and EADP
restraints. The refinement data for all the structures are sum-
marized in Table S1.f

Computational methods

The crystal structures of the phosphinimine ligand 2 and its
copper(1) complex 3 and silver(i) complexes 4 and 5 were taken
as the starting point for geometry optimization with density
functional theory (DFT) by employing the ®b97xd functional®®
and def2SVP basis set.*” Hessian calculations were performed
at the optimized geometries using the same functional and
basis set to ensure that the optimized structures are true
minima as indicated by all real vibrational frequencies. All
quantum chemical calculations were carried out using
Gaussian 16.”® The wave functions obtained from these calcu-
lations were further used to obtain bond-order parameters,
and the structure and bonding in the complexes were analyzed
using Bader’s quantum theory of atoms in molecules (QTAIM)
technique®® as well as topological and non-covalent inter-
actions (NCIs)*” using the Multiwfn program.*®
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Abstract

In the present study oxidative stress, DNA damage in streptozotocin induced diabetic rats and its repair after treating with
ethanolic extract of Nigella sativa seed were evaluated via comet assay and estimation of SOD and TBARS. Blood lym-
phocytes of Streptozotocin (60 mg/kg BW) induced diabetic rats showed significant increase (p <0.05) in DNA damage as
evidenced by comet tail length, due to the formation of reactive oxygen species (ROS) leading to genotoxicity. Feeding rats
with ethanolic extract of N. sativa seed (500 mg/kg BW) significantly (p <0.05) improved the level of SOD and TBARS and
decreased the comet tail length and percentage of comet cells, indicating the antioxidative and genoprotective potentiality

of Nigella sativa seed.

Keywords Comet assay - DNA damage - Nigella sativa - Antioxidant

Introduction

Diabetes mellitus is the most common endocrine disorder
characterized by hyperglycemia resulting from defects either
in insulin secretion or insulin action or both (David 1996;
Kumar et al. 2006). Streptozotocin (STZ) induces diabetes
mellitus by destroying pancreatic p-cells, possibly through
generating excess reactive oxygen species (ROS) (Dames-
ceno et al. 2014). The persistent and chronic hyperglyce-
mia due to diabetes mellitus generates free radical and ROS
which trigger an oxidative stress (Kedziora-Kornatowska
et al. 2009; Pavana et al. 2007). The overproduction of free
radical and ROS resulted in DNA damage, enhanced lipid
peroxidation, protein degradation and exhaustion of antioxi-
dant defense system (Lenzen 2008) which contributes to a
large number of serious problems.

Though a large number of conventional drugs having
antioxidant potential are available but they pose serious
side effects. Therefore, an interest in herbal medicine has
grown recently. The major advantage of herbal medicine is

P4 Shamshun Nehar
shamshun1805 @gmail.com

Ranchi University, Ranchi, Jharkhand, India
2 Government RRM P.G. College, Surajpur, CG, India

Published online: 22 April 2021

its efficacy and less toxicity (Ali and Blunden 2003). Plant
extracts have been used in traditional medicine since ancient
time for various treatment including diabetes mellitus (El-
Tantawy and Timraz 2018).

Nigella sativa L. (family Ranunculaceae), commonly
known as black seed or black cumin, is an annual herb that
has been traditionally used as a natural remedy for a num-
ber of illnesses (Fabricant and Farnsworth 2001). Notable
pharmacological properties such as antioxidative (Houghton
et al. 1995) immunomodulation (Salem 2005) anti-inflam-
matory, neuroprotective, anti-ischemic, antiepileptic and
anxiolytic effects have been reported for N. sativa extract
or its constituents (Gilhotra and Dhingra 2011; Hossein
et al 2007; Ilhan et al. 2005; Kanter et al. 2006). Many of
the pharmacological activities mentioned above have been
attributed to quinone constituents in the seed, especially
thymoquinone (TQ) (Badary 1999). TQ has been reported
to exhibit antioxidant (Badary et al. 2003; Burits and Bucar
2000), anti-inflammatory, neuroprotective, anti-ischemic
and chemopreventive effects (Rajkamal et al. 2010). Etha-
nolic extract of Nigella sativa seed extract has also shown to
reduce chromosomal aberrations and micronuclei formation
induced MNNG (Khader et al. 2010). Keeping the facts that
diabetes is an emerging problem worldwide and is a major
concern of developing countries; the present study was con-
ducted to assess oxidative DNA damage and its amelioration
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by N. sativa seed extract in the blood of streptozotocin
induced diabetic rats through Comet assay which is a very
rapid and sensitive method to examine oxidative DNA dam-
age and repair at individual cell level (Kassie et al. 2000).

Materials and methods
Preparation of ethanolic extract of N. sativa seed

Seeds of N. sativa seed were obtained locally and were
authenticated by the pharmaceutical department, BIT Mesra.
Seeds were crushed into powder and were used for physi-
ochemical and phytochemical analysis. Crushed seeds (500
g) were extracted with petroleum ether to remove lipids. It
was then extracted with 95% ethanol using soxhlet extractor.
Ethanol was evaporated in a rotator evaporator at 40-45 °C
under reduced pressure. The obtained extract was then used
for the present study.

Induction of oxidative stress DNA damage

Diabetes was induced in overnight fasted adult Wistar albino
rats weighing (160-190 g) by feeding 21% fructose with
standard chow for four weeks before a single dose of intra
peritoneal injection of 60 mg/kg of STZ dissolved in 0.1 M
citrate phosphate buffer (pH 6.3) (Akbarzadeh et al. 2007).
Hyperglycemia was confirmed by elevated glucose levels in
plasma, determined at 72 h and then on day 7 after injection.
The threshold value of fasting plasma glucose to diagnose
diabetes was taken as > 126 mg/dl. Only rats found with per-
manent noninsulin dependent diabetes mellitus (NIDDM)
(except for control and control treatment) were selected for
the oxidative stress DNA damage study.

Experimental animals

Male albino rats (Rattus norvegicus) weighing 125-175 g
and 12-14 weeks old were used for study. They were accli-
matized in the laboratory condition at a constant temperature
of 22°+3° and 12:12 h. Light: dark for fifteen days. They
were provided with pelleted rat feed (M/S Amrut Feed, Pra-
nav Agro Industries Itd. Sangli, India) and water ad libitum.
All the animals receive humane care during the study and
the protocol was approved by institutional animal ethics
committee.

Experimental design
The animals were divided into 5 groups (5 rats in each
group) as follows—Group-1 containing normal non-diabetic

rats, Group-2: diabetic control rats (induction of diabetes
already explained above in the “induction of oxidative stress

@ Springer

DNA damage” paragraph), Group-3: diabetic rats fed with
ethanolic extract of N. sativa seed (250 mg/kg body wt.),
Group-4: diabetic rats fed with 500 mg/kg body wt. etha-
nolic extract of N. sativa seed, and Group-5: Runner group
(normal rats fed with ethanolic extract of N. sativa seed at
500 mg/kg body wt.). N. sativa seed extract was fed to rats
of respective groups for eight weeks continuously. All rats
were sacrificed at 8th weeks of experimental period and the
obtained blood was assessed for DNA damage and repair.

Comet assay

The comet assay (SCGE) was conducted in blood follow-
ing Singh et al (1988). One hundred microliters of normal
melting point (NMP) agarose was quickly layered on con-
ventional slides, the slides were covered with a cover slip,
and then the slides were placed on ice to allow agarose to
gel. 25 ul of whole blood was mixed with 75 ul low melting
point (LMP) agarose, and the mixture was quickly layered
over the NMP agarose layer after removal of the cover slip.
Finally, another layer of LMP agarose was added on top.
The slides were immersed immediately in a chilled lysing
solution (pH=10) made up of 2.5 M NaCl, 100 mM EDTA,
10 mM Trizma, 1% sarkosyl, 10% DMSO, and 1% Triton
X-100, and kept at O °C in the dark overnight. Then, the
slides were placed on a horizontal gel electrophoresis plat-
form and covered with a prechilled alkaline solution made
up of 300 mM NaOH and 1 mM EDTA (pH=10). They
were left in the solution in the dark at 0 °C for 40 min, and
then electrophoresed at 0 °C in the dark for 30 min at 25 V
and approximately 300 mA. The slides were rinsed gently
three times with 400 mM Trizma solution (adjusted to pH
7.5 by HCI) to neutralize the excess alkali, stained with
50 ml of 20 pg/ml ethidium bromide, and covered with a
cover slip.

Comet analysis

The slides were examined and photographed using fluores-
cence microscope (BX, Olympus Singapore PTE Ltd. Sin-
gapore) at 1000x magnification equipped with an excitation
filter of 520-550 nm and a barrier filter of 580 nm. Undam-
aged cells resemble an intact nucleus without a tail, and
damaged cells have the appearance of a comet. The amount
of DNA in the comet tail (% tail DNA), which is an estimate
of DNA damage, was measured using a computerized image
analysis software (CASP software).

Estimation of antioxidative property
Lipid peroxidation (TBARS) and Superoxide Dismutase

(SOD) activity was estimated in liver and kidney homogen-
ate, prepared in Tris—HCI buffer (0.025 M, pH7.8) to study
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antioxidative potentiality of the ethanolic extract of Nigella
sativa seed. Lipid peroxidation was estimated by the method
of Nichans and Samuelson (1968) in which malondialdehyde
and other thiobarbituric acid reactive substances (TBARS)
were measured by their reactivity with thiobarbituric acid
(TBA) in acidic conditions to generate a pink coloured
chromophore, which was read at 535 nm.

The activity of SOD was estimated by adding 1 mM
diethylene triamine penta-acetic acid and 2 mM pyrogallol to
tissue homogenate prepared in Tris—HCI buffer (Markklund
and Marklund 1974). A blank was prepared without addi-
tion of sample. The rate of auto oxidation of pyrogallol was
calculated using an increase in absorbance at 420 nm against
a reference cuvette containing Tris—HCl buffer with the help
of Specord 200 double beam UV/visible Spectrophotometer
(Analytikjena, Germany). The inhibition of pyrogallol auto-
oxidation was brought about by superoxide dismutase, which
was employed for the determination of enzyme activity. A
unit of enzyme was defined as the amount of enzyme that
inhibits the reaction by 50%. The results were expressed in
terms of U/mg tissue.

Statistical analysis

All results were expressed as mean + SEM. Statistical dif-
ferences between groups were analyzed by one way analysis
of variance (ANOVA). A probability level of p <0.05 was
considered statistically significant.

Results

In the present study, comet area, percent DNA damage,
DNA percent in head of comet and DNA percent in tail of
comet, were measured (Figs. 1, 2, 3, 4; Plates A, B, C, D).
In the control group (group 1), total comet area, percent
DNA damage, percent DNA in the tail region were found to
be minimum (p < 0.05) and percent DNA in the head region
was maximum (p <0.05) as compared to diabetic control
group (group II) where percent DNA damage and percent
DNA in tail were found to be maximum thus indicating
streptozotocin induced DNA damage. Feeding rats with
500 mg/kg BW ethanolic extract of N. sativa seed (group
IV) significantly (p <0.05) reduced DNA damage and the
decrease was non-significant (p > 0.05) in rats of group III
who were fed with 250 mg/kg BW of ethanolic extract of
N. sativa seed extract. In rats of runner group (group V) no
adverse effect of extract was observed and DNA damage was
found to be non-significant (p > 0.05).

TBARS were estimated in the kidney and liver of rats
of all groups at 8th week of treatment (Figs. 5, 6). In the
kidney of control rats (group-II) lipid peroxidation (nmol g
protein) was found to be 21.41 +3.03 nmol/g protein which

b I Normal
1 [ Control

B N sativa 250 mg/kgBW

N N.sativa 500 mg/kgBW

I Runner

Comet Area (Plxal)
-3888EBEBE

Fig. 1 Effect of ethanolic extract of N. sativa seed on Comet area of
comet assay in blood at last day (8th week) of treatment. (Values are
Mean + S.E.M. of three experiments, Means with different letters are
significantly different at (p <0.05)
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Fig.2 Effect of ethanolic extract of N. sativa seed on percent DNA
damage in comet assay of blood at last day (8th week) of treatment.
(Values are Mean=+S.E.M. of three experiments, Means with differ-
ent letters are significantly different at (p <0.05)

was significantly (p < 0.05) higher than rats of normal group
(group-1, 7.49 +1.49). Feeding N. sativa seed extract to
diabetic rats at a concentration of 250 mg/Kg BW (group-
III) or 500 mg/Kg BW (group-1V) significantly (p <0.05)
decreased lipid peroxidation in kidney (Fig. 5). Feeding V.
sativa seed extract at a concentration of 500 mg/Kg BW
(10.11 +2.66) showed significantly (p <0.05) lower lipid
peroxidation as compared to feeding 250 mg N. sativa seed
extract/Kg BW (16.55 +3.88) for 8 weeks.

In liver of diabetic rat control group (group-II), sig-
nificantly (p <0.05) high level of lipid peroxidation
(35.58 +3.57) was observed (Fig. 6) as compared to nor-
mal group (group-I, 12.89 +2.62). Feeding N. sativa seed
extract at a concentration of 250 mg/Kg BW (group-III,

@ Springer



Vegetos

10 -
10 -
K0
B N .sativa 250mg/kgBW y
QD d g/xg
B N _sativa 500mg/kg BW N comet

o1 || —
7 - c Runner

mm Normal
a a m Control

comet tail

comet head

0 - A
€ - b
4]_
m_
2 A
10 4
0

Percert DNA In Head

Plate B DNA damage in blood cells of rats in Control group assessed

Fig.3 Effect of ethanolic extract of N. sativa seed on DNA percent by alkaline comet assay (1000 x magnification)

in head of comet in comet assay at last day (8th week) of treatment.
(Values are Mean+ S.E.M. of three experiments, Means with differ-
ent letters are significantly different at (p <0.05)
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5 »
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10 1

Fig.4 Effect of ethanolic extract of N. sativa seed on DNA percent in
tail of comet in comet assay at last day (8th week) of treatment. (Val-
ues are Mean+ S.E.M. of three experiments, Means with different let-
ters are significantly different at (p <0.05)

Plate D DNA damage in blood cells of 500 mg/kg BW N. sativa fed
rats assessed by comet assay (1000 X magnification)

25.85+3.01) or 500 mg/Kg BW (group-1V,16.14 +2.30)
to diabetic rats significantly (p <0.05) decreased lipid per-
oxidation in liver as compared to non-fed rat groups. This
improvement in lipid peroxidation was found to be statisti-
cally non-significant (p > 0.05) with rats of normal (group-
I, 12.89 +2.62) and runner group (group-V, 12.12 +1.43).

Plate A DNA damage in blood cells of rats in normal and runner Feeding N. sativa seed extract at a concentration of 500 mg/
group as assessed by alkaline comet assay (1000 X magnification)
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Fig.5 Antioxidative effect of acetone extract of N. sativa seed on
Kidney TBARS (Thioarbiruric acid reactive substances) at last day
(8th week) of treatment by the method of Nichans and Samuelson
(1968) (Values are Mean+ S.E.M. of three experiments, Means with
different letters are significantly different at (p <0.05)

Liver
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Fig.6 Antioxidative effect of acetone extract of N. sativa seed on
Kidney TBARS (Thio-barbiruric acid reactive substances) at last day
(8th week) of treatment by the method of Nichans and Samuelson
(1968) (Values are Mean+ S.E.M. of three experiments, Means with
different letters are significantly different at (p <0.05)

Kg BW showed significantly (p <0.05) better result as com-
pared to 250 mg/Kg BW.

Superoxide dismutase (SOD), were estimated in kidney
and liver of rats of all groups at 8th week of treatment. SOD
activity (U/mg protein) in kidney of normal rats (group-I)
was found to be 6.82 +1.05 which significantly (p <0.5)
decreased to 2.89 +0.40 U/mg protein in rats of diabetic
control group (group-II). Feeding N. sativa seed extract to
diabetic rats significantly (p <0.05) increased SOD activity.
Feeding 500 mg/Kg BW extract to diabetic rats showed sig-
nificantly (p <0.05) better result (5.91 +0.72) as compared
to that of 250 mg/Kg BW extract (4.35 +0.80) (Fig. 7).

In the liver of normal rat, higher SOD activity (U/mg
protein) was found (9.35+1.01) as compared to kidney.
Diabetic rats showed significantly (p <0.05) lower SOD
activity (5.21 1.08) in liver which were improved by feed-
ing N. sativa seed extract at a concentration of 250 mg/Kg

. Normal (NDNG)

B Contrdl (DGC)

B Arjuna 250mg/Kg BWABFDGH)
. Arjuna S00mg/Kg BWABFDGHI)
- Rumer (ABANDG)

SOD (U/mg of tis sue protein)

Fig.7 Antioxidative effect of acetone extract of N. sativa on Kid-
ney SOD (Super-oxide dismutase) at last day (8th week) of treat-
ment by the method of Marklund and Marklund (1974) (Values are
Mean +S.E.M. of three experiments, Means with different letters are
significantly different at (p <0.05)
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Fig.8 Antioxidative effect of acetone extract of N. sativa on
Liver SOD (Super-oxide dismutase) at last day (8th week) of treat-
ment by the method of Marklund and Marklund (1974) (Values are
Mean + S.E.M. of three experiments, Means with different letters are
significantly different at (p <0.05)

BW (group-III, 7.02+0.82) or 500 mg/Kg BW (group-1V,
8.29 +0.62) to diabetic rats. Similarly, the feeding extract
at a concentration of 500 mg/Kg BW for 8 weeks showed
significantly (p < 0.05) better improvement in SOD activity
in liver and value was found comparable with rats of nor-
mal (group-I, 9.35 +1.01) and runner (group-V, 9.56 +0.87)

group (Fig. 8).

Discussion

Oxidative stress, including oxidative damage to DNA as a
result of interaction of DNA with ROS has been thought to
contribute to the pathological conditions that are associated
to diabetes, in particular. Persistent and chronic hyperglyce-
mia in diabetes, generate free radicals and ROS. ROS forma-
tion results in damage to an array of biomolecules found in
cells, including membrane lipids, proteins and nucleic acids
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(Datta and Namasivayam 2003). In diabetes, generation of
ROS due to oxidative stress, contributes to impairment of f3
cell function, insulin resistance, macrovascular and micro-
vascular disease. (Kaneto et al. 2006; Fiorentino et al. 2013).

In the present study, STZ induced diabetes model was
used to evaluate DNA damage in blood cells via comet
assay and also to estimate the level of SOD and TBARS in
kidney and liver cells. The relationship between oxidative
DNA damage and diabetes has been shown by Pan et al.
(2007) while working on oxidative DNA damage in dia-
betic individuals. Authors showed that greater oxidative
stress leads to DNA damage in diabetic patient and percent-
age of comet cells and length of DNA migration (comet
tail) of peripheral blood lymphocyte significantly (p <0.05)
increased in patients with diabetes. Yaduvanshi et al. (2012)
reported that ROS leads to genotoxicity in diabetic rats and
showed significant increase in DNA strand breaks. Janusz
et al. (2004) reported that type-2 diabetes mellitus is not only
associated with the elevated level of oxidative DNA damage
but also with the increased susceptibility to mutagens and
the decreased efficacy of DNA repair. Biswas et al. (2011)
found significantly low activity of SOD, in liver and kidney
of diabetic rats which resulted in significantly high lipid per-
oxidation as indicated by high level of MDA.

In our study, greater proportion of DNA damage, low
level of SOD and high concentration of MDA were reported
in rats of diabetic control groups, indicating higher level of
oxidative stress in diabetic rats. Our results are in line with
Erejuwa et al (2010) who reported low level of SOD, and
high TBARS in pancreatic tissue of streptozotocin—induced
diabetic rats.

The antioxidants are among the most promising thera-
peutic class for the treatment of diabetes, due to the fact that
their therapeutic effect remain for longer period of time than
that of the other strategies (Isabelle et al 2005). Therefore,
the discovery and development of potent antioxidant agent
has been one of the interesting and promising approaches in
the field of diabetic treatment.

The results of the present study show that diabetic rats
fed with 500 mg/kgBW ethanolic extract of N. sativa seed
showed significantly (p <0.05) lower DNA damage, decre-
rased lipid peroxidation and increased SOD concentration.
This may be due to the strong radical scavenging potential-
ity of ethanolic extract of N. sativa seed which prevent the
interaction of DNA with free radical and subsequent DNA
damage. N. sativa seed extract contain about 32 compounds,
out of which thymoquinone forms the most abundant com-
pound (Nehar and Rani 2011; Alam et al 2013) and the anti-
oxidative property of N. sativa is attributed to this compound
(Burits and Bucar 2000) Our observations are in strong
agreement with Babazadeh et al. (2012) who demonstrated
that N. sativa protect pc12 cells against serum glucose
deprivation (SGD) induced cell death through antioxidant

@ Springer

mechanism. Our results are consistent with the studies of
Al Wafai (2013) on streptozotocin-induced diabetic rats that
reported lowered lipid peroxidation products and elevated
levels of antioxidant enzymes; superoxide dismutase, cata-
lase, and glutathione peroxidase in liver and kidney, after
feeding with Nigella sativa ethanol extract. Huda Kaatabi
et al (2015) also demonstrated the similar effect of Nigella
sativa in ameliorating the oxidative stress in patients with
Type 2 Diabetes mellitus.

Another study on neuroprotective action of N. sativa oil
on pentyleneterazole (PTZ) induced seizures in mice corre-
lates with its ability to inhibit excessive ROS formation (Gil-
hotra and Dhingra 2011). Kanter (2008) also demonstrated
neuroprotective activity of N. sativa on STZ induced dia-
betic rats. Recently, a study conducted by Nehar and Kumari
(2013) on hepatoprotective effect of N. sativa seed oil on
thioacetamide-induced liver cirrhosis in albino rat showed
decrease in malondialdehyde (MDA), increase in catalase
(CAT), superoxide dismutase (SOD) and glutathione per-
oxidase (GPy), following treatment with N. sativa seed oil
which indicates its antioxidative property.

It is therefore concluded that N. sativa seed extract has
the potential to reduce DNA damage in STZ induced dia-
betic rats which is due to its antioxidative and genoprotective
property (Mousavi et al. 2010).
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